










































































































































































































































































































































































103

Figure 4-5: Granodiorite dykes (striking at 080°) cutting S3 in amphibolite (A) and
semipelite (B.C). C shows a xenolith of semipelite in a granodiorite dvke.
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Figure 4-6: Concordia diagram for sample D including results from zircon and titanite
analyses. A, B and C are zircon populations based on morphology. T1 and

T2 are titanite grains.
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Figure 4-7: Mylonitic tonalite along the edge of the Brightsand River shear zone.
Feldspar porphyroclasts have dextral shear sense (A); planar fabrics in the

shear zone are steep (sub-vertical), photograph is taken on a horizontal
surface. Titanite (in thin section) is overgrowing planar fabrics in B and C.
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Figure 4-8: Concordia diagram for sample E (titanite).
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Figure 4-9: A: S3 fabric in migmatitic semi-pelite, with concordant leucosome. Biotite
cleavage is parallel to the axial planes of F4 folds that crenulate S3 and
leucosome. B: In thin section, the same relationships are observed. S3 in this
view is defined by cordierite (Crd), sillimanite (Sil), and biotite (bt-1). S4
biotite (Bt-2) has grown over this fabric at a high angle.
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Figure 4-10: Concordia diagram for sample F (monazite).
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CHAPTER §: STRUCTURAL GEOLOGY

INTRODUCTION

Rocks of the Brightsand Forest area preserve evidence for five distinct structural
events, four of which resulted in penetrative foliations and/or mesoscale folds. The
earliest structures are D1 and D2 fabrics, which occur only in tonalitic gneissic rocks.
The main penetrative foliation, S3, affects all map units with the exception of late garet
- bearing granites and pegmatites.

A late D3 event, D3b, is inferred from a N-S oriented map-scale fold in the
western part of the area. D4 resulted in upright folds of lithological layering and S3, and
rare S4 foliation. Regional shear zones post - date D4 structures and are locally
overgrown by post - tectonic titanite dated at 2678 Ma.

F3b folds characterize the south and west, and are responsible for the map pattern
in this area. To the east, metavolcanic and plutonic units are warped by the Brightsand

River shear zone.

REGIONAL STRUCTURAL CHARACTER AND CONSTRAINTS

Sturgeon Lake — Obonga Lake granitoid — gneiss domain (central Wabigoon)
Within the central Wabigoon subprovince between the Sturgeon Lake and

Obonga Lake greenstone belts, the map pattern is dominated by ENE - striking

lithological units with some oval plutonic bodies. All major map units carry a prominent

S3 fabric. Some late granites, granodiorites, and pegmatites postdate the D3 event. S3 is

axial planar to tight to isoclinal F3 folds rarely preserved in the hinges of F4 folds

(Percival et al. 19994, Fig. 6). L3 lineations are uncommon, though present in the
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Seseganaga Lake area (Percival et al. 1999a) as well as in the Brightsand Forest area west
of Rude Lake.

F4 folds are open, upright and plunge shallowly and almost uniformly to the east
(Percival 1998, Fig. 3; Percival et al. 1999a, Fig. 7). Quartz rodding lineations (L4) are
prominent in F4 fold hinges and other mineral and stretching lineations are developed
sporadically. Mesoscale and map-scale F4 fold formation was followed by the
development of ductile shear zones. The Wapikaimaski Lake and Brightsand River shear
zones are late D4, regional, ductile, sinistrally transpressive, deformation zones, which
transect the edges of the Brightsand Forest area. The Brightsand River Shear Zone
extends from southeast of the Sturgeon Lake greenstone belt toward the Obonga belt,
transecting the southeastern comer of the map area. It defines the boundary between
elongate sheet — like plutonic bodies in the north and large homogeneous plutons in the
south. Sporadic, narrow bands of ultramylonite mark the northern, left — stepping
boundary of the shear zone, whereas most of the southern portion is occupied by
subhorizontally lineated L>S tectonites. Toward the northeast the Brightsand River zone
broadens to a width of >10 km where it has significantly reworked the dextral Gunter
Lake shear zone (Percival et al., 1999a) of uncertain absolute age (D3 or earlier D4). The
Wapikaimaski Lake shear zone, which transects the northwestem portion of the
Brightsand Forest area, is similar in style and age to the Brightsand River shear zone.
Zones of ultramylonite mark the southern boundary of the shear zone.

Earlier (pre - D3) structures in the central Wabigoon subprovince are preserved in

tonalitic gneisses. The early events are recognized within complex fold interference
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structures and by cross-cutting relationships. At one time, D1 and D2 were thought to be
Mesoarchean structures formed prior to 2715 Ma (Percival et al. 1999a).
Sturgeon Lake - Savant Lake greenstone belt (western Wabigoon)

Two main episodes of ductile deformation (D1 and D2) have been documented
within the Sturgeon Lake-Savant Lake greenstone belt (Sanborn-Barrie and Skulski,
1999). Within the Savant Lake area, S1 is an axial planar cleavage to F1 folds that are N
and NW trending and shallow — plunging. F1 folds were overprinted by steeply
plunging, NE trending F2 folds with an axial planar S2. In the Sturgeon Lake area, S| is
a north - striking, steeply dipping penetrative foliation, that is axial planar to tight, north-
plunging F1 folds. D2 structures are similar to those observed in the Savant Lake area,
although developed only locally (Sanborn-Barrie and Skulski 1999). Sanborn-Barrie et
al. (1998) also described structural facing reversals in the central Sturgeon belt, in ca.
2720 Ma sedimentary rocks (Skulski, Sanborn-Barrie and Stern. unpublished data 1998)
of the Quest Lake area, indicating the presence of pre - D1 folds. In the Savant Lake
area, a non - penetrative, pre -D1 tilting event was recognized to predate the <2704 Ma
(Davis, 1996) Savant sedimentary group (Sanbom-Barrie and Skuiski, 1999). Foliated
clasts within conglomerate at the base of the Jutten sedimentary group (< 2950 Ma, Davis
and Moore, 1991) suggest a still older (Mesoarchean) deformation event affected the
basement to the greenstone belt (Sanborn-Barrie and Skulski, 1999). D2 shear zones
with east and northeasterly trends transect the belt.

The Obonga Lake greenstone belt (central Wabigoon)
A modemn tectono - stratigraphy of the Obonga belt is presented in Percival and

Stott (2000). The older (2734 - 2727 Ma; Tomlinson et al., 2002) southern assemblage is



a north - facing package of calc - alkaline volcanic rocks. A large body of gabbro (2733
Ma) separates these rocks from the younger (<2724 - 2703 Ma), south - facing northern
assemblage. Numerous shear zones bound assemblages and older (ca. 2930 Ma) granitic
rocks to the south.

Tectonic breaks are ENE - trending high strain zones along boundaries between
supracrustal rocks and inferred basement, occurring also between assemblages. With
respect to the northern assemblage, two fabrics are described within the Puddy Lake
serpentinite: an early, N dipping (roughly east - trending) foliation which is cut by later
‘bifurcating’ shear zones (Percival and Stott, 2000). Early structures within this unit are
parallel to structures at the northern margin (Percival et al., 1999b) while the younger
shear zones are parallel to the sheared northern contact of the belt. Also within the
northern assemblage, complex intemal structures within the Awkward Lake sedimentary
group include isoclinal, refolded, and disharmonic folds, dismembered beds, and strong
transposition foliations. 2703 Ma dacite (Tomlinson et al., 2002) within sedimentary
units east of and continuous with the Awkward Lake group is thought to reflect the age of
these rocks. A package of < 2724 Ma pillowed volcanic rocks (Tomlinson et al., 2002)
has consistent southward younging, and is in fault contact with structurally underlying
sedimentary units. It is possible that complex structures within the Awkward Lake group
are the result of early soft sediment deformation, although partitioning of strain into less
competent sedimentary units is feasible (Percival and Stott, 2000). Pillow facing of the
southern assemblage is generally obscured by high strain, although where younging is
observed, it is consistently to the north. The southern volcanic contact is a northeast

trending greenschist-facies high strain zone (Thurston, 1968a,b) which transects the belt
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south of Silk Lake (Percival and Stott, 2000; Figure 2). The main fabric within the 2733
Ma gabbroic to ultramafic core zone (Tomlinson et al. 1999) consists of small - scale
shear zones cut by later alteration zones (Percival et al. 1999a).
Correlation between Plutonic and Volcanic domains

It is possible to correlate structural fabrics in the granitoid gneiss domain with
those in the Sturgeon Lake and Obonga Lake greenstone belts on the basis of geometric
and chronological similarities. All major map units in the granitoid domain carry an S3
foliation that is in turn folded into upright, map - scale F4 folds. S1 in the supracrustal
belts is parallel to S3 in granitoid rocks where observed along the steeply dipping eastern
margin of the Sturgeon Lake - Savant Lake belt. Likewise, in the Obonga belt, the earlier
high strain fabric (pervasive in the southern assemblage and described in the Puddy Lake
serpentinite) is parallel to fabrics in plutonic rocks along the northern margin, and is
correlated with S3. F2 folds observed in greenstones are correlated with F4 folds within
the granitoid domain on the basis that F2/F4 are folds of the S1/S3 penetrative foliation
with consistent easterly trends. Whereas F2 folds plunge steeply in the Savant belt, F4
folds plunge shallowly in the granitoids. This implies that prior to D4, S3 was
subhorizontal within the granitoid terrane and S1 was steep in the greenstone belts.
Correlation of D1 and D2 structures in the gneisses to pre - D1 structures of the Sturgeon
- Savant belt is a possibility, and the implications of this common deformation

chronology are explored further in the discussion below.
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STRUCTURAL GEOLOGY
Primary structures

Depositional features within sedimentary units have been almost completely
obliterated by deformation, prograde and retrograde metamorphism and alteration.
However, compositional variation across strike within sedimentary units may reflect
relict bedding. Locally, semipelite in the Robert Lake area exhibits alternating garnet-
rich and gamet-poor layers, while meta-psammites in the Northern sedimentary group
have alternating light and dark (biotite - rich) layers. Primary features have not been
observed in volcanic units. Approximately 10 km west of the map area, deformed
pillows with selvages are preserved in central Sturgeon basalt, and graded beds within the
Princess-Post Lake assemblage indicate younging to the north.
D1 and D2 structures

D1 developed a foliation/gneissosity is prominent in certain tonalites and tonalite
gneisses. Units characterized by S1 range from approximately 2.5 to 7 km long, and
include the Rude Lake tonalite gneiss (TgR), gneisses on Harmon Lake (TgH) and
hornblende - tonalite (Th) north of the Robert Lake zone. The S1 fabric is a
compositional layering of altemating leucocratic and mafic mineral bands in the gneiss
units (Fig. 5-1). Leucocratic layers are medium-grained, plagioclase-, quartz-rich
tonalitic phases. Mafic layers are fine-grained biotite with some plagioclase and quartz.
Compositional layers have variable thickness: leucocratic bands are commonly from 0.8
to 1.5 cm in width, while mafic layers can be narrower, from 1 - 2 mm in width. Diffuse.
grey, biotite — plagioclase — quartz layers appear intermediate in composition, forming up

to ~30% of the rock. Within unit Th, S1 is variably a foliation defined by grain-scale
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alignment of hornblende +/- biotite, and a compositional layering defined by mafic- and
felsic-rich zones. Where layering occurs, it is on the scale of 0.5 - 1 cm. Overprinting of
D1 by subsequent deformation caused F2/F3 fold interference patterns (described below).
Stereographic projection of poles to S1 (and S2) fabrics (Fig. 5-1) form a small circle
around a point representing steeply plunging fold axes (of F2 folds).

The origin of D1 is subject to various interpretations. It is possible that
gneissosity is primary. in which case S1 = SO (primary gneissosity. Lucas and St. Onge
1995). However. some of the S1 compositional banding is discrete mm-scale layering
attributed to metamorphic segregation or in situ melting of a tonalitic protolith. whereas
cm - scale leucocratic tonalite layers appear to have been injected later.

D2 resulted in tight and isoclinal F2 folds of S1 layering. F2 folds are preserved
in tonalite gneiss units: TgR and TgH (Fig. 5-2). Within these units. folds of primary
gneissossity have been reoriented during D3 and D4 deformation. Figure 5-1d shows
reoriented F2 axial planes are E-W trending. steeply dipping structures of close to vertical
plunging folds. D3 low strain zones are present within hornblende tonalite (Th). in which
F2 folds are preserved with uniquely larger wavelengths than F2 folds in TgR/TgH.
Within the Th tonalite, possible F2 folds have wavelengths of ~0.4 - 0.8 m.and N - S
trending axial planes and limbs transposed into S3 trends (Fig. 5-2a). Differences in fold
styles between TgR/H and Th are attributed to the different compositions/competencies
of these rock units. The relatively coarse-grained Th unit contains abundant hornblende
and may have behaved more rigidly than more felsic, biotite-bearing units during

deformation. F2 folds in low strain zones trend at a high angle to E-W D3 structures.
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suggesting that F2 folds were originally shallow plunging, roughly N-S trending folds of
Sl

D3 structures

I) S3 foliation

The trend of most major map units is parallel to S3. Regional fabric development
during D3 is expressed mainly as a penetrative S3 foliation in most map units. S3 is a
grain-scale foliation in homogeneous tonalite, granodiorite, granite, and metavolcanic and
metasedimentary rocks. It is also defined by layering in migmatitic semi-pelites near
Robert Lake and in some mafic gneiss units, mainly within the northern panel.
Sillimanite and biotite define S3 in the peak metamorphic mineral assemblage
sillimanite-garnet-cordierite-biotite-muscovite-plagioclase in migmatitic semi-pelites.

S3 fabrics (Fig. 5-3a) generally dip steeply and strike E-W. F3 folds have been
observed within 3 tonalitic map units: Th, TgR and TgH. Where present, F3 folds are
generally tight, with axial planar S3 foliation. Within Th, tight F3 folds locally overprint
isoclinal F2 folds (Fig. 5-2a). F3 folds in biotite-tonalite gneisses refold smaller
wavelength (>10 cm) F2 folds. Differences in fold style between units is attributed to
variable internal competency contrasts between coarse-grained, homogenous homblende-
tonalite and layered biotite-tonalite gneiss. The F3 fold axis data show similar trends to
those of L4/F4 (Fig. 5-3b), interpreted as the result of rotation and transposition during
D4.

II) D3a structures
The Hilltop Creek Fault is a discrete zone of cataclasis preserving evidence of

brittle deformation during D3. The ~ 350 m wide cataclastic unit (C) of brecciated rock
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includes fragments of granite, amphibolite, exhalative sedimentary rocks, and iron
formation, set in a granular, fine-grained matrix with abundant chlorite, epidote, and
hematite. Partially dismembered dykes of granite are the youngest component of the
zone, and show brecciation followed by ductile deformation (Fig. 2-7f). Finely
disseminated sulphides occur throughout fragments of various origin within this unit.

