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TEXT FIGURE CAPTIONS

1.1 Location maps of the area studied: (a) Tectonic map of Ontario 
indicating the major subprovincial units. Stippled zone is the area 
studied during seasons 1984-86. (b) Map showing towns and subprovince 
boundaries. Outlined area indicates area covered by this report.

1.2 Some previous work (post - 1950) in the area. Inset lists detailed 
studies where location of a study was not confined to a specific area.

1.3 Geological map of the BGT and QST. Modified from Stott (1984a, 
1984b; Devaney 1987) and this study.

2.1 Undeformed pillows exhibiting poorly developed cusps. A definitive 
way-up determination from this locality is not possible. (C-05-33-84)

2.2 Phenocrystic material within basaltic unit at Clist Lake. This 
view is taken parallel with the stretching lineation, the porphyritic 
grains appear only sliqhtly deformed. Compare this view with Figure 
3.2. (C-03-30-85)

2.3 Cross-section along a north-south transect through the 
pre-deformati on stratigraphy as proposed by Devaney fc Williams (in 
prep.).

2.4 Thick wacke unit in the southern metasedimentary belt on Highway 
11 showing a laminated top with ripple structures. (C-03-09-85)

2.5 Graded wackes, showing northwards-fining rhythmically graded units 
up to 5 cm thick. Just above pencil, the pelitic (dark) unit is 
transected by many fine quartz veins, an indication of incipient 
breccia formation. Compare with Figures 3.31 and 3.32. (C-04-32-86)

2.6 A rare example of convolute bedding in a psammitic unit. 
(C-04-34-86)

2.7 Sandstone - pelite contact at which flame structures are regularly 
developed. Uay-up to north is determined from their asymmetry and from 
fining sequences in the wackes. Note that upper part of the pelite is 
faintly laminated, but that layering is absent within the overlying 
psammite. (C-06-31-86)

2.8 Conglomerate, showing clast composition and shape variation. The 
conglomerate is barely deformed at this locality. (C-03-20-85)

2.9 Undeformed clastic arenite dykes cutting undeformed banded iron 
formation with slight discordancy. (C-03-20-86)

2.10 Deformed version of Figure 2.9, showing parallelism of clastic 
dykes and banded iron formation layering and kinking as a result of 
simple shear deformation. Layers in iron formation are not continuous, 
but lensoid. (C-02-35-85)

2.11 Undeformed hornblende gabbro containing randomly oriented 
amphibole needles. (C-04-04-86)
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2.12 Layered gabbro. Individual layers are caused by a combination of 
size and chloritic alteration variations. (C-04-05-84)

2.13 Spectacular dewatering structures in the basal portion o-f a graded 
wacke unit within the QST. The -flames are up to 10 cm high. Above the 
 flames is a poorly developed dish structure. (C-07-23-86)

2.14 Complex dewatering -features in wacke. Note the melange o-f blocks 
o-f psammite within pelite, the convoluted contact shapes, and the 
generally un-foliated and thus undeformed nature o-f the rock, 
(C-06-19-86)

2.15 Oblique view o-f -flat outcrop, showing a pillar structure in 
structureless, clean psammite apparently cutting through overlying grey 
laminated psammites. (C-07-14-84)

2.16 Complex interfering patterns o-f pillars on a -flat outcrop. Note 
biotite concentration at pillar margins and bell-shaped pillar -form. 
(C-07-06-86)

2.17 Diagram showing idealised -features o-f pillar structures.

2.18 Pelite penetratively brecciated with red coloured quartz-sulphide 
veining. No pre-ferred orientation o-f -fragments or breccia veins is 
apparent. (C-06-25-86)

2.19 Clean, pale psammite exhibiting an erosive base, cutting into an 
underlying mixed pelite - banded iron formation unit. The discordancy 
may in part be tectonic, not sedimentary. (C-08-20-86)

3.1 Deformed mafic pillows on Highway 11, south of Beardmore. This is 
a view looking obliquely down onto a natural horizontal surface that 
parallels the YZ plane of deformation. Elongation of pillows is 
moderate, less than 5 to 1. Note that chill thickness variation is not 
more than 2 to l. On a corresponding, vertical face, paralleling the XZ 
plane, elongation is considerably more noticeable. Chill thickness 
variation, not pillow elongation, should be used at these mildly 
deformed pillow localities to estimate strain. (C-05-15-86)

3.2 Feldspar phenocrysts within basaltic volcanics at the southern 
margin of the southern volcanic belt at Clist Lake. In this section 
parallel with the YZ plane of the finite strain ellipsoid the 
phenocrysts are only slightly deformed, but are known from the XY 
section to be highly elongate along a stretching lineation. Compare 
this view with Figure 2.2 and Figure 3.7. (C-03-35-86)

3.3 Almost undeformed varioles within basaltic unit at Ralph Lake. 
There is little evidence of a schistosity at this scale. (C-04-14-85)

3.4 Road cut exposure on Highway 11 at Jellicoe exhibiting a steeply 
dipping shear zone in which a curviplanar schistosity is developed. 
Asymmetry of the schistosity indicates south (right) side down sense of
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motion. See Figure 3.57 -for larger view. (C-04-02-85)

3.5 Schistosity developed within a pillowed basaltic unit south of 
Beardmore. Note the boudinaged quartz veins, which here have 
subhorizontal axes. (C-05-14-86)

3.6 Plot o-f lineation data -for mafic rocks in the BGT on a Schmidt 
project ion.

3.7 Extremely stretched plagioclase grains viewed parallel with the XY 
plane, schistosity surface. Compare this figure with Figure 3.2. 
(C-03-31-85)

3.8 Schistosity developed in small-scale shear zone on which a 
lineation of amphibole and chlorite streaks is developed parallel with 
pencil. (C-04-04-85)

3.9 Bedding in graded wackes, a pelitic unit with psammite on each 
side, contains a discordant quartz vein. Note that vein is nearly 
orthogonal to bedding in the psammite, but is deflected, even cut, by 
individual slip surfaces, within the pelite. Kinematic indicators of 
this type invariably demonstrate inhomogeneous dextral shear strain 
along bedding planes. (C-04-09-85)

3.10 Bedding, traced from lower left to top right, is cut by a 
non-penetrative cleavage and cleavage-parallel quartz veins. Ueins are 
dextrally displaced in some units along discrete shears. In the pelitic 
unit to the left, the vein is thrown into folds which have developed by 
buckling, as determined from the prefolding increase in vein thickness. 
(0-04-10-85)

3.11 Early stage in the imbrication of wackes, with discordant, 
cleavage - parallel but curved movement zones emanating from 
bedding-parallel structures. These small-scale listric structures cause 
bedding to be cut into lozenge shaped masses. (C-08-19-86)

3.12 A more advanced stage in bedding imbrication along listric 
structures than shown in Figure 3.11. Note the classic repetition of 
the pale grey coloured unit and the fabric developed parallel with the 
pencil. From this stage, the total disruption of bedding is 
accomplished by motion on the shears that nearly parallel bedding. 
(0-08-18-86)

3.13 Elongate blocks of psammite and laminated pelitic material lying 
within a well foliated matrix of semi-pelite. Laminated block to right 
is clearly deformed and rotated internally, for lamination would likely 
have been parallel with the long axis of the block in the undeformed 
state. It is not clear to what extent this chaotic structure is 
pre-deformational , caused by soft-sediment slumping. (C-04-30-84)

3.14 En-echelon quartz-filled sigmoidal fracture system in massive 
psammite. Asymmetry of the veins seems to indicate a sinistral sense of 
shear along the array direction. Array is bounded by two slightly 
non-parallel quartz stringers. Degree of sigmoidal character varies 
along the array, perhaps the effect of a later deformation.
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(C-02-12-85)

3.15 Detailed view of same locality as shown in Figure 3.14. Note how 
the slightly sigmoidal veins become nearly parallel with the array 
direction, but are exhibiting pinch and swell, the evidence for a later 
deformation. (C-03-09-86)

3.16 Sigmoidal quartz veins preferentially deformed in a thin pelitic 
layer. These veins probably started out as dominantly layer-parallel 
structures similar to those in the enclosing psammitic horizons, but 
have been progressively rotated and folded. Note how in the folded 
zones the veins are much thicker than elsewhere. This thickening is 
part of the folding process and could be used to estimate the amount of 
shear, which is considerable only in the pelitic layer. (C-03-36-85)

3.17 Tight to isoclinal fold in wackes on Highway 11. Note how the 
non-penetrative cleavage and associated parallel quartz vein transects 
the folded layers and the axial plane of the fold structure. The north 
(left) limb of the fold is highly attenuated relative to that on the 
south. Hammer with 50 cm shaft for scale. This fold faces west, towards 
viewer, based on younging directions in folded layers. (C-04-14-85)

3.18 Plot of Beardmore Geraldton Terrane regional cleavage surfaces as 
poles on a Schmidt net.

3.19 Plot of Beardmore Geraldton Terrane bedding surfaces as poles on a 
Schmidt net.

3.20 Cleavage-bedding relations in massive, ungraded wackes on Highway 
11. Note the slight discordance between bedding and the non-penetrative 
cleavage and associated quartz vein swarm. Note especially the slight 
displacement of the quartz veins along the bedding in the foreground, 
giving them a curvilinear trace. (C-04-17-85)

3.21 Ungraded wackes with large discordance between bedding and a 
non-penetrative cleavage in pale psammite, and a penetrative cleavage 
in the dark pelitic layers. Slip along cleavage planes is dextral in 
sense. An example of a cleavage fold at the base of the photograph is 
just visible. (C-03-23-85)

3.22 Bedding, top left to bottom right, cut by quartz vein swarm 
parallel with regional cleavage. Sense of displacement on cleavage is 
dextral. (C-04-12-85)

3.23 Thinly laminated pel ite-banded iron 
folded within unfolded massive psammites. 
fold axial trace and bedding. On right 
become discrete shears where they enter the 
a clear example of the effect of layer 
(C-03-16-84)

formation asymmetrically
Note high angle between z
hand side, z folds tend to
psammite horizons. This is
viscosity on fold style.

3,24 Highly folded quartz vein within semi-pelitic wacke. At base of 
photograph, a weak pressure solution cleavage is parallel with a nearly 
straight but clearly z folded quartz vein. The vein in the central 
portion of the figure is cut by a slightly discordant pressure solution
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 fabric which outlines the axial traces of the many small -folds in the 
vein. The vein has rotated within the -folding -field o-f de-formation, 
become considerably shortened and correspondingly thickened. These
 features are only compatible with a dextral sense o-f rotation o-f the 
rock mass during non-coaxial de-formation. These types o-f folds should 
not be called ptygmatic, -for their interlimb angle is isoclinal, not 
negative. (005-16-84)

3.25 Asymmetrically z -folded mylonite at the McClelland Strippings. 
Note the lensoid nature o-f the layering, which -from evidence elsewhere 
is not bedding, but a transposed layering. Note that individual white, 
psammitic layers contain a well developed schistosity which is -folded 
about the asymmetric structures. Note the e-f-fect on -fold style by layer 
thickness and composition, the large angular relationship between the 
axial traces o-f the -folds and the mylonitic layering, a -fine s/c 
relationship. An alignment o-f platy minerals usually develops parallel 
with the axial traces o-f the asymmetric -folds. (C-05-08-84)

3.26 Z -fold structure, oriented with northeast axial trace within 
mylonitic banded iron -formation, pelitic and silty materials. Note the 
thin lamination and the lensoid nature o-f the banding. At top right, 
within a thick unit o-f psammite, the -fold becomes a dextral fault 
structure, probably an e-f-fect determined by rock competence. At times 
the -fold looks almost like a kink, having two distinct axial sur-faces 
separating a straight limb. To the le-ft o-f the main -fold structure are 
two others, o-f much smaller amplitude. All these -fold structures are 
consistently o-f this orientation and style, and are used to indicate 
the dextral shear sense o-f de-formation. (C-02-3Q-85)

3.27 Quartzitic mass with tails -formed by extreme de-formation o-f quartz 
veins. Progressive -folding and coalescence o-f -fold limbs have allowed 
the -formation o-f a mass o-f quartz which is now in the stage of being 
drawn out during continued non-coaxial deformation with a dextral sense 
o-f motion. (C-01-29-85)

3.28 Detail from Figure 3.13, showing elongated clasts in a muddy 
matrix containing angular, undeformed blocks of psammite. The complex 
contacts between clasts and matrix suggest that these rocks are not the 
result of regional deformation, but are evidence of syn-sedimentary 
slumping. (C-04-31-84)

3.29 Disrupted or boudinaged quartz vein within pel ites showing a 
strong pressure solution (c) fabric. The elongate vein fragments are 
discordant to this fabric, having attempted to line up parallel with 
the plane o-f flattening (s) in a simple shear system. Their orientation 
relative to the main fabric may indicate a dextral shear regime in 
which boudinage is usually oriented anticlockwise of the main fabric, 
This is an example of a relatively reliable kinematic indicator that 
uses s/c relations. (C-03-28-84)

3.30 Highly transposed layering in a sequence of banded iron formation, 
psammite and pelite at Oxaline Lake. Surpisingly, the rocks are very 
deformed, note the extremely thin, lensoid layering. Elsewhere on this 
outcrop, isoclinal folds have axial planes paralleling the foliation. 
In undeformed examples of this rock suite, the pale pink coarse grained
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horizons are demonstrable clastic dykes. (C-02-25-85)

3.31 Hydro-fracture breccia developed pre-ferent i al ly in pelite within 
graded wackes on Highway 11. Note how the psammitic horizons adjacent 
to the pelite are unaffected by the brecciation process. Dark coloured 
angular pelite -fragments lie within a pale grey quartzitic matrix rich 
in the detritus produced during brecciation, (C-04-31-86)

3.32 Close up o-f Figure 3.31, showing detail o-f fragment boundaries, 
in-fill o-f quartz. There is little evidence o-f cleavage in the pelite at 
this locality. (C-04-29-86)

3.33 Quartz vein stockwerke, the dominant veins are parallel with the 
regional cleavage and bedding. Reining on this scale demonstrates the 
considerable increase in volume that can occur in restricted areas. The 
thin, discordant veins that taper -from the parallel set may have filled 
extension fractures forming in a generally northwest-southeast trend, 
which is in keeping with regional dextral brittle-ductile simple shear. 
Clinometer for scale on top of outcrop. (C-05-31-84)

3.34 Highly deformed sequence of pelites and banded iron formation at 
Oxaline Lake, showing the effects of dextral sense simple shear. The 
folds and chevron and kink style crenulations have axial traces that 
curve in towards the dominant foliation, scene layers act as the locus 
of increased strain, thereby decreasing the s/c angular relationship. 
Note the concentration of micas along the axial traces, heralding the 
formation of an (s) flattening fabric. (C-02-28-85)

3.35 Within the zone of high strain south of Oxaline Lake, psammite 
interbedded with pelite. In the former, only a (c) fabric can be 
distinguished, but in the latter, a straight (s) fabric is obvious. The 
discordant fabrics have an asymmetry that demands a formation involving 
dextral sense of shear along the layering. The small-scale layer 
discordant fabric is produced by pressure solution, concentrating light 
and dark components. The angular discordance between the two fabrics is 
very sharp and surprisingly constant. (C-02-31-85)

3.36 In a zone of highly deformed mixed psammites and pelites at 
Solomon's Pillars prospect, an (s) fabric of variable orientation, 
looking like a refracted cleavage, develops at an angle to the 
lithological layering (parallel with pencil), which is also a plane of 
shear (c). (C-03-11-85)

3.37 Finely laminated pelite - banded iron formation sequence in which 
psammitic layers are boudinaged. Boudins are separated by quartz gashes 
that are not orthogonal to the layering because of the non-coaxial 
deformation with an asymmetry that suggests dextral simple shear. Note 
that out of an incipient gash a train of asymmetric z folds has 
developed with an orientation that confirms the shear sense determined 
from boudin shape. (C-03-17-84)

3.38 Asymmetric boudinage of quartz vein in pelite. Note the way in 
which the boudin fragments are joined by a sinuous stringer of quartz, 
folded in a z asymmetry. This feature is another example of the result 
of dextral simple shear deformation. (C-03-22-84)
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3.39 De-formed clasts in a conglomerate -from the southern 
metasedimentary belt. Note that granitic (pale) clasts are variably 
de-formed, some, not at all, while others are moderately elongated. 
Grey, volcanic clasts are considerably more de-formed. Note that the 
less de-formed clasts lie discordant to the -folded -foliation in the 
conglomerate, nearly parallel with the axial traces o-f the asymmetric z 
 folds. The fold asymmetry and pebble orientation are both reliable 
indicators o-f the dextral simple shear de-formation responsible -for the 
appearance of this rock. Note pencil for scale lower right. 
(C-03-24-84)

3.40 Asymmetric 'tails' developed around relatively undeformed granitic 
clasts in a deformed conglomerate. Tails indicate a dextral sense of 
shear. Darker, volcanic clasts are considerably more elongate and show 
no asymmetry. (004-04-84)

3.41 Down plunge profile of refolded isoclinal folding of well layered 
banded iron formation within pelites at the Mosher Mine. Plunge of fold 
axes and mineral lineation is shallow west. The regional foliation 
parallels the axial trace of the refolding structure and cuts the 
layering within hinge zones; therefore it seems likely that the 
regional foliation is contemporaneous with the deformation. The 
layering cannot be shown to be bedding at this locality. (C-04-07-84)

3.42 Banded iron formation showing relict zone of slightly folded 
layering (bedding?) within a completely transposed section. Note how 
laminations are thinner and more abundant within the relict zone. Note 
also, the schistosity parallel with the transposed layering, that is 
discordant with the earlier layering in the relict section. 
(C-02-33-85)

3.43 Detailed view of the untransposed or relict section of Figure 
3.42, showing fine (bedding?) laminations cut by schistosity. There is 
no direct evidence in the photograph that the relict layering is 
original bedding. (C-02-34-85)

3.44 Sheared banded iron formation at the tectonised northern boundary 
of the southern sedimentary belt. The iron formation contains many 
layer concordant quartz veins that exhibit pinch and swell, boudinage 
and asymmetric folding. Such features in quartz veins are not apparent 
in mafic volcanic and coarser sedimentary rocks adjacent to this 
exposure. (C-05-20-86)

3.45 Isoclinally and asymmetrically folded quartz veins within banded
iron formation at the contact with enclosing psammitic rocks. Note how
veins are apparently thickened in the hinge zones of folds, forming
discrete blobby masses; compare with Figure 3.27. (C-04-10-84)

3.46 Highly sheared gabbro containing pale, disrupted fragments of 
porphyry. Gabbro is epidotised, chloritised and displays a crude 
foliation here, close to the northern margin of the southern volcanic 
belt west of Patsy Lake. (C-03-32-85)

3.47 Close-up view of the foliation (XY) plane of a deformed gabbro at
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Clist Lake. Elongated mafic clots are oriented almost vertical within 
the -foliation and display axial ratios commonly greater than 10:1. This 
is an example of the early ductile de-formation o-f gabbro at the base of 
the volcanic sequence during the tectonic imbrication o-f the 
volcanic-sedimentary packages. (C-03-28-85)

