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Abstract

Detailed mapping was carried out 1in the Shebandowan
Lakes area and eastward to the Kaministiquia River to study
the structural and stratigraphic relationships between the
Keewatin and Timiskaming rocks (herein refer;ed to as
Keewatin-type and Shebandowan-type, respectively, to avoid
connotations of time-stratigraphic equivalence with type
areas) of the region.

It is believed that the Shebandowan-type rocks are
younger than the Keewatin-type rocks. Although no actual
contact between the two has been seen in outcrop in the
study area, the trend of their contact is discordant with
the trend of cleavage in the Shebandowan-type rocks. This,
along with the less recrystallized appearance of the
Shebandowan-type rocks, and the presence of c¢lasts of
jasper 1in congl&merates of the Shebandowan-~type sequence
similar in appearance to the 3Jjaspilitic iron formation
interbedded with the Keewatin-type mafic volcanics, leads
to the conclusion that an unconformity separates the two
groups of rocks. Recent geochronoclogical work on some of
the rocks in the region, carried out by the Ontario
Geological Survey, supports this theory.

The macroscopic, microscopic and sub-microscopic
structure of both groups of rocks was examined in detail.
The minor structures seen in outcrop, the examination of

thin sections, scanning electron microscope work, and the



ii

determination of the magnetic fabric of the rocks all ‘show
that the rocks in the present study area contain a single,
venetrative, primary cleavage, which has a consistent trend
across the whole area. The regional structurgl picture
which emerges from the data is characterized by
close-spaced, 1isoclinal folding with sub-vertical fold
axial traces trending roughly east-west. Local variations
exist in the eastern portion of the study area where more
widely-spaced and open folding is more common. No evidence
of a second, significant period of deformation 1in the

present study area has been found.
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Introduction

The problem addressed 1in this thesis concerns the
stratigraphic and structural relationship between two
groups of rocks that comprise part of the Shebandowan
greenstone terrain, west of Thunder Bay, Ontario. This
terrain constitutes part of the Shebandowan-wWawa
volcanic=plutonic subprovince, or "superbelt", of the
Superior Province of the Canadian Shield. One group of
rocks 1in the Shebandowan greenstone terrain 1is the
predominantly metavolcanic sequence of rocks generally
known under the name "Xeewatin", the other 1is the
predominantly metasedimentary sequence denerally known as
the "Timiskaming". While these terms are in common use, and
date from the pioneering work in the shield by A.C. Lawson

at the turn of the century, they do not satisfy modern

international stratigraphic cocdes. To expand further,
neither the bases nor the tops of these "formations" or
"groups" are known, and the 1internal structure 1is so

complex that the "groups” defy any immediate stratigraphic
analysis into stratigraphic columns. Furthermore, there 1is
little justification for correlating these rocks with the
rocks, elsewhere, originally labelled "Keewatin", etc., for
there is no way of tracing the rocks continuously across
the Shield to the type localitie;, nor, of course, 1s there

any circumstantial evidence for the correlation other than



by broad lithological similarity. It should be noted,
also, that even in type areas such as at Rainy Lake it
has only recently been possible to evaluate the structural
ordering of the sequence using modern methods (Poulsen,
Borradaile and Kehlenbeck, 1980).

The areas of outcrop of the rocks in gquestion, as
they are shown in Figure I-1, were first delineated in

1965 by the Ontario Department of Mines on a geological

compilation map (Pye and Fenwick, 1965). Notwithstanding
the comments above, the unit marked
"metasediment/metavolcanic” has been compared to the

Timiskaming rocks of the Kirkland Lake area by wvarious
workers (Watson, 1928; Shegelski, 1880; Stott and
Schnieders, 1983). From the literature it is true that
the mineralogical and textural similarities between the
rocks of the two areas seem remarkable (Shegelski, 1980).
As a result, other authors have extended the assumed
temooral relationship in the Kirkland Lake area (younger
Timiskaming unconformably overlying older, basement
Keewatin) to the rocks of the Shebandowan Lakes area
as well. Clearly, the scientific basis for this 1is
weak.

Many of the workers in the area believe that
features such as large-scale truncation of Keewatin

structural trends by Timiskaming structural trends
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(Shegelski, 1980), the relatively undeformed
appearance of the Timiskaming rocks (Stott and
Schnieders, 1983) and the presence in the Timiskaming

conglomerates of clasts of jaspilitic iron formation

similar to that interbedded with the Keewatin volcanics
(Ibid) represent evidence in support of this proposed
relationship. However, at least one worker considers
the rudaceous and arenaceous rocks being compared to
the Timiskaming, as coeval with the older metavolcanic
rocks (Morton; 1979, 1982).

Another matter of controversy for some time cen-
tres on the classification of the wvarious rock types of
the area into either the older segquence or the vyounger
sequence. One unit ig particular has been consecu-

tively called a felsic agglomerate of the Keewatin

succession (Watson, 1928), a conglomerate of the Timis-
kaming succession (Morin, 1973), a volcanic breccia of
the Timiskaming succession (Shegelski, 1980), and a

laharic deposit coeval with the Keewatin succession
(Morton’, 1982).

Finally, the earlier views of the structure of the
area being singly-deformed, isoclinally-folded
sequences (Watson, 1928; Tanton, 1938; Morin, 1973)
have been supplanted by the proposal that two, and

possibly three, deformation events are recorded in the



I-5

rocks of the area (Stott and Schwerdtner, 1981; Morton, 1982; Stott and
Schnieders, 1983). In particular, Stott and Schwerdtner (1981) and
Stott and Schnieders (1983) have proposed that the Shebandowan area
(see Figure I-2 for the extent of the area they refer to) can be
separated into zones where evidence of an earlier period of deformation
is preserved and zones where evidence of a second later period of
deformation is preserved (so called "Dl" & "Dz"). The location of these
proposed zones is based primarily on the change in plunge of mineral
lineations, from westerly in the "Dl" areas to easterly in the "D2"
areas. The eastern-most portion of Stott & Schwerdtner's area (see
Figure I-2) encompasses the western part of the present study area (see
Figure I-1).

