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The Quetico metasedimentary subprovince and the volcanic-
plutonic Shebandowan belt to the south meet along an east-west
steeply dlipplng boundary that is believed to have been affected
by dexfral ttanspressional deformation. It 1s also parallel to a
steep metamorphic gradient from greenschist faclies rocks to the

north.

Macroscopic petrofabrics are difficult to observe along
the belt to the west of Thunder Bay but magnetic susceptibility
fabrics (low-field) are qulte consistent. These define a gently
plunging extensional fabric parallel to the belt boundary.
Within the Kashabowle area, general fleld observations of
subhorizontal stretching (and intersection) lineatlions, and

cleavage dlrectlions are in agreement with magnetic susceptibility

axis directions. Mineral separation reveals that all sampies

have multiple sources of magnetic suscéptibility, dominated by

metamorphic phyllosilicates. Consequently it is not possible to
simply quantitatively relate the magnetic fabrics to strain
magnitudes although the magnetic fabrics accurately monitor
significant kinematic directions. Analyses of strain of
low-grade detrital guartz grains, magnetic fabrics and general
field observations recognize flattened oblate fabrics. Moreover
oblique, subhorizontal lineations favour a transpressive
kinematic model with compression normal to the belt boundary.
The obliquity between mineral and magnetic lineatlons seem to

indicate dextral transpressive deformation.
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1.1 Introduction

Information concerning reglonal strain patterns within
Archean greenstone belts is cruclial to the understanding of the
nature of tectonism and the evolution of adjacent metasedimentary
and granite-greenstone belts. The paucity of outcrop and the
poor preservation of primary sedimentary and volcanlic features
severely restricts the precise delineation of folds.
Interpretation 1s further hampered both by a lack of strain
markers and by the fine-grained nature of these ancient rocks.
Since fossil and paleomagnetic indicators are unavailable,
determination of relative belt motion must then depend upon other
sources such as fleld structures that may be used as klnematic
indicators, absolute and relative geochronology, and magnetic
fabrics. Magnetic fabrics, and in particular, magnetic
susceptibility anisotropy (MSA) have been previously demonstrated

to clearly indicate finite strain directlons.

This study applies the technique of MSA to the problem of
regional tectonic strain patterns along an Archean sub-province
boundary. This will also serve as a test of the viability of MSA
as an accurate kinematic indicator in deformed Archean rocks.

The problem addressed in this thesis concerns the structural

relationship at the boundary between two subprovinces, the
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Quetico metasedimentary belt and the Shebandowan-Wawa volcanic-

plutonic belt, of the Superior Province within the Canadian
Shield (fig. 1-1). This area was chosen as a valuable MSa
application site due to its relatively low-grade metamorphism and
consistent structure. The magnetic fabric data could then be
compared with structures that are actually visible in the fleld.
This investigation complements those performed between the
Quetico metasedimentary belt and the Wabigoon volcanic-plutonic

belt (sarvas, 1987; Borradaile, et al., 1988).

Typically, Archean terranes conslst of three major
constituents:
(1) greenstone-granite belts
(ii) plutonic belts (contemporaneous or much older than
adjacent greenstone belts)
(iil) sedimentary belts (consisting of high-temperature
metamorphosed sediments).
The evolution of greenstone belts and the nature of Archean
tectonism has long been a source of controversy. OGreenstone belt

models have rapidly evolved over the last decade.

Early flxist belt models ratlionalized the greenstone
stratigraphic progression by vertical orogenic activity
controlled by the diapirism of igneous intrusive bodies through
a pre-existing sialic crust (e.g. Anhaeusser, 1973; Gorman, et

al., 1978). Later mobilist models utllized mantle convection and
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its resultant horizontal lithospheric plate movement. Debate

between the mobilists concerned the location of greenstone belt
formation (enslalic rifting, 1sland arc subductlion, ocean floor
spreading between slallic forelands, or back-arc marginal basin
settings). Compressional or extensional mobilist origins were

also disputed.

One school of thought was that the "subprovinces" within
the Superior Province of the Canadian Shield originated
compressionally, as in fore-arc melanges or the amalgamation of
island arc systems (e.g. Langford and Morin, 1976; Blackburn,
1980). Extensional mobilism, the other school of thought, also
made use of plate tectonism and diapirism; as in extenslional
back-arc rifting (e.g. Tarney, et al., 1976). The belts wvere
then thought to later deform into open folds, synclinoria, and
various nappe structures (e.g. Poulsen, et al., 1980) and later
vertical faults. These models all used dilapirism as the major
deformation force. Diapirism vas utilized in further models
involving the accumulation of massive amounts of tholeiitic magma
through a fissured sialic crust (Goodwin, 1977). Recently,
diapiric models involved the development of rift zones in pre-
existing sialic cratons due to mantle-derived magmatism (Ayres

and Thurston, 1985).

New models of this decade are quite unique. The

recognition of the belts as "tectonic collages" 1s growing;
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largely due to recent advances in geochronology. The most

important deformational events are no longer believed to be
dependent upon dliapirism. The greenstone belt sequences are more
accurately interpreted as a series of fault-bounded panels in an
accrétionary prism environment (Hall and Drury, 1989). This
study area 1s thought to have undergone dextral transpression
(Borradaile, et al., 1988; Hudleston, et al., 1988; Percival and
Williams, 1989; Percival, 1989; Hall and Drury, 1989) as the
sedimentary prism experienced horizontal shortening combined with
simple shear across the belt. These obligque compressional events
are commonly a result of obligque subductlion or of the accretion

of smaller lithospheric fragments.

The most current model for the Quetico belt (Hall and
Drury, 1989) involves the accumulation and imbrication of
sediments against an active fore-arc (now the Wabigoon
subprovince) to the north. The present Quetico subprovince was
trapped as an accretionary wedge from the south due to the
subductlion of oceanlc rock, which later remalned as the

Shebandowan-wWawa subprovince.



1.2 Previous Geological Mapping

The Kashabowlie-Shebandowan area has received much
attention since the first discovery of copper, iron and gold
deposits in 1870. It was the first major gold discovery in
northwestern Ontario. Systematic regional mapping was initiated
by the Geological Survey of Canada during the first few decades
of this century. This work delimited the major rock units and
outlined the substantial amount of exploration activity performed

in the region as well as indicating new nickel-copper findings.

The Geological Branch of the Ontarlo Department of Mines,
in 1961, began a program of systematic detailed remapping at a
scale of 1:31,680 or one inch to a half mile. 1Initially, the
Burchell Lake region was covered (area 2, fig. 1-2) (Giblin,
1964). General lithologles, structure, mineral deposits and
folding of the metavolcanic and metasedimentary rocks about

northeast-trending axes were observed.

Area 4 (fig. 1-2) comprises an eastward extension of
regional mapping towards the western part of Middle Shebandowan
Lake (Hodgkinson, 1968). Mapping included the description of the
Shebandowan metavolcanlic flows and pyroclastics. The Quetico
metasediments were labelled as the Kashabowle Group of

sedimentary rocks (greywacke and subordinate arkose altered to
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schist). Harris (1970) performed mapping extending westward from

Giblin's area for the Ontario Department of Mines and Northern

Affalrs.

Reglonal studies have continued thls decade through
varlous mapping projects by both the federal and provincial
geologlical surveys. The Ontario Geological Survey investigated
gold mineralization, lithology and structure in the Shebandowvan
area (Chorlton and Brown, 1984). An updated 1:250,000 scale
Atikokan-Lakehead complilation map sheet (Thurston, 1985) was also
produced by the Ontario Geological Survey. Recent investigations
of the Quetico belt by the Geological Survey of Canada became
part of a regional compllation of the western Superior Province
(Percival, 1983; Percival and Stern, 1984; Percival, Stern, and

Digel, 1985). Percival (1988) continued mapping in the area on a

1:250,000 reconnalilssance scale.

More detalled work on various aspects of the Quetico and
Shebandowan belts was conducted by several authors. Regional
metamorphism within the Quetico metasedimentary belt (area 9,
fig. 1-2) was examined by Pirle and Mackasey (1978). A path of
regional metamorphism was determined from low greenschist facies
along the belt margins through to higher grade migmatitic zones
at the centre. Kennedy (1980) also examined metamorphic zonation
in a B.Sc. thesis through a 30 kilometre stretch of the Quetico

belt at Ralith, Ontario (area 5, fi1g. 1-2). sStructure and
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metamorphism within the Quetico belt, west of the thesis area wvas

also examined in B.Sc. theses by Dutka (1982), Stubley (1983),
and Stewart (1984), near Atlkokan, Ontario. Sawyer (1987)
determined compositions of anatectically derived migmatite
leucosomes from a suite of samples within the study area. Field
and petrographic observations, combined with major, trace and REE
compositions were obtained. This ylielded information on partial
melting and fractional crystallization processes after initial

migmatite segregation.