3.48 Close-up view o-f the (YZ) plane, orthogonal to the foliation in 
the gabbro depicted in Figure 3.47. Note the apparent lack o-f strong 
deformation, mafic clots display axial ratios of around 2:1. Pencil 
indicates orientation of stretching lineation in this and the previous 
figure. (C-03-29-85)

3.49 Gabbro mylonite, showing a moderately developed (c) foliation or 
layering, which parallels the regional schistosity. Cutting it is a 
very strongly developed discontinuous shear band *(c x ) fabric, parallel 
with the pencil. The relationships between these two fabrics and the 
dextral displacement of the schistose layering by the later shear band 
structures, are clear indicators of dextral simple shear deformation. 
(C-03-35-84)

3.50 Gabbro mylonite from Geraldton showing the compositional banding 
or (c) foliation cut and displaced by the well-developed (c') foliation 
parallel with the pencil. Rocks of this type were understandably 
misidentified as basaltic tuffs. (C-03-36-84)

3.51 An early stage in the deformation of gabbro, with the production 
of roughly parallel, but anastomosing shear zones marked by the deeper 
green colour. Under certain conditions of poor exposure and bad outcrop 
surface texture, these rocks can easily be misidenti f ied as pillowed 
basalt. The individual shear zones may be positively identified by 
careful examination of the increase in ellipticity of mafic clots which 
can be traced into the chloritic zones. Photograph taken on surfaces on 
south side of Highway 11 to west of Mosher Mine. (C-05-12-84)

3.52 Deformed gabbro, showing layers alternately dominated by (c) and 
(c') development. The (c') fabric parallels small pencil; its 
development typically occurs in layers paralleling the (c) foliation. 
Compare the appearance of the (c) foliation with the anastomosing shear 
zones depicted in Figure 3.51. (C-05-06-84)

3.53 Wacke sediments from the McClelland Strappings, exhibiting a 
marked pressure solution fabric that parallels that in the adjacent 
mylonitised gabbros and banded iron formation. Note the regular spacing 
of the mica-rich layers, about 3-4 mm, each about l mm thick. Thicker, 
darker layers represent totally transposed pelitic layers from the 
original material. In outcrop, the passage of dark and light layers is 
very like the original bedding in undeforrned wackes, but the thin 
micaceous layers are never seen in undeformed material. (C-05-15-84)

3.54 Coarse pressure solution fabric in psammitic wackes, where 
individual micaceous layers are now 0.5 cm thick and spaced up to 2 cm 
apart. This rock may be a more deformed equivalent of that shown in 
Figure 3.53, such that increased differentiation of light and dark 
minerals has occurred. (C-03-29-84)
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3.55 Folded and boudinaged quartz veins in highly de-formed wackes 
within the Barton Bay De-formation Zone at McClelland Stripping*. 
(C-05-20-84)

3.56 Development o-f a discordant (c') -fabric in metasediment?, 
displacing the compositional layering (c), parallel with pencil, with a 
dextral sense, implying a bulk dextral motion of simple shear. 
Photograph o-f an exposure outside the area covered by this report, west 
o-f Paglamin Lake (Amukun 1984). (C-01-37-84)

3.57 Shear zone in ma-fic volcanics, Jellicoe. Curved nature of 
schistosity indicates a south side down sense of motion, which is 
con-firmed by the chloritic slickenside lineation developed on the 
schistosity surfaces. Note how abruptly the foliation develops within 
the rock, away from the shear zone, the volcanics are massive and 
unfoliated. Hammer shaft is 30 cm long. See Figure 3.4 for close-up 
view. (C-04-01-85)

3.58 The sheared contact between the psammites of the QST on left and 
the southern volcanic belt on right. Banded iron formation occurs at 
the contact and is locus for considerable strain as determined by the 
structural state of quartz veins, which have been deformed into highly 
elongate lenses. To right of iron formation is a chloritic schist 
containing (c) and (c x ) fabrics indicating dextral sense of shear along 
the contact. Within several metres of this contact, almost undeformed 
rocks occur. Whilst this contact has much regional tectonic 
significance (Wabigoon - Quetico Subprovi ne ial contact), tectonic 
effects within the surrounding rocks are minimal. (C-02-08-85)

4.1 North-south oriented cross section through the BGT and QST.
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ABSTRACT

A review of existing sedimentological and stratigraphic data is 

integrated with a detailed and regional appraisal o-f the structural 

development o-f the Beardmore-Geraldton Terrane (BGT) and its 

relationships with the Onaman-Tashota Terrane (OTT) to the north and 

the Quetico Sedimentary Terrane (QST) to the south. Examples o-f all 

sedimentological and structural -features -found in the area are -fully 

documented and their signi-f icance explained,

Evidence is presented -for an early de-formation that imbricated a 

stratigraphic sequence o-f supracrustal basalts and elastics into 

steep-dipping, northwards younging, east-trending packages separated by 

zones o-f intense strain. During this event, rare isoclinal and tight 

 folds developed along with a pervasive cleavage accompanied by 

layer-parallel quartz veining and shearing. De-formation was only 

intense within pelitic and banded iron formation units, and took place 

under greenschist -facies metamorphism.

In association with, but possibly subsequent to the imbrication o-f 

the stratigraphy, a right-lateral ductile shear de-formation event 

developed. During this inhomogeneously distributed deformation, 

east-trending dextral (strike-slip) shear zones developed along major 

lithological boundaries where previously there had been a steeply 

plunging sense o-f motion. These shear zones occasionally became 

discordant to the stratigraphy, such as the Barton Bay Deformation Zone 

and the Paint Lake Deformation Zone. Associated with these two major 

structures and many other, smaller ones is intense fabric formation, 

quartz veining and alteration, but asymmetic 'T' style folding, kink 

banding, and high shear strain are also reliable signatures of these 

zones. Pervasive alteration, high strains and transposition of original
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structures and fabics often makes the progenitors of lithologies within 

these shear zones extremely difficult to recognise.

The types of structures found in the dextral shear zones, 

determination of shear sense, clues to the identification of the 

lithologies involved and the controls on deformation are documented and 

di scussed.
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1. INTRODUCTION

The area under study In this report lies between Lake Nipigon in the 

west, Longlac in the east, Paint Lake in the north and stretches to 

about 30 km south o-f Highway 11 in the south; refer to Figure 1,1. The 

northern section o-f the area is within what is presently known as the 

Beardmore-Geraldton Belt, the de-fined southern edge o-f the Wabigoon 

Subprovince, while the southern part o-f the area lies within the 

northern section o-f the Quetico subprovince.

Previous geological investigations started in the early part o-f this 

century, when an easterly striking zone o-f supracrustal lithologies was 

recognised, which because of the ease o-f access provided by the new 

railway, became a target for geologists and prospectors. An exhaustive 

review of early geological and prospecting work can be found in Mason 4 

Uhite (1986). Figure 1.2 indicates the state of coverage by geological 

mapping and the availability of published maps and reports and 

unpublished maps. Detailed geological mapping commenced in the post-war 

period with the work of Horwood A Pye (1951) and Pye (1951), who 

produced maps at the eastern end of the area around Geraldton. Pye 

(1965) also mapped in the area to the south of Beardmore. Mackasey 

began a series of mapping projects in the belt (Mackasey 1970a, 1970b, 

Mackasey et al . 1976a, 1976b) which culminated in the publishing of two 

memoirs (Mackasey 1975, 1976). Townships mapped by Carter have 

preliminary maps and summary reports (Carter 1983). In the early 1980's 

the Ontario Geological Survey showed renewed interest in the area as a 

result of the increased price of gold, with specialist studies of the 

Geraldton area (Macdonald 1982, in prep.; Lavigne 1983); mapping of 

townships north of Geraldton by Beakhouse (1984), and townships in the
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northwest part o-f the belt (Kresz et al . 1986). This activity spawned a

number o-f collaborative research projects -funded Federally and 

Provinciall y, including structural mapping by Kehlenbeck (1986), Buck 

(1986), Buck A Williams (1984), geochemistry by Anglin A Franklin 

(1985), Kissin et al. (1986), and including detailed sedimentological 

work by Devaney (1987), Barrett 4 Fralick (1985) and Devaney 4 Fralick 

(1985). Three M.Se. and three B.Se. thesis projects at Brock University 

resulted from fieldwork carried out in the area, Buck (1986); Reilly 

(in progress)j Soo (in progress); Atkinson (1985); Lawson (1986); 

Robinson (1986). Results from most of these regional and local studies 

will be reviewed and incorporated into this report. Of great use to the 

project were the geological compilation maps prepared by Stott (1984a 4 

1984b), which contributed to the ease with which the regional character 

of the belt could be assessed. The NTS locations of instructive 

outcrops or described areas of interest are quoted in square brackets, 

C42A/987654] or C42A/9876] respectively.

1.1 Geological outline of the Beardmore-Geraldton Terrane (BGT)

The BGT (Figure 1.3), formerly known as the Beardmore-Geraldton Belt 

and here redefined, is a group of three, easterly trending homoclinal 

supracrustal suites of low metamorphic grade basaltic volcanics, 

gabbros, with three intervening belts of clastic and chemical 

sediments. These sediments generally young stratigraphi cal l y and 

coarsen to the north, (Devaney 4 Fralick 1985). The BGT is sandwiched 

between the Tashota-Onaman Plutonic Complex (Stott 1984a A b) here 

renamed the Onaman Tashota Terrane (OTT) to the north and the Quetico 

Sedimentary Terrane (QST) to the south. Previous workers have alluded 

to the Beardmore-Geraldton Belt as a greenstone belt (Mason 4 Mcconnell



(1982), a complexly -folded belt (Kehlenbeck 1983, 1984) or a zone of 

transition between the Wabigoon ad Quetico Subprovinces, contrasting 

with the adjacent terrains to north and south (Mackasey et al., 1974; 

Mason b Mcconnell 1982; Patterson et al ., 1985). Structural studies o-f 

the Belt were carried out by Kehlenbeck (1983, 1986) and as a result o-f 

his work, more detailed and regional studies were initiated (Williams 

1986) and are the core o-f this report.

Redefinition o-f the Beardmore-Geraldton Belt as a 'Terrane' is in 

keeping with previous use o-f the word 'terrane". Use o-f the word 'Belt' 

has in the past conjured up connotations o-f greenstone belts and -fold 

belts in the minds o-f the reader; this situation is to be progressively 

discouraged. Further justification of the use of 'terrane' rather than 

'belt' is found in Devaney A Williams (in prep.).

1.2 Geological outline of the Quetico Sedimentary Terrain (QST)

Previous work in this vast tract (Figure 1.2) is notably sporadic, 

probably due to the relatively unattractive geology and presumed low 

mineral potential compared with the auriferous, geologically varied 

terranes with which it is flanked. It stretches from the northern 

margin of the Wawa subprovince in the south (Carter 1981), to the BGT 

in the north (Figure 1.1). Stratigraphicall y, the QST is overwhelmingly 

composed of sedimentary lithologies in varying states of metamorphism, 

intruded by S-type granites. The area is remarkable for its 

lithological homogeneity, which perhaps has stifled its study. Work by 

Pye (1965) east of Lake Nipigon, Carter (1975) around Dickison Lake and 

north of Terrace Bay (Carter 1981), Pirie 4 Mackasey (1978) along the 

northern and southern boundaries, and Sutcliffe (1981) near Orient Bay 

represent both detailed and reconnaissance sudies. An M.Se. Thesis by
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Zayachivsky (1985) and a Ph.D. Thesis by Milne (1962) concern the study

o-f rare-earth element pegmatites in the area studied by Pye (1965) at 

Georgia Lake. Some o-f these studies lie outside the con-fines o-f the 

area covered by this report, but their data and conclusions are 

pertinent to the topics discussed in the -final section, on tectonics.

This report in part represents the results o-f a detailed structural 

and tectonic study o-f the northern section o-f the QST, something not 

previously attempted.

1.3 Geological outline o-f Onaman-Tashota Terrane (OTT)

North o-f the BGT is greenstone-dominated terrane typical o-f the 

Wabigoon subprovince (Ayres 1969, Stott 1984a, 1984b, Mackasey ft 

Wallace 1978, Thurston 1980, Kresz 4 Zayachivsky 1986). Large, 

batholithic bodies o-f cal c-alkal i ne granitoids intrude and de-form a 

sequence o-f basic and -felsic lavas overlain by subordinate sedimentary 

rocks. The terrane is significant to this study because it acts not 

only as a possible source area -for the abundant clastic sedimentary 

rocks in the BGT and QST (Devaney 6 Williams, in prep.), but also as a 

tectonic foreland against which the BGT and QST are accreted (Williams 

1986).

1.4 Rationale o-f project

The regional structure o-f the BGT and QST were not -fully understood 

prior to the initiation o-f this project. Stratigraphy was 

unappreciated, de-formation styles were unknown; metamorphism and its 

timimg relative to de-formation were sketchily presented. Models -for the 

boundary relationships between the Wabigoon and Quetico subprovinces, a 

boundary within the project area and initially contributing impetus to



the study, were those derived from the doctoral research o-f Ayres 

(1969), with modi-f i cat ions by Mackasey and co-workers (1978) and 

Blackburn (1980). Until recently (Williams 1984), the only tectonic 

model -for this large tract explained the relationships o-f the volcanic 

and metasedimentary gneiss belts o-f the Superior Province by the 

merging o-f island arcs, a model which this study develops and generally 

supports (Lang-ford A Morin 1974).

This project has attempted to -find answers to the -following 

quest ions:-

a) What are the de-formation styles to be -found in the BOB and QST?

b) What is the structure o-f the BOB and QST?

c) What are the relationships between the BGB and QST?

d) Knowing (a), (b) and (c) what advantage can be gained with 

respect to the prospection -for gold and other commodities in the BGB 

and the Quetico Subprovince (c-f. Goldfarb et al . 1984, Mawer 1984) 7

e) What is the tectonic model that best explains the relationships 

between the Wabigoon, Wawa and Quetico subprovinces?

Not all these topics are dealt with in this report, but are 

currently being developed and will be available in part as Devaney i 

Williams (in prep.), a copy o-f which is deposited -for inspection at the 

Mines Library at the Ontario Geological Survey.
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2. STRATIGRAPHY AND METAMORPHISM

Lithological units, their stratigraphic relations and metamorphic 

state are described in this section. It should not be considered an 

exhaustive survey of the stratigraphy o-f the area studied; use in 

association with published descriptions and interpretations such as 

Mackasey (1975, 1976), Devaney k Fralick (1985) , Barrett 4 Fralick 

(1985), and Devaney 6 Williams (in prep.), is advised.

2.1 Beardmore-Geraldton Terrane (BGT)

The BGT is composed o-f a sequence o-f three easterly trending, 

steeply to moderately northwards dipping and younging volcanic units 

separating sedimentary packages known as the northern, central and 

southern belts respectively. Devaney and Fralick (1985) detail the 

stratigraphy o-f the northern and central sedimentary belts 

(Namewaminikan Group), while Anglin 4 Franklin (1985), Williams (1986 

and unpublished data) consider the southern sedimentary belt originally 

described by Pye (1951) and Horwood A Pye (1951).

2.1.1 Uolcan ic un i ts

The volcanic rocks in the BGT, depicted in Figure 1.3, are basaltic 

in composition and consist o-f three major units (northern, central and 

southern) that trend easterly, along the BGT (Mackasey 1976). Minor 

stratigraphic differences were detected between the three units, 

involving the presence or absence o-f pillowed -flows, porphyritic, 

amygdular and variolitic units. The volcanics are thin, well-exposed, 

r idge--forming, steeply-dipping layers up to 2 km maximum thickness,



 frequently less than l km. Lensoid masses o-f volcanics, as at Jellicoe 

C42E12/6110323, may represent original stratigraphic shape, but could 

equally be a remnant of a more extensive layer modified by faulting. 

Intrusive rocks occur as fine grained to gabbroic masses within the 

volcanic units as discordant and concordant sheets. An M.Se. Thesis at 

Brock University by K.Y. Soo (in progress) is expected to document the 

stratigraphy, petrology, metamorphism and geochemistry of both the 

lavas and gabbros in the southern and central volcanic units.

a. Pi l lowed basalts

Pillowed and brecciated pillow horizons are common within the 

volcanic units, and can be most easily seen at Beardmore 

[42E12/3029303, and Jellicoe C42E12/6110313. Reliable way-up 

determinations on the basis of pillows are very rare, C42E15/214206], 

in the area because of the ubiquitous ductile deformation which not 

only rotates pillows from their original orientation but also produces 

false cusps (Borradaile 1982; Borradaile 6 Poulsen 1981). Uhere least 

deformed, for example on the Windigokan Lake Road at C42E12/4180363, on 

Camp 40 Road C42E11/672098] (Figure 2.1) and north of Geraldton at 

C42E16/024124], pillows are up to l m across, show little alteration, 

and are concentrically zoned with amygdales, as at C42E15/209175; 

234183; 2331833. Cusps at some localities indicate a 'way-up x which is 

at variance with locally derived sedimentological data. Pillowed units 

frequently contain inter-pillow masses of jasperitic chert, shale, 

carbonate, epidote and chlorite.

b. Non-pillowed units

A great proportion of the basaltic volcanics exhibit little
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primary structure, consisting of monotonous units o-f schistose to 

massive, igneous textured C42E12/404985], rarely variolitic 

C42E12/418990; 417990; 421970; 42E15/177168] basaltic material. These 

have been interpreted as -flows by all workers on the basis o-f regular 

grainsize variation -from -fine, less than l mm, to coarse, greater than 

l cm. Contacts between -fine and coarse variants are rare, sharp and 

equivocal. The grainsize contrasts maybe due to chilling o-f -flow tops 

and bases, but might equally be the borders o-f intrusives into the lava 

pile. Rare discordant sheet intrusions o-f basaltic material 

C42E11/7070163 into the basaltic pile indicate that some coarse 

variants maybe intrusive and not thick, slowly crystallised -flows, 

Petrological and chemical work on the sequence o-f volcanics is in 

progress to determine what variation exists and whether it maybe due to 

flow sequences or intrusive pulses (Soo, in progress), Judging from the 

ease with which pillows are recognised even in highly metamorphosed and 

strained rocks, it is clear that much of the lava pile was not 

originally pillowed. It is commonly assumed, perhaps incorrectly, that 

most of the lavas were erupted in a submarine environment because of 

the fine grained clastic and banded iron formation sediments associated 

with them, C42E11/669015; 6710153. However, Devaney 4 Fral ick (1985) 

mention the occurrence of basalt boulders in a conglomerate 

unconformably overlying pillowed basalt flows near the Paint Lake fault 

in the northern belt. Perhaps some of the basaltic flows were erupted 

subaerially, or at least, in relatively shallow water.

c. Phenocrystic units

In the southern volcanic belt (Mackasey 1976; Mackasey et al. 