The zone of cataclasis is discordant to the trend of units to the east and concordant
with those to the west. In the east, the shape of clasts within conglomerate (Sc) records
increasing D3 ductile strain with proximity to the HCF. With respect to western rock
units, the HCF is concordant in that it contains fragments of distinctive rock units:
psammites and iron formation.

A narrow zone (10-m-wide) of brecciated amphibolite separates the Scruffy Lake
and Rude Lake amphibolite packages (Fig. 2-7g). Tabular bodies of amphibolite within a
fine-grained mafic matrix characterize this area. Its similarity in structural style to the
Hilltop Creek Fault, as well as its proximity, suggests this zone to be a splay from the
Hilltop Creek fault. These rocks lack obvious D4 effects, likely as a result of the E-W
trend of the splay.

Lineations in the area west of Rude Lake are not consistent with the geometry of
local and regional linear fabrics formed during D4. Figure 5-3e is a plot of linear data
from this area, showing differences in this area with respect to L3 data from the entire
map area (Fig. 5-3b). It is apparent that structures in this area have not been affected
(significantly) by F4 overprinting. Figure 5-4a is a sketch map of the major structural
features in the southwest, and is accompanied by a form surface map of the southwestern

comer of the map sheet (Fig. 5-4b). The Rude Lake amphibolite preserves L3 lineations,
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which have been refolded about a NW trending axis consistent with map-scale “S™ fold
axes. The preservation of L3 lineations is unique in the map area. It is possible that the
L3 lineations were formed during early D3 deformation, related to S3 development
and/or thrusting along the Hilltop Creek Fault. They may be uniquely preserved in this
location because late folding (F3b) resulted in a thickened package of mafic rocks, not as
susceptible to overprinting during D4, and thus preserving L3 lineations (D4 strain
shadow). Where the amphibolite unit narrows to the southeast, overprinting by F4 folds
and L4 lineations is evident. In both areas with map scale D3a folds of S3 (Mountairy
Lake and west of Rude Lake), the limbs of these folds are overprinted by open east-
trending F4 folds, as well as by L4 mineral lineations with the same trend.
IIl) D3b structures

A north - trending open fold plunging steeply to the NNE is a prominent feature
of the southwestern portion of the map (Mountairy Lake fold; Fig. 5-4a). It folds bedding
and parallel S3 foliation, as well as the Hilltop Creek Fault. The penetrative fabric (S3)
along its eastern limb is crenulated by E-W trending F4 folds. Steeply plunging map-
scale “S” folds of S3 foliation and L3 lineation occur in the Rude Lake package occur
east of the Hilltop Creek fault. Conglomerate in the northern sedimentary package
located within the hinge zone of the Mountairy Lake fold is an L>>S tectonite with steep
northerly plunge. Likewise, conglomerates (Sc) in the hinges of parasitic folds (~1.5 km
east of the Hilltop Creek fault) are much more strongly lineated than foliated (Fig. 2-
10b). In both areas the stretching lineation plunges steeply north parallel to fold axes.
Mesoscale folds of F3a generation are not apparent. The orientation of the map scale “S”

folds west of Rude Lake is such that they appear to be parasitic to the Mountairy Lake
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fold. Fold asymmetries in strained conglomerate (Sc) in this area are consistent with
map-scale fold geometry (Fig. 5-4).
D4 structures

Regionally, D4 is recognized to be a widespread folding and shearing event
responsible for the general map pattern. D4 affected most of the map area by folding D3
planar features into open, upright east-plunging folds. The Rude Lake synform (Fig. 5-
4a) is a map-scale feature cored by the Rude Lake tonalite gneiss. It is a broad open fold
affecting granodiorite, tonalite gneiss and amphibolite units. In particular, the synform
appears to have tightened and steepened D3b (S type) map-scale folds in amphibolite
west of Rude Lake, which lie in its southern limb. Folds of tonalite gneiss and tonalite in
the northern package are close to tight in style, and are possibly parasitic to the Rude
Lake fold, on its northern limb (this will be discussed subsequently in conjunction with a
cross-section).

Open F4 mesoscale folds are often accompanied by prominent quartz - rodding
lineations which develop in shallow plunging fold hinges within granitoid lithologies.
Limbs of these folds are generally not apparent on the outcrop. Where observed, tight to
close parasitic folds occur on limbs. Sillimanite layering (peak metamorphic during D3)
in semipelite is crenulated by F4 folds, which have axial planar biotite cleavage (Fig. 4-
9b). Within supracrustal packages, crenulation of S3 by F4 resulted in an L4 intersection
lineation. L4 mineral lineations defined by plagioclase phenocrysts or porphyroblasts
within supracrustal rocks is common. Figure 5-5 shows the trend of D4 linear fabric
elements. L4 stretching and mineral lineations, as well as F4 minor fold hinges plunge

shallowly to moderately east (28° toward 090°). It is evident from the reorientation of



126

ESE to ENE trends of lineations and folds axes (see map in back pocket) that L4
structures have been affected by ENE striking shear zones such as the Brightsand River
shear zone.

Less common is the development of an S4 planar fabric (Fig. 5-5d,e). Within the
central and northern panels, dykes of granite and granodiorite which cut D3 features carry
an internal foliation striking parallel to F4 fold axes. In some locales, the trend of
granodiorite dykes is axial planar to F4 folds (e.g. geochronology sample D).

Fold Interference Patterns

The superposition of D3 and D4 fabric elements upon S1 and F2 structures
within the Rude Lake tonalite gneiss results in outcrop-scale dome and basin fold
interference patterns (Fig. 2-12a), reflected in the map pattern by the ovoid shape of this
unit. F4 folds affect the map pattern west of Rude Lake where tonalite gneiss (TgR),
cores an F4 synform. Fold interference between F3b (Mountairy Lake fold) and F4 are
reflected in the map pattern by the ovoid shape of the TgR unit.
D4a structures

Ductile shear zones transect the study area, including the regionally extensive
Brightsand River and Wapikaimaski Lake shear zones and the newly discovered Robert
Lake zone. Shear zones are late, sinistral zones of deformation. Possessing these
common traits, it is likely that they are related. Regionally (outside of the central
Wabigoon), these shear zones are similar in orientation, style and age to the Miniss River
fault at the boundary between the English River, Winnipeg River, and Western Wabigoon

subprovinces (Fig. 2-2a). Other regionally significant shear zones are dextral
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transpressive subprovince-bounding faults such as the Quetico, Seine River, and
Pashkokogan faults.

The Brightsand River and Wapikaimaski Lake sinistral shear zones (Fig. 5-6) are
interpreted as late D4 ductile structures (Percival et al., 1999a). They are regional
structures extending through the southeastern and northwestern portions of the study area.
The trend of major map units and parallel S3 foliation, swing from generally E-W into
the NE — SW trending shear zones.

The 3-10 km wide Brightsand River shear zone extends through the map area and
approximately 20 km beyond to the ENE. It is an anastomosing, left-stepping zone
(Percival et al., 1999a) characterized by L > S fabrics including subhorizontal quartz
stretching mineral lineations trending 080°. Dextrally rotated porphyroclasts in annealed
ultramylonite (Fig. 4-7, geochronology sample E) from the northern margin of the
Brightsand River shear zone suggest an earlier phase of deformation, overprinted by late
sinistral shearing. Shear zones also affect the hinges and trends of map-scale folds (e.g.
the Rude Lake synform) which are reoriented by the BRSZ from ESE to ENE.

The Wapikaimaski Lake shear zone is characterized by gneisses and local
mylonite. It is a more discrete feature than the Brightsand River zone, less than 1 km in
width for most of its strike length. Mylonitic rocks occur along the southern margin of
the shear zone. It extends west of the study area for less than 10 km and to the northeast
approximately 15 km. Both shear zones contain syn-tectonic granites with ENE-trending
sub-horizontal lineations. They lack S3 foliation, and carry only a weak planar fabric

with respect to the prominent stretching lineation.
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The Robert Lake zone
The Robert Lake zone trends ESE and links the Brightsand River and

Wapikaimaski Lake shear zones. It is characterized by strong planar fabrics with
moderate to weak lineations defined by quartz and feldspar. The mode of mineral
lineations within granitoid rock types trends 074°, plunging 47 degrees ENE (Fig. 5-7).
which is slightly oblique to and generally steeper than L4 regionally (28° toward 090°). It
defines the northern margin of the Robert Lake amphibolite, and varies in character along
strike and within different units. On Robert Lake, it is characterized by a 500-m-wide
straight zone of medium-grained gneissic tonalite whose low strain equivalent north of
the straight zone is a coarse-grained homblende tonalite, with local heterogeneous
layering. North of the straight zone, mafic dykes cut tonalite at a high angle, striking
roughly ENE with 30 - 40° dips to the north. Within the straight zone, mafic dykes have
been transposed into parallelism (see Fig. 2-14a,b). Rotation of cross-cutting dykes by
movement on the Robert Lake zone would be consistent with dextral kinematic sense.

The southern margin of the straight zone occurs along the Robert Lake
amphibolite and is marked by extensive epidotization of mafic rocks (Fig. 2-13d), with
boudinaged homblenditic layers giving shear sense indicators (Fig. 5-7). Macroscopic
folds and (normally) rotated mafic boudins show dextral kinematics. However, back -
rotated boudins indicate sinistral sense of shear on the horizontal erosion surface where
the foliation dips steeply north, and lineations plunge moderately with trends of 075°.

A pegmatitic granite dyke near Harmon Lake just north of the straight zone cuts
mafic and plutonic gneissic units (Fig. 5-8c). Foliation (266/60) within the dyke is

defined by alignment of biotite grains parallel to the foliation in country rock gneiss.
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Shear planes (striking at ~055°; dipping steeply) cut the foliation which wraps into C
planes locally. Weakly defined mineral lineations developed on the foliation plane
plunge 32° toward 070°. Sinistral transcurrent shearing is implied by kinematic
observations on the horizontal surface.

Near Harmon Lake, the Robert Lake amphibolite is in fault contact with granitoid
rocks to the north, as indicated by extensive epidote alteration, local breccias and chaotic
folds (Fig. 2-13). The straight zone which occurs along strike within gneisses at Robert
Lake has not been traced to this point, as a result of poor exposure in this area.

The Robert Lake zone appears to merge with the Brightsand River and
Wapikaimaski Lake shear zones, in a geometry congruous with sinistral transcurrent
movement. Differences between the Robert Lake straight zone and the more regional
shear zones include a dip slip component of shear in addition to transcurrent, dominant
S>L tectonites, the absence of mylonites, and some variation in deformation style along
strike. Stretching lineations plunge more steeply in this zone suggesting a dip slip shear
component, yet the trend of the lineations parallels those within the master structures
(BRSZ and WLSZ). The inconsistent shear sense indicators within the Robert Lake zone
suggest a complex movement history, similar to that preserved within the Brightsand
River shear zone, where earlier dextral transcurrent motion was overprinted by sinistral
shear (Percival et al. 1999a). As such, the Robert Lake zone is interpreted as a zone of
late D4 deformation genetically related to the BRSZ and WLSZ. Geometrically, the
Hilltop Creek fault and Robert Lake straight zone divide the study area into sigmoidal z -

shaped panels between the Wapikaimaski Lake and Brightsand River shear zones.
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Disregarding temporal differences, this would be consistent with an overall sinistral sense
of transcurrent movement along the master structures.

The Miniss River fault defines the boundary between the Winnipeg River and
Wabigoon subprovinces and has been the topic of detailed structural and
geochronological study. The fault is interpreted as a late Kenoran structure cutting across
subprovince boundaries (Corfu et al., 1995) and appears to have accommodated
approximately 30 km of sinistral oblique displacement. The age of a granite dyke cross-
cutting the mylonitic fault fabric and offset by oblique sinistral shear bands constrains the
main period of faulting as pre - 2681 Ma (Bethune et al., 2000). This age is similar to
those of late syn - tectonic granites dating the ductile sinistral transcurrent Brightsand
River and Wapikaimaski Lake shear zones in the central Wabigoon (2685, 2680 Ma;
Percival et al., 1999a). The significance of the Robert Lake zone (and the BRSZ and
WLSZ) of similar age and kinematics to the Miniss River fault, is examined subsequently
(Chapter 7). The Robert Lake zone may coincide with the location of an earlier fault,
reactivated late in D4 and masking previous deformation.

Conclusions pertaining to D4

D4 was a pervasive ductile event, resulting most commonly in the development of
tight, east-trending, upright folds that dominate the map pattern. A penetrative S4
foliation is rare in granodiorite and granite. D4 can be related to a broadly N - S directed
shortening event that was followed by sinistral shearing in discrete zones.

Absolute age constrains on deformation chronology
Absolute age constraints arise from TIMS (thermal ionization mass spectrometry)

U/Pb geochronology on zircon and titanite (Chapter 4). Regionally, D1 marks the
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earliest onset of ductile deformation in plutonic rocks of the central Wabigoon.
Geochronology of S1 foliated tonalite gneiss (TgR) provides a maximum age for D1 of
2718 +/- 7 Ma (sample B, Chapter 4). On Harmon Lake, a 2715 Ma, S3-foliated tonalite
dyke (Percival et al. 1999b) cross-cuts F2 folds of S1 gneissosity providing an upper limit
on D2. 2697 Ma granodiorite cuts S3 providing a lower limit for D3 and an upper limit
for D4 deformation (Sample D, Chapter 4). Quartz diorite dated at ~2690 Ma (Davis
1989) was strongly affected by deformation associated with the BRSZ event. L >S syn-
tectonic granite associated with D4a shear zones have been dated at 2685 Ma and 2680
Ma (Percival et al., 1999b), providing a lower bracket for F4 folding and L4 lineation
development. Titanite from annealed ultramylonite along the Brightsand River shear

zone provides a lower limit of 2678 Ma (Sample E, Chapter 4) for late (D4) shearing.

LITHOPROBE Seismic Line 1D

The area was imaged as part of the 1997 phase of Western Superior
LITHOPROBE seismic data acquisition. The profiles were acquired to test the
accretionary model at a very regional scale. Locally, the data for the Brightsand Forest
area has been used to correlate features mapped on the ground to imaged subsurface
stractures. Seismic records extend to 16s two - way travel time (ca. 48 km depth).
However, as interpretations presented herein are for the shallow subsurface, only the
upper four seconds (ca. 12 km) of migrated data for the northern end of line 1D are
illustrated in Figure 5-8. This attempt at subsurface interpretation is made possible

because of anomalous shallow reflectivity for this part of the profile. Seismic station
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locations can be found on Figure 5-9. Figure 5-10is a N - S cross-section beneath the
study area along the Hilltop Lake logging road.