Within the Shebandowan greenstone belt, volcanic
stratigraphy and geological structure was examined in the
immediate vicinity of the Shebandowan Ni-Cu mine (Morton, 1979).
Detailed 1:4,800 scale mapping enabled Morton to infer a possible
volcanic environment. The formatlon of possible Archean "“red-
bed" sequences was studled (Shegelski, 1980) at Lake Shebandowan
(area 6, fig. 1-2). Complex folding of both volcanic groups
(Keewatin and Timiskaming) was observed but contacts between the
tvo remained unclear. Shegelskl bellieved that the Keewvatin
platform (pillowed metabasalts analogous to modern island arc
tholeiites) experienced orogeny, crustal thickening and
stablilization prior to Timiskaming volcanism (calc-alkaline
volcanics and alluvial-fluvial sediments). Red beds wvere
deposited by the erosion of a newly emerged landmass. The
Timiskaming volcanics were later redefined as "Shebandowan

(Timiskaming-like) metavolcanics" (Brown, 1985; Borradalle and
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Brown, 1987). The volcanlc stratigraphy and structural

relationships between the Keewatin and Shebandowan metavolcanics

were re-examined as part of detailed mapping east of this area.

Geochronological studles were performed in both the
Shebandowan belt and the Quetico belt. U/Pb isotopic data from
areas adjacent to this study provides constraints on the timing
of emplacement and deformational events supporting mobilist
tectonic models. The date of 2704 +2 Ma (Corfu and Stott, 1986)
wvas the maximum age given for the deposition of the younger
*Timiskaming-type" calc-alkalic to alkalic volcanics and related
troughs of alluvial-fluvial sediments. These unconformably
overlie the Keewatin tholeiitic to calc-alkalic volcanic
sequences dated at 2733 +3 Ma (Corfu and Stott, 1986) as a
minimum extrusion age. Depositional, structural and metamorphic-
plutonic histories (Percival, 1989) were reviewed and developed
further to illustrate possible large-scale tectonic processes.
The Quetico is bellieved to represent a sedimentary accretionary
complex (Percival and Williams, 1989). The Quetico sedimentary
vedge is thought to have been imbricated during the accretion of
the present Shebandowan-Wawa greenstone belt towards what is now
the Wabigoon greenstone belt. Low pressure metamorphism would
then occur by the thermal relaxatlion and melting of the

accretionary pille.



Numerous authors have recently studied the structural
geology surrounding the thesis study area. Detalled structure
was initlally observed as part of systematic mapping by the
ontarlo Department of Mines (Giblin, 1964; Hodgklinson, 1968;
Harris, 1970). Many geological features were attributed to
"complex faulting". The Postans and Crayfish Creek faults were
identified from alr photo lineaments to explain the metasediment-
metavolcanic boundary. The supposed fault-bounded contacts
cannot be found in outcrop, but were described as "depressions in
the ground" (Hodgkinson, 1968). Hodgklinson also inferred
widespread folding, possibly isoclinal, within the metavolcanics,
based partially on reversals in younging directions of pillow
lava and graded bedding. The folding mechanism was attributed to

dlapiric action of granitic plutons.

Sawyer (1983) also attributed folds to large-scale
vertical dlapliric tectonics. The southern edge of the Quetico
belt was shown to contain recumbent nappe-like folds. Evidence
of resultant stratigraphic inversion was interpreted as the
consequence of relative uplift during an early phase of gravity-
driven, northwest-directed tectonics. However, Sawyer (personal
communication, 1989) has reconsidered the nature of the

subprovince boundary to be related more to dextral transpression.
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Two phases of regional deformatlon were inferred within

the shebandowan belt (Stott 1985; Stott and Schwerdtner, 1981).
These were delimited by the change in the plunge of the
lineation. Coherent boundaries were mapped (fig. 1-2; area 7)
between these two megascopically discrete strain domains. These
boundaries were thought to represent strain discontinuities and
the site of precious metal concentrations (Stott and Schnieders,
1983). The strain domalins were interpreted as zones of a single
deformation phase [D1l]) and zones of a superimposed second phase
{D2]. However, no outcrops of interfering polyphase fabrics have
been found. Although there may only be one single deformation
phase, the boundaries do delimit zones of different tectonic
symmetry (le. L>S versus S>L tectonites). This mapping included
the flrst application, in this region, of magnetic susceptibility
anilsotropy (MSA) to show variations in strain patterns. Magnetic
fabric analyses, through the centre of the Shebandowan greenstone

belt, revealed many of the strain domains and their boundaries.

MSA ellipsoids were determined also for the Quetico fault
(fig. 1-2; area 8) through the Wablgoon and Quetico subprovinces
({Kennedy, 1984). The ellipsoids were oblate and coaxial wlth
strain ellipsoids. Microfaults and asymmetrical quartz cg-axis
petrofabrics indicated a dextral transcurrent motlon. Kennedy's
detailed study of the Quetico fault zone included: its sense of
motion, the nature of strain, deformation mechanisms, and its

brittle-ductile deformation transitions.



I-13
Magnetic fabric, in addition to thin-section and scanning

electron microprobe analyses were completed for the metavolcanics
within the Shebandowan belt (Borradaile and Brown, 1987).
Magnetic fabrics indicated a single, penetrative cleavage of
consistent trend. Tight isoclinal folding, with subvertical and
east-west trending fold axial traces, was found to affect all

Archean Shebandowan rock types during a single tectonic episode.

The Quetico-Wablgoon boundary structure was also recently
examined (Sarvas, 1987; Borradaile, et al., 1988; Poulsen, et
al., 1980), west of the thesis study area. A number of regional
folds were delineated within the Quetico metasediments at its
northern boundary (Borradalile, et al., 1988). Investigations
Included: bedding-cleavage relationships, local younging
directions, minor fold asymmetries, and structural facing
directions. Macroscoplc, isoclinal sheath folds, possessed axial
traces that nearly paralleled the belt boundary. This supported
pervasive dextral transpression at the boundary. Magnetic
fabrics confirmed the existence of a single penetrative
flattening tectonic microfabric (Sarvas, 1987), with a
subordinate partially preserved fabric In places related to

bedding.



This thesis studies a controversial boundary between two
subprovinces of the Canadian Superlior Province. Originally, the
subdivision of the Superior Province (Stockwell, 1964) separated
the volcanic-plutonic terranes from adjacent, east-west trending,
higher grade migmatized sedimentary belts, on the basis of
recognizable tectonic features. Stockwell defined the "Quetico
belt" as a linear belt of east-trending metamorphosed sediments.
Stockwell's definition distinguished it from the more
curvilinear greenstone belts and elliptical plutons of the
Shebandowan-Wawva subprovince to the south and the Wabigoon
subprovince to the north. The subprovince boundaries were later
clarified, based more on lithological origin and characteristics
(Card and Ciesielski, 1986). The Superior Province was
reclassified into: volcano-plutonic, metasedimentary, plutonic,

and high-grade gneiss subprovince types.

The subprovince boundary examined in this study lies
between the Shebandowan volcano-plutonic belt to the south, and
the Quetico subprovince of metasediments and associated granitic
intrusions to the north. Previously, the subprovince boundary

was thought to involve a locally conformable fault-bounded
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contact (Giblin, 1964; Hodgkinson, 1968; Harris, 1970). Howvever,
evidence for this is not clear. Subprovince boundaries cannot be
delineated simply on the basis of metamorphic grade, along
faults, or between local metasedimentary - metavolcanic

Interfaces.

The Shebandowan greenstone belt extends westward, as an
extension of the Wawa greenstone belt across Lake Superior, and
continues to the southwest into Minnesota. It consists of an
Archean supracrustal belt of metamorphosed volcanic and
sedimentary rock and comprises the most southernly exposed
subprovince of the Superior Province. The belt is approximately
northeast-trending and contains a variety of volcanics rocks.
Mafic to felsic flows and pyroclastics of tholeiitic to calc-
alkaline chemical affinities exist in part with basaltic flows
that are typically massive, pillowed or brecciated (Goodwin,

1972).