1976a) a 30-60 m thick feldspar phenocrystic basalt occurs as a
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mappable unit traceable for at least 30 km along strike, for example at

Patsy Lake C42E11/671014; 707013; 677015] and south of Jellicoe at 

C42E12/573999; 5730003 (Figure 2.2). In the central volcan i c uni t, 

porphyritic and variolitic lavas similar to those in the southern unit 

occur at C42E12/498043] on Highway 801. At the Jellicoe locality, 

feldspar phenocrysts are barely deformed whilst the basaltic matrix is 

quite schistose. In the Patsy Lake outcrops, the phenocrysts are of 

plagioclase feldspar in a highly altered state, lying within a biotite 

rich basaltic matrix (Soo, in progress). The porphyritic unit is 

significant not so much for its composition, but for the fact that it 

demonstrates considerable lateral extent.

d. Minor intrusions

Cutting the mafic units, coarse grained basaltic rocks, 

(gabbros?) C42E11/707016], and sediments C42E12/323965], are rare, 

discordant, sinuous and discontinuous basic sheets, quite distinct from 

the northerly trending Proterozoic basic dykes (Stott 1984a A 1984b), 

They are not obviously chilled against their host, so perhaps were 

intruded during an early stage when the enclosing basaltic pile was 

still hot. Examples occur east of Patsy Lake [42E11/707013; 708013]. 

The apparent rarity of these intrusions is in part a function of the 

difficulty with which they can be recognised in the field, especially 

when concordant and in a deformed state.

The presence of rare gabbros and discordant basic sheets in the 

sedimentary pile overlying the volcanic units indicates the protracted 

nature of igneous activity, which may have significance for the genesis 

of mineral deposi ts.
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e. Basic, intermediate and felsic fragmental units 

A number of separate areas contain coarse clastic volcanics 

(epiclastic deposits?) of variable composition.

At the eastern end of Oxaline Lake C42E12/625068], outcrops of 

basic fragmentals occur in which the clasts are both basaltic and 

felsic in composition. These outcrops appear to be coincident with the 

volcan i ciastics mapped by Devaney (1987) in the corresponding 

sedimentary belt to the north (Devaney 6 Williams, in prep.),

Fragmental volcanic rocks also occur in Eva Township at 

[52H9/273977] (Mackasey 1975), and are considered to be derived from 

the volcanic centres to the north, within the OTT (Kresz 6 Zayachivsky 

1986). North of Kinghorn Falls on the Namewaminikan River 

C42E11/675088], clasts of mixed compositions occur in a basic matrix, 

these too are probably agglomeratic or reworked volcanic rocks and are 

in close proximity to known tuffaceous rocks C42E11/672093] (J.Hinzer; 

pers. comm.). North of Longlac at [42E15/204228; 208213], tuffaceous, 

and agglomeratic basic to felsic materials outcrop in a highly deformed 

and metamorphosed state; their original nature is uncertain. 

Well-preserved agglomeratic rocks have been mapped just north of 

Geraldton by Beakhouse (1984).

The outcrops and areas just mentioned are spaced at an interval 

of about 40 km (Devaney 1987), and it is tempting to infer that they 

represent an original spacing of volcanic centres. Similar volcanic 

centres occur to the east of Longlac, at Paglamin Lake for example 

(Atkinson 1985, Amukun 1984). Further work is necessary to confirm 

whether centres are regularly spaced, which might have exploration 

sign i f icance.
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2.1.2 Clastic sedimentary units

A number of different sedimentary units have been mapped, some on a 

 formation basis (Devaney 1987) in the northern and central sedimentary 

units o-f the BGT, where they have been informally called the 

Namewaminikan Group. However, in the southern sedimentary unit, the 

stratigraphy has only been described in the east by Pye (1951), and is 

too little studied elsewhere to warrant subdivision. A suite of graded 

wackes occupies much of the southern section and a minor portion of the 

central section of the BGT. In the northern and central sections 

especially, considerable northwards-coarsening of the clastic sediments 

occurs, with mappable units of conglomerate, pebbly sandsones and 

arenites that were clearly deposited on a basaltic basement as a 

coarsening upward, progradational shelf sequence (Devaney 1987). These 

sedimentary rocks yield evidence of subaerial, aquabasinal and 

submarine shelf environments, the former prograding onto the latter 

(Devaney 6 Fralick 1985). The spatial and lithological relationships 

between the three separate parallel belts of sediment strongly suggest 

a southwards and stratigraphi cal l y downwards decrease in grainsize, 

which is attributed to a northern proximal and a southern ultradistal 

stratigraphic relationship (Devaney 4 Williams, in prep.) (Figure 2.3). 

For the purposes of this report, the sediments have been separated into 

units of contrasting structural response.

a. Wacke suite (predominantly southern metasedimentary belt)

Coarse to fine grained, graded and non-graded wackes occur in

the southern sedimentary belt (Pye 1951, Mackasey 1976) and to a small

extent in the central metasedimentary belt (Devaney b Fralick 1985).

The coarsest part of the sedimentary sequence usually occurs close to
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the contact with adjacent basaltic material to the north, as at 

C42E12/462027; 462031; 4620323. Finer grained rocks are typical of 

those close to the contact with adjacent basaltic material to the 

south, as at [42E12/402987]. This grain size variation is mimicked by 

that found within the shelf sequences by Devaney (1987). The 

sedimentary rocks are generally immature, feldspathic wackes which 

contain variable amounts of rock fragments, rip-up clasts, 

conglomeratic horizons C42E11/670101; 42E12/6050531, and banded iron 

formation [42E11/9880323, especially in the northern section of the 

southern metasedimentary belt, as at [42E12/5580433. Grainsize grading 

consistently fines to the north, a feature which in association with 

dewatering C42E11/9409933 and fluidisation [42E12/5120233 features 

indicates that these rocks young, yet as a sequence, coarsen 

northwards. Examples of undeformed flame structures [42E12/4150053 

(Figure 2.7), ripples C42E12/5610243 (Figure 2.4), convolute bedding 

[42E11/9400013 (Figure 2.6) and compositional grading C42E12/4640183 

(Figure 2.5) on Highway 11 serve to illustrate the nature of these 

rocks. Rotation of one ripple structure about its strike direction 

indicates an east-west trend of the current during deposition. Bedding 

thickness varies from centimetres to metres, most thick beds are 

feldspathic arenites in composition, are unlaminated and are not 

significantly graded. The most obvious grading is present in some of 

the thinnest units. As a megasequence, these rocks are turbidites of 

facies B and C (Mutti 4 Ricci Lucchi 1978), erosive contacts are only 

rarely seen at the bases of psammitic units (Figure 2.19).

b. Shelf sediments (northern 6 central sedimentary belts) 

Mackasey (1976) recognised that the sediments in the central and
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northern sections of the BGT were different from those in the southern

section in terms of grainsize and composition. Within these sediments 

are epiclastic rocks which are not easily distinguished from purely 

clastic sediments.

As a whole, the sediments are coarse, often conglomeratic or pebbly, 

and are mature, containing little feldspar. Where least deformed, 

especially around Beatty Lake, Devaney (1987) mapped unequivocal 

northwards top directions, ripples, and a wealth of sedimentological 

data that allowed him to interpret a prograding sequence from the deep 

water wackes, through shallow water and deltaic to fluvial braided 

stream and fan deposits. The northern and central sections especially, 

contain conglomerates that probably derive from the bimodal volcanic 

and granitic terrane to the north (Mackasey ft Wallace 1978, Thurston 

1980). Conglomerates from the three belts indicate a gradual southerly 

decrease in grainsize without change in clast composition. There are 

thin pebbly horizons within the wackes of the southern metasedimentary 

belt southeast of Jellicoe at C42E12/636035; 620041]. In the central 

belt, pebbles and cobbles occur within conglomeratic layers that are 

mappable units C42E12/422071; 4250283 (Figure 2.8). Parts of the 

eastern section of the central belt are composed of coarse reworked 

epiclastic material, indicating the proximity to a volcanic centre near 

Colter Township. An unconformity between a conglomerate containing 

basaltic clasts and underlying basaltic material in the northern belt 

indicates that the sediments and volcanics are part of a sequence, and 

are not juxtaposed by thrusting.

As explained in the section on volcanic rocks, some of the felsic 

and intermediate coarse grained material is probably sedimentary, but 

directly derived from a volcanic source.
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The reader is directed towards a -full discussion o-f the sedimentary 

rocks in the northern and central belts in Devaney (1987), and for the 

BGT and QST as a whole, in Devaney A Williams (in prep.).

2.1.3 Iron -formation

Banded iron -formation occurs within the BGT in three distinct 

lithological associations: as thin but continuous layers within 

generally -fine grained wacke or siltstone sedimentary rocks, adjacent 

to conglomerates, and con-fined within basaltic volcanics.

Horwood fc Pye (1951), Pye (1951) and Macdonald (1982, and in 

preparation) mapped banded iron -formation within wacke sediments in 

great detail in Errington and Ashmore Townships using drill-core and 

magnetic data. In these Townships, the banded iron -formation is 

complexly -folded, a property which is absent in the belt to the west, 

except on the border o-f Eva and Summers Township to the east of the 

Leitch Mine C52H9/258976]. Magnetic expression o-f the -formation -for 

example at Partridge Lake C42E11/7207], indicates that folding is 

absent on a mesoscopic scale along the same horizon as that which in 

Geraldton is complexly -folded. Thicknesses of iron formation are rarely 

more than 100 m (Barrett 6 Fralick 1985, Macdonald 1982, in prep.), 

consisting of a number of separate units. More often, banded iron 

formation accounts for less than 10 m total thickness diluted by 

quartzite and shale over a larger stratigraphic thickness. Barrett 4 

Fralick (1985) discussed the origin and significance of these banded 

iron formations by studying their lithological and compositional 

variation in detail from a series of relatively undeformed sections 

within the BGT. Examples of iron formation from within fine grained 

sedimentary rocks in the central metasedimentary belt are usually
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highly deformed, yet isolated zones of undeformed material indicate the

 fine scale layering oi the original material [42E12/509034]. Also 

present in iron -formation are clastic dykes and sills of arenite 

C42E12/509034]. When deformed, these arenaceous layers become 

increasingly concordant and ultimately appear as interbanded coarse 

grained horizons (Figures 2.9 6 2.10).

Banded iron formation also occurs adjacent to resedimented 

conglomerates (Devaney A Fralick 1985). Examples are best exposed on 

Highway 11 at the Mosher Mine C42E10/0280273. Considerable strain is 

indicated by the elongation and folding of ductile conglomerate clasts. 

In many places, it is unlikely that a meaningful sedirnentol ogi cal 

analysis of the adjacent banded iron formation is possible.

Banded iron formation also occurs within the confines of the 

basaltic sequence in the southern metavolcanic belt which stretches 

from Beardmore to Geraldton. These iron formations are associated with 

aluminosilicate horizons and quartzites. All the lithologies are thin, 

rarely more than l m thick and where cummingtonite is present have been 

metamorphosed up to amphibolite facies, so original sedimentological 

and mineralogical features have usually been obliterated. The banded 

iron formations in mafic rocks are usually lean, being rich in 

quartzose material, now completely recrystal l ised to coarse grained 

silica. Isoclinal folding of the unit and associated quartz veins is 

common, as at C42E12/419974]. Cumrningtonite-ri eh banded iron formation 

south of Patsy Lake at [42E11/671014] occurs within coarse grained 

chloritic schists and amygdular basaltic flows.

Other than a general thickening in the Geraldton area, there is 

little evidence of regional chemical, physical or dimensional 

variability of the banded iron formation. This may in part be due to
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its de-formation state which is such that primary -features are rarely 

preserved.

2.1.4 Intrusive igneous suite

Three di-f-fering types o-f intrusive rocks occur within the BGT , they 

are: gabbros, a mixed gabbro-calkalkali ne suite, and minor intrusions 

o-f quartz and quartz--fel dspar porphyry. Geochemical studies on all 

three suites are being undertaken by Soo On progress). Preliminary 

geochrone!ogical studies have been undertaken on some porphyries in the 

Geraldton area (Macdonald, in prep.), where they are known to date -from 

2692 Ma (preliminary age determination, F.Cor-fu, pers. comm.).

a. Gabbro sui te

The 'gabbros' are a composi t i onal l y variable suite o-f intrusions -found 

within the Beardmore Geraldton Terrane and its extension to the east, 

over 60 km to the east of Longlac. Studies by Amukun (1984) and 

Atkinson (1985) indicate that coarse grained hornblende gabbros are 

intrusive into the sedimentary rocks that are part o-f the easterly 

trending, northwards younging wacke sequence, and are -found as -far east 

as Adel Lake C42F13/740133], occurring sporadically. Close to the 

Geraldton area, there is a clear concentration o-f gabbros as -far west 

as the Bank-field Mine [42E11/941047] . Further west, qabbros are less 

common, and are -frequently sheared where they occur in close 

association with known -faults and shear zones, -for example, the 

Bank*ield-Tombill Fault (BBDZ), and the Paint Lake Fault (PLDZ), 

Details o-f these relationships follow in Section 3.1.5.

The gabbros are best developed at Geraldton, where both unde-forrned 

and mylonitised varieties are highly accessible -for study. Buck (1986),
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Buck 4 Williams (1984), Anglin 4 Franklin (1985) followed the initial

work of Lavigne (1983) who showed that some of the basic schists mapped 

by Pye (1951) were not basaltic tuff but gabbro. This realisation 

resulted in much more gabbro being recognised in the Geraldton area. 

Only rarely are these gabbros and hornblende gabbros (diorites) clearly 

intrusive into sediments C42E11/7850433 and basaltic volcanics, as at 

Knox Lake on the Brookbank Property [42E12/39073. They are basaltic to 

intermediate in composition and where not deformed, display an igneous 

texture as at the Municipal Play-Park in Geraldton C42E10/037055] 

(Figure 2.11). Maximum dimensions of the gabbros are probably no more 

than 100 m thick, perhaps several hundred metres long. Poor exposure, 

similar geophysical response and superficial physical appearance to 

that of the enclosing mafic volcanics mitigates against an accurate 

assessment of their dimensions and field relationships. Lithological 

variation within the gabbros is not apparent except in the Geraldton 

area C42E10/037057] , (Figure 2.12) where decimetre-scale layering 

appears to be a function of both grainsize and alteration phenomena, 

There is no clear indication that crystal settling or fractional 

crystallisation took place within these gabbro bodies. Gabbros within 

the basaltic lava pile, especially those in the southern volcanic belt, 

are rarely seen in undeformed contact with their host, so it is not 

clear which are intrusive, and which, thick flows. The chemistry of the 

gabbros and the enclosing volcanics is presently under study (Soo, in 

progress), to determine the tectono-magmati c environment.

b. Ox a line Lake sui te

A suite of igneous rocks occurs beside and in the general vicinity 

of Oxaline Lake, where they are admirably exposed C42E12/554043;
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range -from gabbro, diorite and quartz diorite; the more mafic members 

contain well preserved ophitic textures between plagioclase and 

clinopyroxene. Hydrous alteration of primary minerals frequently 

produces a -felty mass o-f micas and epidote. Interstitial granophyric 

quartz-albite intergrowths are common. It is not yet clear whether this 

suite o-f rocks is a part o-f the gabbroic suite -found elsewhere in the 

area, described in the previous section,

Mackasey (1976) claimed that intrusive contact relationships were 

visible at the west end o-f Oxaline Lake, these were not confirmed by 

the work o-f Lawson (1984). Indeed, no contact metamorphic effects are 

visible in thin section, or in the field and the existing contacts are 

the locus of ductile shear [42E12/548043]. The relationships between 

these igneous rocks and their surroundings is therefore still 

equivocal. The larger bodies are usually elongate along regional strike 

and frequently occur at, or close to the northern lithological contact 

of the southern metasedimentary tract with basaltic volcanics, as at 

[42E12/5480433.

Internal contacts between gabbroic and less mafic phases have not 

been discovered. Perhaps the variation in composition is gradational, 

for the borders of the main body in Oxaline Lake area are mafic, while 

the centre is less so.

Clear distinction between the Oxaline Lake Suite, the Geraldton 

Gabbros and other isolated gabbroic to dioritic bodies awaits detailed 

petrological and chemical study. Some bodies are located well away from 

deformation zones, and are thus completely undeformed C42E11/7850433. 

Others are associated with known deformation zones, such as that at 

Oxaline Lake on the Watson Lake Fault, and in the Brookbank Zone where
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the intrusion is apparently the locus of considerable alteration and

gold mineral i sat i on (Mackasey 1975).

c. Porphyritic -felsic suite

Minor intrusions, -frequently less than l m thick, o-f quartz and/or 

 feldspar porphyritic felsic rocks (QFP) occur throughout the area. Most 

are spatially related with the Croll Lake Stock (Macdonald 1982, in 

prep.), in the area to the east and southeast of Geraldton. Porphyries 

become less common to the west, and many are several kilometres distant 

from the nearest exposed felsic intrusive body, as at [42E11/8160433 on 

Highway 11. Some, in the south of the BGT, for example at Ralph Lake 

C42E12/416980], clearly cut the regional schistosity in metavolcan ics, 

and perhaps all of the porphyries post-date an early cleavage-producing 

deformation event. However, at C42E12/5730001, a porphyry is boudinaged 

within the regional schistosity; axes of the boudins are horizontal, 

Porphyry discordant to layering within sediments are deformed in late 

ductile shear zones as at the Bankfield Mine [42E11/941047] (Anglin 4 

Franklin 1985). At C42E12/536997] porphyry is associated with strongly 

deformed banded iron formation and lies within a strongly carbonated 

zone. Macdonald (in prep.) documents the porphyry/sedimentary rock 

relations and deformation in the area around Geraldton. Porphyries cut 

gabbro intrusions, but their relationship with the Oxaline Lake type 

bodies is not known at present. There is no reason to suppose that only 

one phase of porphyry is present in the area.

2.2 Quetico sedimentary terrane (QST)

To the south of the southern metavolcanic belt (Figure 1.3), lies 

the Quetico metasedimentary terrane (Mackasey et al., 1974; Blackburn
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1980). An overwhelming proportion o-f the QST consists of immature wacke 

sediments, cut by discordant 'S' type granites, which in the core of 

the terrane are in a concordant, migmatitic relationship with higher 

grade metasediments. In the extreme south o-f the study area, well 

within the QST wacke sequence is a layer o-f banded iron -formation up to 

several decimetres thick. In association with it are thin quartzites, 

perhaps originally cherts, and granular, rather homogeneous, coarse 

grained lithologies composed chiefly o-f orthamphibole [42E6/8806391, 

which may represent a metamorphosed aluminous chemical sediment. Mafic 

and ultramafic rocks are very rare (Carter 1975), but in general, the 

only lithologies in this enormously thick sequence of over 60 km which 

stretches from the BGT as far south as the Wawa subprovince, are 

siltstones and arenites of the wacke sequence corresponding to facies 

types B, C and D turbidites (Mutti (t Ricchi Lucchi 1978).

Thinly bedded meso- and melanocratic layers up to 0.1 m thick 

(Carter 1983, Mackasey 1976) occur within the wacke sequence just to 

the south of the northern boundary of the QST, at C42E11/723004]. 

Sporadically distributed within the wacke sediments are layers and 

boudinaged layers and pods consisting of hornblendic material, as at 

[42E6/870636]. Mineralogical l y, these are predominantly plagioclase 

amphibole rocks and are probably all of tuffaceous origin.

2.2.1 Wacke sediments

These rocks have been given only scant attention because of their 

monotonous nature. Four, widely spaced mapping projects represent the 

entire modern published record on this sedimentary tract, see (Figure 

1.2).