The upper 1 second of the profile (N of the BRSZ) is not reflective, which is
consistent with 50° to >70° dips of lithological units at the surface. At greater depth,
broad antiformal structures are apparent, and form discrete reflective packages with
shallow north and south apparent dips. Discontinuities between these shallow dipping
packages of reflectors have steeply north-dipping trajectories which seem to correspond
to surface structures (the Hilltop Creek fault, the Robert Lake zone, and possibly the
Brightsand River shear zone) with similar dips. Other (for example steeply S dipping)
truncation trajectories are possible, but these would not project to known structures at the
surface. At depths beneath the illustrated profile, reflectors are subhorizontal and
continuous (Brown et al, 1999).

At the southern end of the profile, the truncation trajectories illustrated (zone A)
correspond to the Brightsand River shear zone as a moderately north-dipping, bifurcating
zone. Steeper (> 70°) northerly dips are possible, though discontinuous (B). To the
north, several parallel, steeply north-dipping trajectories are evident (C, D, E. F), some of
which correspond to surface structures. Truncation C separates two groups of reflectors
with shallowly opposing dips, and projects to the surface near the Hilltop Creek fault,
which is a steeply (>70°) north dipping structure where crossed by the seismic line.
Truncation D does not project to an observed shear zone or fault at the surface, but
corresponds to the southern contact of the Rude Lake tonalite gneiss (TgR), where quartz
- rich sedimentary rocks (Sq, geochronology sample C) related to the Rude Lake package

are located. Truncation E projects to the steeply north-dipping Robert Lake straight zone.
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Truncations that define zone F correspond to surface expressions of mylonite zones of the
Wapikaimaski Lake shear zone and separate the map area from relatively non-reflective
crust to the north.

Steep dips prevent direct association of seismic features to lithological units.
Therefore, only fault and shear zone orientations are constrained by the discontinuities
imaged in the subsurface. The sense of displacement along faults cannot be determined
on the basis of seismic data alone in the absence of obvious dip-slip deflections into
faults, or offsets of seismic marker horizons. The subsurface geometry of the map area as
constrained by seismic data alone, is that of a series of fault-bounded, north-dipping
panels. Without taking into account metamorphic grade or lithological variations across
panels, transcurrent, thrust, or normal displacements are possible.

Cross - section

Figure 5-10 is a cross-section incorporating the regional and local geochronology
and seismic constraints. The Hilltop Creek and Robert Lake faults are steeply north-
dipping features that may continue to depths of ca. 10 km. The section was constructed
from different profile lines within each panel to show variations in structural style
between map units and between panels (Fig. 5-9). Profile lines are perpendicular to
strikes of lithological units, S3, and F4 fold axes. North-trending, steeply plunging F3b
folds such as the Mountairy Lake fold are not represented in the projection.

The Brightsand River shear zone is dominated by subhorizontal ENE - trending
stretching lineations (L4a). A northerly dip for this zone is based solely on the seismic

image. Map units of the southern panel strike ESE.
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Most units within the central panel also trend ESE, although a change in
orientation toward ENE occurs with proximity to the BRSZ. This panel is dominated by
the presence of the ESE trending F4 fold centered on the Rude Lake tonalite gneiss. The
Rude Lake amphibolite is fault bounded to the south. Its relationship the the Rude Lake
tonalite gneiss to the north is obscured by granite intrusions. This may be a basement -
cover type relationship, based on geochronological constraints, or could be a fault as
indicated by the seismic profile. The structure and geometry of the Rude Lake
amphibolite and tonalite gneiss is largely the effect of a recumbent F3 fold, intermediate
thickening of amphibolite units by F3a folding (steep north plunging folds with N - S
striking axial planes not shown on the cross-section), overprinted by F4 folds.
Recumbent (F3, possibly F2) folding, and subsequent F3a folding, of the tonalite gneiss
unit is inferred from geometry of meso-scale refolded folds and doughnut-shaped fold
interference patterns (Fig. 2-12). A close to flat-lying map-scale axial plane for the
recumbent fold, with an EW - trending fold axis, is depicted in the cross-section as
having been refolded about an upright F4 axial plane (also with an EW - trending hinge
line).

The Robert Lake straight zone cuts through portions of the Robert Lake
amphibolite and gneissic tonalite on its northern side. The presence of map scale F4
folds is interpreted based on flips in S3 dip direction (as well as opposing dips on
reflectors in the shallow subsurface along the seismic profile north of the straight zone).

Table 5-1 summarizes the deformation and intrusion chronology.
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DISCUSSION
Nature of D1

Tonalitic gneisses preserve S1 gneissosity and F2 folds in the central Wabigoon
region. The origin of this fabric is attributed to metamorphic segregation, implying an
event which occurred some time between 2718 +/- 7 Ma (actual upper limit of 2725 in
light of the large error) and 2715 Ma, the age of cross — cutting S3 foliated tonalite.
Events during this time window have not been recognized widely in the western
Wabigoon, although early deformation that predates regional ductile deformation has
been recognized in the Sturgeon — Savant belt (Sanborn — Barrie and Skulski, 1999).
Also in the western Wabigoon region, early deformation has been documented by
Edwards and Stauffer (1999) in the Pipestone Lake area and bracketed between 2727
(Phinney — Dash Lakes rhyodacite; Davis and Edwards 1982) and 2712 Ma (Schistose
Lake sedimentary and volcanic rocks). The inferred unconformity between these
packages also separates an early D1 event from D2, which affects both assemblages.
Possibly indicative of an accompanying thermal event around this time are ca. 2726
metamorphic zircons from the Marchington granite (igneous age of 2735 Ma, Bethune et
al., 2000) in the footwall of the Miniss River fault.

Detrital zircon studies of sedimentary rocks in the western Wabigoon reveal the
presence of Mesoarchean grains in Neoarchean sedimentary rocks deposited after 2716
Ma. Within the ca. 2716 Ma Warclub Group sediments south of the Winnipeg River —
Wabigoon subprovince boundary, > 3 Ga old zircons indicate proximal continental
material (Davis,1996). Similarly, > 3 Ga zircons are present within the ca. 2720 Ma

Quest Lake sediments (Skulski, Sanborn-Barrie and Stern, unpublished; and >2.844 Ga
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grains are present in the <2701 Ma Rude Lake quartz-rich sandstone in the central
Wabigoon, this study). Other evidence for older components in ‘younger’ rock units in
the western Wabigoon derive from the Snowshoe Bay batholith in the Lake of the Woods
area. The batholith has an igneous age of 2708 Ma, yet shows evidence of
contamination, in the form of 2802 Ma xenocrystic grains (Davis and Smith, 1991)
thought to be inherited from underlying Winnipeg River- type crust. Similarly, the
Mesoarchean detritus in the Warclub Group was most likely derived from rocks of the
Winnipeg River subprovince (Davis, 1990 and Davis, 1996).

Several pieces of evidence suggest that the Winnipeg River and north - central
Wabigoon were a single terrane prior to accretion of the western Wabigoon. These
include similar styles and ages of structural evolution along the boundary, as reported in
several studies (for example: Cruden et al., 1998; Sanborn-Barrie and Skulski 1999;
Brown et al., 2000; Melnyk et al., 2000). Furthermore, it appears that the western
Wabigoon was sutured to the central Wabigoon prior to the onset of the earliest ductile
deformation (D1) in greenstone belts. This is implied by structural evidence combined
with detailed geochronology, on both sides of the interface. This event occurred between
2718 +/- 7 Ma and 2715 Ma, as recorded in pervasively affected gneissic rocks of the
central Wabigoon, and early folding in the Pipestone Lake area of the western Wabigoon,
which is bracketed within a similar time window (2727 — 2712 Ma). The presence of >3
Ga (Winnipeg River/central Wabigoon) detritus in ca. 2720 Quest Lake sediments and <
2716 Ma Warclub Group sedimentary rocks in different locations along the boundary
also supports the interpretation that the two terranes were juxtaposed by the onset of D1

in the Sturgeon — Savant belt (D3 in the central Wabigoon).
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This interpretation contrasts with that involving suturing of the western to the
central Wabigoon at ca. 2700 Ma. In that model, the suture is marked by <2704 Ma
turbiditic sedimentary rocks (Savant Sedimentary group) which were deposited in a
foredeep setting. In the Sturgeon-Savant greenstone belt, the sediments cover the suture
between continental basalts of the Jutten group to the east and oceanic type volcanic
rocks to the west (Sanborn-Barrie and Skulski, 1999). If the western and central
Wabigoon regions were indeed together by ca. 2700 Ma (having collided by 2715 Ma at
the latest), then the widespread presence of ca. 2700 Ma sedimentary rocks (the Savant
Sedimentary group, Princess-Post Lake sediments, Rude Lake sediments, Awkward Lake
sediments) remains to be explained. Their presence does, however, provide an upper
limit for D3 deformation, as explained below.

Nature of D2

D2 deformation is constrained by the same factors and time frame as is D1. In
order to explain fold interference structures, a second ductile event, D2 must have
occurred at a high angle to D1 in order to explain fold geometries in gneisses on Harmon
Lake and west of Rude Lake. In the absence of geochronological constraints, the tectonic
significance of the D2 event is uncertain, although it may reflect the convergence
direction of a later collisional stage, from N directed during D1 to eastward for D2.
Nature of D3

D3 deformation was common to both the western and central Wabigoon
subprovinces. Deposition and consolidation of ca. 2700 Ma sedimentary units must have
occurred prior to D3, as all supracrustal units carry a strong S3 foliation. An upper limit

for S3 development is provided by the cross-cutting granodiorite dated at 2697 Ma. In
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the present map area, a lower limit for sediment deposition of 2701 Ma comes from the
youngest zircon analyzed in the quartz-rich sandstone (Sq, geochronology sample C).
Peak metamorphic conditions attained in the area are coincident with the development of
S3 (see details in Chapter 6). Therefore, between 2701 and 2697 Ma, sediment
deposition and burial to depths consistent with sillimanite - grade metamorphism must
have occurred.

Style differences between S1 in greenstone belts and correlative S3 in granitoid
rocks are apparent. S1 foliations are steep in greenstone belts and S3 was shallow
throughout much of the granitoid domain prior to steepening during D4. Original
subhorizontal S3 orientations are preserved in northwestern Seseganaga Lake in a D4
strain shadow (Percival et al., 1999a,b). Instead of attributing S3 development to the
collision between the west and central Wabigoon, which is ruled out if collision occurred
prior to 2715 Ma, S3 may be related to dextral transpression most prominently developed
along subprovince boundaries. The timing is similar to that documented by Stott et al.
(2002) for the northern margin of the eastern Wabigoon subprovince, where transpression
occurred prior to 2698 Ma, the age of the cross-cutting Sheff pluton, during the late
stages of the Kenoran orogeny.

Late D3 folding (D3b) appears to be a local phenomenon. The F3b Mountairy
Lake fold, and parasitic Rude Lake structures helped to create a thickened volcanic
package (Rude Lake package) that resisted overprinting during D4. While being parasitic
F3b type folds in plan view, this package of rocks resides in the southern limb of an F4

synform.
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Nature of D4

In general, N-S oriented compression created upright, gently east - plunging
folds. The age of deformation is constrained by the 2697 Ma granodiorite dykes that cut
S3 layering at a high angle. The dykes were subsequently deformed, and, in addition to
being oriented axial planar to the trend of regional F4 fold axes, also carry a weak S4
foliation.

At map scale (Fig 5-9), the Brightsand amphibolite shows E-trending folds that
are dismembered by tonalite and granodiorite. On the basis of regional age relationships,
it is likely that these folds represent a pre-D4 episode of map-scale fold generation.

Late sinistral shearing is regionally significant, and is similar in timing and style
to that along the Miniss River fault at the juncture between the Winnipeg River and
Wabigoon subprovinces. Sinistral mylonitization along the Miniss River fault occurred
mainly prior to 2681 Ma (Bethune et al., 2000), and similar ages (2680 and 2685 Ma)
were obtained for syn-tectonic granite within the Brightsand River shear zone (Percival et
al., 1999a,b). 2678 Ma titanite marks late crystallization subsequent to ductile shearing.
Regional cooling began shortly thereafier, as indicated by titanite cooling ages (ca. 550°C

closure temperature) between 2685 and 2670 Ma (Percival et al., 1999b).
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SUMMARY

1

2)

3)

4)

5)

6)

7

8)

All four phases of deformation recorded in gnessic tonalites in the map area are
Neoarchean in age.

D1 and D2 occurred between 2718 +/- 7 Ma and 2715 Ma.

Collision between the Neoarchean greenstone - dominated western Wabigoon terrane
and the granitoid Winnipeg River - Central Wabigoon is indicated by D1 deformation
before 2715 Ma. This contrasts with models for ca. 2.7 Ga collision.

S3 is the main pervasive foliation affecting all major units. It is constrained by S3
foliated sediments (< 2701 Ma) and cross-cutting granodiorite > 2697 Ma.

Two unique D3 structures occur in the present area: the D3a HCF and D3b Mountairy
Lake fold. The N - S trending F3b fold created a D4 strain shadow in the Rude Lake
area, by thickening of competent amphibolite units. This stage of D3 indicates E - W
directed compression.

North-south shortening produced upright F4 folds which post date 2697 Ma.

Fold interference between (F2 or F3) recumbent folds, steeply plunging F3b folds and
F4 folds imposed on D1 (and possibly D2) structures within the Rude Lake tonalite
gneiss produced fold interference structures, including dome and basin geometries.
This is reflected by the map pattern in the southwestern portion of the map area.
Steep, WSW-ENE trending, late D4 shear zones overprint F4 folds. However, the
timing is only loosely constrained between 2697 and 2685 Ma, the age of a syn -
tectonic granodiorite dyke. The latest movement along ductile shear zones occurred

prior to 2678 Ma.
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Figure 5-1: S1 foliated tonalite gneiss (A). B-C: Lower hemisphere equal area
stereographic projections of poles to planes of early fabrics including S1
layering and F2 axial planes. Poles to D1/D2 fabrics from areas which were
not as strongly overprinted by later events form small circle with a steep fold
axis (to F2 folds). Axial planes strike roughly E-W and are now close to
vertical in orientation (Figure 5-2-All). Early fold axes (F2) had steep to
vertical plunges, where measurement was possible. Most early fabrics were
transposed somewhat during D3.
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Figure 5-2: S1 foliated tonalitic rocks (TgR and Th). A: D1 and D2 fabrics overprinted
by S3 and F4 in biotite tonalite gneiss. B: D1 and D2 fabrics overprinted by
$3 and F4 in hornblende tonalite.
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Figure 5-3: Lower hemisphere equal area projections of D3 structures. A: Poles to S3
foliation data for the entire map area, shows that foliations trend roughly east-
west, and are steeply north or south plunging. B: L3 mineral lineations from
the entire map area, showing that lineations trend predominantly to the east
(reoriented by F4 folding, see Fig. 5-5). A granodiorite dyke is shown
cutting S3 in metasedimentary rocks. This dyke carries a weak S3 ‘ghost’
foliation.