The Quetico belt spans nearly 1200 km and varies in width
from 10 to 100 kilometres. 1t emerges from beneath the western
Paleozolc cover as the Vermilion Granitic Complex in northern
Minnesota and continues to the east through Ontario as the
Quetlico subprovince. Further east, it continues beneath the late
Precambrian rocks of the Nipligon basin, and terminates abruptly

at the Kapuskasing structural zone. Within this subprovince, the
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"Quetico metasediments" are defined as medium-grade submarine fan
sandstones forming a monotonous sequence with rare internal
structure (wWood, 1980). A high proportion of detrital quartz,
useful for straln estimation in this study, 1s thought to
represent a product of reworking prior to final sedimentation, or

a product of a quartz-rich source.

The thesis study area (fig. 2-1) 1is an obligue transect
through low greenschist faclies Shebandowan metavolcanics and into
increasingly higher metamorphic grades within the Quetico
metasediments. The transect ends at the medium amphlibolite grade
migmatitic gneisses at the core of the Quetico belt. This area
represents an easlly accessible window through a subprovince
boundary. The transect runs along the #11 Trans Canada Highway
from the town of Kashabowie, approximately thirty kilometres west
towards Huronian Lake at the divide between the Arctic and
Atlantic watersheds. Access to the area ls enhanced by several
0old logging roads, hydro-electric and telephone corridors, as
well as boat access through numercus small lakes. However, areas
studied were restricted to the better quality exposures along

Highway 11.



Quetico
Subprovince

Huronian Kashabowie

QUETICO - SHEBANDOWAN

SUBPROVINCE BOUNDARY
whA] " Timiskaming "

metasediments

I | granitoid // metavolcanic

Figure 2-1: Map of the thesis field area and surrounding
geology. The study area runs along highway #11 roadside
exposures as part of an oblique transect from Kashabowle
through the Quetico/shebandowan boundary to Huronian
Lake.
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2.2 Purpose and Scope of Study

This study examines structure and magnetic fabric

variations across the Quetico/Shebandowan subprovince boundary.

Insights into the tectonic history may be revealed through the

regional distributions of principal strain directions; especially

utilizing the directional variability of magnetic susceptibility.

This study tests the viability of magnetic susceptibility

anisotropy (MSA) as an accurate klinematic indicator and compares

results derived from mesoscopic and microscopic technigues. The

present study includes:

(1)
(2)
(3)

(4)

(5)

(6)

(7)

(8)

(9)

detalled mapping on outcrop by outcrop scale
collection of over 200 oriented samples

initial bulk susceptibility measurements across the
area using a portable susceptibility meter
preparation of numerous thin-sections for optical and
scanning electron microscope

MSA determination and analysis from oriented samples
determination of magnetic mineralogy

correlation of MSA data with magnetic mlineralogy
correlation of MSA with observed petrofabrics and
macroscopic structural elements

correlation of MSA, if possible, with calculated

straln
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2.3 Method of Investigation

2.3.1 Field Method

Fileld work was completed during part of the fall of 1988
and during two months in the summer of 1989. Mapping
concentrated on structural observations, including the
measurement of bedding and cleavage orientations, mineral
lineation trends, local younging directions, and other minor
structures (ie. kink banding, sense of movement of ductile
shears, and minor folds where present). Carefully oriented
samples of all rock types were collected. The horizontal strike
and dip of any planar surface was marked on the samples. Some
orlented cores for MSA analyses were initially obtained in the

field using a portable drill.

The analysis of relative dominance of planar versus
linear preferred mineral orientatlions was carried out both in the
field and by microscope thin-sectlion examination. The relative
strength between mineral lineation and schistose foliation, from
a single sample, forms a continuous spectrum termed the "L-S
Fabric System" (Flinn, 1965). It possesses spectral end-members
of purely linear prolate ("L-tectonite") fabrics and purely
flattened oblate ("S-tectonite") fabrics. Intermedlate cases

within the L-S fabric system can be described by L>S, L=S, or L<S
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tectonic intervals. Visual L-S field approximations are crude
and are generally verifled by inspection of thin-sections
parallel and perpendicular ot the observed mineral lineatlon.
Such estimates are valuable tools for mapping tectonic strain
varlations (Schwerdtner, et al., 1977). Often rocks with small
gralin sizes, or too weak a deformation, may not readily allow
identification of planar and linear fabrics by conventional
means. In such cases, the technigue of magnetlic susceptibility
anisotropy (MSA) can provide useful qualitative correlations

between magnetic fabrics, mineral fabrics, and strain.

2.3.2 Laboratory Technliques

Laboratory technigques within this study concentrated on
magnetic susceptibility anlisotropy. The use of MSA in this area
was advantageous due to an absence of wlidespread strain
indicators, poorly preserved primary sedimentary and volcanic
features, and frequently some very small grain sizes. MSA
techniques could then reveal principal strain direction
varlations and the range of fabrics across the subprovince

boundary.

Magnetlic mineralogies were evaluated by magnetic
separation, leaching techniques and scanning electron microprobe.
Qualitative correlations between MSA and straln were attempted.

Strain was measured from detrital quartz granules In vertical and
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horizontal thin-sections using various strain analysis methods.
Experimental procedures for the various laboratory techniqgues
will be described in later chapters. These techniques contribute

to analyses of strain and fabric relationships and variatlions

with respect to lithology and mineralogy.
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CHAPTER 3 - GENERAL LITHOLOGICAL UNITS AND MINERALOGY

3.1 Introduction and Geochronological Relationships

Within the study area, two malin bedrock lithologies lie
along two belts: the Archean Quetico metasediments and the
Shebandovan-Wawa Archean metavolcanic belt to the south.

Keewatin volcanics make up the older Shebandowan-Wawa belt. They
display typical Archean cycllical sequences (Thurston and Chivers,
1990) found within other greenstone belts of the Superior
Province. These volcanics are overlaln by locally unconformable
"Timiskaming-type" alluvial-fluvial metasediments occurring in
two east-trending belts (Shegelskl, 1980; Borradaile and Brown,
1987). The volcanic stratigraphy in this area is unclear, being
complicated by, deformation, alteration and multiple intrusions

of gabbros and diorites.

To the north lies the Quetico metasedimentary belt,
which is itself bounded by the granite-greenstone terrains of the
Wabigoon belt to the north. The Quetico belt consists of pelitic
and wacke metasediments formerly grouped under the umbrella term
"Coutchlching Series" (Lawson, 1913). The original stratigraphic
relationships with the volcanic sequences to the south are
unknown. The entire area has experienced late Archean "Kenoran"

reglonal metamorphism. According to Stott (1985), two phases of
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deformation were distinquished. The flrst deformation phase [D1]
imposes a vertical schistosity, upright folds, and relatively
steep west-plunglng and southwest-plunging mineral lineations.
This deformatlion style confines itself mainly to the southern
half of the Shebandowan belt (Stott, 1985). The north half of
the belt predominantly displays a vertical schistosity, but with
east-plunging sub-horizontal lineations, and some dlscrete shear
zones (Stott, 1985). This, stott attributed to [DZ] although
nowhere are the two sets of structures seen to interfere. This
deformation style largely affected the adjacent Quetico belt and
caused the carbonatization and sericitization alteration related
to the major ore deposits in the area (Stott and Schnieders,

1983).

Some late Archean granitic plutons later intruded the
area. “whey are undeformed and retain primary granitic textures.
A late pluton, at Burchell Lake (Fig. 2-1), caused the deflection
and slight curvature of surrounding [(D2] deformed volcanics and
metasedimentary rocks to the north. A few small diabase and

lamprophyre dykes were the most recent intrusions in the area.

The relatlve ages of the metavolcanic and metasedimentary
sequences have been debated for over a century. Lawson (1913)
originally conslidered the Coutchiching sediments to be older,

apparently overlyling the volcanics of the Wabligoon belt 1in the
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Rainy Lake area. At one location, this apparent "sequence" was
later found to be structurally inverted (Poulsen, et al., 1980),
resulting in stratigraphically younger "Quetico-type"

metasediments.