A unfortunate misconception of the Quetico metasedimentary terrain
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(QST) is that it is everywhere highly deformed and metamorphosed (Pirie

A Mackasey 1978). However, in the study area the rocks in the northern 

part of the QST consist of a homoclinal series of steep to vertical 

dipping, size graded [42E5/435718] and homogeneous, immature wackes. 

They exhibit remarkably well preserved dewatering [42E12/468880] and 

fluidisation [42E5/415733] features such as flames and dish and pillar 

structures (Figures 2.13 4 2.14), which, with the grading, suggest that 

they consistently young northwards. Coarser grained rocks than the norm 

are typically found just south of the southern metavolcanic belt, as at 

Clist Lake [42E12/572998], and C42E11/743006; 741008], south of Patsy 

Lake. Coarse grained sedimentary rocks are rich in feldspar fragments 

but lithic fragments are hard to identify because of local metamorphic 

recrystall i sat i on to upper greenschist facies. Bed thicknesses range 

from decimetres to metres, but within bedding, lamination is common, 

especially near the tops of beds. Thick beds tend to be massive, 

ungraded and coarse, even conglomeratic [42E12/406868], while thinner 

beds are graded, finer and laminated. Sedimentary structures are rare; 

climbing ripples [42E5/415733; 42E12/406868], and cross-laminated 

[52H8/264616] horizons occur at or near the tops of beds. Rippled 

strata [42E5/314612] tend to be leaner in micaceous material than the 

underlying graded bed, and the overlying micaceous silty top. This 

distribution of clays is often reflected in the proportion and size 

distribution of cordierite [42E5/412662] and garnet in the southerly 

areas of higher metamorhic grade (Pye 1965, Uilliams 1986).

Dewatering and fluidisation structures C42E12/488890; 490892] are 

commonly found in the least deformed rocks. The clearest fluidisation 

structures are pillars, described below because they represent a 

significant new stratigraphic facing direction indicator in these
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rocks. Flames and convolute lamination too, are -frequent within 

horizons that have escaped de-formation but are o-f the standard 

morphology and so are not described here.

Individual pillars (Figures 2.15 ft 2.16) have been identified as 

decimetre to metre-scale, bell-shaped or parabolic zones of relatively

 featureless arenaceous material lying within layered wackes 

C42E12/488890; 4908921. Bells are closed and convex upwards and are 

separated -from normal layered surroundings by a micaceous seam which

 frequently displays a cirrus-like structure, (Figure 2.17). Flame 

dewatering and ripple structures at the same localities indicate an 

unequivocal way-up towards the apex of the bell. The micaceous seam at 

the base of the bell becomes asymptotic with the layering in the 

adjacent rock. No sedimentary layering is consistently preserved within 

the bell-shaped structure. Adjacent bells frequently interfere with and 

cut each other (Figure 2.16). Bell sizes range from heights of around l 

m to less than 0.2 m; widths along the strike of the layering range 

from 1.5 m to less than 0.5 m. No textural or grain size changes were 

noticed across the micaceous seam that forms the boundary to the 

pillar, other than the general lack of bedding within the bell. 

Occasional wisps of mica are seen within the bell; these are 

discontinuous but similar in appearance to the wispy cirrus shaped 

micaceous seams that form the bell boundary. Bells are clearly 

discordant with regard to the surrounding bedded rocks. Layering below 

the bell is relatively unaffected, but when traced upwards, becomes 

less well developed until it as been completely obliterated at the bell 

opening. Distortion of the layering below, beside and above the bell is 

minimal. No consistent elutriation or redistribution of clays occurs 

within the bell other than the concentration of clay, now biotite, that
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occurs at bell margins.

The regional character of the Quetico sediments and the general 

geological environment indicate rapid deposition of immature 

volcaniclastic-derived detritus, (Mackasey 1976). Evidence -for the 

rapid deposition is the -frequency of dewatering structures in

 feldspathic graded wackes which show little evidence o-f current 

structures and the similarity o-f sedimentary structures with those 

described by Allen (1984), Lowe (1975), Cheel 4 Rust (1986) and Lowe 4 

LoPiccolo (1974).

Hydro-fracturing breccias o-f unoriented psammitic and pelitic angular

 fragments in a sulphide-bearing silica matrix occur south o-f Beardmore 

at C42E12/434832; 4628753, depicted in Figure 2.18. These indicate the 

presence o-f a high -fluid pressure during post-consolidation history. In 

some cases the quartzitic matrix accounts -for more than 20'/ of the 

breccia by volume. The relative age of these breccias to those 

described in the wackes of the BGT (Section 3.1.2.e), and the regional 

deformation, is not clear.

2.2.2 Iron format ion

Banded iron formation is found in only two locations within the QST, 

south west and southeast of Wintering Lake at [42E6/703732; 8706361. A 

weak magnetic expression is traceable along strike, but no other 

outcrops of the lithology have been recorded.

2.2.3 Granitic rocks and migmatites

The granitic rocks within the QST are variable in composition and 

structure. Those in the north are apparently discordant, leucocratic, 

massive to faintly foliated, pegmatitic quartz-rich muscovite and
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biotite granites, containing abundant tourmaline, spodumene and 

pegmatitic variants, (Pye 1965). Examples of these can be seen south of 

Jellicoe and Beardmore at C42E6/779707; 42E5/545675; 42E6/763643], 

where they contain easterly trending sedimentary schist inclusions that 

have not been disoriented during granite emplacement. Traced southwards 

these bodies become increasingly affected by a regional folding 

deformation, C42E6/764646; 828617; 856620], appear to become 

concordant, migmatitic and less leucocratic. Within the central part of 

the QST, the migmatitic granitoids are cut by later, less deformed 

C42E6/856620], less rnigmatised variants.

This spatial variation in composition, deformation and migmati sat i on 

may represent a temporal as well as a depth relationship. In the 

western part of the area, considerable work has been carried out on the 

chemistry and petrology of the intrusives and their associated 

mineralised pegmatites. Starting with the work of Milne (1962) and Pye 

(1965), and culminating in the recent studies of the lithium-bearing 

pegmatites by Kissin 6 Zayachivsky (1986), the concensus is that the 

granites represent a series of high level, relatively undeformed 'S' 

type jntrusives derived from the hydrous melting of sediments, though 

not necessarily those at the the level at which the granites are found. 

Elsewhere, the granites have not been studied and geochemical work is 

warranted to investigate the compositional variation, magma source 

composition and mineral i sat ion potential of these granitoids.

Rare occurrences of alkaline (Stott 1984a) and calc-alkal ine 

intrusives (Zayachivsky 1985) have been documented, but not described 

in detail. Their relationships with the 'S' type granites is unknown. 

Reconnaissance studies suggest that the calc-alkaline ones are probably 

earlier, while the alkaline intrusives are later, than the regional
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de-format i on .

2.2.4 Porphyritic minor intrusives

Porphyritic minor intrusives are rarely -found in the QST which is 

dominated by pegmatitic and coarse grained intrusives that are 

distinctive in appearance. However, minor intrusives of the type that 

occur more characteristically in the Beardmore-Geraldton Terrane to the 

north can be -found as small outcrops o-f 1-2 m thick sheets in a highly 

deformed and altered state, South of Ralph Lake, C42E12/422968], 

porphyry is assciated with quartz-tourmaline veining, but is relatively 

unde-formed, and concordant with bedding. Other porphyries, southeast of 

Patsy Lake C42E11/708012] , are discordant to the regional de-formation 

-fabric, only a-f-fected by discrete shears. Aplite bodies, whose contacts 

are sharp, unmodified by de-formation and discordant [42E11/713007] , may 

represent the cupolas o-f more extensive plutonic masses at depth.

2.3 Metamorphism

The QST is by -far the most variable terrane with regard to state of 

metamorphism. In the north, Pirie 4 Mackasey (1978) demonstrated the 

very low grades at or near the boundary with the BGT, which increased 

southwards, westwards and eastwards towards the granitic rocks. 

However, they neglected to distinguish the timing of the metamorphism, 

which is clearly a post-tectonic effect in the north, becoming a 

syn-tectonic effect in the central and southern parts of the 

subprovince (Williams 1986). Textural studies by Robinson (1986) 

demonstrated that metamorphic growth occurred in two distinct pulses in 

the northern part of the QST, merging into one pulse in the central 

region. In the BGT and northern QST, little metamorphic growth is
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apparent other than retrogression of -ferromagnesian minerals and 

 feldspars. Where this occurs close to or within de-formation zones, 

aligned growths o-f chlorite, sericite and biotite and rarely, 

amphibole, occur.

2.3.1 Syn-tectonic metamorphism

Over the whole area where rocks are significantly deformed, 

foliations composed of biotite, chlorite, sericite and amphibole are 

common, while lineations of these minerals may sometimes be apparent, 

see sections on foliations and lineations (Section 3.1). Greenschist 

facies of metamorphism is characteristic of the BGT, but upper 

greenschist to amphibolite facies is typical of the QST. It is 

extremely hard to distinguish between syn- and post-deformational 

metamorphic mineral assemblages within the QST (Robinson 1986), indeed 

they may represent a continuum in the migmatitic terrane.

2.3.2 Metamorphism associated with the QST granitoids

In the central zone of the QST, metamorphic grades increase from the 

syn-tectonic greenschist levels to amphibolite facies, especially 

around the late, intrusive 'S' type granites. Blasts of staurolite, 

cordierite, sillimanite, biotite, chlorite and garnet are common, 

unoriented and sieve textured. Further south, in amongst the main 

gran ite-migmatite masses of the central Quetico, metamorphism is 

clearly a protracted syn-tectonic event.
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3.STRUCTURE

Structural -features exhibited in the study area are the raison d'etre 

 for this project. Three summer seasons (1984-86) o-f fieldwork, 

examining previously mapped, well-exposed sections, coupled with 

reconnaissance mapping in unmapped terrains, have allowed a regional 

and detailed structural picture to be presented in this report,

Previous structural work in the Beardmore-Geraldton Terrane by Buck 

A Williams (1984), Anglin A Franklin (1985) and Kehlenbeck (l 983 A 

1986) indicated that there was disagreement over the scale o-f the 

structural -form and development o-f the study area; little was known of 

the structure of the Quetico Sedimentary Terrane (QST).

Whilst Pye (1951) and Horwood A Pye (1951), Mackasey (1975 it 1976), 

Mackasey et al . (1974) contributed much to the general understanding of 

the BGT, structural study was not o-f prime importance. In the Geraldton 

area, westerly plunging -folds were identified in banded iron -formation 

and associated lithologies. Interest in these -folds -followed -from the 

realisation that gold-bearing zones were located within plunging 

anti-formal -fold hinges. Large-scale -folds o-f the type seen in 

Geraldton, appear to die out westwards, and only reappear in the area 

just east o-f Lake Nipigon (Leitch Mine), in Dorothea and Eva Townships, 

where banded iron -formation again becomes a significant part o-f he 

stratigraphy. Mapping of the QST by Pye (1965) and Carter (1975 A 1983) 

did not concentrate on the structural geology.

A study by Kehlenbeck (1983) on the structure of the BGT, similar to 

his previous work in the Quetico Subprovince west of Lake Nipigon 

(Kehlenbeck 1984), involved an interpretation of the structure based on
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his recognition of a train of -folds in the southern metasedimentary 

belt. This model was challenged by Ontario Geological Survey workers, 

whose data indicated the presence of a regional scale ductile shear 

regime, rather than a fold belt in the Geraldton area (Lavigne 1983). 

Starting in 1984, a graduate student, Shane Buck, and myself, 

re-examined the field evidence for both structural models (Buck 6 

Williams 1984, Buck 1986). This report presents the data collected in 

the first three years of the project.

A number of structural features will be described for each 

lithology. These data will then be incorporated with descriptions of 

the structural effects at lithological boundaries and in recognised 

shear zones, and examined in a regional context; these are synthesised 

in Section 4.

3.1 Minor structural features in lithological units

These can be divided into two types, deformed primary structures 

such as bedding, pillows, flames, pillars, conglomerate clasts etc., 

and tectonically induced structures such as folds, lineations and 

assorted planar fabrics. In some cases, for example in banded iron 

formation and in wackes, the recognition of primary structures is 

equivocal but of vital importance for the correct interpretation of the 

structural state of the lithologies. For this reason, evidence for the 

state of strain in these rocks is presented and discussed. No 

distinction is made between the lithologies of the BGT and QST, for 

they react to deformation in a similar manner.

Quartz veins are ubiquitous in the area, forming over a range of 

time, for some are deformed, others, not. Descriptions of vein sets are 

made in association with the deformation that pertains to their
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 format ion .

3.1.1 Volcanic rocks

a. De-formed primary structures

The -following primary structures are useful in determining the 

structure and state of strain within the basic volcanics.

Pillows are probably the most used, yet most misinterpreted oi 

igneous structures. Accurate estimation of strain using the ratio of 

pillow long and short dimensions requires knowledge of their original 

shape. Pillows are known to be elliptical to irregular in form when 

developing on the sea floor, and therefore are not good strain markers. 

However, the work of Borradaile (1982) and Borradaile 6 Poulsen (1981) 

shows that an elegant method of strain determination is within easy 

grasp of the field geologist. By using the width variation of chill or 

marginal zones in deformed pillows, a reasonable estimate of strain may 

be made which is not troubled by initial pillow shape variation or 

pillow/matrix viscosity effects, because adjacent pillows are in direct 

contact.

Most outcrops of deformed pillows occur on flat, glacially polished 

surfaces which allow only a two-dimensional strain estimate to be made. 

Road cuts allow three-dimensional estimates, as at M2E12/3Q2930], 

south of Beardmore (Figure 3.1), and at the lakeside exposure 

C42E10/085040] on Lake Kenogamisis (Kehlenbeck 1986). Volcanics in the 

central volcanic belt north of Lake Windigokan [42E12/4180363 are 

totally undeformed, as are those in the northern belt on the shores of 

Lake Nipigon at C52H9/210996], north of Partridge Lake C42E11/675079], 

in an area to the south of the Paint Lake Fault C42E12/51083 (Mackasey 

1976, Devaney 1987), and in Houck Township, northwest of Longlac at
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C42E15/214206]. These outcrops serve to indicate that the southern 

margins of individual volcanic belts are relatively highly de-formed, 

while the northern boundaries are only weakly de-formed.

Amygdale* are not common in the volcanics, and those seen during 

fieldwork were usually in relatively unde-formed sequences of mafic 

flows E42E12/497045; 498044]. At [42E10/0471003 to the north of 

Geraldton, they are flattened in otherwise unfoliated, pillowed 

basalts, so there is the possibility that amygdales were deformed by 

lava flow during extrusion.

Feldspar phenocrysts (Figure 3.2) occur within several mappable 

layers within the southern volcanic belt, for example, south and 

southeast of Patsy Lake C42E11/677015; 707016], south of Jellicoe at 

Clist Lake [42E12/573000] . In the former examples, the phenocrysts are 

undeformed, but the matrix contains a slight foliation. The latter 

example contains feldspars that are elongated down plunge of a strong 

lineation. Shapes vary enormously, but the strain ellipsoid determined 

from the feldspars is prolate, with k s 2 to 5 (Figure 3.2). These two 

examples serve to show that in general, volcanics at the margins are 

more deformed than those occurring in the central parts of the volcanic 

belts.

Variole-ri eh layers in the volcanics are found only within the 

southern volcanic belt. A 20 m thick layer contains individual varioles 

less than a centimetre across, but they make admirable strain markers, 

for their composition, and hence viscosity, is frequently very similar 

to that of the enclosing matrix. Variole* measured in the Ralph Lake 

area C42E12/418990] by Robinson (1986), and south of Clist Lake 

[42E12/573992] indicate very low values of finite plane strain (Figure 

3.3) .
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b. Secondary structures

The use of de-formed primary structures and the development of 

secondary structures in the volcanics and associated lithologies 

demonstrates that de-formation o-f the southerly contacts, -for example 

C42E12/573000; 462035] o-f volcanic belts is more extreme than at the 

corresponding northern ones, -for example C42E15/214206],

The following secondary features have been recognised in the 

volcanic rocks and are used to estimate the state of finite strain.

Planar fabrics: The most obvious planar fabric within the basaltic 

volcanics is a weak to strong easterly trending, near vertical 

schistosity, (Figure 3.4). Its trend is remarkably consistent, varying 

only on a regional scale. For example, the general trend south of 

Geraldton is south of east, while at Beardmore, it is easterly. Because 

most of the volcanics are not layered on a centimetre to metre scale, 

they appear massive in the typical two-dimensional outcrops, except 

where highly schistose. At some localities, a gradient from undeformed 

to highly schistose volcanics is visible as the development and 

coalescence of anastomosing shear zones. Examples of schistosity 

development may be readily examined on Highway 11 at Jellicoe 

C42E12/614033], Beardmore [42E12/307938; 307939], and on Highway 801, 

just south of Paint Lake. These, and others are described below.

At Jellicoe C42E12/614033], a three metre wide shear zone displaying 

a curved schistose fabric, demonstrates the formation of localised, 

highly strained units with vertical schistosity, Stretch lineations of 

amphibole and chlorite, and the geometry of the curved schistosity 

surfaces indicate a south side down displacement (Ramsay 6 Graham
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1970). The highly schistose centre o-f the zone of shearing (Figure 3.4) 

weathers easily, which may explain the relatively poor outcrop 

potential o-f these de-formed zones in the -field.

At Beardmore C42E12/307938} 307939], a zone o-f highly schistose 

volcanics (Figure 3.5) occurs in association with banded iron -formation 

and a graphitic schist that contains pyrite spherules. The schistose 

zone is clearly related with a strong vertically plunging regionally 

significant stretching lineation which parallels local small-scale fold 

axes and -fibrous quartz beards around the spherules. In addition, 

quartzitic layers in the banded iron formation are boudinaged, their 

long axes orthogonal to the lineation. However, at this locality, 

isoclinally folded quartz veins have a shallow plunge to the west. This 

is an example of the fabric developed adjacent to a lithological 

discontinuity, and will be discussed further in Section 3.3.

In the Paint Lake area C42E12/4950873, a continuing study of the 

deformation (Reilly A Williams 1986, 1987), indicates the progressive 

development of a new, and rotation of an existing regional schistosity 

as the Paint Lake Deformation Zone (PLDZ) is approached. Regional NE-SU 

foliation orientations in volcanics veer towards the easterly trend of 

the PLDZ and their intensity increases in sympathy with finite strain 

and development of chlorite and carbonate-rich layers and veins. In 

this case, the schistosity can be attributed to a dextral, or 

strike-slip motion on the PLDZ, best exhibited by minor asymmetric z 

folds, slickensides and c-c' fabric intersections (Berthe et al. 1979; 

White et al. 1980).

The development of schistosity in the basaltic volcanics is 

extremely inhomogeneous. Examples of this are readily inspected north 

of Partridge Lake on the Camp 40 road at [42E14/6712]. Here, basic
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rocks have become schistose, exhibiting highly elongated p i 11ow

structures, and abundant kink bands and asymmetric z -folds. Only a 

kilometre to the south C42E14/667107], pillows are totally undeformed. 