C, D. and E refer to data west of Rude Lake (within the area shown in the
sketch map on Fig. 5-4). C: Poles to S3 foliation data west of Rude Lake
only. D: S3 foliation west of Rude Lake showing poles to planes as well as
planes (great circles). E: L3 data west of Rude Lake. Note the difference in
orientation with respect to B. This area may be part of a D4 strain shadow.
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Figure 5-4: A: Sketch map of the area west of Rude Lake. B: Form surface map of the
same area. Contacts are in black. Green lines show the trajectory of unusual
lineations in this area, thought to be preserved L3 mineral lineations. Blue
lines show the trajectory of mineral lineations related to L4, which carry the
regional trend of D4 structures (fold axes and mineral lineations). The
lineations which define the trend of the green lines may preserve L3
lineations because they are located within a D4 strain shadow. Red arrows
are lineations imported from the geology map (GSC Open File #4286,
included with the thesis).
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Figure 5-5: Lower hemisphere equal area stereographic projections of D4 planar and
linear structures. A: L4 mineral lineations. B: Quartz rodding in the hinges of F4
folds. C: F4 fold axes. D: S4 foliation in granodiorite and granite dykes and sills
which cut S3. E: Macroscopic shear planes which cut S3 are steeply dipping,
east-west trending structures.
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Figure 5-6: The Brightsand River (A-C) and Wapikaimaski Lake (D,E) shear zones. All
photos area taken on the horizontal erosion surface; fabrics depicted are all steeply
dipping. A: Horizontal surface within the Brightsand River shear zone. High strain
fabric is a steeply dipping, near vertical foliation striking WSW-ENE. B: Sheared and
folded pegmatite, with sinsitral shear bands and sinistrally folded offshoot. C: Foliation
in highly strained tonalite, with dismembered granodioritic fold hinges. D: Feldspar
porphyroclastic mylonite in the Wapikaimaski Lake shear zone. E: Mylonitic tonalite

gneiss.
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Figure 5-7: The Robert Lake straight zone. Stereographic projection of lineations within
the straight zone on Robert Lake (see Fig. 2-14B). Photographs A to C
depict fabrics along the southern margin of the ‘straight zone’. A: dextral
asymmetric fold. B: Back-rotated amphibolite boudin. C: C-S fabrics in

granite.
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Figure 5-8: Seismic section along Lithoprobe line 1d showing migrated data (courtesy of
D. White, G.S.C.). The dashed box on the seismic section shows the area below the
Study area which corresponds to the cross-section in Figure 5-10. HCF and RLF are the
Hilltop Creek fault and Robert Lake fault (straight zone) respectively.
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Figure 5-9: Location map for seismic profile, with seismic station locations. Also shown
are the profile lines for Figure 5-10. Line AB follows the portion of the
profile in Figure 5-10 from the S to the HCF (the southern panel). Line CD
extends from the HCF to the RLZ (the central panel). Line EF extends north

from the HCF into the northern panel.
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Figure 5-10: Composite cross-section of the Brightsand Forest area. Profile lines are
given in Figure 5-9.
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Table 5-1: Summary of deformation and intrusion chronology
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Deformation Litholigical unit/ main | Age Comment
Event fabric
Tonalite gneiss 2774 Ma Davis, 1989
(and Th?) 2880 Ma
Volcanic rocks? ~2740 — 2720 Ma?
Tonalite 2722 Ma South of BRSZ
Tonalite gneiss (TgR) 2718 +/- TMa Sample B. Chapter 4
D1 S1 gneissosity
D2 North trending F2 folds
Quest Lake wacke ca. 2720 Ma Skuiski, Sanborn — Barrie
Post Lake wacke <2720 Ma and Stern, unpublished.
Biotite tonalite (T) 2715 Ma V. McNicoll, unpublished
1999
Felsic sill (F) 2707 Ma Age of continental arc
magmatism.
Sample A, Chapter 4
Savant Sedimentary <2704 Ma Sanborn — Barrie and
_group Skulski, 1999.
Quartz-rich <2701 Ma Sample C. Chapter 4
metasandstone
D3 ()] S3 penetrative (I) coincides with peak
fabric, F3 metamorphism (during
(am D3a= HCF, L3 M)
(11 D3b= N-S folds
Granodiorite (Gd) 2697 Ma Dykes cross cut S3 in F4
axial planar orientation
(080)
Samgle D. Chapter 4
D4 E trending folds, quartz Associated with M2
rodding metamorphic event.
Semipelite 2687 — 2694 Ma Hydrothermal? From S3
MONAZITE foliated semipelite cut by
2697 Gd.
Sample F, Chapter 4
Quartz diorite 2690 Ma High strain D4 rock
Granodiorite (Gd) 2687 Ma TITANITE From above Gd dyke
(igneous age of 2697 Ma)
Granite (G) 2686 Ma Wapikaimaski Lake
pluton (Percival et al.,
1999a,b)
Shear zones Late syn — D4 granites in | 2685, 2680
shear zones
Tonalite mylonite 2678 Ma Sample E. Chapter 4
TITANITE

Granites (Gg)

Late unfoliated. including
pegmatites
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CHAPTER 6: METAMORPHISM AND DEFORMATION

INTRODUCTION

Greenstone belts of the Wabigoon subprovince have generally experienced low-
to medium-grade metamorphic conditions (Blackburn et al., 1991). In many greenstone
belts, metamorphic grade increases from central greenschist facies to marginal
amphibolite facies (Ayres, 1978). Archean greenstone belts and gneiss terranes are
generally characterized by low P/high T metamorphic conditions (e.g. Condie, 1984;
Sandiford, 1989).

Metamorphic grade in the Sturgeon Lake greenstone belt is greenschist facies in
the interior, increasing to amphibolite facies toward the study area in the east.
Aluminosilicates in altered volcanic rocks of the Handy Lake assemblage (northeast
Savant Lake greenstone belt) indicate triple point conditions (ca. 500°C, 3.8 kbar,
Lefebvre et al., 1978). Within the study area, two metamorphic event, M1 and M2, are
described. M1 corresponds to peak metamorphic conditions which developed with S3
foliation. M2 overprints M1, and is related to D4 deformation. Volcanic and
sedimentary units have experienced middle to upper amphibolite facies conditions. Their
textures, mineral assemblages, and mineral compositions provide insight into the
orogenic history of the interface between the western and central Wabigoon
subprovinces.

The chapter is organized in the following way. First, rock unit textures, mineral
assemblages, and mineral compositions are described within the framework of the three

structurally defined panels. This largely petrographic account is followed by a
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description of structural-metamorphic relationships, and the nature of panel boundaries.
The quantitative assessment of peak metamorphic conditions uses thermobarometric
software (TWEEQU; Berman, 1991) and thermometric calculations (Holland and
Blundy, 1994). Lastly, a discussion of metamorphic conditions is integrated with

development of a P-T-t path for the Brightsand Forest area.

PETROGRAPHY AND MINERAL COMPOSITIONS
South Sturgeon basait

Mineral assemblages for mafic metavolcanic units are presented in Table 6-1.
Pillow basalt of the South Sturgeon assemblage, located 10 km to the east to the map
area, and thought to correlate with the Mountairy Lake amphibolite unit, is fine-grained
with homblende-plagioclase assemblages (Fig. 6-1a). Following the nomenclature of
Leake (1978) for the classification of amphiboles, central Sturgeon samples are uniformly
magnesio-hornblende. Anorthite content in plagioclase varies between individual grains,
within the range Ansg _ 1.
Southern Panel
Amphibolite

Southern panel Mountairy Lake amphibolites are predominantly fine — grained
rocks consisting of homblende — plagioclase — quartz — titanite, with or without
clinopyroxene (Table 6-1, Fig. 6-1b,c,d.e). Clinopyroxene occurs mainly in quartz-rich
layers. Coarse clinopyroxene in sample p857b is partly altered to a very fine-grained,
optically unidentifiable product, which may comprise epidote and chlorite, isochemical

with clinopyroxene (+/- actinolite). Similar features are observed along strike, in a finer
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grained rock (sample B1). The Hilltop Lake amphibolite screen is also fine-grained, with
homblende - plagioclase — quartz — ilmenite - titanite assemblages. Hornblende is deep
emerald green and strongly pleochroic (Fig. 6-1f). Amphibole compositions within the
southern panel vary from ferro — homblende to magnesio — hornblende (Leake, 1978).
This minor compositional variation occurs between mineral grains within rock samples.
Anorthite content varies between mineral grains: from Mountairy Lake amphibolite,
anorthite varies from Ang; _ g in contrast to Ans; _ 44 for the Hilltop Lake amphibolite
(sample j510).
Metasedimentary rocks

Metasedimentary units within the southern sedimentary group are biotite —
plagioclase — quartz schists (Fig. 6-2) with local cummingtonite — hornblende, or
cummingtonite — hornblende — garnet — bearing assemblages (Table 6-1). Garnet and
cordierite do not coexist within the same sedimentary layers. Bands of cummingtonite —
rich and siliceous layers reflect compositional variations that may represent relict
bedding.
Plutonic rocks

Granitoid rocks occur within all panels and are petrographically similar. Except
for some plutonic gneisses, their simple mineral assemblages (quartz — plagioclase — K-
feldspar — biotite +/- homblende) present little insight into metamorphic conditions.
Central Panel
Amphibolite

Central panel amphibolites are predominantly medium to coarse — grained rocks

with hornblende — clinopyroxene — plagioclase — quartz — titanite assemblages (Table 6-
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1), with or without gamet, epidote, ilmenite, and hematite (Fig. 6-3). Gamet commonly
occurs in quantities up to 15% within mafic rocks of this panel as ragged to rarely
cuhedral grains 1.5-2 mm in size. Gamet compositions (Table 6-2) are in the range
XGri0.37, XPy7.11, XAlmyr.s5, and XSps.7, with smaller variation within individual samples
(e.g. XGrso.34 in sample j121; XGrss.37 in sample j734). No zoning trends are evident in
gamet. Epidote and clinopyroxene co-exist in some samples (Table 6-1), where
clinopyroxene is generally altered to a very fine-grained product (perhaps epidote and
chlorite, with or without actinolite). Coarse epidote occurs along the edges of the
alteration zones. Amphibole compositions vary between mineral grains and among
different samples, from ferroan pargasitic hornblende to ferroan hornblende to ferroan
tschermakitic homblende. Variation in anorthite content of plagioclase occurs between
samples, but also within samples to a lesser extent. For example, sample J121
(Brightsand River amphibolite) has Anjq.5; and sample J339 (Scruffy Lake amphibolite)
has Ansses. Overall, anorthite content in plagioclase varies within the range An3o _¢s.
Metasedimentary rocks

Central panel metasedimentary rocks are variable in composition. Quartz-rich
metasandstone within the Rude Lake package contains ~50% quartz, with 40%
plagioclase and up to 10% biotite. Leucosome within this rock may represent anatexis.
Similarly, mm-scale leucosome veins in gamnet — cordierite — sillimanite — quartz —
plagioclase — biotite — muscovite — ilmenite pelite in the Robert Lake amphibolite may
represent a granitic melt phase (Fig. 4-5). The occurrence of muscovite- and gamet-rich
layers within pelite reflects compositional layering that may be relict bedding. In contrast

to the texture of garnet in amphibolites, gamet in pelite forms subhedral to euhedral
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porphyroblasts. A weak foliation is preserved within garnet, evident from felsic mineral
inclusion trails (Fig. 6-5c). Garnet is almandine, with Alms.3;, anorthite content in
plagioclase is An34_ 41, cordierite is predominantly magnesian, with Cdijxmgje:2 - 6s (Where
XMg = Mg/Mg:Fe) and Bt has [XMg] of ~0.3. Small variations in composition occur
within and between grains, although no systematic zoning trends were noted.

Plutonic rocks

Tonalite gneisses (Tg) have quartz — plagioclase — biotite assemblages with or
without epidote and titanite. Leucosome layers with biotite-rich selvages may be the
product of in situ melting, although some compositional layering may have been
produced by the injection of tonalite (Chapter 5). New mineral growth associated with
D4 includes biotite (M2).

Tonalite gneiss (TgR) in the central panel exhibits mineral overgrowth
relationships. Figure 6-5 shows euhedral epidote crystals overgrowing biotite, and
titanite crystals that in tumn overgrow epidote. The felsic sill (map unit Fs) in the Central
panel has gtz — plag — bt — ms — ep — cht mineral assemblages (Table 6-1), with the main
S3 foliation defined by biotite and muscovite.

Cataclasite

In thin section, the main fabric (S3) in cataclasite of the Hilltop Creek fault zone
is defined by the alignment of matrix chlorite crystals. Rutile is boudinaged parallel to the
foliation, and may be accompanied by quartz pressure shadows (Fig. 6-6a). Euhedral
hematite grains overgrow the main S3 fabric defined by the assemblage chlorite —
plagioclase — quartz — titanite — rutile — epidote. Titanite grains are elongate parallel to the

foliation. A second generation of epidote crystals appear to overgrow chlorite, as well as
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hematite in some areas. There may be several generations of epidote in this rock (Fig. 6-
6b): 1) epidote which developed with the main fabric; 2) epidote that overgrows the main
fabric but is overgrown by hematite; and 3) epidote which overgrows hematite.
Northern Panel
Amphibolite

Northern panel amphibolites are coarse — grained horblende — epidote —
actinolite — plagioclase — quartz rocks, with minor titanite (Fig. 6-7a,b,c.d). An
amphibolite from the Stinson Lake unit has a quartz — homblende intergrowth texture,
overgrown by subhedral hornblende porphyroblasts (Fig. 6-7¢). The northern
amphibolite samples are more highly altered, with abundant epidote and actinolite
overgrowths defining a retrograde assemblage. Retrograde epidote forms anhedral
masses, but actinolite forms euhedral grains, 0.3-0.5 mm in length, clearly overgrowing
hornblende grains and S3 fabrics (Fig. 6-7a,b,c). Garnet is not present in amphibolite
from the northern assemblage. although textures suggest pseudomorphic replacement of
gamet by retrograde plagioclase. Homblende compositions are magnesio — hornblende
and ferroan edenitic hornblende. Plagioclase grains from the sample with magnesio —
hornblende have Anyg — 2, and plagioclase from the sample with ferroan — edenitic
homblende has Ansg.