Recent U-Pb zircon and titanite geochronological data has
produced approximate ages for the deposition of sedimentary and
volcanic sequences as well as for perliods of deformation and
plutonism in the Shebandowan-Wawa belt. Dating of a porphyry
5111 within mafic metavolcanics, Just east of Kashabowle, ylelded
an age of 2733 +3 Ma (Corfu and stott, 1986). This indicates a
minimum extrusion age for the volcanics and a maximum possible
age for [D1l] deformation. The overlylng Timiskaming-type
volcanics and sediments ylelded maximum deposition ages of 2704
+2 Ma (from a trondhjemite clast within a conglomerate), and 2689
+3/-2 Ma (from large cognate inclusions within a pyroclastic

breccia)(Corfu and Stott, 1986).

The dating of the two deformation phases helps bracket
the ages of the units. The tonalitic Shebandowan Lake pluton
intruded prior to, or during deformation. The post-tectonic
circular tonalite stock at Burchell Lake intruded after the final
phase of deformation. Dates from these plutons, as well as the
dating of the post-[(Dl] and pre-{D2) Timiskaming-type deposits,

establishes age ranges for the deformation phases (Dl: 2696-2689
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Ma; and D2: 2689-2684 Ma)(Corfu and Stott, 1986).

Geochronology from the Quetico belt is much less precise.
In fact, earlier geochronologlcal work falled to resolve Lawson's
Keewatin/Coutchiching controversy. Total rock Rb-Sr dating of
Keewatin Series rocks from the Rainy River area gave an age of
2595 +45 Ma and a Coutchiching Series age of 2625 +85 Ma
(Peterman and Goldich, 1970). But with recent advances in U-Pb
geochronology analysis, zircon, tltanite and rutile yield much
more precise resolution of major crustal events. A wide range of
ages for the Quetico metasediments still exlists due to the
detrital and xenocrystic nature of its 1lithic clasts and single
mineral grains. The very oldest detrital zircons (3059 3 Ma)
(Davis, et al., 1989) indicate a still older sialic sediment
source area. The youngest detrital zircon age (2704 +3 Ma)
(Davis, et al., 1989) would then infer an upper age limit for the
deposltion of the Quetico sediments. A lowver 1limit is
established by the earliest cross-cutting intrusions that date at

2692 +2 Ma (Davis, et al., 1989).

The oldest sequences north of the Quetico, in the
Wabigoon granite-greenstone subprovince, have U-Pb dates ranging
from 2725 +2 Ma to 2728 +4/-3 Ma (Davis, et al., 1989). Age
relationships, in figure 3-1, are summarized. Since sedimentary

sources may be from distant areas, the Quetico sediments can then
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Age
(Ma) Wawa Quetico Wabigoon
2650 Pegmatite?
(D)
2670 Pink, white granites®
Late granites® Dy Late granites®
(D2 ®,)
2690  ““Timiskaming’” volcanics® Granodiorite sills® Seine conglomerate?
Dy D))
‘*Keewatin’’ volcanics Sedimention (D,?)* ““‘Keewatin’’ volcanics®
2710 -
2730
Early intrusions® Early intrusions®
2750 “*Keewatin’’ volcanics® ““Keewatin’’ volcanics®
Unconformity, Steep Rock Group®
2990 Marmion tonalite?
Lumby Lake volcanics®
“Dated unit.
“Bracketed unit.

Flgure 3-1: Summary of relative age relationships of
geological units and deformation events in the
Shebandowan-Wawa, Quetico and Wabigoon subprovinces
of the Superlor Province, Canadlian Shield.

(from Percival,

1989)
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be visualized as younger and allochthonous, rather than existing

as older basement to the volcanic sequences.

3.2 Metavolcanlc Lithology

The metavolcanics of the Shebandowan-Wawa belt span from
east of the Shebandowan Lakes, to the onset of the Quetlico
metasediments west of Whitefish Lake (see metavolcanic outcrop
location map, fig. 3-2). They occupy about one third of the
thesis study area and consist of a complex intermingling of both
maflc and felslic metavolcanic varieties. Thelr spatial
relationship most likely derives from both isoclinal folding and

cyclical stratigraphy.

3.2.1 Mafic Metavolcanics

The rocks of this group occur mainly in two bands. A NW
band flanks the Quetico/Shebandowan boundary and the second runs
north of Upper Shebandowan Lake (fig. 3-3). Small outliers of
mafic flows are found incorporated within the Quetico
metasediments to the west of the boundary. Regional greenschist
metamorphism has altered these, massive and pillowed flows and
pyroclastics, from a basaltic composition to chlorite and
amphibolite schists. Many primary textures are still

discernible. 1In many localities, original flow textures exist
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Metavolcanic Outcrop Lithology Map
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Flgure 3-3: Metavolcanlc outcrop lithology map for thesis
area east of the Quetico metasedimentary belt (boundary
shown as dashed line). Shown above are the major outcrop
units of: the highly siliceous felslic metavolcanics near
Whitefish Lake, the sheared belts of mafic and felsic
metavolcanics near Upper Shebandowan Lake, and the NW belt
of mafic metavolcanics adjacent to the Quetico
metasedimentary belt boundary.
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and locally layered and graded bedding, pillows, and amygdules

are still visible.

All the maflic metavolcanics possess a high proportion of
minerals typical of greenschist facles metamorphism (chlorite,
actinolite, and epidote). Many original ferromagnesian minerals
have suffered chloritization. Feldspar phenocrysts are usually
sericitized and often saussuritization has completely replaced
the feldspar phenocrysts. The few remaining olivine phenocrysts
are small (generally 0.1-0.2mm), and were fractured and rounded
by magmatic corrosion. Feldspar laths exhibit broken and
shattered terminations. Reglonally, and at outcrop scale, the
intensity of deformation seems quite variable. Stott (1985)
found that the rocks south of the Shebandowan Mine were much less

deformed than similar rocks north of Upper Shebandowan Lake.

Several pyroclastic outcrops are apparent within this
unit. Tuffs (stations RS2, RS2.1 and RS7) and agglomerates
(station RS6.2) exhibit very well-flattened lenticular fragments.
These ovoids of recrystallized gquartz display excellent
S-tectonite flattening in near-horizontal and vertical
directions. Large chlorite laths have grown within the strain
shadows of these augen. The agglomerate fragment size is about
1x4 cm on average while the tuffaceous outcrops exhibit pyroclast

sizes generally within the lower lapilli tuff range (less than
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2x6 mm in size). The lapilli consist of late gquartz and calcite
with convolute boundarles. The tuffs and agglomerates contain
mainly saussuritlized, corroded and fragmented feldspar
phenocrysts with flbrous clusters of chlorite and actinolite.
Epidote, opaques, glass relicts, some qguartz, ollivine
phenocrysts, and broken poikilitic biotite laths were contained
within the largely micaceous matrix. Alteration produced
abundant sericite, as well as, secondary quartz and carbonate
veining. Magnetic separation produced portions of magnetite,
hematite, and pyrite. Generally, these rocks are not very
deformed and possess relict flow textures and groundmass debris
tralls. Graded bedding at station RS2 was found to be slightly
oblique to cleavage. Anastomosing chlorite and actinolite fibres
vaguely define a cleavage containing single crystals and crystal
fragments. Locally, the tuffs are quite fissile with chloritic

"sheared" bands visible.

Altered flows were observed on both mafic metavolcanic
bands. A sizeable porphyritic flow lies north of Upper
Shebandowan Lake (at stations RS1 and RS1.2). More massive flows
occur in the NW belt (at stations RS6.1 and RS6.2). Like the
tuffs, the porphyritic flows have an anastomosling fabric with
some zones of greater intensity. Within these shear zones the
rock 1s more carbonatlzed, more flsslle and has siliceous knots

and augen. Thin-sections reveal a domlnantly plagloclase
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composition (60%-70% volume). Plagloclase phenocrysts were
zoned and rimmed on outcrop exposures. In thin-section, it is
intensely sericitized, has lamellar twinning and is present also
within the groundmass. 8Small rounded and fractured olivines and
some opaques were the only other visible phenocrysts. Olivine
was probably rounded by magmatic corrosion. It occasionally
occurs as clusters which could represent accumulations from the
magma chambre wall. Chlorite (penninite), actinolite, and
sericite constitute most of the remaining volume. This mricaceous
component produces a good preferred orientation and an
anastomosing fabric wraps around the phenocrysts. Relict flow
textures are still visible. Amygdaloids are abundant and are
filled by secondary calcite. The scanning electron microprobe
indicated the presence of rutile, zircon, albite, apatite,
magnetite, and epidote. Magnetite, hematite, and pyrrhotite were

magnetically separable.