Subtle lithological variation and alteration probably control strain 

development in the volcanics, but these, and the effect of strain 

incompatibility at major lithological contacts probably account -for all 

zones of increased schistosity.

lineation*: Boudinage, stretching, crinkle and mineral elongation 

lineations have been recorded -from the basaltic volcanics in the area 

(Figure 3.4). Boudinage o-f schistose volcanics has only been recorded 

 from two localities. Stretching lineations maybe identified as 

elongation o-f metamorph ical l y derived minerals such as amphibole 

C42E11/708013], and chlorite C42E12/573000], but only positively 

identified where found in association and parallel with stretched 

pillows, plagioclase aggregates [42E11/669016; 6710131 and phenocrysts 

C42E12/573000]. In the Patsy Lake area, stretching lineations are 

sub-vertical [42E11/706017], plunging directly down dip of the well 

developed foliation. Crinkle lineations develop also in highly 

schistose or phyllitic basic rocks, usually parallel with stretching 

lineations and with local and regional fold axes. Mineral elongation 

lineations are typically found along sheared surfaces in faults and 

shear zones, and whilst they may appear to be similar to stretching 

lineations, they do not necessarily occur parallel with the long axes 

of stretched objects.

Boudinage of basic rocks occurs only where they are already 

schistose, not massive. Differential strain allows the formation of 

boudins which are elongated parallel with the intermediate axis of the
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 finite strain ellipsoid. Examples o-f boudinage are rare, but are seen 

southeast o-f Patsy Lake C42E11/706017] and at the east end o-f Clist 

Lake C42E12/573000], where elongation o-f boudins is sub-horizontal and 

orthogonal to a well-developed steeply plunging stretching lineation of 

carbonate, chlorite and amphibole. Within the -foliated rocks, quartz 

veins and porphyry intrusions also -frequently exhibit boudinage.

Stretching lineations in basaltic rocks are best identified where 

deformed pillows or phenocrysts also occur, They are often orthogonal 

to planar carbonate-filled fracture systems (Figure 3.7 4 3.8) at Clist 

Lake C42E12/573000]. Pinch and swell, or boudinage of quartz veins and 

porphyry sheets at the same locality may also indicate whether the 

lineation is due to actual stretching. It is significant to distinguish 

between stretching and elongation lineations, for the former imply 

extensional strain, while the latter may simply be due to the linear 

parallelism of linear elements, for example an amphibole lineation 

along a fold h inge .

Crinkle lineations are hard to identify, and not usually easy to 

interpret, because they rarely occur with visible folding on an outcrop 

scale. Identification with a hand lens is required to confirm that the 

foliation surfaces are rnicrofolded to form crinkles. They usually form 

parallel with stretching lineations, however, at C42E11/706017], a 

locality where the schistosity of the rock is very apparent, boudinage 

axes are sub-horizontal, stretching lineation, vertical, and a 

well-developed crinkle plunges at a shallow angle to the east. Data of 

this sort indicate either that deformation was polyphase, or that 

strain patterns relative to layer orientation changed throughout a 

specific deformation pulse. Evidence to resolve this problem is still 

being sought.
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Folds: Basaltic volcanic rocks do not -fold easily. Unless well 

layered, resulting -from high ductile strain, the -foliation in basic 

rocks is so poorly developed that -folds are unable to -form. No 

regionally significant -fold structures have been recorded even where 

basic rocks are involved in shear zones, where the original basaltic 

progenitor is hard to recognise.

3.1.2 Fine to medium grained clastic sedimentary rocks

A number o-f secondary structures and de-formation processes are 

readily apparent in sedimentary rocks in the area. These are, a 

regionally developed cieavage/schistosity, discrete shearing along both 

bedding and cleavage, -folding on various scales and orientations, 

bedding disruption by shearing, and l ithological l y controlled 

hydro-fracturing. These structures and those produced by the processes 

listed, will be described in detail in order to show the variability of 

de-formation styles, which in part are the result o-f the changing 

response o-f the rocks to stress, which in turn is a -function of their 

water content, mineralogy, state o-f metamorphism and the local strain 

rate.

Bedding orientations are steep to vertical over much o-f the area. 

However, in the QST and locally within the NMB and CMB they are less 

steep and dip north, while in some parts o-f the CMB and SMB, the beds 

dip south, being moderately to slightly overturned. A section of the 

SMB within two to three kilometres of Highway 11 is consistently and 

conspicuously overturned (Williams 1984, Figure 2). Elongate zones 

along strike that are overturned (Figure 4.1) could be due to thrust 

structures that have a flat-ramp duplex geometry within the sediments
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a. Bedding-parallel slip

Examples o-f bedding-parallel slip are best seen along Highway li at 

C42E11/734059; 785049], between Jellicoe and Geraldton. Quartz veins, 

already developed at an early stage, cut several beds within the graded 

wacke sequence, and these are displaced in an inhomogeneous fashion 

(Figure 3.9). The quartz veins are straight and undeformed in the 

coarse psammitic horizons, but where they traverse into -fine grained, 

pelitic bed tops, they become increasingly de-fleeted towards the east, 

until, at the top o-f the bed, in contact with the overlying psammitic 

horizon, the quartz vein is often completely cut by shear. De-flection 

o-f quartz veins has consistently implied dextral motion along bedding 

planes (Figure 3.10), that is, in an easterly direction, as at 

C42E11/734059] .

In an area just south of Highway 11 at [42E11/922983; 940006], well 

exposed sediments o-f the SMB display a range o-f deformation states 

from undeformed to highly transposed. Examples of bedding-parallel slip 

(Figure 3.11, 3.12, 3.13) indicate that pelitic layers always act as 

the locus of strain in wacke packages. Slip planes however, may become 

increasingly discordant, and trace up through the overlying psammitic 

units. In this way, bedding is effectively dislocated into lens-shaped 

masses to produce flaser bedding.

An example of deformation by brittle-ductile shear processes in 

psammitic units is exhibited by extensive outcrops at [42E11/723004], 

At this locality, just south of the SVB, psammites which here 

predominate over pelite, contain swarms of quartz-filled sigmoidal 

en-echelon tension gashes (cf. Nicholson 6 Ejiofor 1987). The sense of
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displacement as determined from their asymmetry (Ramsay b Graham 1970,

Beach 1980), is sinistral (Figure 3.14). The occurrence of sinistral 

sense shear de-formation using vein sets in psammites is quite common in 

the northern section o-f the QST, and may represent an early deformation 

phase. Some of the veins have subsequently been boudinaged (Figure 

3.15) in a subsequent deformation with a dextral shear sense, In 

general, dextral sense displacements overprint and dominate over 

sinistral ones.

Graded wackes in the SMB at C42E11/688050], on Highway 11 exhibit 

strongly developed shear along pelitic layers which are now 

particularly rich in sulphide. At this locality, en-echelon veins 

indicate a dextral sense of shear along the bedding (Figure 3.14), 

typical of the study area.

b. Regionally developed cleavage and schistosity

Developed in most, if not all of the sedimentary rocks of the area, 

is an easterly trending steep or vertically dipping cleavage; slaty in 

character in pelitic layers, non-penetrative within the psammites of 

the graded wackes (Figure 3.17). Stereographic data for this cleavage 

is shown in Figure 3.18; compare with Figure 3.19, a similar plot of 

bedding in the same area of the BGT. The trends of both cleavage and 

bedding are statistically similar for the area as a whole, however, on 

an outcrop scale, cleavage is rarely exactly parallel with bedding. 

This results in the development of an intersection lineation, which is 

commonly steeply plunging and of variable orientation, (see Kehlenbeck 

1983, 1986). This cleavage cannot be unequivocally associated with 

folding.

Cleavage planes within the BGT are also parallel with a fracture set
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veins are important indicators of subsequent straining, -for slip along 

bedding and, or cleavage de-forms these veins into complex zones o-f 

quartz. The presence of quartz veins in close association and parallel 

with cleavage demands that high -fluid pressures were ambient during, or 

just after cleavage development. High fluid pressures can develop when 

a rock mass traverses pressure-temperature space through zones o-f 

increasing fluid molar volume (Goldfarb et al. 1986). The cleavage 

frequently becomes a plane of dextral displacement, even though it may 

have initiated as a plane of flattening.

During progressive deformation cleavage and bedding are reactivated 

in the manner discussed by Bell (1986), forming anastomosing zones of 

shear at angles discordant to axial surfaces of locally developed 

folds. At C42E11/988032] bedding with an ESE trace i s react i gated, 

nearly parallel with the regional cleavage trace. One effect of bedding 

reactivation is antithetic (anticlockwise) rotation of spaced cleavage 

in the psammtic layers. On reactivated surfaces, a subhorizontal 

crinkle lineation is developed, while associated small-scale z folds 

exhibit a northeasterly trace. Similar complex fabric-shear 

relationships are appparent on the south side of Barton Bay at 

C42E10/022047], and illustrate that bedding and cleavage are 

susceptible to continuing deformation, which may cause them to become 

local zones of shear.

Cleavage planes are frequently planes of slip, dextral in sense, as 

at C42E12/400002; 404003; 42E11/678048; 657044; 785049], (Figures 3.21 

6 3.22). Sinistral senses are rarely recorded, but occur at 

[42E12/405003] and elsewhere.

Within both bedded and highly deformed sediments where bedding is
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not recognisable, are zones of intense quartz vein development. South

of Patsy Lake, psammite* at C42E11/723003; 7320021 as previously 

described, are zones o-f quartz veining in arrays at a l ow angle to the 

lithological layering. In some cases, these en-echelon veins are so 

strongly developed that they are similar in appearance to the 

cleavage-parallel veins. They may be contemporaneous, but the two vein 

types have not been -found together.

Associated with zones o-f localised high shear strain, such as the 

Barton Bay Deformation Zone (BBDZ) (Buck 4 Williams 1981), is a 

pressure solution cleavage that will be considered separately in 

Section 3.2.

c. Folding

A number o-f styles o-f -folding are present within the wacke sequence. 

Two are significant, an early tight to isoclinal set, followed by folds 

with an asymmetric z style. They may represent discrete deformation 

pulses, alternatively, they may be the product of a protracted period 

of progressive deformation during which the rocks changed their 

response to tectonic forces with time, resulting from changes in the 

physical behaviour, orientation, pressure, temperature and fluid 

pressure within the rock mass.

'Early' isoclinal to tight folding (E-W trends)

Within the BGT and QST, few folds of this type were actually seen in 

outcrop or inferred from changes in stratigraphic facing directions, it 

is clear that there are few folds present in the area (See, for 

opposing view, Kehlenbeck 1983). For this reason, the BGT and 

accompanying QST cannot accurately be called a fold belt. Areas with



41

local top reversal, as measured by grading in wackes, are restricted to 

specific linear zones about 100 m across, elongate along strike, close, 

or adjacent to major lithological contacts. Examples o-f these zones 

occur at Oxaline Lake C42E12/580047], south o-f the Watson Lake Fault at 

C42E12/502040; 505034], southeast of Beardmore at [42E5/412798], south 

o-f Parks Lake in the central section of the QST at [42E4/481519] , and 

in the area just to the south o-f Barton Bay at [42E10/0204] , In 

contrast, isoclinally -folded quartz veins are ubiquitous, having axial 

surfaces sub-parallel with bedding or the regional cieavage/schistosity 

for the most part, as at [42E11/9600; 670008],

Close, tight and isoclinal, moderately to steeply plunging folds o-f 

local extent often occur in trains along the regional bedding strike 

direction, (Figure 3.17), C42E11/649040]. One of the zones parallels 

Highway 11, from Jellicoe eastwards to Wild Goose Lake area. The 

regional cleavage transects some of these folds, as at C42E11/803044], 

the 'Hi Nipples' exposure, (cf. Stringer 4 Treagus 1980), In this 

example, cleavage which parallels the northern, thinned limb of a tight 

fold, is clearly discordant to the axial surface, and is responsible 

for producing lozenges of transposed bedding only a few metres along 

strike. Local reversal of stratigraphic top measurements in this zone 

is attributable to these folds, for example at C42E11/651041; 647038]. 

Another example, southeast of Patsy Lake at [42E11/723003], is a 

sideways closing, west facing isoclinal structure, but the regional 

cleavage is axial planar. In zones of high strain associated with the 

BBDZ, south of Highway 11 at C42E10/042026] (Buck 4 Wi11 iams 1984), 

isoclinal folds in rocks with no traces of preserved bedding occur with 

a great range in axial plunge. These folds, cut by a strong pressure 

solution fabric, are shallow plunging, with plunges usually parallel
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with a local crinkle lineation. They are highly attenuated and have not

been ascribed to any spec i-f i c -folding de-formation.

A well-exposed mesoscopic -fold at C42E11/922983], just west of the 

Gold-fields Road exhibits a moderately west plunging axis, while the

 fold -faces east. Pelitic clasts in the hinge zone are aligned parallel 

with the cleavage, as are micas in the pelitic layers. Rocks in the 

immediate vicinity o-f this -fold have locally con-flicting way-up 

i ndi cat i ons.

One large-scale structure is visible on Highway 11, at 

C42E11/680049], containing an axial planar cleavage along which pelitic 

clasts are elongate. This -fold, as with others, has a l ow amplitude and 

plunges moderately east, while bedding on a scale larger than the fold 

strikes southeast. The southeast bedding trend is common in the 

overturned zones in which these types o-f -folds occur. Perhaps the -fold?

 form preferentially in these zones and so locally modify the SE 

orientation by buckling. The locally developed initially southeast 

trending bedding orientations are likely a result of rotation on 

listric ramp structures, (Sample A Fisher 1986), and not a result of 

folding deformation. Substantiation of this hypothesis is being sought, 

and the whole concept of bedding orientations and the regional 

structure of the BGT being produced by folding alone is being reviewed, 

with a bedding plane shear/thrust mechanism being offered as an 

attractive alternative.

The BBD2 is locally, a zone of intense folding. Isoclinal and tight 

folds maybe viewed conveniently at the McClelland Strippinqs to the 

west of Geraldton at C42E11/982037]. This zone, documented by Buck 

(1986) will be dealt with in Section 3.2.
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"Later' asymmetric z style folds (NE trends)

Small-scale, asymmetric, z style -folds are common in the study area, 

especially in the BGT. They are usually less than a metre across. Their 

axial traces and associated schistosit ies are variable in trend, but 

usually some 20 to 50 anticlockwise of the regional cleavage and/or 

bedding (Figure 3.23), as at [42E11/9701] on the Gold-fields Road. 

Plunges on these minor -folds are di-f-ficult to assess on two-dimensional 

outcrops, but are usually steep when -found in rocks with preserved 

bedding. At C42E12/515033], however, a rare fold plunges moderately 

northeast. There is some evidence to suggest that in barely de-formed 

rocks, with preserved bedding, -folds plunge either gently east, or 

vertical; in increasingly de-formed rocks, z -fold plunges are steep to 

shallow west. In extensively de-formed rocks, where bedding is 

completely transposed by shear, -folds occur with plunges that are very 

shallow to moderate to the west, and in these rocks, the angular 

relationships between the axial trace and the trend o-f the regional 

 fabric is smaller than usual. However, no consistent relationship 

between -fold plunge, axial orientation and de-formation state o-f the 

rocks exists (Buck 1986). Associated with these -folds is the 

development o-f a cleavage parallel with the -fold axial sur-face (See 

Section 3.1.2.-f). It has a vertical orientation and frequently curves' 

up to 20 relative to the regional cieavage/schistosity, becoming 

parallel with the lithological layering as the folds are traced across 

the layering (Figure 3.24), C42E11/982037]. The axial planar fabric is 

represented by elongation of inequant clasts and individual grains in 

the coarser grained sediments [42E11/9701]. Excellent outcrops of 

folded sediments can be seen at the McClelland Strippings 

L42E11/982037] . Here the folds deform an existing schistosity (Figure
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3.25), and in some places already deformed clasts and transposed

bedding. A close relationship exists between these -folds and the 

development of a regional system o-f dextral sense simple shear (Lavigne 

1983).

Some z -folds develop as a result o-f layer-parallel slip along 

layering, -for their axial surfaces erupt from di scont inu i tes in the 

layering, beginning as listric discordances, becoming asymmetric folds, 

changing their style and amplitude across the layering (Figure 3,26).

In the Geraldton area especially, large-scale z folds occur, as on 

the Hardrock Property C42E10/0450283, and on the Kenogamisis Peninsula 

[42E10/07011. Larger scale still, Pye (1951) and Horwood 6 Pye (1951) 

mapped many folds in the Ashmore and Errington Townships around 

Geraldton. These plunge gently westwards, and whilst they appear 

isoclinal on maps, a down plunge view exhibits their true profile. 

These folds are important for their apparent ability to focus 

gold-bearing fluids.

Shear 'folds'

A number of folds have been found that fit neither of the sets noted 

previously. They occur as discrete structures with a saw-tooth shape. 

Dextral sense motion along cleavage planes at centimetre to metre scale 

spacings, as at C42E11/862043; 864048; 42E12/400002; 404003], produces 

fold-like structures where cleavage and bedding are discordant. These 

folds are not due to buckling, they do not produce stratigraphic 

reversal, but are the result of reactivation of the regional cleavage.

d. Transposition of bedding

In restricted areas, for example south of Patsy Lake
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C42E11/674004; 474003], south of Beardmore at C42E12/296922], both near 

the northern margin of the QST, bedding has been completely obliterated 

by a shearing process. This is evident within zones less than 50 m 

wide, leaving the bulk o-f the rocks in the vicinity relatively 

unmodified, exhibiting grading and dewatering structures. In the highly 

deformed zones, quartz veins have become completely disaggregated into 

blobs (Figure 3.27) that are elongated down the vertically plunging 

lineation which parallels the axes of minor folded quartz veins, 

Bedding in these deformed zones has been completely replaced by a vague 

layering and a strongly developed schistosity or pressure solution 

cleavage. The material is a light grey-buff colour and sometimes can be 

seen to consist of ill-defined lensoid fragments of psammitic material 

in a pelitic matrix, not unlike that depicted in Figure 3.28 which is, 

paradoxically, an example of syn-sedimentary slumping. These rocks are 

frequently highly veined by quartz, which are tightly folded and 

disaggregated (Figure 3.29). The shearing initially produces fragments 

of coarse and fine grained material in a chaotic matrix (Figure 3.29), 

but continued shearing breaks down the fragments into a relatively 

homogeneous material. This process is not unlike that which produces 

the melange-type material in Figure 3.28. Stages in the transposition 

of layering can be viewed at enormous exposures at [42E11/93001. 

Another example, on the Windigokan Lake Road just north of Highway 11 

[42E12/423008], consists of transposed bedding, but the new layering is 

poorly developed.

A less chaotic type of bedding transposition can occur in banded iron 

formation, or in rocks that contain that lithology. An example, south 

of Oxaline Lake C42E12/5800461, contains a lean banded iron formation 

in association with pelites and minor psammites. These rocks are
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laminated (Figure 3.30), but bedding is completely transposed because

the layering is lensoid, isoclinal -folds abound and there is unusually 

 fine banding. These are known to be -features not -found in bedded rocks. 

A similar outcrop, along strike from [42E12/5800463, at [42E12/5080343 

on Highway 801, exhibits unequivocal evidence -for transposition, (See 

Section 3.1 .4) .