Plutonic rocks
Within the northem panel, aligned hornblende in coarse — grained tonalite (qtz —

plag — hb — bt — ep) is overgrown by uniformly oriented biotite overgrowths.
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STRUCTURAL - METAMORPHIC RELATIONSHIPS

The alignment of hornblende grains defines an S3 foliation in most amphibolite
samples. Within the southern and central panel mafic rocks, a weak fabric oblique to S3
is also defined by hornblende in thin section and is taken to be S4 (Figs. 6-1, 6-3).
Within the central panel the main foliation, S3, defined by coarse clinopyroxene and
hornblende, is overgrown by homblende defining an S4 fabric (Fig. 6-3c). In the
northern panel, generations of structures are more difficult to discern, owing to coarse
grain size, alteration, and retrograde mineral growth.

Southern panel metasedimentary rocks have S3 defined by the orientation of
mafic mineral - rich layers and internal alignment of mineral grains. Randomly oriented
cummingtonite overgrows biotite that defines S3, and is in turn overgrown by a second
generation of biotite taken to define S4 (Fig. 6-2). In iron formation within the Hilltop
Creek Fault, S3 is defined by aligned biotite and muscovite that are crenulated by cm-
scale F4 folds (Fig. 6-2f). A prominent S3 foliation is defined by peak metamorphic
biotite and sillimanite, along with concordant leucosome veins within metapelites
associated with the Robert Lake unit. Both fibrolitic and prismatic sillimanite are
crenulated by F4 microfolds (Fig. 6-4a). The crenulation folds have local axial planar
biotite, defining an S4 foliation (Fig. 6-4b). Inclusion trails in garnet preserve early S3
fabric development (Fig. 6-4c).

Generally, plutonic rocks carry an S3 foliation that is defined by the pervasive
alignment of mafic minerals. Recognition of secondary fabrics is difficult in thin section
because of coarse grain sizes (Fig. 6-5b). In the central and northern panels, granodiorite

and granite lacking S3 have developed an S4 biotite alignment (M2). The fine-grained
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felsic sill (Fs) shows S3-S4 relationships, including S4 biotite and chlorite mineral
growths axial planar to F4 crenulations (Fig. 6-5c).

The Hilltop Creek cataclastic zone exibits crenulations of S3 in the field that are
not readily apparent in thin section, although a second generation of chlorite and

some“M2” biotite define a weak, overprinting fabric interpreted here as S4 (Fig. 6-6).

METAMORPHIC CONDITIONS

In order to further constrain variations of metamorphic conditions within the map
area, samples with appropriate assemblages for thermobarometry were collected from
within each structural panel and from the eastern margin of the Sturgeon Lake greenstone
belt. In only the central panel are assemblages sufficient for full thermobarometric
analysis. These include a pelite from the Robert Lake assemblage and amphibolites from

the Rude Lake and Brightsand River assemblages.

METHODOLOGY

All mineral spot analyses were done on the Cameca Camabax electron
microprobe at the Geological Survey of Canada, carried out by K. Venance. The
microprobe uses a wavelength dispersive analysis system, with a spot size of 3 pum, a
beam current of 10 nA, with an accelerating potential of 15 kV. Counting time for all
analyses was 10 — 20 s. A PAP (Pouchou and Pichoir, 1985) correction program was

used to reduce the data.
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Part 1: TWEEQU

Estimation of metamorphic conditions was carried out using the TWEEQU
(Thermobarometry With Estimation of EQUilibrium state) software of Berman (1991).
The program uses an internally consistent set of thermodynamic parameters for end
member mineral compositions, with mixing properties selected by the user. It calculates
the position of all possible equilibria among minerals for which analyses and
thermochemical properties are available. An uncertainty of approximately +/- 50°C, +/- 1
kbar (1kbar = 10° Pa = 0.1 Gpa) can be assigned as a result of 1) uncertainties in
experimental data on which the thermodynamic properties are based, and 2) the
microprobe analytical uncertainty. Additional uncertainty relates to the assumption that
all minerals last equilibrated at the same pressure and temperature conditions (Berman
1991).

Thermochemical properties used in the TWEEQU database are those of Berman
(1988 and 1991). Mixing properties of gamet are defined by the non-ideal solution
models of Berman (1990), and those for biotite and plagioclase by the equations of
McMullin et al. (1991) and Fuhrman and Lindsley (1988) respectively. Ideal solution
models were used for cordierite. End member compositions and mixing properties for
amphiboles are those of Mader et al. (1994), and maintain consistency with version 1.02
of the thermodynamic database. Version 2.01 of TWEEQU was used to calculate
metamorphic conditions from pelite. The uncertainty introduced as a result of this
variation is thought to be negligible (e.g. Sanborn-Barrie, 1999). A test using version

1.02 of TWEEQU with pelite analyses was done for comparison.
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The following equilibria yield the most consistent results in TWEEQU, and are
generally considered to be reliable indicators of metamorphic conditons. For the pelites,
equilibria were calculated by TWEEQU for the mineral assemblage: gamet — biotite —
cordierite — sillimanite — quartz — plagioclase.

Equilibria:

1) 4Sil +5 Qtz +2 Pyp =3 Mg-Crd (P sensitive).

2) 6 An+2Pyp+3Qtz=2Grs+ 3 Mg-Crd

3) Alm + Phl = Pyp + Ann (garnet — biotite thermometer, Kretz 1964)
4) 2Sil +Qtz + Grs = 3 An (GASP equilibrium)

5) 4Sil+5Qtz+2Phl+2Alm=2 Ann + 3 Mg-Crd

Equilibria calculated for amphibolite for the assemblage garnet — hornblende —
plagioclase — quartz are as follows:

6) 3Ab+2Grs+Pyp+3Tsc=3Parg+3Qtz+6 An

7 3Ab+2Grs+4FeTs=3FePa+ Tsc+6Qtz+6An

8) 3 Parg +4 Alm =4 Pyp + 3 FePa

9) Alm + Tsc =FeTs + Pyp

10)3Ab+2Grs+4Pyp+3FeTs=3 Parg+6Qtz+6 An+ 3 Alm

Mineral/end member abbreviations:

Sil = sillimanite Phl = phlogopite

Qtz = quartz Ann = annite

Mg-Crd = magnesian cordierite Tsc = tschermakite

Pyp = pyrope Parg = pargasite

Grs = grossular FeTs = ferroan tschermakite
Alm = almandine FePa = ferroan pargasite

Ab = albite An = anorthite
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Part 2: Hornblende — plagioclase thermometry

Estimates of metamorphic temperatures from amphibolite units including one
sample within the Sturgeon Lake belt were made using the hornblende - plagioclase
thermometer of Holland and Blundy (1994). The calibration for calcic amphiboles takes
account of non — ideal interactions and is useful for a wide range of bulk compositions.
The data set used for calibration is composed predominantly of natural metamorphic rock
samples, augmented by some experimental data. For plagioclase mixing relations, a
simplification of the Darken’s Quadratic Formulation model of Holland and Powell
(1992) is used. The thermometer functions well for temperatures between 400 and 1000
°C and pressures of 1 to 15 kbar with +/- 40 °C uncertainty.

The two thermometers used include a revised (from Blundy and Holland, 1990)
edenite — tremolite thermometer:

T1: edenite + 4 qtz = tremolite + albite
and a new edenite — richterite thermometer:

T2: edenite + albite = richterite + anorthite.
A pressure estimate is required for calculations, and 4.5 kbar was assumed, based on the
median value of TWEEQU results for pelite p872.
Calculations (Holland and Blundy, 1994):

Edenite — tremolite (with quartz, requires silica saturation)

Temperature (T1) = = 76.95 + 0.79P + Yap + 39.4X%Na + 22.4X% + (41.5 - 2.89P)*XM2,,
-0.0650 - R*In{ Q7*X’iank*X'si*Xab) }
(256*X*Na*X"' A1)
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Edenite — richterite (with or without quartz)

Temperature (T2) = - 78.44 + Yab.an - 33.6X™/\0 (66.8 - 2.92P)*XM?, +78.5X"" 3 + 9.4%%,
-0.0650 - R*In{ 27*X**na*X" 5i*Xan) }
(64* XMt X 4 * X o)

Temperature is in Kelvin

X*;: where X is the molar fraction of component i, and ¢ is the crystallographic site.
P (Pressure) = 4.5 kbar

R (gas constant) = 0.0083 144

Yo for X, > 0.5, Y, =0
For X, <0.5, Yap = 12%(1 - Xp)* -3 kJ

Yeb_an: for X;>0.5, Yoo =3 kJ
For Xep <0.5, Yoy _an = 12°Q2Xp - 1) + 3 kJ

For data tables and calculations see Appendix 2.

RESULTS
Part 1: TWEEQU

Figures 6-8 and 6-9 are examples of the graphical representation given by
TWEEQU for possible equilibria within a given mineral assemblage. Tables 6-3 and 6-4
list compositions and P-T results respectively for pelite sample p872. Calculations were
made on core, midpoint, and rim compositions from minerals (i.e. gamet core with
biotite, plagioclase, and cordierite cores). Core compositions give metamorphic
conditions based on the intersection of equilibria 1 to 5 between 4.1 and 6.1 kbar at 615 -
670 °C, midpoints between 3.8 — 4.8 kbar at 600 — 670 °C, while rims equilibrated at 3.3
— 5.1 kbar and 590 — 660 °C. Good convergence of the calculated equilibria suggests that

these compositions reflect equilibrium conditions. Rim mineral compositions were tested
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for consistency with TWEEQU version 1.02. Version 1.02 gave estimates of 3.5-5.3
kbar, and 620-700°C for rim conditions, overlapping but slightly higher than results

obtained using version 2.01.

Results for amphibolite obtained using TWEEQU are based on mineral
compositions presented in Table 6-5. Table 6-6 summarizes pressure and temperature
results. Overall, pressure and temperature estimates from amphibolite are higher than
those for the pelite, and some temperatures exceed amphibolite — facies conditions. The
most extreme example of this occurs in sample j734(g1-4), which yields pressures greater
than 11 kbar and temperatures close to 800°C. In this rock, disequilibrium may be a
factor (Fig. 6-10).

The grossular content of garnet within amphibolite, with Grs;¢ _ 37, is much higher
than that in pelitic gamet, with Grss.s (Table 6-2), corresponding to 10.6-13.5 w1% CaO
within amphibolitic garnets and to 1.3-1.7 wt% CaO for pelitic garnets. One spot from
sample j734(g8), from the Rude Lake amphibolite, yielded conditions of 5.1-5.9 kbar and
570-585 °C, comparable to pressures and temperatures obtained from pelite p872
interleaved with the Robert Lake amphibolite. Sample j121 (located between Rude and
Robert Lakes, from the Brightsand River amphibolite), also yielded a range of values,
from 7.4-8.2 kbar, and 615-630 °C to >10 kbar and temperatures of 690-705 °C. The
gamet — hornblende barometer is less reliable than the GASP barometer in terms of
defining pressure conditions because P-T slopes of phase equilibria are much steeper.
The lowest pressure results coincide with results from the pelite, and may reflect an
accurate measure of the equilibration of garnet with hornblende and plagioclase.

However, the higher values are unsupported by independent evidence and may be
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spurious. This could be a function of the steep dP/dT slopes in this system, and(or)

disequilibrium among garnet, hornblende, and plagioclase.

Part 2: Hornblende - plagioclase thermometry

Mineral analyses are listed in Table 6-7 and results for both thermometers in
Table 6-8. The edenite — tremolite thermometer (T1) yielded much higher temperatures
(717-950°C) than did the edenite — richterite thermometer (T2) (565-776°C). T1 requires
silica saturation, and when applied to quartz-free rocks, it is expected to yield
anomalously high temperatures (Holland and Blundy, 1994). T2 is the more reliable
thermometer for amphibolites sampled in this study, as it is not dependent upon the
presence of quartz in the assemblage.

Temperatures calculated with T2 are lowest in the Sturgeon assemblage, giving
temperatures from 565 to 588°C. In the southem panel, the Hilltop Lake amphibolite
yielded temperatures between 611 and 647°C, showing little variability when compared
to the Mountairy Lake amphibolite that yielded temperatures between 591 and 739°C.
The central panel amphibolites give temperatures with a wide range of variation, from
temperatures of 685-776°C for the Scruffy Lake unit, to 512-658°C for the Rude Lake
unit, and 571-744°C for the Brightsand River unit. The two samples from the Northern
amphibolite yield temperatures from 592 to 677°C.

Comparison of average temperatures between structurally defined panels in the
study area and with a pillowed basalt in the South Sturgeon assemblage in the Sturgeon
Lake greenstone belt (sample j804) are presented in Table 6-8 and Fig. 6-11. The lowest

average temperature (579 +/- 12°C) is found from the greenstone belt sample. while
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central panel amphibolites (n = 3) yielded the highest average temperature (660 +/-
81°C). The southern and northern panels have average temperatures of 648 +/- 58°C and
626 +/- 38°C respectively. The central panel amphibolites exhibits a large variability in
temperature within and between samples overall, although sample p857b (clinopyroxene
— bearing amphibolite) within the southern panel also exhibits a wide variation between
spot analyses. These estimates overlap within analytical uncertainty. It is therefore

concluded that the temperatures are statistically indistinguishable.

DISCUSSION

The most reliable constraint on peak metamorphic conditions comes from pelite
within the Robert Lake assemblage. Structural - metamorphic relationships are well
constrained from thin section study, and minerals used in pressure - temperature
determinations form part of the assemblage grt — crd —sill — plag — bt — gtz — ilm.
Estimates from garnet cores of 5.1 kbar (+/- 1 kbar), 642°C (+/- 27°C) are taken as peak
metamorphic, wheras rim conditions of 3.7 kbar (+/- 0.4 kbar), 625°C (+/- 35 °C), suggest
~5 km of uplift with little cooling.

Retrograde plagioclase from gamet preserves textural evidence for gamet growth
in the northern panel. Retrograde epidote and less common chlorite overgrows
homblende grains. Euhedral actinolite crystals overgrow retrograde epidote and early
hornblende. These textures involving late actinolite and chlorite suggest that retrograde
metamorphism from amphibolite to greenschist facies occurred within the northern panel.

The localization of greenschist facies retrogression in the northern panel suggests that this
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area remained subject to recrystallization during the cooling history subsequent to normal
movement along the Robert Lake zone.