Some flows were entirely massive and coarse grained, yet
quite altered. Presently they are amphibolites and probably
originated as gabbroic flows (stations RS6.1 and RS6.2). They
are fissile and chloritic in places; probably representing small
shear zones. All original mafics seem to have been replaced by
greenschist assemblage minerals. Nearly half of the rock volume
appears to consist of altered plagloclase. Alteration makes

identification difficult and may in part be due to the relatively
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close proximity of this outcrop to the Burchell Lake tonalite
pluton to the south. Remaining mineraloglical constituents are
mainly chlorite and actinolite which envelope large (1-2 mm)

plagioclase phenocrysts.

The massive flows of RS6.1 and RS6.2 seem to grade into
pillowed flows (stations RS7, RS7.1, RS8, and RS8.05) over a
relatively short distance. Both massive and pillowed flows
appear principally along the north margin of the NW mafic
metavolcanic belt. A strike-length of three miles was observed
by Giblin (1964) for the pillowed flow units. Some pillows are
distorted but several are suitable for reliable top
determinations. Good selvages and cusps were seen (figures 3-4a,
3-4b and 3-4c). Pillows at RS7 possess several gquartz infilled
vegssicles (lmm diameter on average). Most plagloclase
phenocrysts are heavily sericitized and have broken terminations.
Small (0.1mm) corroded olivine phenocrysts also still exist. A
majority of the rock has been pseudomorphed by chlorite and
actinolite. A number of small quartz, epidote, and calcite veins
cut through the pillows and often have brittle offsets.
Groundmass constitutes nearly a third of the rock and is composed
of plagioclase, sericlte, some quartz, opaques and glassy debris.
Scanning electron microprobe reveals the additional presence of
apatite, sphene, zlrcon, pyrite, and cobaltite. Magnetic

separation techniques ylelded magnetite, hematite, and pyrrhotite



Figure 3-4a: Pillow lavas at station RS7. The compass
points north. Cusps trend towards the top of the photo
and younging is estimated at 330 degrees. Pillow
"hedding" trends at about 050 degrees. (Highway #11 is
Just beyond the top of the photo).

Flgure 3-4b: Relatively undeformed plllows at station
RS8. Compass points north. Cusps are towards the top
of the photo and younging trends at about 322 degrees.
The "bedding" of the pillows is oriented at about 242/83.
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Figure 3-4c: Additional pillow exposure at station RSS.
Compass points north. Younging trends at 325 degrees
with pillow "bedding" oriented at 238/78.
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fractions. A crude banding exists but no cleavage was vislible.
Large radiating fibrous actinolite laths and chlorite seem to be

randomly oriented in thin-section.

Chlorite and actinolite schists are present in most
outcrops experienced local shearing. Larger, outcrop-scale
schist units occur at stations RS2, RS6.2, RS7.1 and RS8. A few
lenses of these schists appear within the Quetico subprovince.

At RS8, a very fissile chlorite schist lies along strike from the
pillowed flows across highway 11. They are petrologically alike.
Pillow sequences elsewhere are cut by local small shears and
contain chlorite schist. A larger schist unit at RS7.1 is
extremely fissile and sericlitic. Chlorite and actinolite flakes
as well as phenocrysts of plagloclase, quartz, and carbonate
infillings are stretched almost to the point of mylonitization.
Secondary calcite entered the rock at the time of interaction
between pillow lava and seawater. Since all grains, including
calcite are severely stretched; therefore, these shear zones mark
sites of subsequent kinematlc reactlivation. The stretching is
horizontal and is more pronounced. It is an L>S tectonite. A
plagloclase phenocryst displayed good dextral kinematics in plan
view. It has a snowball texture with inclusion trails and
microcrysts clearly indicating dextral rotation. a large portion
of the sheared area has infillings of late third stage carbonate

and quartz derlved from hydrothermal solution,
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3.2.2 Felsic Metavolcanics

The felsic metavolcanlics conslist of rhyolites,
porphyritic rhyolites, tuffs, agglomerates, and thelr altered
eqguivalents. They are generally more resistant to erosion than
the chloritic mafic volcanics, and remaln as large round
clustered outcrops. The main felsic metavolcanic outcrop cluster
(stations RS3 to RS5.6) occurs near Whitefish Lake between the
two mafic volcanic bands (figures 3-2 and 3-3). Smaller sheared
metavolcanic outcrops are present near the town of Kashabowle

(stations RS1.1, RS1.3, and RS1.32).

Visible pyroclast slizes range from elongated agglomerates
{(maximum size about 30 cm), to smaller, lenticular and rounded
lapilll (mostly 4-6 mm), to tuffaceous pyroclasts (1-2 mm
diameter). Many primary bedding features are preserved, despite
local ductile behaviour that has further distorted and elongated
some of the pyroclasts. Micaceous minerals form a preferred
orientation and create a schistose fabric parallel with the
elongation of the recrystallized pyroclasts. Often the rocks are
very fissile and the pyroclasts reveal good S-tectonite
flattening. Thin units of sericlite and chlorite schists often
occur within outcrops. Alteration in places can be quite
extensive. Recrystallization of quartz and various degrees of

sericltizatlion of feldspar phenocrysts are evident in all sample



I11-17

thin-sectlions.

Near Kashabowie, the felsic metavolcanics are locally
very flissile and have experienced kinking and several brittle
offsets. The outcrop fabric is generally anastomosing, although
schistose, with some minor shears. Small quartz sweats were
dextrally, in plan view, rotated through boudinage (RS1.1). Late
brittle sinistral offsets were also observed. The felsic
metavolcanics are generally rhyolitlc but contaln occasional
chloritic mafic inclusions in this area. The largest pyroclasts
found within agglomerate portions were 10 cm long and
demonstrated good flattening. Several small gossan zones contaln
small (<1 cm) pyrite and chalcopyrite areas. A small sulphlide-
bearing zone runs through stations RS1.2 and RS1.2-2. It
contalns larger clusters (<5 cm) of pyrite hosted by sheared

quartz velning.

In thin-section, alblte is the predominant mineral.
Possible phenocrysts of sanidine and microcline were observed.
These alkali feldspars occur commonly within late-crystallizing
rhyolites. Nearly half of the rock's volume is occupied by a
schistose matrix containing very fine grained (<0.02 mm)
recrystallized quartz, fragmented feldspars, and lesser amounts
of sericite, chlorite, and epidote. Larger quartz phenocrysts

are rounded, embayed and display undulose extinction. Other
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phenocrysts include small rounded olivines, opaques, and a few
anhedral tourmaline gralns. Secondary calcite £fills some
amygdalolds and fractures. Sericlite exhibits a strong preferred
orientation and wraps around feldspar phenocrysts. Tectonic
flattening creates several augen structures with few asymmetries.
A few albite phenocrysts that contain calcite and sericite
poikiloblasts exhibit crude dextral rotation in plan view. A
possible secondary cleavage exists in the form of kinematically

inconsistent crenulations.

Felslic nmetavolcanlics were not extensively sampled. These
rocks were extremely siliceous and also lacked Fe-bearing
phyllosilicates and Fe-oxlides; hence, these rocks would prove
useless for magnetic fabric analyses. One test sample was

obtained, however, from station RS3.

Outcrops from RS3 to RS4 consist of falrly homogeneous
felsic rhyolites. Agaln, several kink folds were noted. Somne
bands contain lenticular bombs over three centimetres in length,
(one centimetre average). The rock possesses a very fissile
cleavage but a random orientation of acicular actinolite
crystals. These rocks demonstrate S>L tectonite characteristics
also in thin-section. Quartz occuplies nearly 80% of the rock
volume both as large rounded phenocrysts and as tuffaceous

clusters with convolute boundarles. Some tuff and lapilli
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contain mixtures of quartz and calcite or consist entlirely of
calcite. Some pyroclasts seem flattened, while others are
totally rounded. This suggests recrystallization and/or relict

flow fabrics.