Transposition o-f bedding, with its ultimate destruction is of 

localised extent, especially in the CMB, in which large areas rich in 

primary sedimentological -features are mappable devaney 1987). It is 

highly likely that transposition is l ithological l y controlled, being 

more common in rocks rich in pelite and banded iron -formation.

e. Hydro-fracturing breccias

Along Highway 11 a dozen or more localities that exhibit a 

small-scale hydro-fracturing breccia structure have been recognised -for 

the first time. At [42E12/562027; 483019; 464017; 42E11/713055; 690047; 

812043] on Highway 11, at [42E11/9830203 on the Goldfields Road (Figure 

3.31) small-scale fracturing of wackes takes place along bedding planes 

(Figure 3.32). These breccias are usually less than 0=2 m thick and up 

to several metres long, rarely up to 10 m length. They consist of 

narrow zones, often parallel with, but sometimes slightly discordant to 

bedding, of centimetre-size angular fragments of locally-derived 

cleaved pelitic or psammitic lithologies, set in a matrix of quartz or 

pelitic material. The fragments contain the same cleavage as that found 

in the host material, but it is disoriented. The breccias formed 

therefore, after the onset of cleavage formation. These breccias, and 

the cleavage-parallel quartz veins are features indicative of the 

maintenance of high fluid pressures during deformation (Beach 1980).
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These zones o-f bedding-parallel and locally discordant hydro* rae tur ing 

are compatible with a regional system o-f listric structures aiding in 

the imbrication o-f strata (cf. Cloos 1984, Von Huene 1984). Because 

exposure is so poor, it has not been possible yet to determine the 

exact relationship between these hydro-fracture breccias, the zone of 

overturning, the areas o-f southeast trending bedding and the regional 

structure. There is mounting evidence that they are causally related.

Other exposures o-f brecciated or veined sediment occur within the 

study area, for example, C42E11/982037; 42E12/515028] on Highway 11. 

The complex patterns o-f quartz stockwerke and the controls on their 

location are not yet understood.

 f. Secondary cleavage

The secondary cleavage, a planar to curviplanar -feature, is 

axial planar to the asymmetrical z style -folds, -forming with a 

generally anticlockwise trend relative to the regional -foliation 

(Figures 3.34, 3.35, 3.36). The term 'secondary' refers to the strength 

and temporal relationships relative to the regional cleavage. Shearing 

rarely develops along this fabric for it is a plane of flattening, 

paralleling the traces of the z folds. In the terminology of Berthe et 

al. (1979), it is an (s) fabric, while the main schistosity is a (c) 

fabric. These fabric relationships are well displayed on the south 

shore of Oxaline Lake at C42E12/580045]. Its orientation is a reliable 

indicator of dextral shear.

g. Lineations

The following types of lineations may be found within the 

sedimentary packages: bedding/cleavage and bedding/schistosity
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intersections, crinkles, mineral elongation, boudinage and quartz

rodding. These are described in detail and their tectonic si gn i-f i cance 

discussed, (Figure 3.6).

Bedding-cleavage intersection lineations are caused by the 

non-parallelism of bedding and and the regionally developed cleavage or 

schistosity. The lineation is most noticeable as a -faint to strong 

colour banding on schistosity surfaces. Unfortunately, these surfaces, 

and there-fore, the lineation, are rarely seen on natural outcrops, 

regularly, only in road cuts along Highway 11. Unequivocal recognition 

o-f this lineation in natural outcrops is problematical. The lineation 

plunges at a moderate to steep angle, but because bedding and cleavage 

are nearly parallel, the plunge angle, or alternatively, the pitch of 

the lineation on one o-f the two planar -fabrics, is extremely 

susceptible to minor changes in the relative orientation o-f those two 

intersecting surfaces. A specific example of a locality where 

complexity can be observed is at C42E10/025043] where bedding is 

younging to the west, dipping shallow west. Ulithin a few metres, the 

bedding/cleavage intersection lineation plunge change? dramatically 

from shallow west to vertical, without a significant change in bedding 

orientation or structural discontinuity. Use of this lineation as a key 

to the recognition and orientation of regional and minor scale folding 

is unwise, (cf. Kehlenbeck 1983, 1984). The lineation is produced by 

the intersection of bedding and a fabric that cannot be unequivocally 

related to a folding episode. Use at outcrops or regions where the 

presence of folds can be established independently is not questioned 

here. 'Structural facing' directions determined using this lineation, 

may have little significance.

Crinkle lineations are usually found on cleavage or schistosity
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surfaces, which may be parallel in layers of pelitic composition, 

representing a micro-folding o-f the planar -fabric. The crinkles 

frequently parallel the local z fold axes and are developed at a high 

angle to the bedding/schistosity lineations. At C42E11/992030] 

however,, a crinkle is subhorizontal, and clearly not parallel with 

local z folds, which have steep plunges. Large variations in the 

plunges of z folds are also reflected in a similar plunge variation of 

crinkle lineations, so perhaps the latter are genetically related. In 

some localities, two crinkles are apparent on the same surface, 

[42E11/0150313, a coarse one which plunges shallow west, and a fine one 

which is horizontal. Other outcrops, such as C42E10/0350271, exhibit a 

number of lineations on adjacent surfaces. Two fine crinkle lineations, 

a coarse crinkle and a mineral lineation are visible, all with 

differing orientations, within a few metres on surfaces of the same 

orientation. It appears that lineations in pelitic rocks are not 

necessarily a reliable indicator of regional tectonic axes. Their 

diversity and character are confusing and difficult to analyse 

formally. The exception at C42E10/0350273, is the ubiquitous rodding 

lineation of quartz, which forms parallel with associated isoclinal!/ 

folded quartz veins.

Mineral elongation lineations are rare within these fine grained 

phyllosilicate - rich sedimentary rocks because their mineralogy lacks 

naturally elongate minerals. Chlorite slicks, with a shallow westerly 

plunge developed at [42E11/9930303 on a schistosity surface, but are 

not parallel with a locally developed horizontal crinkle lineation. 

South of Jellicoe, at Blackwater Lake, finely laminated wackes adjacent 

to the contact with mafic volcanics are highly deformed and exhibit a 

vertically plunging chlorite lineation on the schistosity surfaces
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C42E12/5930223. These and other examples of these two major directions

of lineation appear to represent two -fundamentally different movement 

direct ions.

Boudinage is common where relatively competent quartz veins 

[42E11/0140291, or layers of mafic C42E11/015035; 708012], psammitic 

C42E10/0204], and granitic C42E6/870636] material occur within less 

competent units such as pelite. Boudin axes are rarely measurable, so 

their potential as kinematic indicators is diminished. Later 

deformation allowed the nucleation of z folds on the corners of boudins 

(Figure 3.37), at which time some of the boudins also were deformed 

during simple shear so that their originally orthogonal surfaces are 

now at a smaller angle. Some boudinage develops in this way, 

asymmetrically (Figure 3.38), and is a powerful tool in the recognition 

of simple shear deformation during or after boudin formation. Quartz 

rodding and other lineations such as fold axes may be appreciably 

discordant with boudin axes at the same locality [42E10/025028], so it 

is unwise to assume that orientations of one structure are reliable 

indicators of the orientations of others.

3.1.3 Conglomerate

Granitic clasts in conglomerates are highly resistant to 

deformation, while all other clast compositions, such as felsic and 

mafic volcanics, which represent the dominant clast type (Devaney 

1987), are highly flattened during deformation (Figure 3.40). Elongate 

conglomerate clasts in zones of strong deformation frequently exhibit a 

preferred orientation parallel with the regional schistosity 

C42E11/670101], or alternatively, with the axial traces of local z 

(Figure 3.39) and chevron folds C42E10/028028]. In zones of intense
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asymmetric z -fold deformation, clasts develop extension fractures 

orthogonal to fold traces C42E10/0140293. Asymmetric kinematic 

structures abound in deformed conglomerates and these will be detailed 

in Section 3.5. Asymmetric z folds sometimes nucleate on the lee side 

of individual pebbles C42E10/014029], a phenomenon ascribed to simple 

shear deformation, an aspect which is also treated in Section 3.5.

3.1.4 Banded iron formation

Almost without exception, banded iron formation is considerably more 

deformed than the rocks that enclose it. As a result, its layering is 

often attenuated, folded, or in some highly deformed horizons, sheared 

to an extent that no folds are preserved.

Pelitic and psammitic sequences that contain banded iron formation 

as layers up to 20 cm thick are typically isoclinally folded, as at the 

locality west of the Mosher Mine [42E10/0270303 . These isoclines 

(Figure 3.41) may originally have been asymmetric folds similar to 

those mapped further east by Pye (1951) in the Geraldton area, but 

additional strain associated with proximity to the BBDZ (Buck 4 

Williams 1984), may have refolded, tightened and rotated these 

structures into parallelism with the regional foliation. These types of 

structures emphasise that folds in different materials form in 

contrasting ways, to differing degrees and orientations.

Asymmetric, z style folds are especially characteristic of 

deformation within sequences containing banded iron formation (Figure 

3.26). Banded iron formation also seems to encourage the formation of 

new schistosity surfaces or mylonitic fabrics, such as (s), (c) and 

(c'), which will be discussed in Section 3.4. Examples of these fabrics 

are readily observable at Oxaline Lake C42E12/590045], (Figures 3.34 6
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3.35). Transposition of bedding into the schistosity is usually

complete in banded iron -formation, as determined by the presence of 

 folds and lensoid layering (Figures 3.42 (t 3.43).

Banded iron -formation -found within volcanic units C42E12/307939] is 

also the locus o-f extreme de-formation, resulting in highly -folded, 

veined, and boudinaged layers (Figure 3.44). Examples o-f highly 

strained iron -formation within mafic volcanics can be seen at Beardmore 

[42E12/3069383 and at Ralph Lake C42E12/419974]. Abundant quartz 

veining is -frequently associated with deformed banded iron formation. 

The veining is sometimes hard to distinguish from recrystall ised host 

quartzite in the most deformed zones because the veins become aligned 

parallel with the layering, assuming ragged shapes that are boudinaged 

along with the iron formation.

Banded iron formation seems to focus strain upon itself and on the 

enclosing rocks. At Solomon's Pillars prospect C42E12/547039] and in 

numerous other localities, for example [42E10/026030], the enclosing 

materials are rich in secondary fabrics, quartz veining and folds.

The thinly laminated nature of banded iron formation, the ease with 

which the quartzitic material recrystall ises, both account for its 

behaviour as a strain 'guide'. Banded iron formation appears to 

encourage both quartz veining and strain. These veins are sought by 

prospectors for gold. Since other rock types vein and strain in a 

similar manner, preferential gold accumulation within banded iron 

formation is perhaps a function of rock chemistry.

3.1.5 Gabbro

Gabbroic rocks were also affected by deformation but their response 

to it is highly variable. Two deformation styles are apparent, an early
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ductile de-formation along steeply plunging movement axes is associated 

with the regional imbrication o-f the stratigraphy. A later, 

ductile-brittle de-formation was associated with the -formation of 

discrete dextral-sense de-formation zones, such as the PLDZ and the 

BBDZ.

Examples o-f the early de-formation style occurring in gabbros and 

coarse mafic -flows are best seen within the southern volcanic belt at 

Ralph Lake [42E12/4188970], Clist Lake C42E12/573999] and southwest of 

Patsy Lake C42E11/666017]. At Ralph Lake, the gabbro has been subjected 

to shear along discrete, 5 cm wide zones, across which there has been 

the development o-f a -fine-scale -foliation with an asymmetry that 

implies south-side-down motion on steeply dipping planes, In the Patsy 

Lake area, near the -faulted northern margin o-f the southern volcanic 

belt, gabbro is highly de-formed to produce a melange o-f knobby pods o-f 

epidotised gabbro in a chaotic and poorly -foliated greenschist matrix 

(Figure 3.46). Gabbro at Clist Lake is relatively homogeneously 

de-formed, exhibiting plane strain. Ma-fic and -felsic clots are highly 

elongate parallel with a well-developed mineral lineation that plunges 

steeply (Figures 3.47 6 3.48). On Highway 801 just south o-f Pasha Lake 

C42E12/498044J, a gabbro similar to that at Clist Lake is deformed to 

the same intensity, and style and is also -found in association with 

variolitic -flows, as at C 42E12/573999] . Only in a -few places was 

similarity between the stratigraphy o-f the central and southern ma-f i c 

volcanic belts noticed.

Some o-f the mafic tu-f-fs mapped by Pye (1951) and Horwood 4 Pye 

(1951) have been shown to be highly deformed gabbro (Lavigne 1983), 

Buck (1986) made a special study of gabbro mylon i t i sat i on in the 

Geraldton area, confirming the hypothesis of Lavigne (1983). The
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original mi si dent i f i cat i on by Pye and Horwood is not a sigificant error

considering that mylonites and crystal de-formation processes were 

 foreign to geologists at that time. The transition -from gabbro to 

mylonite is best seen at a number of exposures along Highway 11, west 

of Geraldton. Instructive localities are to be -found at the old 

Bankfield Mine [42E10/024024], Magnet Lake [42E11/9504], south of the 

Brookbank Zone on Windigokan Lake Road C42E12/423067] , the McClelland 

Strappings C42E11/922037], and south of Geraldton [42E10/050021]. The

transition from undeformed gabbro to a well-foliated and 
rnacroscopically layered greenschist is remarkably abrupt, hence the

difficulty Pye and Horwood had in determining age relationships between 

their two rock types. The transition does not exhibit the classical 

curved (s) fabrics (Ramsay 6 Graham 1970). Successive stages in the 

state of strain develop different layer thicknesses parallel with a 

well-developed (c) fabric, and ultimately, the development of a (c') 

fabric (Figures 3.49, 3.50, 3.51 and 3.52). These figures demonstrate 

the abruptness with which the fabrics change and develop from 

undeformed gabbro. They also show how the gabbro initially deforms 

inhomogeneously, developing discrete shear zones separated by 

relatively undeformed material.
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3.1.6 Porphyritic intrusions

Minor intrusions containing porphyritic quartz and feldspar occur 

within all other major rock types but are -frequently involved in zones 

of intense de-formation that characterise the gabbro exposures. Some 

post-date part o-f the earlier regional deformation -for they cut the 

cleavage in pelites, but are boudinaged and -folded within mafic units.

Examples of deformed porphyry occur at Clist Lake C42E12/573999], 

south of the Brookbank Zone C42E12/423068], south of Geraldton at 

C42E10/035025], on Highway 11 at C42E11/816042], south of Patsy Lake 

[42E11/708012], west of Mosher Lake [42E10/014029], and at the 

Bankfield Mine [42E11/942047]. These will be described to show the 

variability of fabrics generated and deformation state.

At Clist Lake, porphyry intrudes gabbro and is deformed along with 

its host, forming boudinage structure, with sub-horizontal boudin axes. 

Similarly, within the Brookbank Zone, porphyry is deformed into 

pastel-coloured schistose layers within tectonised gabbro. At the 

Bankfield Mine and at C42E10/035025], porphyry has been extremely 

deformed, and even displays (c') structures in well-foliated sericitic 

material. At the Bankfield Mine, porphyry js clearly intrusive into 

gabbro but is elsewhere highly disrupted along east-trending, 

regionally important ductile shear structures (BBDZ), where it becomes 

intensely foliated and interleaved with gabbro. Uhen both are highly 

foliated, the original intrusive relationships are equivocal. In 

contrast, where porphyry intrudes into sedimentary rocks, the 

porphyries are not nearly so deformed, [42E11/816042] and 

C42E11/708012]. This, however, maybe a function of difficulty of 

recognising deformed porphyry within highly deformed sediments, a
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problem, for example, at the McClelland Stripping* (Buck 1986)

3.2 Mylonitic effects in sediments and basic rocks

Several txpes of structural -features may be used to detect the state 

and character of strain in sediments and basic rocks in the area, In 

sediments, one or more o-f pressure solution cleavage, asymmetrically 

boudinaged quartz veins, (c x ) and stretching lineations typically occur 

within strongly de-formed rocks. In ma-fic rocks, a strong schistosity 

and associated lineation, (c/c') -fabrics are indicative o-f high strain; 

in sedimentary rocks, a pressure solution cleavage, quartz veining, 

boudinage and -folding typi-fy highly strained rocks. These structures 

are described in order to indicate the -field data required to recognise 

deformation zones.

In sedimentary rocks, the most obvious high strain -feature is a 

spaced, or pressure solution cleavage, which -forms only in pelitic and 

semi-pelitic compositions, where mica is available -for concentration 

along spaced planes, usually up to l cm apart. Between mica 

concentrations are zones relatively rich in quartz and -feldspar. 

Examples o-f this type o-f cleavage (Figure 3.53) occur associated with 

the BBD2 at C42E10/015035] (Buck 4 Williams 1984). In some localities, 

this cleavage is clearly the transposition o-f chevron -fold limbs, for 

within each lithon, the relicts o-f a -former, -folded -foliation is 

visible (Figure 3.54). Quartz veins in rocks containing this pressure 

solution cleavage are frequently folded and boudinaged (Figure 3.55), 

but the boudin fragments are asymmetric to the cleavage, which is 

indicative of rotational shear. Also associated with high strain is the 

production of a (c") fabric at a low angle to the dominant (c) 

foliation (Berthe et al . 1979; White et al . 1980). This fabric is rare
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in de-formed sedimentary rocks, but is manifested as a low angle 

displacement of the cleavage clockwise of the -foliation (Figure 3.56), 

Crinkle and mineral elongation lineations are not well developed in 

sediments except in highly de-formed pelites. Their presence is usually 

indicative o-f high strain, but the lineation orientations are 

capricious; crinkles on adjacent -foliation sur-faces are -frequently 

discordant. Kink bands, though rare except in pelitic sediments because 

o-f their composition, are a reliable indicator o-f strongly de-formed 

lithologies as at C42E10/030026; 42E12/513030; 4600281. Chevron style 

 folds also occur within sheared zones at lithological boundaries in 

association with kinks, as at C42E12/513030].

In basic rocks distant -from major lithological contacts, strong 

de-formation is rare. However occurring at a locality west of Jellicoe, 

[42E12/6140333, is the type o-f structure which results -from localised 

shear strain (Figure 3.57). Further de-formation, which normally only 

occurs at ma-fic contacts with other lithologies, may allow kink band 

production C42E14/66123, and an increased schistosity, sometimes with 

the development o-f (c') shear band structures (Figure 3.52), and 

lineations (Figure 3.8).

It is beyond the scope o-f this study to ascertain the general 

relationships between hydrous and carbonate alteration and intense 

de-formation. There is some evidence that both types o-f alteration occur 

late in the deformation process.

3.3 Structural e-f-fects at lithological boundaries

There is clear evidence that lithological boundaries are zones of 

increased strain in rocks. This is partly due to the contrast between 

the lithologies, and partly the tectonics o-f interleaving of the strata
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on a regional scale. A number of examples are described below.