The youngest detrital zircon from metamorphosed quartzite of the central panel
provides an upper limit of 2701 Ma for deposition of the rock, and for its metamorphism.
Burial required to attain the ca. 5 kbar metamorphic peak must have occurred prior to
2697 Ma, the age of granodiorite dykes cutting peak - metamorphic S3 foliation (Chapter
4). These constraints suggest a ca. 4 m.y. time window in which sediments were
deposited, buried to depths of ca. 15 km and heated to ca. 650°C. The rapidity of these
events requires some form of tectonic burial, presumably by thrusting, accompanied by
rapid heating.

A second generation of metamorphic minerals is associated with D4 structures.
These include retrograde minerals in amphibolites, particularly in the northern panel, and
overprinting minerals in the Hilltop Creek fault rocks as well as biotite in F4 axial planes
of metasedimentary units; and S4 grain-scale biotite foliations in post-D3 granitoid rocks.
Textural evidence from cataclastic rocks in the Hilltop Creek fault suggests interim
cooling between M1 and M2. Biotite overgrowing chlorite - defined S3 fabrics in the
fault zone suggests that re-heating (M2) occurred during the D4 deformation. Although
biotite growth is associated with D4 regionally, cooling between M1 and M2 is
recognized only within the Hilltop Creek fault because heating is required to produce
biotite. Most rocks in the area do not show evidence of reheating because biotite is
consistent with their peak metamorphic grade.

Geochronological constraints on the M2 event are similar to those developed for

D4, because the M2 minerals can be related texturally to D4 deformation. To reiterate,
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D4 is bracketed between 2697 and 2678 Ma, the latter referring to the age of titanite
overgrowing sheared rocks of the Brightsand River zone.

Only minor differences in metamorphic temperature between panels is suggested
by hornblende - plagioclase thermometry, and these are within the uncertainty of the
measurement technique. Mineral assemblages including garnet occur only within the
central panel. Gamet has retrogressed completely within the northern panel, and is not
present within amphibolites in the southern panel.

High grossular content of garnet in amphibolite may reflect the high-CaO bulk
composition of amphibolite, also indicated by the calcic minerals high An plagioclase,
calcic honblende, clinopyroxene, titanite, and epidote present in these rocks.

It is possible that the large mole fractions of grossular within amphibolitic garnets
are vestigal from a higher-pressure state as indicated by the equilibria calculated for these
rocks using TWEEQU. This may be consistent for pelites with the right bulk
composition: Figure 17-10d in Spear (1990) shows the activity of grossular in garnet
increasing with increasing pressure for the assemblage garnet — biotite — chlorite —
plagioclase — muscovite — quartz. However, for mafic rocks, pyrope is taken to indicate
high pressures rather than grossular (e.g. Cox and Indares 1999, looking at eclogites). In
fact, the use of grossular as a barometer in gamet-bearing assemblages is problematic,
owing to differences in the thermodynamics of high-Ca and low-Ca garnet (Guiraud and
Powell, 1996).

Constraints on metamorphic pressure are scarce in the greenschist- to
amphibolite-facies Sturgeon Lake greenstone belt. A single occurrence of coexisting

sillimanite-andalusite-kyanite was reported from altered volcanic rocks of the north-
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central Sturgeon-Savant Lake greenstone belt (Lefebvre et al., 1978), suggesting
conditions of 3.8 kbar, 500 °C using Holdaway’s (1971) aluminosilicate triple point.
Assuming that peak metamorphism was coeval with that in the present area, this indicates
that a ca. 5 km deeper structural level is exposed in the central panel of the map area than
within the central Sturgeon-Savant Lake greenstone belt. Metamorphic temperature in
the central panel was ~160°C higher than that in the interior of the greenstone belt.

Figure 6-12 is a pressure-temperature-time diagram which summarizes
chronological and structural controls on metamorphism between 2701 and 2670 Ma.

Details are described in the figure caption.
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CONCLUSIONS

Y

2)
3)

4)

5)

6)

L)

Peak metamorphic conditions of 5.1 kbar and 642°C were obtained using TWEEQU
software. This was obtained from pelitic rocks with equilibrium assemblages and
well - defined structural - metamorphic relationships.

The syn - D3 metamorphic peak M1 is bracketed between 2701 and 2697 Ma.

The area underwent rapid burial to depths of ~15 km between 2701 and 2697 Ma.
Cooling and reheating between M1 and M2 is indicated by new biotite growth during
S4 in the Hilltop Creek Fauit.

Syn - D4 M2 metamorphism is loosely bracketed between 2697 and 2678 Ma.
Metamorphic temperatures estimated from hornblende - plagioclase thermometry are
statistically indistinguishable between panels, across the Hilltop Creek fault and the
Robert Lake zone. The highest temperatures using Holland and Blundy (1994)
calculations are within the central panel (660°C), consistent with TWEEQU data.
Gamets from central panel amphibolite have high grossular contents that yield a
range of pressure between 5 and >11 kbar. These gamnets are not in textural
equilibrium with the matrix, and may relate to high-Ca bulk compositions or less

likely, to an early higher pressure segment of the PT path.
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Figure 6-1: Fine-grained amphibolite from the margin of the Central Sturgeon greenstone
belt (A) and the Southern panel (B,C (close up of B),D,E.F). Very fine — grained
titanite overgrows homblende-defined fabrics in all samples. Clinopyroxene in
B.C and D is partly altered to fine — grained chlorite and epidote. S4 is defined by
biotite in E, and weakly by hornblende in B,F. F: Emerald green homblende from
the Hilltop Lake amphibolite.
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Figure 6-2: A,B,C,D,E: Southern sedimentary group. A: Gamet — biotite
metasedimentary schist. B: Cordierite — biotite schist. C: Cummingtonite
porphyroblast. D: Homblende overgrowing biotite. E: Homblende-rich and
quartz-rich layering in metasedimentary layer. F: Pyrite and magnetite
overgrowing cordierite — biotite — muscovite — quartz in iron formation from the
northern sedimentary group near the Hilltop Creek Fault.
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Figure 6-3: Coarse grained amphibolite from the central panel. A: Clinopyroxene and
epidote amphibolite, Rude Lake package. B: Late hematite overgrowing biotite
(S4). C: Aligned hornblende overgrown by clinopyroxene porphyroblast.






Table 6-2: Mole fractions (converted to mole %)

Pelite Grs Pyp Alm Sp
Rim 4 11 82 2
4 14 79 3
4 11 82 2
Midpoint 4 12 81 2
5 12 81 2
4 13 81 2
Core 5 13 80 2
5 12 81 3
5 13 80 2
Amphibolite Grs Pyp Alm Sp
1734 36 10 48 6
36 10 48 6
35 10 49 6
35 10 48 6
36 10 47 7
37 9 48 6
J121 32 10 53 5
32 10 53 5
30 11 53 5
34 7 55 4
31 7 58 4
33 7 56 5
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Figure 6-4: A: Sillimanite — biotite — cordierite — garnet S3 fabric crenulated by F4. B:
Garnet in pelite. Weak foliation from felsic mineral inclusion trails.
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Figure 6-5: A: Titanite inclusion in epidote overgrowing biotite. B: Crenulations in
granodiorite. C: S4 cleavage defined by biotite and chlorite in felsic sill, <25 m
east of the Hilltop Creek Fault.
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Figure 6-6: The Hilltop Creek Fault zone. A: Rutile boudinaged parallel to S3 in chlorite
- sericite matrix. Weak S4 is defined by aligned chlorite and biotite. B: Late
hematite porphyroblasts. Hematite overgrows and is overgrown by epidote.

Also, note secondary overgrowths of chlorite defining S4.
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Figure 6-7: Coarse - grained northern panel amphibolite. A,B,C: Actinolite overgrowths.
B: Hornblende rims altered to actinolite. D: Abundant epidote in amphibolite. E:

Hornblende — quartz intergrowth texture.
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Figure 6-8: Graphical representation of garnet with rim sillimanite, bioite, plagioclase,
cordierite and quartz using TWEEQU, version 2.01. The same run using version
1.02 yielded pressure between 3.5-5.3 kbar, and temperature between 620-700°C.
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5)4Si+5Qz+2Ph+2AIm=2Ann+3Cd



199

Figure 6-9: Graphical representation of PT conditions defined by gamet rim, homblende,
plagioclase and quartz in amphibolite, using TWEEQU version 1.02.
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Figure 6-10: Garnet with resorbed appearance in amphibolite. Matrix consists of
homblende-plagioclase+/-quartz.
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Table 6-8: Results from hornblende-plagioclase thermometry.
Table b compares the average temperatures from various units,
panels, and the Sturgeon greenstone belt

TEMPERATURE (Celsius)
SAMPLE T1 (edenite-tremolite) T2 (edenite-richterite)
" J804-Al" 723 564
" J804-A2" 717 584
" JRO4-A3" 145 588
" J510-A1" 760 630
" J510-A2" 741 611
" JS10-A3" 771 647
“P857B-Al" 747 591
"P857B-A2" 950 739
"P857B-A3" 839 602
"P857B-A4" 917 716
" Ji21-Al" 811 622
" J121-A2" 780 570
" J121-A3" 856 744
" J121-A4" 759 652
" J734-A1" 775 643
* J734-A2" 754 658
" 1734-A3" 741 512
" J339-A1" 788 685
* J339-A2" 836 736
" J339-A3" 907 775
" 1356-A1" 761 597
* §356-A2" 744 656
" 1356-A3" 783 677
* J135-A1" 774 606
* J135-A2" 855 591
Table b: T2 Edenite-richterite
Sample Assemblage Average T Standard deviation
j804 Sturgeon 579 12
js1o Hilltop Lake 629 17
p857b Mountairy Lake 662 76
j121 Brightsand River 647 72
j734 Rude Lake 604 80
j339 Scruffy Lake 732 45
j356 Stinson 643 41
jl35 Northern 599 10
Location (panel)
- Sturgeon belt 579 12
- Southern panel 648 57
- Central panel 660 80

- Northern panel 626 38
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Figure 6-11: Histogram of temperatures determined with T2 (Holland and Blundy.
1994). Thick horizontal bar denotes average temperature, shown with standard

deviation.
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Figure 6-12: Pressure-temperature-time path from ~2700 Ma to 2670 Ma. Dates referred

to are in Ma, zm=metamorphic zircon, zi=igneous zircon, t=titanite. Following
the deposition of sediment at 2701 Ma, the area was buried to a depth of 15 km
and heated to ca. 650°C. Metamorphic zircon of 2697 Ma (Davis, 1990) in
tonalite gneiss is the same age as 2697 Ma granodiorite that cross-cuts S3.
Monazite grains (2687 — 2694 Ma) from sillimanite — pelite used to determine
peak metamorphic conditions may indicate prolonged high temperature or
circulation of hydrothermal fluids during cooling. Cooling between D3 and D4 is
indicated by biotite overgrowths in D3a Hilltop Creek Fault; reheating occurred
during D4 (M2). The 2688 Ma Wapikaimaski Lake pluton (V. McNicoll,
unpublished result) is cut by D4a shear zones. Titanite ages shown (2685, 2670
Ma from Percival et al., 1999b) reflect cooling subsequent to deformation and
metamorphism. Cooling ages for titanite taken from Heaman and Parrish, (1991)
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CHAPTER 7: SUMMARY AND CONCLUSIONS
This chapter will integrate the results and interpretations of the preceding
chapters, summarizing regional correlations and local constraints on deformation and
metamorphism. A regional model, which includes those constraints defined for the

evolution of the Brightsand Forest area, is proposed for Neoarchean tectonism from 2725

to 2670 Ma.

CORRELATION OF MAP UNITS: SUMMARY OF INTERPRETATIONS
Southern Panel

Amphibolite is continuous beneath sporadic glacial cover with lower grade
massive and pillowed mafic volcanic rocks in the southeastern portion of the Sturgeon
Lake greenstone belt. Southern panel amphibolites are correlated with the South
Sturgeon and Central Sturgeon volcanic assemblages in the Sturgeon Lake greenstone
belt on the basis of observed along-strike continuity and geochemical similarity, where
data is available. Correlation of the Mountairy Lake amphibolite to volcanic rocks of the
South Sturgeon assemblage is also possible. Fine-grained plagioclase-porphyritic gabbro
dykes and sills are common within the South Sturgeon assemblage, representing part of
the submarine caldera complex of Morton et al. (1991). Likewise, the southern panel
amphibolites, most notably on Mountairy Lake, contain layer-parallel tectonized,
intermediate rock units (likely andesitic in composition), similar to gabbros of the South
Sturgeon assemblage. The Hilltop Lake amphibolite is correlated with the Central

Sturgeon assemblage, interpreted as an intravolcanic rift sequence by Sanborn-Barrie and
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Skulski (1999). High TiO; contents characterize some Central Sturgeon basalts, and are
also recognized in the Hilltop Lake amphibolite (Chapter 3).

The southern and northern sedimentary groups of the southern panel are correlated
on the basis of strike continuity with the <2720 Ma Princess-Post and ca. 2720 Ma Quest
Lake sedimentary groups respectively (Chapter 2).

Central Panel

Central panel rocks are more difficult to correlate with known units to the west
owing to structural discontinuities and ambiguous geochemical affinities with the
Sturgeon Lake greenstone belt. It is possible that some units, if not all, are equivalent to
Jutten group continental margin volcanic rocks in the Sturgeon Lake-Savant Lake
greenstone belt. In particular, the Rude Lake amphibolite package trace element
signatures (Chapter 3) are indistinguishable from those of Jutten group volcanic rocks
located to the northwest.

Quartz-rich metasedimentary rocks within the central panel were deposited after
2701 Ma. These rocks are similar in age to <2701 Ma quartz-rich arenites of the
Princess-Post assemblage, <2704 Ma greywacke turbidites of the Savant sedimentary
group, <2703 Ma greywackes of the Awkward Lake assemblage in the Obonga Lake
greenstone belt, and <2706 Ma conglomeratic rocks of the Onaman-Tashota belt
(Sanborn-Barrie et al., 2002; Sanborn-Barrie and Skulski, 1999; Tomlinson et al., 2002:
Stott et al., 2002; and Percival et al., 2002). These data are plotted according to location
on Fig. 7-1.

The fine-grained, 2707 Ma felsic sill west of Rude Lake exhibits similar trace

element characteristics to proximal granodiorites of the central Wabigoon granitoid
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corridor, dated at 2709 Ma 25 km to the north (Whalen et al., in press), and 2703 Ma
dacite in the northern Obonga greenstone belt (Tomlinson et al., 2002). Two possibilities
exist for the origin of this sill, within the context of models proposed for the generation of
the Obonga dacite and central Wabigoon granodiorite. Tomlinson et al. (2002) suggested
that the Obonga dacite could be the Archean equivalent of a Cenozoic adakite and that its
genesis therefore involved a slab melt component. More likely, the felsic sill is a higher-
level expression of granodioritic plutonism, interpreted by Whalen et al. (in press) to
represent continental arc magmatism.