Outcrops of a pink-coloured felsic rhyolite are exposed
near Whitefish Lake (station RS4.1) and continue westward to
station RS5.6. The rhyolite becomes more porphyritic and
eQentually becomes a flattened agglomerate towards RS5.6, where
it meets the NW mafic metavolcanic band. It becomes less felsic
and more intermediate in composition as the proportions of
chlorite, tourmaline, and actinolite increases. Otherwise, the
mineralogy is fairly constant; comprising of sericite, quartz,
feldspar, and opaques. Actlnolite needles become more prominent
towards the west. They reach sizes greater than one centimetre.
Their alignment also becomes more prominent and attains a nearly
parallel lineation with a relatively steep plunge and eastern
trend. Blobs of pyrite, chalcopyrite, and flecks of specular
hematite are visible locally. Feldspar phenocrysts range in size
from about one to five millimetres, but their alteration becomes
more profuse towards the west. Sericitization and calcite in-
filling increases until complete pseudomorphing is nearly
achieved. Agglomerate bombs are quite variable in size and
abundance (fig. 3-5). Fabrics are very convolute and anastomose

in those bands containing numerous bombs. The bombs contain



IT11-20

Flgure 3-5: Bombs within the pink felsic to

intermediate agglomerate at station RSS.S. The hammer
handle points approximately north.



I11-21
fragmented and sericitized feldspar laths as well as
recrystallized gquartz and calcite. Average bomb sizes seen in
section are about 8x3 cm within a matrix of sizes ranging between
0.01 and 0.25 mm. Beyond the western margin of these felsic
metavolcanics and to the west of the NW mafic metavolcanic band,

lies the inferred Quetico/Shebandowan subprovince boundary.

3.3 Metasediment Lithology

The "Quetico-type" pelitic and wacke metasediments were
defined by Wood (1980) in the Rainy Lake area, west of this study
area. They were Iinitially grouped under the umbrella term
"Coutchiching Series" (Lawson, 1913). Locally, these
metasediments were referred to as the Kashabowie Group of
monotonously uniform, massive, well-bedded greywackes
(Hodgkinson, 1968). The Quetico metasediments occupy nearly two
thirds of the thesis transect area (see metasediment outcrop
location map, flg. 3-6). Inwards from the belt boundary, the
clastic sediments gradually increase in metamorphic grade to form
coarse blotite schists and paragneisses as the quartz/feldspar
groundmass becomes recrystallized and porphyroblasts form. A few
foreign lenses exist within the Quetico belt. An inclusion of
porphyritic basalt flow metavolcanic occurs at RS10.1. Outcrop-

scale amphibolite pods are also present towards Stetham Lake.
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3.3.1 Clastic Metasediments and Schists

Fairly unaltered clastic sediments exist near the
Shebandowan-Quetico lithological boundary (fig. 3-7). The
clastic sediments consist of thin units of siltstone, mudstone,
and shale and their metamorphic eguivalents (e.g. argillites and
slates) (fig. 3-8a). They are frequently interbedded with each
other. Many of their primary sedimentary textures and structures
were retalned. Progressive metamorphism increases inward to the

belt axis, grading towards recrystallized biotite schists.

The classification of sandstones and wackes becomes
difficult due to the polygenetic origin of the matrix. Based on
Pettijohn's classification scheme (fig. 3-8b), the sandstones
from this area resemble arkosic wackes since gquartz clasts are
abundant and lithic fragments are relatively rare. However,
sedimentary classification schemes do not account for the
substantial metamorphic contribution to the matrix. With regard
to metamorphism, the Quetico metasediments would then consist of

arkosic metagreywacke, and finer grained slates and argillites.

The wacke and slltstone outcrops bordering the
Shebandowan subprovince (stations RS8.1 and RS9.1) are well-
bedded and still possess many primary sedimentary structures. A

few occurrences of graded bedding, soft sediment deformation, and
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Flgure 3-8a: Terminology of the argillaceous sediments
(note:

both slate and argillite can develop from either
mudstone or shale).

(fxom Pettijohn, 1975)
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Figqure 3-8b: Classification scheme of terrigeneous
(from Pettijohn, 1975)
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fine siltstone-mudstone laminations are visible (figs. 3-9a and
3-9b), but cross-bedding and ripple marks are absent. The beds
have dlstinct bases and are on average 50-100 cm thick. Cleavage

is initlially weak, but becomes more manifest by station RS9.1.

The mineralogy of the wackes consists simply of gquartz,
biotite (detrital and porphyroblastic), and plagioclase.
Retrograded quartz and albite are also visible. Rare detrital
microcline alkall feldspars are also present. All these minerals
comprise both the clasts (angular to subrounded clasts; usually
<1 mm dia.), and the fine-grained matrix (<0.1 mm dia.). The
matrix usually composes 50-70% of the rock volume and contains
additional microlaths of chlorite and white micas. The scanning
electron microprobe reveals lesser amounts of: muscovite,
apatite, rutile, calcite, chlorite, ilmenite, zircon, sphene,
epldote and sericite. Magnetite, hematite, pyrrhotite and pyrite
were observed through magnetic separation. 1In thin-section,
large detrital biotite laths (1 mm) appear ragged and torn and
possess many pleochroic halos. They contaln recrystallized
quartz within poikiloblasts and symmetrical strain shadows.
Bedding 1ls difficult to discern from continuous cleavage in thin-
section. This cleavage arises from a combinatlion of the
preferred crystallographic orientation of the phyllosilicates and
the preferred dimensional orientation of larger clasts. A nild

flattening style of deformation, near the belt boundary, 1is
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Figure 3-9a: Outcrop showing wacke graded bedding

at station RS8.1 (closest outcrop to the pillowved
metavolcanics of the Shebandowan belt). Pelitic bases
grade up to finer mudstone tops. Scour marks, common in
turbidity current environments, are evident at the
mudstone-sand base turbidity current interface. Younging
is towards the north approximately top of the photo).
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Flgure 3-9b: Additional wacke graded bedding exposure

at station RS8.1. A superimposed cleavage upon bedding
fabric begins its appearance at this outcrop. Yet, the
graded bedding and soft sediment deformational features
are still well preserved. Younging is towards the north
(approximately top of photo).
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apparent since no lineation component 1s visible from horizontal
and vertical thin-sections. A few crude examples of rotated
snowball texture (dextral in plan view) within biotite
porphyroblasts are visible in thin-section. Feldspar clasts
contain euhedral sericite crystals and are variably
saussuritized. Quartz clasts are generally more rounded and have

undulose extinction.

Beyond RS9.2, the greywacke becomes somewhat crenulated
and any obliquities between bedding and cleavage are nearly
indistinguishable. Graded beds are still visible since the
growth of porphyroblasts has not yet been sufficient to obscure
younging dlirections. Examples of well-formed cleavage-bedding
obliquities occur at RS8.1, RS9.1, and RS10 (figs. 3-10a and 3-
10b). The schistosity fabric refracts slightly at the interface
between separate beds. This is most likely due to differences in
bedding normal compaction on either side of bed contacts. Shear
strain appears to be more intense within more pelitic zones.
Increasing metamorphism, and the growth of microblasts obscures
any reliable younging directions beyond RS10. These outcrops
contain boudinaged quartz sweats but become very prominent by
RS9.4. The necklines between the boudins are filled by quartz,
pyrite and chlorite crystals. Late sinistral kinking and late

dextral shears (plan view) are visible.
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Figqure 3-10a: Outcrop displaying bedding/cleavage
relationship at statlion RS9.1. The "1" on the coin

points north. Bedding trends at 072 degrees and is
marked by fine grained silty laminae separating coarser
units in the photo. The cleavage (trending at 062
degrees) 1is evident in the recessional groove below the
coin. Since youngling is approximately north, the
structural facing direction 1is east.
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Figure 3-10b: Additional bedding/cleavage relationship
from station RS9.1. Bedding (072) is indicated by the
pencil parallel to the parting along bed interfaces.
Cleavage within the bed above the pencil is slightly
oblique (062). Top of the photo is approximately north.
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The mineralogy beyond RS9.2 remains falrly consistent.
Proportlons of matrix and strain intensity (reflected in part by
detrital quartz grain shapes) vary across the region. Local
quartz recrystalllization occurs near RS10. The xenoblastic quartz
crystals between muscovite laths deplct a granoblastic-polygonal
texture. Two generations of bilotite are clearly evident.
Detrital, primary biotite laths are larger (1.5 mm max. dia.) and
possess quartz strain shadows that show no kinematically
significant asymmetries. The laths contain internal inclusion
tralls which are variably oriented. Secondary porphyroblastic
biotite is also present and displays a preferred orientation

along with muscovite.