The de-fined Uabigoon-Quet ico boundary southeast o-f Jellicoe 

C42EH/707012] is located at the southern margin o-f the southern 

volcanic unit, where it abuts the vast tract o-f Quetico sediments. This 

contact is sharp, and appears to be a con-formable one, but it is 

tectonic figure 3.58). The basic rocks to the north become 

progressively more sheared towards the contact, until some centimetres

 from it they display a strong (c) and (c') -fabric. At the contact 

itself, graphitic schists rich in quartz lozenges and sulphide 

mineralisation are much in evidence. The sediments however, are more 

extensively, but not so regularly de-formed towards the contact. 

Hundreds o-f metres -from the contact, they are highly de-formed, yet when 

traced towards the contact, they contain relicts of seemingly 

unde-formed material clearly showing original bedding. A metre south o-f 

the contact, sediments exhibit a strong schistosity but no primary

 features (Figure 3.58). Similar structural relationships at large-scale 

lithological contacts can be seen near the Brookbank Zone 

C42E12/422069], Oxaline Lake [42E12/560047], Clist Lake C42E12/570998] 

and Beardmore C42E12/2979221.

Not all lithological contacts are so strained. For example the 

northern contacts o-f basic rocks with their respective sedimentary 

mantle, originally unconformable, are now mildly tectonised 

C42E11/675021; 42E12/418034], but much less strained than their 

southern counterparts. The deformation is due to the local competency 

contrast between units rather than the locus of regional tectonic 

imbr i cat ion.

3.4 Shear zone distribution and recognition



59 

Using the minor structural features described in preceding sections,

shear zones mapped by Mackasey (1975, 1976) and others, at major 

lithological contacts, and supposed from topographic lineaments, have 

been confirmed. Most, if not all lithological contacts are strained to 

some degree, some, as explained in the last section, are strained more 

than others because of the part they played in the imbrication of the 

stratigraphy (Devaney 4 Williams, in prep.). It would be accurate to 

say that all the lithological contacts examined during this study are 

shear zones. Many of the major lithological contacts subsequently 

became brittle structures, showing evidence of discrete fault 

displacement during the Proterozoic. Diabase dykes are dextrally 

displaced across the Paint Lake, Watson Lake, and Standingstone Lake 

Faults, (see Stott 1984a, 1984b). Two major shear zones are renowned in 

the area, the Barton Bay Deformation Zone originally known as the 

Bankfield-Tombill Fault (Buck 1986; Buck k Williams 1984) and the Paint 

Lake Deformation Zone (Mackasey 1976; Re i 11 y 4 Wi11 iams 1986, 1987), 

These two structures are discussed below, with emphasis on the 

structures used to identify the shear zone.

The BBDZ is a regionally discordant shear zone, about l km wide, 

developed in volcanics, gabbros and sediments within the southern 

metasedimentary belt and the central volcanic belt in the Geraldton 

area (Figure 1.1). The zone has been extensively studied and the 

following features can be used to delineate it. Within the zone, 

sedimentary rocks increasingly develop a penetrative and then a spaced 

cleavage, asymmetric z folds, displaced quartz veins and a discordant 

(s) fabric, while basic volcanic rocks exhibit a strong schistosity, 

and pillows are highly elongate. Gabbros become extremely mylonitised, 

appearing highly foliated and contain (c) and (c') fabrics. Porphyritic
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intrusive*, known to be late in the geological development o-f the area,

are affected by the BBDZ, becoming mylonitised at the Bank-field Mine. 

Outcrops o-f highly sheared rocks within the BBDZ are easily visited 

along Highway 11 (Mason et al . 1985). There is now no excuse -for 

geologists not to examine at first hand the fabrics and structures 

associated with de-formation in the BBDZ.

The PLDZ (Reilly 6 Williams 1986), is an east-trending slightly 

discordant shear zone, involving mostly basic volcanics and 

conglomerates. It is not easily accessible. A splay -from the PLDZ in 

the west part o-f the region becomes the Brookbank Zone, an important 

recent gold mineralisation discovery. Recognition o-f strained rocks and 

sense o-f displacement on the PLDZ is determined -from a number of 

features, including well-foliated basic rocks containing (c) and (c') 

fabrics, kink band swarms, abundant quartz and carbonate veining and 

alteration, asymmetric folds and associated (s) fabrics, deformed 

conglomerate clasts and a well-pronounced topographic anomaly,

Other significant shear zones in the study area include the 

Wabigoon-Quetico boundary located at the northern margin of the QST , 

the Watson Lake - Oxaline Lake fault separating the southern and 

central belts, a small shear zone on the north side of the basic 

volcanics at Jellicoe C42E12/615033], and several zones to the north of 

Longlac at C42E15/238182], which may be a continuation of the PLDZ, and 

further north, at [42E15/2022], which may be a zone of shear resulting 

from intrusion of a nearby granite.

3.5 Use of kinematic indicators to determine shear sense

Recently, some useful reviews of the use of kinematic indicators 

(features indicating the sense of displacement during deformation) have
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been published, these are Simpson A Schmid (1983); and Passchier 

(1986). Most, i-f not all of the indicators mentioned in these reviews 

have been, or are potentially use-ful in the study area.

As mentioned in a preceding section, the relationship between s and 

c, between c and c' fabrics in mylonites are some o-f the best shear 

sense indicators (Figure 3.51). The vergence o-f asymmetric -folds 

(Figure 3.25), the sense o-f displacement on c' fabrics (Figures 3.52 4 

3.56), the stepping asymmetry of pressure fringes, tails and boudinaged 

veins or layers (Figures 3.38, 3.39 4 3.40), the displacement of clasts 

and veins (Figure 3.9) and the orientation of filled fractures (Figure 

3.14) can usually be used as a group of indicators. It is important not 

to rely on one, but to use several different types of indicators.

3.6 Regional fault and shear zone structures

Regional structures in the study area have to some extent been 

described in Section l on previous work. However, the following points 

may be made to put them into perspective. The PLDZ and BBDZ are the 

only large-scale structures that are of regional, tectonic importance. 

The Jellicoe Fault (Mackasey 1976) is a topographic lineament, but 

there is not much evidence for it on the ground (See Landsat images) in 

terms of ductile deformation. It is one of a family of NNE-trending 

structures across which there is sinistral motion, complementing the 

generally easterly-trending dextral structures such as the PLDZ and 

BBDZ. Many workers are of the opinion that these two fault families are 

a conjugate pair, however, the angle between them is too large for that 

to be an acceptable explanation. An alternative explanation documented 

in Lawson (1986), suggests that the NNE faults are a secondary response 

to the dextral shear regime. The regional dextral sense of rotation of
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segments of crust between two major dextral shear zones such as the

Wabigoon - Quetico boundary and the BBDZ, is accommodated by sinistral 

motion on the NNE -faults. In the extreme south o-f the study area a 

large scale structure, the Gravel River Fault joins the Wabigoon - 

Quetico boundary fault southeast o-f Longlac (Amukun 1984). The Gravel 

River -fault is thought to be sinistral also, but there is as yet no 

convincing evidence on this point. The Wabigoon - Quetico structure 

east of Longlac in the Klob Lake area (Amukun 1984) is a dextral 

structure but with an early sinistral motion across it (Williams, 

unpubli shed).

3.7 Structural synthesis

Some of the sedimentary and volcanic units in the study area are 

well-preserved and relatively undeformed, especially in the northern 

and central belts of the BGT, where deformation is inhomogeneously 

dispersed, tending to be concentrated in ductile rocks and along major 

lithological boundaries. In the southern belt and in the Quetico 

Sedimentary Terrane (QST), the deformation, though similar in style to 

that in the northern and central portions of the BGT, is more apparent, 

Structural features are described in chronological order, as far as 

this can be ascertained.

Bedding orientations in the study area vary from near vertical in 

the north, beside the PLDZ, through steeply to moderately north dipping 

within the CMB, to vertical and overturned (south-dipping) in the Sf1B 

and QST (Figure 4.1). A regionally developed cleavage, of east-trending 

vertical to steeply dipping orientation, statistically parallel with 

regional bedding, but locally discordant, is found within most of the 

sediments and volcanics. In pelitic rocks it is slaty in character, but



63

is non-penetrative in sandstones and the mafic volcanics, in which 

objects such as pillows, amygdules, varioles, clasts and sedimentary 

structures are elongated. In mafic rocks, the -fabric may be described 

as a schistosity but within pelites and silty sandstones, the cleavage 

has associated with it a swarm o-f sub-parallel quartz veins some oi 

which dip steeply north within each layer. This cleavage is sometimes 

axial planar to a set o-f tight to isoclinal folds in mixed 

pel ite-psammite sequences. These are developed in trains up to several 

hundred metres wide, o-f steeply plunging structures, one o-f which is 

well-exposed along parts o-f Highway 11 (Kehlenbeck 1986). In some 

localities, -folds maybe in-ferred from localised younging reversals in 

sediments, but as emphasised in preceding sections, large-scale folds 

are not typical of the study area. The regional changes in bedding 

orientation cannot be explained by the presence of large-scale folds. 

This general paucity of folds in the study area is a function of the 

relatively monotonous stratigraphy. In contrast, the area around 

Geraldton is rich in folds because of the presence of discrete, 

significant thicknesses of banded iron formation (Pye 1951; Horwood ^ 

Pye 1951). These kilometre-scale or smaller structures become 

increasingly rare west of Geraldton. Probably of the same age as this 

folding episode is the development of a steeply plunging mineral 

elongation lineation, chiefly of amphibole within the mafic rocks. It 

is rarely developed in the sediments for lack of necessary linear 

mineral grains. Deforming this lineation is rare sub-horizontal 

boudinage which forms most commonly within the mafic volcanics. Pillows 

within the mafic units are elongated down dip, but have been subjected 

to plane strain based on examination of pillow selvages (Borradaile 

1982) and deformation of mafic clots in associated coarse grained
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rocks. The regionally developed planar fabric, the various lineation*

and scarce -folds are considered to be manifestations o-f the earliest 

de-formation phase. Metamorphic grade during the de-formation was 

generally in greenschist facies in the north, increasing slightly 

southwards (Robinson 1986). Basal sections o-f mafic units, especially 

those in the southern volcanic belt, are locally within amphibolite 

facies, determined from the presence of hornblende and cummingtonite.

A subsequent deformation is one that is sporadically developed, 

especially at or near major lithological boundaries, in pelites and in 

banded iron formation. The character of this deformation contrasts with 

the earlier one, but the two may overlap in time. The most obvious 

signature of the later deformation is the development of shallow to 

steep plunging small-scale folds that display a 'z' style of asymmetry. 

Associated with these folds is an axial planar fabric, equivalent to 

the (s) fabric of Berthe et al. (1979), which is manifested as a 

cleavage in fine grained rocks, or a plane of flattened clasts in 

coarser grained sediments. Also associated with this deformation event 

is the production of an enhanced foliation or schistosity along which 

there is frequently discrete right-handed displacement, but is also 

represented by a transposed layering, which in many cases parallels the 

original bedding. This enhanced or new fabric is equivalent to the (c) 

fabric of Berthe et al . (1979). A shallow to steeply plunging mineral 

and crinkle lineation is developed on this foliation, but its 

orientation is variable, probably controlled by the specific strain 

state of the host lithology. Axial traces of the asymmetric folds curve 

in towards the orientation of the foliation, as does the discordant 

axial planar cleavage. Some of the early-formed folds within iron 

formation may in fact be tightened and refolded during this deformation
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event. Mechanical disruption of early -formed quartz veins and clasts, 

and any lithological layering discordant to the -foliation all indicate 

a process o-f regionally developed inhomogeneous bulk simple shear that 

is concentrated within speci-fic zones. Locally, the rocks are deformed 

into mylonites (Buck 6 Uilliams 1984, Williams 1986); two specific, 

slightly discordant zones are recognised, the Paint Lake and Barton Bay 

de-formation zones (PLDZ fc BBDZ) . Within these zones, mylonite formation 

 from a range o-f rock types occurs within a zone up to several 

kilometres wide, representing a more extreme -form o-f the deformation 

occurring within other de-formation-prone zones in the area, the loci of 

which are predominanty l ithologicall y controlled (Buck 1986, Buck 4 

Uilliams 1984, 4 1986, Reilly 6 Williams 1986). Associated with 

deformation zones in general is the localised development of kink bands 

and chevron folds. These only occur where the rocks have become 

sufficiently fissile to deform in a semi-brittle manner. Increased 

fabric development in the mylonite zones has resulted in the formation 

of (c) and (c') structures whose orientations are reliable indicators 

of dextral shear (Berthe et al. 1979). Evidence from the Paint Lake 

Deformation Zone suggests that while the (c) fabric is vertical and 

east trending, the (c") fabric is not vertical, but dips steeply 

northeast, an indication of a subordinate south - side - down component 

of motion associated with a dominant dextral component.
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4. TECTONICS OF THE BGT AND ADJACENT QST

A brief description of the tectonic model (Williams 1986, Devaney A 

Williams, in prep.) is presented here in order to indicate how the 

structural study has been used to -further the state of knowledge oi the 

geological development o-f the Superior Province.

The structural, sedimentological and stratigraphic data collected 

during the project, when combined with that of Devaney (1987), best 

fitted the fore-arc accretionary prism model postulated by Langford A: 

Morin (1976). Devaney 6t Williams (in prep.) have refined this model. 

The basic information that support the model is regional imbrication at 

low metamorphic grade of a northwards - younging, southwards 

prograding stratigraphy within the Beardmore-Geraldton Belt, 

inhomogeneous shear deformation, initially involving down-dip motion 

and then subsequent dextral strike-slip translation. These features, 

and the spatial relationships with the granite-greenstone terranes to 

the north and south of the combined BGT and QST, are considered to be 

evidence for the fore-arc model.

Interpretation of the structural features led Devaney k Williams (in 

prep.) to infer that sediments within the Quetico Subprovince were 

successively accreted to the imbricated supracrustal assemblage of the 

BGT (cf. Crook, 1980). As a result, a vast wedge of turbiditic sediment 

prograded southwards and at the same time was being imbricated into an 

accretionary prism. The prism eventually came into contact with the 

northwards travelling Wawa volcanic arc terrane. The three terranes, 

Wabigoon, Quetico and Wawa Subprovinces now represent the coalesced 

mass of two volcanic island arc terranes, between which an accretionary
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ppi sm was trapped.
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1.1 Location maps o-f the area studied:

(a) Tectonic map o-f Ontario indicating the major subprovincial 

units. Stippled zone is the area studied during seasons 1984-86.

(b) Map showing towns and subprouince boundaries. Outlined area 

indicates area couered by this report.
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1.2 Some previous work (post - 1950) in the area. Inset lists detailed 

studies where location o-f a study was not confined to a speci-fic area.
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1.3 Geological map o-f the BGT and QST. Modified from Stott (1984a, 

1984b; Devaney 1987) and this study.
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2.1 Unde-formed pillows exhibiting poorly developed cusps. A definitive 

way-up determination -from this locality is not possible. (C-05-33-84)

2.2 Phenocrystic material within basaltic unit at Clist Lake. This 

view is taken parallel with the stretching lineation, the porphyritic 

grains appear only slightly de-formed. Compare this view with Figure 

3.2. (C-03-30-85)
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2.3 Schematic cross-sections along a north-south transect through the 

(a) pre-de-format ion and (b) post-de-formation stratigraphy as proposed 

by Devaney 4 Williams (in prep.).
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2.4 Thick wacke unit in the southern metasedirnentary belt on Highway 

11 showing a laminated top with ripple structures. (C-03-09-85)

2.5 Graded wackes, showing northwards-* i n ing rhythmically graded units 

up to 5 cm thick. Just above pencil, the pelitic (dark) unit is 

transected by many -fine quartz veins, an indication of incipient 

breccia -formation. Compare with Figures 3.31 and 3.32. (C-04-32-86)





2.6 A rare example o-f convolute bedding in a psammitic unit 

(C-04-36-86)

2.7 Sandstone - pelite contact at which -flame structures are regularly 

developed. Uay-up to north is determined -from their asymmetry and -from

 fining sequences in the wackes. Note that upper part o-f the pelite is

 faintly laminated, but that layering is absent within the overlying 

psammite. (006-31-86)
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2.8 Conglomerate, showing clast composition and shape variation. The 

conglomerate is barely de-formed at this locality. (C-03-20-85)

2.9 Undeformed clastic arenite dykes cutting unde-formed banded iron 

formation with slight discordancy. (C-03-20-86)
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2.10 De-formed version o-f Figure 2.9, showing parallelism of clastic 

dykes and banded iron -formation layering and kinking as a result of 

simple shear de-formation. Layers in iron -formation are not continuous, 

but lensoid. (002-35-85)

2.11 Unde-formed hornblende gabbro containing randomly oriented 

amphibole needles. (C-04-04-86)
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2.12 Layered gabbro. Individual layers are caused by a combination o-f 

size and chloritic alteration variations. (C-04-05-86)

2.13 Spectacular dewatering structures in the basal portion o-f a graded 

wacke unit within the QST. The -flames are up to 10 cm high. Above the 

flames is a poorly developed dish structure. (C-07-23-86)
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2.14 Complex dewatering -features in wacke. Note the melange o-f blocks 

o-f psammite within pelite, the convoluted contact shapes, and the 

generally un-foliated and thus unde-formed nature of the rock. 

(C-06-19-86)

2.15 Oblique view o-f -flat outcrop, showing a pillar structure in 

structureless, clean psammite apparently cutting through ouerlying grey 

laminated psammites. (C-07-14-86)
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2.16 Complex interfering patterns o-f pillars on a -flat outcrop. Note 

biotite concentration at pillar margins and bell-shaped pillar -form. 

(C-07-06-86)

2.17 Diagram showing idealised -features o-f pillar structures.
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2.18 Pelite penetratively brecciated with red coloured quartz-sulphide 

veining. No preferred orientation o-f -fragments or breccia veins is 

apparent. (C-06-25-86)

2.19 Clean, pale psammite exhibiting an erosive base, cutting into an 

underlying mixed pelite - banded iron -formation unit. The discordancy 

may in part be tectonic, not sedimentary. (C-08-20-86)
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3.1 De-formed mafic pillows on Highway 11, south of Beardmore. This is 

a view looking obliquely down onto a natural horizontal surface that 

parallels the YZ plane of deformation. Elongation of pillows is 

moderate, less than 5 to 1. Note that chill thickness variation is not 

more than 2 to 1. On a corresponding, vertical face, paralleling the XZ 

plane, elongation is considerably more noticeable. Chill thickness 

variation, not pillow elongation, should be used at these mildly 

deformed pillow localities to estimate strain. (C-05-15-86)

3.2 Feldspar phenocrysts within basaltic volcanics at the southern 

margin of the southern volcanic belt at Clist Lake. In this section 

parallel with the YZ plane of the finite strain ellipsoid the 

phenocrysts are only slightly deformed, but are known from the XY 

section to be highly elongate along a stretching lineation. Compare 

this view with Figure 2.2 and Figure 3.7. (C-03-35-86)
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3.3 Almost unde-formed variole* within basaltic unit at Ralph Lake. 

There is little evidence o-f a schistosity at this scale. (C-04-16-85)

3.4 Road cut exposure on Highway 11 at Jellicoe exhibiting a steeply 

dipping shear zone in which a curviplanar schistosity is developed. 