Northern Panel

Trace element geochemical profiles of amphibolite units in the northern panel are
most similar to those of the Brightsand River and Scruffy Lake amphibolite units within
the central panel (Chapter 3). Both the northern and central panel amphibolite units
compare favourably with mafic units of the Jutten group. Homblende-tonalite (Th) may
represent an early phase of magmatism, as it carries D1 through D4 structures. It could
correlate with similarly complex tonalite gneisses on Harmon Lake dated at ca. 2.89.
2.774, and 2.72 Ga (McNicoll, unpublished data 1999).

Significance of the Hilitop Creek fault zone

Cataclastic rocks in the Hilltop Creek fault zone are distinctive in that they
preserve evidence of pre-D4 brittle deformation. Brittle D3 structures were overprinted
by late D3 ductile features, and S4 foliation defined by M2 mineral growth. It is possible
that this zone marks the transition from oceanic rocks in the southern panel to continental
rocks within the central and northern panels. However, the Hilltop Creek fault is a late

feature, and the collision between the west and central Wabigoon would pre-date the
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development of this structure by >10-25 million years. Therefore, the Hilltop Creek fault
is unlikely to be the surface expression of the enigmatic suture proposed by Sanborn-
Barrie and Skulski (1999) to lie beneath the Savant sedimentary group within the

Sturgeon-Savant belt, although it may lie along the same boundary.

REGIONAL CORRELATION OF DEFORMATION

Polyphase ductile deformation has been documented in several greenstone belts
and gneissic domains in the Wabigoon subprovince, and is summarized in Fig. 7-1. Also
included for comparison is the southern margin of the Winnipeg River subprovince, most
notably in the Lake of the Woods area. Evidence for Mesoarchean deformation comes
from gneisses in the Winnipeg River subprovince. Neoarchean (ca. 2715 Ma)
deformation structures have been inferred within supracrustal and plutonic gneissic rocks
in the western, central, and eastern Wabigoon subprovince. At ca. 2.7 Ga, deposition of
metasedimentary rocks is related temporally to a subsequent. regionally penetrative
ductile deformation (D3 of this study) that affected most rock types. D4 variably affected

the rocks of the Wabigoon subprovince.

TECTONIC EVOLUTION OF THE BRIGHTSAND FOREST AREA

The Brightsand Forest area is located within the boundary region between the
western and central Wabigoon subprovince. Large scale features of subprovince
boundaries have parallels at many greenstone belt margins, and the study area is of two-
fold significance in this respect. It is located at the margin of a greenstone belt, while

also straddling the boundary between domains of broadly juvenile Neoarchean rocks to
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the west, and granitoid rocks with Mesoarchean ancestry in the west. The implications of
this study regarding the Neoarchean assembly of the western and central Wabigoon
hinges on the history of deformation and metamorphism as constrained by field
relationships and geochronology.

Observations from the Sturgeon Lake greenstone belt and Brightsand Forest area
suggest that the central and western Wabigoon subprovince may have evolved as a
common entity, at least since ca. 2725 Ma. In Chapter 5, early deformation (D1 and D2)
in the map area was bracketed between 2725 and 2715 Ma. Constraints from the
Pipestone Lake area, 225 km to the southwest, in the western Wabigoon subprovince
(Fig. 7-1), indicate an early deformation event between 2727 and 2712 Ma (Edwards and
Stauffer, 1999). In the Lake of the Woods area, thrusting of north-western Wabigoon
greenstones onto the sialic Winnipeg River subprovince occurred by 2709 Ma (Davis and
Smith, 1991). Further evidence that collision between western Wabigoon greenstones
and older continental crust occurred prior to ca. 2710 Ma includes the presence of 3 Ga
zircon in <2716 Ma sedimentary rocks of the Warclub group near the northern margin of
the western Wabigoon (Davis, 1996), and the presence of 2802 Ma inherited zircon in
2708 Ma igneous rocks (Davis and Smith, 1991), in the northwestern Wabigoon
subprovince (see Chapter 5).

The inference that collision between the western and central Wabigoon domains
occurred prior to 2710 Ma brings into question the significance of sedimentary rocks
deposited ca. 2.7 Ga throughout the Wabigoon subprovince (Fralick et al., 1992),
including the Sturgeon Lake-Savant Lake belt, Obonga belt, Onaman-Tashota belt and

Brightsand Forest area. Previous interpretations of these rocks as foredeep deposits
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related to a ca. 2700 Ma ocean-continent collision (Sanborn-Barrie and Skulski, 1999) are

seemingly not valid. However, <2.701 Ga sedimentary rocks were rapidly buried to 15

km depths and heated by 2697 Ma, implying a close linkage between sedimentation and

tectonic activity. Figure 7-2 illustrates convergence between the western and central

Wabigoon with schematic sections at different time intervals. The main features of the

tectonic evolution model include:

1)

2)

3)

Initial collision of the western Wabigoon with the central Wabigoon
subprovince occurred by ca. 2710 Ma (at the latest, Fig. 7-2i). This resulted in
production of ductile D1 and D2 structures in central Wabigoon plutonic rocks
and pre-D1 folds within the Sturgeon Lake belt. South of the Wabigoon
subprovince, northward subduction (of a presumed oceanic plate) is inferred
from 2745-2718 Ma arc and arc-rift volcanism in the Sturgeon Lake
greenstone belt.

A subduction zone reversal at ca. 2700 Ma resulted in the obduction of the
putative oceanic plate onto the Wabigoon subprovince. This was
accompanied by the widespread deposition of foredeep sediments on hot arc
N-S compression after 2690 Ma generated open east-trending F4 folds.

producing regional uplift of the central Wabigoon subprovince (Fig. 7-2iv)

There are few constraints on the orientation of ca. 2710 Ma convergence which

produced early penetrative deformation structures in the map area. It is apparent from

structural evidence in the Rude Lake tonalite gneiss (TgR) and hornblende tonalite (Th)
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that there were two phases to this deformation: D1 and D2. Because they are inferred to
be related to collision between the western and central Wabigoon subprovince, these
structures might reflect a change in convergence (from oblique and(or) transpressive to
direct or vice versa).

Widespread deposition of sedimentary rocks occurred throughout the Wabigoon
subprovince between <2.706 and <2.701 Ma (Fralick and Davis, 1999; Stott et al., 2002,
Sanborn-Barrie and Skulski, 1999, Tomlinson et al., 2002; Chapter 4). An unknown
terrane, possibly made up of oceanic crust, may have been obducted onto the Wabigoon
subprovince, providing a mechanism for rapid burial and metamorphism to amphibolite
facies in areas where the underlying crust had been recently magmatically active. The
upper plate invoked in this model may have been removed by erosion. or remnants could
be preserved in fold keels.

North - south directed compression after 2.69 Ga produced open east-trending F4
could be preserved within synformal structures created during D4. The geometry of
several small greenstone belts in the central Wabigoon subprovince supports this
hypothesis: the Heaven Lake, Garden Lake, Lumby Lake, and Obonga Lake greenstone
belts. In particular, the northern assemblage of the Obonga belt fulfills many of the
criteria required to be considered part of the klippe of the overriding plate postulated in
Figure 7-2. In addition to being fault bounded, the northern Obonga assemblage is
constrained by geochronology to have erupted between 2724 and 2703 Ma, which is

most significantly, Nd isotope data (e.g. Fig. 3-4) indicate that these rocks were not



218

contaminated by continental crust. Therefore, the northern Obonga assemblage volcanic
rocks are viable candidates to be part of an overriding, oceanic plate, that was thrust over
the central Wabigoon (including the older, crustally contaminated southern Obonga
assemblage volcanics) at ca. 2700 Ma. North-south D4 shortening allowed these rocks to
be preserved in a synformal keel.

Late D3 thrusting along the Hilltop Creek fault elevated the central and northern
panels. Subsequent E - W compression formed the Mountairy Lake fold and parasitic
structures not shown on Figure 7-2. F4 folding led to regional uplift and cooling that is
associated with the termination of D4 (Fig. 7-2iv). These events were followed by
sinistral-normal oblique dip slip offset between the central and northern panel along the
Robert Lake fault, and the regional Brightsand River and Wapikaimaski Lake shear zones

that developed at this time.
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CONCLUSIONS

D

2)

3)

4)

5)

Amphibolite units in the Brightsand Forest area are correlated with volcanic
assemblages in the Sturgeon Lake greenstone belt using direct evidence from
mapping, and indirect evidence from geochemistry.

U-Pb geochronology of major and minor rock types provides constraints on the
absolute timing of four episodes of Neoarchean deformation.

The metamorphic history of the area consists of 2 separate thermal events. Peak
metamorphism (M1; ca. 2700 Ma) was coincident with S3 fabric development, and
was followed by a period of cooling. Subsequent reheating (M2; ca. 2688 Ma) was
related to D4.

The main structural-metamorphic history of the study area followed the deposition of
sedimentary rocks at ca. 2700 Ma: burial, M1 metamorphism during D3 deformation;
minor cooling; D3a; D3b; M2 metamorphism during D4 deformation; and uplift and
cooling to < 550°C by ca. 2670 Ma.

The model proposed for the western-central Wabigoon boundary zone unites the
western and central domains through a D1 collision as early as 2725 Ma. Obduction
of oceanic rocks from the south is the suggested mechanism to account for deposition

and rapid burial of ca. 2700 Ma sediments and underlying composite terrane.
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Figure 7-1: Correlation of deformation events in the Wabigoon subprovince.
Deformation chronologies are linked by colour across the Wabigoon. Also
shown, are sedimentary rocks deposited after 2706-2701 Ma.

1,2: Lake of the Woods greenstone bell, Kenora gneisses: Corfu. 1988 and Melnyk et al..
2000

3: Pipestone Lake area: Edwards and Stauffer. 1999

4: Lac Seul, Miniss River area: Bethune et al.. 2000

§: Onaman-Tashota greenstone belt: Stott et al., 2000

6,7: Warclub group, Savant sedimentary group. Davis 1996
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Figure 7-2

i) Initial collision of the western Wabigoon with the central Wabigoon was
accomplished by ca. 2710 Ma.

ii) Subduction reversal south of the Wabigoon. Oceanic rocks are obducted onto the
Wabigoon subprovince.

iii) Rapid burial ensues, including over-ridden foredeep sediments.

iv) N-S compression generates open east-trending folds, driving uplift and
exhumation.



i: ~2725-2710 Ma

ii: 2710-2700 Ma

Subduction reversal

Ca. 2700 Ma sedimenss, being deposieed in
fromt of the advancing thrust

>> HCF
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DESCRIPTIVE NOTES

INTRODUCTION

As a contribution 10 the Western Superior NATMAP project, detailed mapping of the southeastern margin of the
Sturgeon Lake greenstone beit area was undertaken in order to further understand the relationship between rocks
with Mesoarchean ancestry in the central Wabigoon subprovince and Neoarchean supracrustal rocks of the western

Wabigoon subprovince (Fig. 1).

GEOLOGICAL SETTING

The Central Wabigoon subprovince was postulated to represent Mesoarchean basement (Thurston and Davis 1985)
to supracrustal units of the western Wabigoon subprovince (Blackburn et al., 1991). Near the interface between these
two distinct regions, the Sturgeon Lake - Savant Lake ne beit consists of several differert voicanic
sssembiages, which together record a prolonged history, beginning with post ca. 2.9 Ga (Davis and Moore 1991)
rifing and formation of the Jutten continental margin sequence. Subsequently. oceanic platsau (2.775 Ga), arc
(2.745-2.733 Ga) and arc-ift (2.718 Ga) saquences formed outboard of the continental margin (Sanbom-Barrie and
Skulski, 1999; Skulski et al., 1999). Collision between the continental margin sequence and composite oceanic
terrane occurred by ca. 2.7 Ga; the interface is marked by the < 2.704 Ga Savant Lake sedimentary group, interpreted
as & foredesp sequence (Sanborn-Barrie and Skulski 1999; Skulski et al. 1998). The Obonga Lake greenstone beitis
located approximately 40 km east of the map area. Itis divided into 3 parts. The southern assemblage is & northward-
younging package of mafic and feisic (2.734-2.726 Ga) voicanic racks (Tomlinson et al. 1999), separated from the
northern assemblage by a core zone made up mainly of gabbroic rocks (Sage, 1998) dated at 2.733 Ga (Tomiinson et
ol 1999). The northern assemblage consists largely of southward-younging mafic voicanic and metasedimentary
units, as weil s serpentinite and gabbroic intrusive bodies. Detrital zircon populations from sandstone units provide
maximum depositional ages of 2.724 and 2.702 Ga (Tomlinson et al. 1999; Percivai et al. 2000). Geochronology and
stratigraphic discrepancies require a significant tectonic break between the northern and southem assemblages
(Percival and Stott 2000).

Located at the southeastern margin of the Sturgeon Lake greenstone beit, the present map area straddles the
interface between the western and centra! Wabigoon subprovince (Fig. 1). Rogers (1964) first mapped attenusted
screens of supracrustal rock extending from the greenstone beit eastward into the map area.

LITHOTECTONIC MAP UNITS

The Hilltop Creek fault (HCF) and Robert Lake fault (RLF)Fig. 2) divide the map area into lithologically distinct
structursi paneis. From south 1o north, the grain size of amphibolites increases with the volume of pegmatitic
intrusions, suggesting deeper structural ievels, atleast in the northernmost panel.

NEOARCHEAN SUPRACRUSTAL ROCKS:

SOUTHERN PANEL
Amphibolite of the southern panel (unit As) is fine- to medium-grained, with mineral assemblages containing 70-80%
homblends with subsidiary plagiociase, minor clinopyraxsne and garnet, and accessory amounts of titanite, epidote
and chiorite. The southem panel amphibolites are continuous siong strike to the west with the Central Sturgeon
sequence (2.718 Ga arc-rift sequence of Sanborn-Barrie and Skulski 1999). A small unit of reistively massive, coarse-
grained gabbro (unit Gb) occurs in the hinge of the map-scale N-S foid centred on Mountairy Lake. This unit is
mylonitic in southem Mauntairy Laks. North of Mountairy Lake, the amphibolite screen is bound by sedimentary rocks
to the south and north. To the south, sedimentary package (unit Sa) consists of sandstone and greywacks, whereas
the northem (unit Sb) includes discontinuous units of granitoid clast conglomerate, siate, quartz-rich sandstone and
greywacks. Oxide-facies iron formation occurs in proximity to the Hilltop Creek fauit. The two sedimentary units can
be correlated with the Post and Quest Lake sedimentary packages respectively, of the Sturgeon Lake greenstone beit
(Trowsll 1983, Skulski ot al. 1998). Weet of the map ares, graded bedding and scour features indicate younging to the
north in both packages.