The metasediments have generally metamorphosed to
biotite-quartz-feldspar schists by station RS10.3. Naturally, at
this point, blotite becomes quite abundant. Kinking, brittle
offsets and quartz-filled tension gashes exist at these outcrops.
Fish-mouth boudinage, where the matrix flows in a ductlle manner
into the boudin interspace, occurs with increasing frequency
(Fig.3-11). Often the interspace also contains coarse quartz
plugs. The graded beds are partially preserved; however, the
more pelitic layers are unrecognizable due to the formation of
larger porphyroblasts. These schists develop a well-defined
schistosity from the preferred crystallographic orientation of

the phyllosilicates and is supported by the preferred dimensional
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Flgure 3-11: Fishmouth boudinage from outcrop RS10.3.

Usually the boudin interspace area contains coarse quartz
Plugs. Top of photo is approximately NWw.
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orientation of remaining detrital quartz and feldspar clasts.
The feldspars are sufficiently altered as to make identification

nearly impossible.

Schist mineralogy is similar to 1ts wacke predecessor.
However, varlous metamorphic porphyroblasts appear, often along
cleavage-parallel horizons. Embayed quartz clasts often
recrystallize to form granoblastic-polygonal aggregates
(especially beyond RS10.5). The matrix consists of this quartz,
in addition to fine-grained sodic plagloclase, chlorite
intergrown with biotite, K-feldspar, zoned zircons and monazite.
By magnetic separation 1n a Franz-separator, pyrrhotite,
magnetite, and pyrite were obtained. Green hornblende (1-2 mm
long prisms) and anhedral garnets begin to appear at RS10.4.
Rocks contalining hornblende seem devoid of chlorite and sericite.
Station RS10.65 has thin horizons of fibrolitic masses and
needles of sillimanite (2 mm long strands) and garnet-rich layers
(<2 mm dia.). Porphyroblasts of staurolite (some 4-5 mm long)
begin to appear locally at RS10.7. They possess abundant quart:z
inclusions in an irregular arrangement. Station RS10.95 contains
some prismatic andalusite (1 mm) and rare cordierite
porphyroblasts with pleochroic haloes and polysynthetic twinning.
Large garnets (<3 mm) are also present here. Beyond RS1l1,
schists and paragnelisses basically contain garnet and biotite as

the main metamorphic matrix minerals.
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Paragneisses develop from homogeneous bliotite schists and
appear regularly beyond RS11l. Two types of paragneiss seem to be
present within this area. Calc-silicate gneisses (stations
RS10.4, RS10.41 and R810.55) occur within the schists.
Paragneisses with granitic leucosomes occur with increasing

metamorphic grade (stations west of and including RS11.1).

Metamorphic differentiation within the schists produces
large nearly monomineralic horizons (biotite, garnet, amphibole,
etc.), or else a strongly defined (but lenticular and irregular)
segregation banding of calc-silicate gneisses. These bands
appear as conformable, light-coloured layers or as ovolid
structures. These can break into boudins under tensile
conditions due to their higher competency relative to the less
competent blotite schist (fig. 3-12). The bands are also
boudinaged in the third (near-vertical) dimension. They contain
green hornblende (1-2 mm long laths), small anhedral garnets with
many quartz inclusions, calcite, embayed quartz, plagioclase,
microcline, rare blotite, and epidote. These units are more
coarsely grained than surrounding schists and lack any sort of
dimensional preferred orientation of calcite or ferromagnesian

minerals.

Paragneiss segregation bands beyond RS11 consist of

granitic rather than calcic bands. Since a gradual change occurs
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Figure 3-12: Slightly rotated and boudinaged calc-silicate
layer from outcrop RS10.4. The host rock is a very
fissile paragneissic blotite schist. Hammer points

to the site of coarsely recrystallized quartz between
boudins. (photo from south side of Hwy 11; top of photo
is approximately NW).
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towards nebulitic and anatectic, and finally migmatitic textures
within the central Quetico belt, these paragneiss segregation
bands probably are anatectically derived granitic leucosomes
(plus quartz swveats). They are more competent and frequently
display rotation and boudinage (fig. 3-13). These lighter-
coloured, eroslon-resistant bands mainly comprise coarse grained
quartz and feldspar with some biotite. They demonstrate a weak
preferred orientation. Some of these bands were mapped
previously as "lit-par-1it granitic injections" (Giblin, 1964;
Harris, 1970). The genesis of these layers is not readily

apparent, and is beyond the scope of this study.

3.3.2 Migmatites

Areas formerly mapped as "lit-par-1lit" magmatic injection
gneisses could be more accurately described as layered or
stromatic migmatites (Ashworth, 1985). The term ‘'migmatite’
refers to medium to high grade metamorphic rocks, that are
macroscopically heterogeneous; consisting of pale-coloured
quartzofeldspathic bodies (leucosome) and bodies of dark-coloured
and mafic-rich lithology (melanosome). Melanosome and leucosome,
both being products of migmatization, can together be termed
"neosome". The "paleosome™ is the remnant of the protolith from
which the neosome derives. The paleosome may remain intact, as

In the case of metatexite migmatites; which retain original
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Flgure 3-13: Quartz veln showing slight rotation (kinematic
sense ambiguous) at outcrop RS10.6. An erosion resistant
thin calc-silicate layer runs across the bottom of the
photo. (Hwy 11 along top of photo; photo top is about SSE).
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fabrics (e.g. bedding, compositional and 1lithological layering).

Harris (1970) had used relative perxrcentages of
metasediments within Quetico outcrops to ascertain lithologies.
His metasedimentary units contained >75% metasediments,
migmatites had 25-75%, and granitic units had <25% metasediments.
The entire migmatite area (stations RS11.6-RS12.1) conslists of a
combination of: biotite schist, coarse-grained leucogranite,
foliated biotite granites and pegmatites. The transformation
between biotite schist, paragneiss, and foliated biotite granite
was thought to represent the progressive anatexis of the
metasediments (Harris, 1970; Percival, et al., 1985). Through
anatexis, the blotite schist paleosome experlienced partial
melting 'in situ', with small-scale melt segregation. Migmatites
formed by 'in situ' partial melting commonly produce diatexites
(which had experienced extensive partial melting, and leucosome
portions predominate and original pre-migmatization structures
are entirely disrupted). Sawyer (1983, 1987) observed diatexites
near Huronian Lake, where previously 1t had been argued that no
clear evidence for 'In situ' anatexis existed within outcrop

structures (Percival, et al., 1985).

Sawyer (1987) performed detailed analyses of leucosomes
that were discordant to the host rock layering. Discordancy

implies some degree of melt intrusion. He observed compositional
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and textural zoning within the discordant leucosomes. Normal,
symmetrical leucosomes within the study area possess numerous,
thick blotite-rich streaks or schlieren. The outcrops also
include several pods and fragments of amphibolite within
relatively homogeneous anatectic melts. The mineralogy of the
leucosomes consists of chlorite intergrown with biotite, quartz,

plaglioclase, microcline and muscovite.

The formation of granltes and migmatites within the
thesis area may have been partially formed by the metasomatism of
the Quetlico metasediments (Hodgkinson, 1968). However, the
partial anatexls of aluminous metasediments is also favoured
(Harris, 19706; Moxin, 1973; Percival, et al., 1985; Sawyer,
1987). This concept is supported by the perslistence of fabrics
through schists, paragneiss areas, and metatexite migmatite.
Fragmented Iinclusions of amphibolite and metasedimentary layers
within the granites and migmatites, in addition to, the presence
of schlieren and migmatitic contortions also support progressive
anatexis. The actual process(es) of migmatite formation is still
highly controversial. The syntectonic, conformable, gquartz-
feldspar veining of stromatic migmatites and paragneisses may
have formed through metamorphic differentiation with possible
metasomatic influences. Elsewvhere, discordant leucosomes, near
RS12, were shown to have originated from partial melting and

later Influenced by fractlonal crystallization (Sawyer, 1987).
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These post-date the penetratlve reglional deformation evident

within lower grades of Quetico metasediments.

3.3.3 Granites

Three types of granite are present within the thesis
study area (older follated biotite-hornblende granite, pink
migmatitic leucosomes, and younger muscovite granites and
pegmatites). They seem to differ mainly in terms of structure
and texture. The granite mineralogy remains fairly consistent:
equivalent proportions of quartz, plagloclase and microcline
phenocrysts. Variable proportions of coarse muscovite, biotite
and intergrown chlorite also exist. Accessory minerals can
include small garnets and tourmaline. The megacrysts are usually

recrystallized or polygonized into lesser strained subgrains.