Asyrwnetry o-f the schistosity indicates south (right) side down sense o-f 

motion. See Figure 3.57 for larger view. (C-04-02-85)
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3.5 Schistosity developed within a pillowed basaltic unit south of 

Beardmore. Note the boudinaged quartz veins, which here have 

subhorizontal axes. (C-05-14-86)
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LINEATION DATA : BGT fc NORTHERN QST

* Asymmetric Z fold axes (26)

c Crinkle Uneatlons In pelitic rocks (16)

* Extension and mineral Uneatlons (28)
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3.6 Plot o-f lineation data -for ma-fic rocks in the BGT on a Schmidt 

project ion.
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3.7 Extremely stretched plagioclase grains viewed parallel with the XY 

plane, schistosity sur-face. Compare this -figure with Figure 3,2. 

(C-03-31-85)

3.8 Schistosity developed in small-scale shear zone on which a 

lineation o-f amphibole and chlorite streaks is developed parallel with 

pencil. (C-04-04-85)
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3.9 Bedding in graded wackes, a pelitic unit with psammite on each 

side, contains a discordant quartz vein. Note that vein is nearly 

orthogonal to bedding in the psammite, but is de-fleeted, even cut, by 

individual slip surfaces, within the pelite. Kinematic indicators of 

this type invariably demonstrate dextral shear strain along bedding 

planes. (C-04-09-85)

3.10 Bedding, traced -from lower left to top right, is cut by a
i

non-penetrative cleavage and cleavage-parallel quartz veins, Veins are 

dextrally displaced in some units along discrete shears. In the pelitic 

unit to the left, the vein is thrown into folds which have developed by 

buckling, as determined from the prefolding increase in vein thickness. 

(C-04-10-85)
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3.11 Early stage in the imbrication of wackes, with discordant 

cleavage-parallel but curved movement zones emanating -from 

bedding-parallel structures. These small-scale listric structures cause 

bedding to be cut into lozenge shaped masses. (C-08-19-86)

3.12 A more advanced stage in bedding imbrication along listric 

structures than shown in Figure 3.11. Note the classic repetition o-f 

the pale grey coloured unit and the -fabric developed parallel with the 

pencil. From this stage, the total disruption o-f bedding is 

accomplished by motion on the shears that nearly parallel bedding. 

(C-08-18-84)
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3.13 Elongate blocks o-f psammite and laminated pelitic material lying 

within a well foliated matrix of semi-pelite. Laminated block to right 

is clearly de-formed and rotated internally, -for lamination would likely 

have been parallel with the long axis o-f the block in the undeformed 

state. It is not clear to what extent this chaotic structure is 

pre-deformational, caused by so-f t-sediment slumping. (C-04-30-84)

3.14 En-echelon quartz -filled sigmoidal -fracture system in massive 

psammite. Asymmetry o-f the veins seems to indicate a sinistral sense o-f 

shear along the array direction. Array is bounded by two slightly 

non-parallel quartz stringers. Degree of sigmoidal character varies 

along the array, perhaps the effect of a later deformation. 

(C-02-12-85)
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3.15 Detailed view o-f same locality as shown in Figure 3.14. Note how 

the slightly sigmoidal veins become nearly parallel with the array 

direction, but are exhibiting pinch and swell, the evidence -for a later 

de-formation. (C-03-09-86)

3.16 Sigmoidal quartz veins preferentially de-formed in a thin pelitic 

layer. These veins probably started out as dominantly layer-parallel 

structures similar to those in the enclosing psammitic horizons, but 

have been progressively rotated and -folded. Note how in the -folded 

zones the veins are much thicker than elsewhere. This thickening is 

part o-f the -folding process and could be used to estimate the amount o-f 

shear, which is considerable only in the pelitic layer. *IC-03-36-85)
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3.17 Tight to isoclinal -fold in wackes on Highway 11. Note how the 

non-penetrative cleavage and associated parallel quartz vein transects 

the -folded layers and the axial plane of the -fold structure. The north 

(le-ft) limb o-f the -fold is highly attenuated relative to that on the 

south. Hammer with 50 cm sha-ft -for scale. This -fold -faces west, towards 

viewer, based on younging directions in -folded layers. (C-04-14-85)
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3.18 Plot o-f Beardmore Geraldton Terrane regional cleavage surfaces as 

poles on a Schmidt net.

3.19 Plot o-f Beardmore Geraldton Terrane bedding surfaces as poles on a 

Schmidt net.
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3.20 Cleavage-bedding relations in massive, ungraded wackes on Highway 

11. Note the slight discordance between bedding and the non-penetrative 

cleavage and associated quartz vein swarm. Note especially the slight 

displacement o-f the quartz veins along the bedding in the foreground, 

giving them a curvilinear trace. ^-04-17-85)

3.21 Ungraded wackes with large discordance between bedding and a 

non-penetrative cleavage in pale psammite, and a penetrative cleavage 

in the dark pelitic layers. Slip along cleavage planes is dextral in 

sense. An example o-f a cleavage -fold at the base o-f the photograph is 

just visible. (C-03-23-85)
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3.22 Bedding, top left to bottom right, cut by quartz vein swarm 

parallel with regional cleavage. Sense o-f displacement on cleavage is 

dextral. (C-04-12-85)

3.23 Thinly laminated pel i te-banded iron -formation asymmetrically

 folded within un-folded massive psammites. Note high angle between z

 fold axial trace and bedding. On right hand side, z -folds tend to 

become discrete shears where they enter the psammite horizons. This is 

a clear example of the e-f-fect o-f layer viscosity on -fold style. 

(C-03-16-84)
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3.24 Highly -folded quartz vein within semi-pel itic wacke. At base of 

photograph, a weak pressure solution cleavage is parallel with a nearly 

straight but clearly z -folded quartz vein. The vein in the central 

portion o-f the -figure is cut by a slightly discordant pressure solution

 fabric which outlines the axial traces o-f the many small -folds in the 

vein. The vein has rotated within the -folding -field o-f de-formation, 

become considerably shortened and correspondingly thickened. These

 features are only compatible with a dextral sense o-f rotation o-f the 

rock mass during non-coaxial de-formation. These types o-f -folds should 

not be called ptygmatic, -for their interlimb angle is isoclinal, not 

negative. (C-05-16-84)

3.25 Asymmetrically z -folded mylonite at the McClelland Strippings. 

Note the lensoid nature o-f the layering, which -from evidence elsewhere 

is not bedding, but a transposed layering. Note that individual white, 

psammitic layers contain a well developed schistosity which is -folded 

about the asymmetric structures. Note the e-f-fect on -fold style by layer 

thickness and composition, the large angular relationship between the 

axial traces o-f the -folds and the mylonitic layering, a -fine s/c 

relationship. An alignment o-f platy minerals usually develops parallel 

with the axial traces o-f the asymmetric folds. (C-05-08-84)





129

3.26 Z -fold structure, oriented with northeast axial trace within 

mylonitic banded iron -formation, pelitic and silty materials. Note the 

thin lamination and the lensoid nature o-f the banding. At top right, 

within a thick unit of psammite, the -fold becomes a dextral -fault 

structure, probably an e-f-fect determined by rock competence. At times 

the -fold looks almost like a kink, having two distinct axial surfaces 

separating a straight limb. To the left of the main -fold structure are 

two others, o-f much smaller amplitude. All these -fold structures are 

consistently o-f this orientation and style, and are used to indicate 

the dextral shear sense o-f deformation. (C-02-30-85)

3.27 Quartzitic mass with tails -formed by extreme de-formation o-f quartz 

veins. Progressive -folding and coalescence o-f -fold limbs have allowed 

the -formation o-f a mass o-f quartz which is now in the stage o-f being 

drawn out during continued non-coaxial de-formation with a dextral sense 

o-f motion. (C-01-29-85)
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3.28 Detail -from Figure 3.13, showing elongated clasts in a muddy 

matrix containing angular, unde-formed blocks of psammite. The complex 

contacts between clasts and matrix suggest that these rocks are not the 

result o-f regional de-formation, but are evidence o-f syn-sedimentary 

slumping. (004-31-84)

3.29 Disrupted or boudinaged quartz vein within pelites showing a 

strong pressure solution (c) -fabric. The elongate vein fragments are 

discordant to this -fabric, having attempted to line up parallel with 

the plane o-f -flattening (s) in a simple shear system. Their orientation 

relative to the main -fabric may indicate a dextral shear regime in 

which boudinage is usually oriented anticlockwise o-f the main -fabric. 

This is an example o-f a relatively reliable kinematic indicator that 

uses s/c relations. (C-03-28-84)
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3.30 Highly transposed layering in a sequence o-f banded iron -formation, 

psammite and pelite at Oxaline Lake. Surpisingly, the rocks are very 

de-formed, note the extremely thin, lensoid layering. Elsewhere on this 

outcrop, isoclinal -folds have axial planes paralleling the -foliation. 

In unde-formed examples o-f this rock suite, the pale pink coarse grained 

horizons are demonstrable clastic dykes. (C-02-25-85)

3.31 Hydro-fracture breccia developed preferentially in pelite within 

graded wackes on Highway 11. Note how the psammitic horizons adjacent 

to the pelite are una-f-fected by the brecciation process. Dark coloured 

angular pelite -fragments lie within a pale grey quartzitic matrix rich 

in the detritus produced during brecciation. (C-04-31-86)



3-33



135

3.32 Close up o-f Figure 3.31, showing detail o-f -fragment boundaries, 

infill o-f quartz. There is little evidence o-f cleavage in the pelite at 

this locality. (C-04-29-86)

3.33 Quartz vein stockwerke, the dominant veins are parallel with the 

regional cleavage and bedding. Veining on this scale demonstrates the 

considerable increase in volume that can occur in restricted areas. The 

thin, discordant veins that taper -from the parallel set may have -filled 

extension -fractures -forming in a generally northwest-southeast trend, 

which is in keeping with regional dextral brittle-ductile simple shear. 

Clinometer -for scale on top o-f outcrop. (C-05-31-84)
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3.34 Highly deformed sequence o-f pelites and banded iron -formation at 

Oxaline Lake, showing the e-f-fects o-f dextral sense simple shear. The

 folds and chevron and kink style crenulations have axial traces that 

curve in towards the dominant -foliation, some layers act as the locus 

o-f increased strain, thereby decreasing the s/c angular relationship. 

Note the concentration o-f micas along the axial traces, heralding the

 formation o-f an (s) -flattening -fabric. (C-02-28-85)

3.35 Uithin the zone o-f high strain south o-f Oxaline Lake, psammite 

interbedded with pelite. In the -former, only a (c) -fabric can be 

distinguished, but in the latter, a straight (s) -fabric is obvious. The 

discordant fabrics have an asymmetry that demands a -formation involving 

dextral sense o-f shear along the layering. The small-scale layer 

discordant -fabric is produced by pressure solution, concentrating light 

and dark components. The angular discordance between the two -fabrics i? 

very sharp and surprisingly constant. (C-02-31-85)
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3.36 In a zone of highly deformed mixed psammites and pelites at 

Solomon's Pillars prospect, an (s) -fabric of variable orientation, 

looking like a refracted cleavage, develops at an angle to the 

lithological layering (parallel with pencil), which is also a plane of 

shear (c). (003-11-85)

3.37 Finely laminated pelite - banded iron formation sequence in which 

psammitic layers are boudinaged. Boudins are separated by quartz gashes 

that are not orthogonal to the layering because of the non-coaxial 

deformation with an asymmetry that suggests dextral simple shear. Note 

that out of an incipient gash a train of asymmetric z folds has 

developed with an orientation that confirms the shear sense determined 

from boudin shape. (C-03-17-84)



P If o



141

3.38 Asymmetric boudinage of quartz vein in pelite. Note the way in 

which the boudin fragments are joined by a sinuous stringer of quartz, 

folded in a z asymmetry. This feature is another example of the result 

of dextral simple shear deformation. (C-03-22-84)

3.39 Deformed clasts in a conglomerate from the southern 

metasedimentary belt. Note that granitic (pale) clasts are variably 

deformed, some not at all, others moderately elongated. Grey, volcanic 

clasts are considerably more deformed. Note that the less deformed 

clasts lie discordant to the folded foliation in the conglomerate, 

nearly parallel with the axial traces of the asymmetric z folds. The 

fold asymmetry and pebble orientation are both reliable indicators of 

the dextral simple shear deformation responsible for the appearance o-f 

this rock. Note pencil for scale lower right. (C-03-24-84)
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3.40 Asymmetric 'tails' developed around relatively unde-formed granitic 

clasts in a de-formed conglomerate. Tails indicate dextral shear sense. 

Volcanic clasts, dark grey, are considerably more elongate and show no 

asymmetry. (004-04-84)

3.41 Down plunge pro-file o-f re-folded isoclinal -folding o-f well layered 

banded iron -formation within pelites at the Mosher Mine. Plunge o-f -fold 

axes and mineral lineation is shallow west. The regional -foliation 

parallels the axial trace o-f the re-folding structure and cuts the 

layering within hinge zones; there-fore it seems likely that the 

regional -foliation is contemporaneous with the de-formation. The 

layering cannot be shown to be bedding at this locality. (C-04-07-84)
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3.42 Banded iron -formation showing relict zone o-f slightly -folded 

bedding within a completely transposed section. Note how laminations 

are thinner and more abundant within the relict zone. Note also, the 

schistosity parallel with the transposed layering, that is discordant 

with bedding in the relict section. (002-33-85)

3.43 Detailed view o-f the untransposed or relict section o-f Figure 

3.42, showing -fine laminations cut by schistosity. (C-02-34-85)
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3.44 Sheared banded iron -formation at the tectonised northern boundary 

o-f the southern sedimentary belt. The iron -formation contains many 

layer concordant quartz veins that exhibit pinch and swell, boudinage 

and asymmetric -folding. Such -features in quartz veins are not apparent 

in mafic volcanic and coarser sedimentary rocks adjacent to this 

exposure. (C-05-20-84)

3.45 Isoclinally and asymmetrically -folded quartz veins within banded 

iron -formation at the contact with enclosing psammitic rocks. Note how 

veins are apparently thickened in the hinge zones o-f -folds, -forming 

discrete blobby masses; compare with Figure 3.27. (C-04-10-84)
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3.46 Highly sheared gabbro containing pale, disrupted -fragments o-f 

porphyry. Gabbro is epidotised, chloritised and displays a crude 

 foliation here, close to the northern margin o-f the southern volcanic 

belt west o-f Patsy Lake. (C-03-32-85)

3.47 Close-up view o-f the -foliation (XY) plane o-f a de-formed gabbro at 

Clist Lake. Elongated mafic clots are oriented almost vertical within 

the -foliation and display axial ratios commonly greater than 10:1. This 

is an example o-f the early ductile de-formation o-f gabbro at the base of 

the volcanic sequence during the tectonic imbrication o-f the 

volcanic-sedimentary packages. (C-03-28-85)
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3.48 Close-up view o-f the (YZ) plane, orthogonal to the -foliation in 

the gabbro depicted in Figure 3.47. Note the apparent lack o-f strong 

de-formation, ma-fic clots display axial ratios o-f around 2:1. Pencil 

indicates orientation o-f stretching lineation in this and the previous 

 figure. (C-03-29-85)

3.49 Gabbro mylonite, showing a moderately developed (c) -foliation or 

layering, which parallels the regional schistosity. Cutting it is a 

very strongly developed discontinuous shear band (c') -fabric, parallel 

with the pencil. The relationships between these two -fabrics and the 

dextral displacement o-f the schistose layering by the later shear band 

structures, are clear indicators o-f dextral simple shear de-formation. 

(C-03-35-84)
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3.50 Gabbro mylonite -from Geraldton showing the compositional banding 

or (c) -foliation cut and displaced by the well-developed (c') -foliation 

parallel with the pencil. Rocks o-f this type were understandably 

roisident i-f ied as basaltic tuffs. (C-03-36-84)

3.51 An early stage in the deformation of gabbro, with the production 

of roughly parallel, but anastomosing shear zones marked by the deeper 

green colour. Under certain conditions of poor exposure and bad outcrop 

surface texture, these rocks can easily be misidenti fied as pillowed 

basalt. The individual shear zones may be positively identified by 

careful examination of the increase in ellipticity of mafic clots which 

can be traced into the chloritic zones. Photograph taken on surfaces on 

south side of Highway 11 to west of Mosher Mine. (C-05-12-84)
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3.52 Deformed gabbro, showing layers alternately dominated by (c) and 

(c") development. The (c 7 ) -fabric parallels small pencil; its 

development typically occurs in layers paralleling the (c) -foliation. 

Compare the appearance o-f the (c) -foliation with the anastomosing shear 

zones depicted in Figure 3.51. (C-05-06-84)

3.53 Uacke sediments -from the McClelland Strippings, exhibiting a 

marked pressure solution -fabric that parallels that in the adjacent 

mylonitised gabbros and banded iron -formation. Note the regular spacing 

o-f the mica-rich layers, about 3-4 mm, each about l mm thick. Thicker, 

darker layers represent totally transposed pelitic layers -from the 

original material. In outcrop, the passage o-f dark and light layers is 

very like the original bedding in unde-formed wackes, but the -fine 

micaceous layers are never seen in unde-formed mater i al . (C-05-15-84)
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3.54 Coarse pressure solution fabric in psammitic wackes, where 

individual micaceous layers are now 0.5 cm thick and spaced up to 2 cm 

apart. This rock may be a more de-formed equivalent o-f that shown in 

Figure 3.53, such that increased di f-ferent i at i on o-f light and dark 

minerals has occurred. (C-03-29-84)

3.55 Folded and boudinaged quartz veins in highly de-formed wackes 

within the Barton Bay De-formation Zone at the McClelland Strippings. 
(C-05-20-84)
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3.56 Development of a discordant (c") -fabric in metasediments, 

displacing the compositional layering (c), parallel with pencil, with a 

dextral sense, implying a bulk dextral motion o-f simple shear. 

Photograph o-f an exposure outside the area covered by this report, west 

o-f Paglamin Lake (Amukun 1984). (C-01-37-84)

3.57 Shear zone in ma-fic volcanics, Jellicoe. Curved nature o-f 

schistosity indicates a south side down sense o-f motion, which is 

con-firmed by the chloritic slickenside lineation developed on the 

schistosity sur-faces. Note how abruptly the -foliation develops within 

the rock, away -from the shear zone, the volcanics are massive and 

un-foliated. Hammer sha-ft is 30 cm long. See Figure 3.4 -for close-up 

view, (C-04-01-85)
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3.58 The sheared contact between the psammite* o-f the QST on left and 

the southern volcanic belt on right. Banded iron formation occurs at 

the contact and is locus -for considerable strain as determined by the 

structural state o-f quartz veins, which have been de-formed into highly 

elongate lenses. To right of iron -formation is a chloritic schist 

containing (c) and (c 7 ) -fabrics indicating dextral sense of shear along 

the contact. Within several metres of this contact, almost undeforroed 

rocks occur. Whilst this contact has much regional tectonic 

significance (Wabigoon - Quetico Subprovi ne ial contact), its effects 

within the surrounding rocks are minimal. (C-02-08-85)
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4.1 Schematic north-south oriented cross sections through the BGT and 

QST as proposed by Devaney 6 Williams (in prep.). [Identical to Figure 

2.33
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