East of Mountsiry Lake, the Hilltop Creek fauit is a < 100m wide cataclastic zone (UNIT C) with fragments of
granite, amphibolits, exhalative sedimentary rocks, and silicate-facies iron formation, setin a foliated, fine-grained
matrix with abundant chiorite, epidote, hematite, metamorphic rutile, and finely disseminated sulphides.

CENTRAL PANEL

North of the HCF, amphibolite units (unit Ac) are medium-grained with mineral assemblages containing
hombiende-plagiociase ¢ garnet 3 clinopyroxene ¢ epidote 4 titanite : quartz. Plagiociase is variably altered to
sausserite. A thick unit of amphibolite associated with quartz-rich sandstone (unit Sq) and conglomerate (unit Sc)is
referred to as the Rude Lake Conglomerate at the southern edge of the package is in tectonic contact with
amphibalite, possibly along a spiay of the HCF. The narrow (< 10 m) unit of conglomerate consists of pebbie-sized
clasts of granodiorite and voicanic rock, and contains thin, quartz-rich, sandy beds. At the northern margin of this
supracrustal package, metre-scale layers of quartz-rich, biotite-plagiociase-quartz sandstone (unit Sq) are
interiayered with gametiferous amphibolite. A quartz-rich rock yieided detrital zircon ages between 2.985 and 2.701
Ga (J. Brown and V. McNicoll, unputlished data, 2000, 2001). These rocks were deposited after 2.701 Ga, the age of
the youngest grain, and may correiate with the Savant sedimentary group to the west and northern Obonga sediments
tothe east.

A 2 km thick pod of fine-grained felsic rock occurs within the Rude Lake package. The contacts of the
homogeneous, plagiociase-quartz + biotite + muscovite + pyrite rock are not exposed. The feisic unit is associsted
with muscovite schist, which sxhibits N-S crenulations of schistose iayers. Zircons from the feisic unit yieided &
preliminary U/Pb age of 2707 & 2 Ma, interpreted as its crystalfization age (J. Brown ang V. McNicoll, unpublished
data, 2000) and provide & minimum age for the Rude Lake mafic package.
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sformation event (J. Brown and V. McNicoll, unpublished data, 2000).
oliated, medium-grained diorite 10 quartz-diorite occurs as dykes and silis. in one locality, south of Scruffy Lake,
bears to be late-comagmatic with fine-grained biotite-granite ( < 10% biotite).

ite (unit G):

massive to wealkly foliated leucocratic granitic rocks ( < 5-10% biotite) occur commonly, as dykse, sills, and
of pegmatite, apiite, and medium-grained monzogranits. Several generstions of iste granites are evident

gh cross-cutting relationships. Many of the pegmatites are garnet and muscovite bearing, rarely with tourmaline

Gg).

‘ORMATION AND METAMORPHISM

in the southeastermn Sturgeon beit area up to 4 phases of deformation are recognized and constrained by

hronology and cross-cutting relationships.

D1 and D2 structures are rarely preserved in the map area owing in pant to overprinting by penetrative planar D3
s. D1 gneiseosity, present in gneisses on Harmon Lake and west of Rude Lake, is foided into tight, upright, F2

. At and north of Robert Lake, hornblende-biotite tonalite and tonalite gneiss carry a penetrative S2 folistion

h is crenulsted into tight to ciose, locally chevron type F3 foids, in tum openly foided by F4.
eochronological constraints on D1 and D2 come from a tonalite dyke in central Harmon Lake dated at 2714 Ma
ival et al. 1999), which cuts S1 gneissosity and F2 folds, but carries an S3 foliation. The compiex tonalite gneiss
west of Rude Lake deted st 2723 Ma provides & maximum age for D1.
he D3 event affected most rock types, resulting in the deveiopment of & penetrative folistion in previously

pformed rocks and foiding of heterogeneous, layered rocks into F3 foids. In some sreas, S3 folistion is defined by
atitic layering, formed near the metamorphic psak. TWQ thermobarometry of gamet-sillimanite-cordierite -
a-plagiociase-quartz minersl assembiages in metapelite near Robert Lake suggest peek metamorphism in the
al panel occurred st pressures between 4 and 5 kbar at temperatures of 850 + 500C, consistent with

hibolite-facies metamorphic conditions.
he Hilltop Creek fault zone is curved st map-ecale from NW- to N-trending, while at the outcrop scale, the
lastic fabric is crenulated by small-scale, east-trending foids of probable D4 generation. Accordingly, the Hilltop

k fault repressnts a zone of pre-D4 brittie deformation that was subsequently foided. The cataciastic zone can be
polated eastward beneath cover 10 some extent.

An open, map-ecale foid centered on Mountairy Lake plunges steeply north and affects bedding, S3 foliation and
illtop Creek fauit. its trend is at & high angie to regional D4 structures and rocks on its eastern flank exhibit F4
;lations. Based on these cbeervations, this unique fold is inferred 1o be Iate D3 in age. Amphibolite units east of
old preserve L3 minersi lineations, and exhibit “S°® foids that couid be parasitic to the Mountairy Laks foid.

Biotite-muscovite granodiorite dykes throughout the central panel cut S3 foliation and isyering, and intrude

lie! to the trend of F4 foid axss (000). igneous zircon from this rock yieided an age of 2697 Ma (J. Brown and V.
icall, unpublished data, 2000), providing an upper limit for D3 deformation in the Brightsand Forest area.

D4 structures occur most commonily as gently ENE-plunging foide, and mescscaie F4 foids of S3 iayering are

mon. Broad hinge zones are accompanied by shallow-plunging quartz rodding and other mineral lineations (L4),
eas limbs of F4 folds are generally steep. Within the central panei, the axial trace of a map-scale F4 synform is

hiy paraliel to the trand of most map units.
he Wapikaimaski Lake and Brightsand River shear zones are east-northeast-trending sinistral ductiie D4
gtures characterized by subhorizontal quartz stretching lineations (Percival etal. 1999). The Robert Lake faultisa
je feature characterizad by steeply- to moderately-dipping eest-northeast-trending minerai lineations, similar in
1o the regional D4 shear zones. Post-tectonic titanite from the Brightsand River shear zone provided a minimum

) age of 2678 Ma for D4 deformation (J. Brown and V. McNicoll, unpublished dats, 2000).

The Hilltop Creek and Robert Lake fauits divide the study area into sigmoidal z-shaped panels as they deflect into
sgional Wapiksimaski Lake and Brightsand River shear zones, consistent with an overall sinistral sense of

scurrent movement. Brown et al. (2000) used Lithoprobe seismic data to examine the attitudes of theee faults in

third dimension, in conjunction with hornbiende-piagiociase thermometry of amphibolites to determine
ances in metamorphic tempersture across the faults and between panels. The resulting interpretation is that
tauits dip steeply north. The Hilltlop Creek fault is a high angle reverse structure, wheress the Robert Lake faultis
or, north-dipping feature with normal slip. Therefore the central panei has pop-up geometry, aithough its bounding

s are probably of different generations.
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Granite: medium- to coarse-grained (o pegmatiic or apiltic, massive o
folieted, biotite + magnetite granite; cocurs a8 piutons and pegmatite d|

Granite: leucocratic with biotite + muscovite + gamet granie; ocours 84
pegmatite dyke swarms

Diorite: medium-grained, follated to migmatitic, hornblende-biothe diori
gabbro, quartz diorite, Quartz gabbro

Porphyritic granodiorite (ce. 2685 Ma): medium- (0 coarse-grained, K-f
porphyritic or megacrystic, homogeneous, wealdy folisted biotite + hort
granodiorite. Varies to monzodiorite, quartz monzodiorite, quartz dioni
gabbro

Felsic sl (2707 Ma): fine-grained, plagiociase-quariz-biothe-pyrite tor
with central panel amphiboiites; inciucies s0me muscovite-biothe pyrie

Granodiorite (ca. 2709 Ms) medium- t0 coarse-grained, homogeneous,
biotie-granodiorite; locally migmatitic with 5-10% leucocratic segregets

Mafic dyke-bearing zone: zone containing medium-grained amphiboit
tonelte and tonalte gneiss (units Tg, Th); folieted and transposed adfe
Robert Lake faukt

Gabbroic intrusions: medium- 10 coarse-grained, wealdy 10 strongly foll
myloniic

Hombiende + biothe tonaite: medium- (o coarse-grained, strongly fokia
granodiorite; locally hornblende porphyritic

Tonalite (ce. 2722-2710 Ma): medium-grained, homogeneous, follated
hombiends tonalite; locally migmatitic (5-10% leucocratic segregations
quartz diorite and trondhjemite; may include oider homogeneous tonall
Ma)

Tonalte orthogneiss: compositionally /ayered rocks consisting of medk
Dbiothte tonalite melancsome and 5-20% leucosome of medium-grained
tonalfe
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preliminery U/Pb age of 2707 + 2 Me, interpreted as its crystallization age (J. Bn
dats, 2000) and provide a minimum age for the Rude Lake mafic package.

Tonalite gneies
These rocks are fine- 10 medium-grained biotite-plagiociase-quartz rocks with u
gneiesosity is folded by isociingl F2 foids and overprinted by regional D3 and D4 stn

The single tonalite gneies unit deted in the map area, at Rude Lake (unit T
However, similar rocks east of Harmon Laks (unit Th), 12 km northeast of the mag
relstionships and geochronology indicating that the gneisses have & protolith ¢
generation of zircon at ca. 2.083 Ga (V. McNicoll, unpublished data, 1998).

The northernmost amphibolite unit within the central panel is exposed in the
sssocisted with thin units of muscovite-gemet-sillimanita-cordierite metapelite
formation (sif), which can be traced from Robert Laks westward for several kilo:
northwest 10 Hiltop Lake on the basis of asromagnetic data. in several locations
tectonic contact with granitoid units 10 the north. The fault zones are charact
extensive epidote aiteration, and local brecciation. The Robert Lake fauit (RLF)is.
loi.pcdno the northemn end central panels. [t is characterized by moderatel)

NORTHERN PANEL
Amphiboite (unit An) in the northern panel is coarse-grained with mineral asser
ite-titanite-epidote-quartz + ciinopyraxene. Amphibolite units ¢
generations of plutons, and in some areas can be traced only as enclave traing
occur locally. intense retrograde alterstion to chiorite-muscovite-sausserite is
plagiociase after garmnet are common.
Uttramafic rocks (unit Um) occur as pods and layers of distinctive coarse-
crystais up 10 10.cm in size, associsted with gabbroic [ayers containing nodular plag

NEOARCHEAN INTRUSIVE ROCKS:

Tonalite gneiss (unit Tg):

Thees rocks are fine- to medium-grained biotite-plagiociase-quartz rocks, with up
mm- 1o cm-ecale banding. Compositional iayering is generally parsliel to grain-sca
in complex units, or $3in less compiexiy deformed bodies. A lens of tonalite gneist
is the most structuraily compiex unit in the region, illustrating up to 11 phases ¢
intrusion (Percival 1998). The oidest phase of this unit yislded a preiiminary U-Pb2
andV. McNicoll, unpublished dats, 2000).

Homogeneous tonalite (T):
Based on cross-cutting relationships and existing geochronology, several genert
the map sheet. A tonalite body north of Robert Lake (unit Th) can be distinguishe(
structural complexity. The coarse- to medium-grained hornblende-bictite-plagiocl
or gneissosity, folded ino tight F3 foids and overprinted by apen F4 warps. Aset
Robert Leks cut S2-foliated tonalite, but are cut by granodiorite and granite.
Eisewhere, tonalite has not been subdivided further, as there is insufficient
most part, tonalite bodies are medium-grained plagiociass-quartz-biotite + horn|
onebody eastof Harmon Lake was dated at 2774 + 2Ma, with metamorphic graing
Medium- 10 coarse-grained. S3-folisted, homogeneous, biotite tonalite it
throughoutthe region. A tonalite dyke from Harmon Lake was dated at 2M4Ma (V.
The dyks cuts tonalite gneiss carrying D1 and D2 structures (Percival 1998, Fig. 6).
Granodiorite:
Foliated, medium-grained, homogenous, biotite granodiorite (unit Gd) occurs in ¥
sheet. It is progressively reworked within the Brightsand River shear zone, and
southern panel. Homogeneous biotite grancdiorite from Seseganaga Lake 25km
Pb age of 2700 Ma (Percivai et al., 1999).
Smail bodies of coarse-grained, K-feidspar porphyritic, bictite-hornblende gra
to larger piutons 10 the east of the map sheet (e.9., Wapikaimaski Lake, 2688 Ma; V.
Waest of Robert Lake, folisted biotite-muscavite granodiorite dykes crost
supracrustal rocks. The dykes intrude along the trend of regional F4 axial traces (
S4 folistion. igneous zircon from one such dyke yieided an age of 2697 Ma, yield

ENGLISH RIVER
BPROVINCE

IWINNIPEG RIVER
i SUBPROVINCE
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Tonallle orthogneiss: composiionally layered rocks co
biothe fonalle melanceome and 5-20% leucosome of
lonalte

Tonallle orthogneles ("Rude Lake’): cmmmw
fonalle injectad with several generations of
awwuwnmuumnmmmmrmummm
including refoided foids

greywacke, and oxide-facies (magnethe) iron formetion

Amphibolte, southemn panel: fine-, medium- or ¢ G
plagiociase + chiorite 1 epidote + gamet + clinopyroxene sc.
from massive and pilowed basskt and andesite; inciudes sc
possible feisic volcanic (<2 m thick) layers

CENTRAL PANEL

Semipeite: coarse-grained gamet-cordierite-sillimanite sc
um#um&wmuwﬂwHUNQMquﬁm

Conglomerate: clast-supported congiomerate consisting of p
clasts in a ine-grained maetrix varying from biotite- to quartz-,
interiayered with quartz-rich arenite layers. Highly attenueted
Hiltop Creek fault

Quartz-rich sandstone (<2701 Me): Quartz-piagiociase-biotie
preserved bedding

Amphibolite, central panel: medium- to coerse-grained, fo
plagiociase + gamet + Quartz : clinopyroxene + epidote sci

NORTHERN PANEL
Mafic-uitramafic intrusions: medium-grained,

plagiociase porp
includes some very coarse-grained pyroxenite (grain size to

northern panel amphiboite units

Amphibolite, northern panel: coerse- (0 medium-grained, 10
hornblende-plagiociase-quartz-biothe + clinopyroxens schist
retrogradie asseinblages of actinoite-plagiociase-epidote

seusserite

UNSUBDIVIDED UNITS
Amphibolite: medium- to fine-grained, follated to gnelssic ho
Dbiothe schist

SYMBOLS

Geological boundary; compiled from existing SOurces or interpreted from

|
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