The oldest of the three granites is foliated, gneissose
and contalns a relatively large proportion of biotite (15-20%),
some hornblende and a few muscovite laths (stations RS11.2,
RS11.25, RS11.5). This granite has well-defined S~fabric,
probably derived from bedding or schistoslity or both. It is
comparably finer grained and appears as inclusions within younger

granites.

The second granlite type consists of a pink, largely
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massive, coarser grained biotite granite related to leucosome
formation within central Quetico migmatites (stations RS11.6-
RS12.1). It displays some migmatltic segregation but rarely any
schistosity. Some bands are qulte coarse and are sometimes
difficult to distingulish from other pegmatites. This granite has
characteristically large amounts of microcline (up to 50%) and
occasional large bilotlte books and magnetite. Quartz and
feldspar compose a fused granoblastic-polygonal matrix. This
granite does cross-cut itself and other leucosomes in the form of

coarser pegmatitic veins.

The youngest granlte is a massive, sometimes very coarse
and pegmatitic, white-grey granite. This unit can appear as
large pegmatite dykes or as medium grained irregular intrusions.
It intrudes along a band of stations (RS11-RS11.45) amongst
schists and biotite granite remnants; but is not apparent within
the migmatites. Very large muscovite books are common, as well
as microcline, perthitic albite, quartz, plagioclase, biotite,

and a few small garnets.

3.4 Sedimentary Depositional Environment

In the Quetico metasediments this study has not revealed
any major internal tectonic structures. A single planar cleavage

schistosity and mineral or shape lineatlion fabrics. The Quetico
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metasediments display many of the primary sedimentary features
associated with turbidity current deposits (Wood, 1980). Such
features in this study include locally preserved graded bedding

with abrupt bases with some soft sediment deformation structures.

The interlayered sequences of wvackes, slates and
argillites correspond to A, B, or ABE-type turbidites (Wood,
1980) derived from the Bouma Sequence model for classical
turbidites (fig. 3-14). The apparent absence of agitated shallow
water structures supports a deep water depositional environment.
The parallel bedding and absence of channelization, typical of
classical turbidites, indicates smooth-fan environments near

outer smooth suprafan lobes and basin plains (Walker, 1984).

The compositions of clasts within the Quetico
metasediments imply a mixed volcanic-plutonic provenance
(Ojakangas, 1985; Wood, 1980). Sediment sources were probably
eplclastic with some degree of autoclastlc, penecontemporaneous
reworking of pyroclastics. Any of the few observed lithic
fragments have ambiguous identities due to the combined effects

of diagenesis, burial and reglional metamorphism.
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E (h) HEMIPELAGIC MUD
E (1) TURBIDITE MUD
(D)

C RIPPLED BED

B UPPER FLAT BED

? RAPID DEPOSITION,
A QUICK BED 7

Flgure 3-14: Divisions of the Bouma sequence for classical
turbidites:

A) - massive or graded

B) - sandy parallel laminations

C) - rippled and/or convoluted

D) - delicate interlaminations of silt and mud

Et) - mud introduced by turbidity current

Eh) - hemipelagic background mud of the basin
(from Walker, 1984).
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The Quetico metasediments and the Shebandowan volcanics
and related intrusives to the south meet along an east-west
steeply dipping boundary. Dextral transpression is believed to
have affected the boundary. Figure 3-15 shows lithology belts
paralleling a steep metamorphic gradient. The symmetrical
metamorphic zonation ranges from low greenschist facies in the
Shebandowan belt, through the upper stability limit of chlorite,
and through the isograds of biotite, garnet and staurolite. To
the north, the metamorphic gradient peaks at medium-pressure
amphibolite faclies. Paragneisses form within the central Quetico

belt and anatectic melt produced migmatites in places.

Throughout the entire Quetico belt, all sequences possess
the characteristic zonation of low pressure facies series to
andalusite-sillimanite facies culminating in migmatite and
granite intrusion, usually spanning a distance undexr five
kilometres (Percival, 1989; Pirie and Mackasey, 1978). The
spatial arrangement of isograds seems related to the width of the
belt. 1In narrower portions, the isograds are more closely spaced
and probably dip steeply; whereas widely spaced isograds in wider
portions could dip more gently (Percival and Stern, 1984). It

was inferred by Percival (in Percival and Stern, 1984) that the
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Quetico schists were metamorphosed at depths of less than 10 km
by intrusive granite pluton heat sources that were transported to
higher structural levels. Migmatites and granites that were
derived from sedimentary sources at mid-crustal depths had

possibly deeper crustal level heat sources (Sawyer, 1987).

Pirie and Mackasey (1978) performed extensive metamorphic
analyses within this study area as well as other regions within
the Quetico belt. Their study reveals that the grade of
metamorphism at the southern Quetico boundary is higher than the
grade at the northern boundary in the vicinity of the Quetico
Fault. VContact metamorphism from the Burchell Lake Pluton might
posslibly form an additional contribution to locally restricted

metamorphism in thilis area.

The lowest grade outcrops within the thesis area consist
0of greenschist facies metavolcanics and adjacent metasediments.
These sediments contain a stable pelitic assemblage of sericite,
chlorite, and epidote. Two generations of blotite are visible:
coarse, stubby and ragged porphyroblasts showing variable
orientation, surrounded by smaller laths displayling a preferred
crystallographlc orientation. The larger biotite laths contain
many pleochroic halos, poikiloblastic quartz and are flanked by
symmetrical strain shadows. Feldspar clasts are variably

sericlitized and quartz clasts possess undulose extinction.
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Inward from the belt margin, chlorite and sericite
decrease in abundance and biotite stabllizes. The upper
stability 1limit of chlorite and sericlite roughly coincides with
the bliotlte lsograd (Fig. 3-15) near station RS9.1. Further
inward, quartz sweats become more prominent in outcrops. Local
quartz grain recrystallizatlon of formerly embayed quartz grains
is achleved at RS10 in the form of a granoblastic-polygonal
texture. Graded bedding is obscured, beginning at RS10.3, due to
the formation of larger porphyroblasts. Hornblende and garnet
are more promlinent at RS10.4. Other metamorphic mineral
appearances include: fibrolitic sillimanite (at RS10.65),
staurolite (at RS10.7), and some andalusite (at RS10.95) and a
few ldentiflable cordierite porphyroblasts with pleochroic haloes
(also at RS10.95). However, beyond RS1l1l, the schists contaln

garnet and biotite as the main metamorphic minerals.

Pirle and Mackasey (1978) had observed fibrolite within
andalusite (not seen in this study), suggesting andalusite-
sillimanite transition conditions of 5500 C and 3 kb. They also
postulated conditions of 6600 C and 3.5 kb obtained from a
biotite-garnet-cordierite-sillimanite "melt" assemblage within

rocks from outcrops at the onset of migmatization.
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CHAPTER 4 - STRUCTURAL FIELD OBSERVATIONS

Structural field analysis within the field area is
hampered by the absence of readily recognizable marker horizons.
The combined use of MSA techniques, younging directions and
bedding-cleavage relationships, in addition to field observations
assist in describing regional structure. Both metavolcanic and
metasedimentary rocks possess only a single, penetrative tectonic
fabric that is present as a slaty cleavage or phyllitic
schistosity. Coarser psammitic units have a crude continuous
cleavage. With increasing metamorphic grade, schistosity becomes

more predominant and paragneissic segregatlions form.

The entire transect contains a similarly oriented
penetrative cleavage generally striking E-W with nearly vertical
dips. Primary sedimentary and volcanic depositional features are
preserved locally. Increased metamorphic recrystallization
towards the centre of the Quetico belt gradually obliterates all
primary bedding features. Anatexis and recrystallization within
the migmatites at the western extremity of the transect creates
difficulties for structural measurement and interpretation.
McLellan (1984) has shown that the presence of as little as 30%
melt, can drastically alter the deformational response of the
rock to that of a viscous melt flow mechanism. The fallure to

recognize the geometrically variable structures as syn-anatectic
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folds may result in the misinterpretation of the structural
history of the migmatites with respect to regular folding in
surrounding lower-grade areas. These anatectic folds may mimic
structures similar to those formed by polyphase deformation.
Consequently, only a few very consistent structures were measured

at migmatite outcrops.

4.1 Primary [S0] Bedding Surfaces

Many primary bedding features within the turbid<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>