An attempt will be made in this thesis to address each of the

above problems and, if possible, to resclve them.

Location and Access

The study area lies between 35 and 100 kilometers west of Thunder
Bay, Ontario, in the Shebandowan-Wawa sub-province of the Superior
Province, Canadian Shield. As mapped by the Ontario Geological Survey
on the Atikokan-Lakehead Sheet (see Figure I-1), the rocks concerned
show wup as roughly elliptical-shaped areas of predominantly
metasedimentary rocks (so-called Timiskaming) surrounded by
predominantly metavolcanic rocks (so-called Keewatin) from the
Shebandowan Lakes (Upper, Middle and Lower) to Gorham Township. For the
most part, access to the area is quite good. Highways 11, 17 and 11-17
transect the region as do several old logging roads, hydro-electric,
gas and telephone lines. However, the portions studied were restricted
to the better quality exposures along the Shebandowan Mine road and in

the Shabaqua, Finmark and Strawberry Creek areas (see Figure (I-1).



Mapping of the area was carried out along roads,
hydro—-electrical, gas and telephone lines as well as

along pace and compass traverse lines conducted between
these engineered features. Outcrops were first located

on 1:50,000 scale aerial photographs and later -trans-
ferred to 1 inch to 1/4 mile base maps (Forest Resource
Inventory maps). Two hundred and seventy-two hand
samples were collected, from which sixty-three thin
sections were cut. These formed the basis for the
petrographic description of Chapter II. The structural
elements of the rocks were measured in the field and
later plotted on equal area stereonets. A discussion
of the implications of these results is contained 1in
Chapter III. Scanning electron microscope and magnetic
susceptibility anisotropy studies constitute the sub-
microscopic investigations into the fabric of the
rocks. Descriptions of the study procedures and the

results form Chapter IV.

History of Research

The first major geological report and map of the
Shebandowan Lakes area was produced in 1899 Dby W.
McInnes for the Geological Survey of Canada. Typical
for the geologists of that era, the area covered in his

report was gquite extensive; from Lake Shebandowan to



0 10 miles
| .

Figure I-2. General area of coverage by prominent previous authors.
Tanton (1938) ;——-——— — Morin (1973) ; — *—— Shegelski (1980);
—— ——— -  Stott and Schwerdtner (1981); - :-=-Morton (1982).




the Seine River, a distance of at least 100 kilometers. As
a result, each map unit incorporated large segments of the
Shield's stratigraphy and lithology. Outcrops of con-
glomerate, sandstone and argillaceous "shale” were included
in the Keewatin unit because of their limited extent.
However, McInnes noted the presence of c¢lasts 1in the
conglomerates which were similar in composition to the
Keewatin volcanics themselves. It was concluded that the
rocks in this unit varied greatly in relative

age.

In 1928, R.J. Watson published a paper in the Ontario
Department of Mines' annual report on a nickel-copper
deposit on Lower Shebandowan lake (which later developed
into the Inco-Shebandowan Mine). He classified the con-
glomerates, arkoses and greywackes of McInnes' Keewatin as
"Timiskamian in age", and tentatively correlated them with
T.L. Tanton's (1927) Windigokan Series of the Mine Centre
area (to the west of the present study area), because of
the similarity between all three. As well, he proposed that
an unconformity separated these sediments from the Keewatin
volcanics. The scientific basis for these proposals would
not stand up to modern scrutiny.

In 1938, Tanton's own mapping of the Shebandowan
Lakes area for the Geological Survey of Canadai supported

Watson's suggested correlation of the Timiskaming sediments



with the Windigokan Series. Because of their less
recrystallised appearance and relative lack of deformation,
the unconformable relationship between these rocks and the
underlying volcanics which Watson had proposed was upheld
by Tanton. This relationship remained more-or—less

undisputed up until more recent years.

In 1965, the Ontario Department of Mines published
a map of the Atikokan-Lakehead area which constituted a
compilation of information from previously-published
government maps as well as mining companies' files.
Rock unit names which implied ambiguous, blanketing

correlations between wide-spread areas were dropped.

"Timiskaming“ and "Keewatin" became simply ‘“predomi-
nantly metasedimentary" and "predominantly meta-
volcanic" 1lithological units. The former was placed

stratigraphically above the latter solely on the basis
of historical precedent, but no mention of any uncon-
formable relationship between the two was made.
Detailed mapping of the Shebandowan Lakes area in
1973 by J. A. Morin for the Ontario Department of Mines
confirmed the relative stratigraphic position of the
two units, but resulted 1in a slight change in the
extent of the former Timiskaming metasediments. Morin

included in his conglomerate—arkose—argillite unit a



rock that had been mapped as part of the older meta-
volcanic sequence since Watson (1928) first disputed

its proposed sedimentary origin. It had been mapped as
a volcanic rock rather than a conglomerate because,
"

..+ the similarity of the pebbles leads one to believe

that this rock 1is a sheared acid volcanic agglom-

erate ..." (Watson, 1928). Morin mapped it as a con-
glomerate and included, in the same unit, a rock des-
cribed as an oligomictic, orange-brown rock containing
angular to subangular clasts of pink hornblende
trachyte (Morin, 1973). Consistent top, or younging-
of-bed, directions to the north (based on determin-

ations from pillowed volcanics and graded Dbeds) led
Morin to propose that the structure of the area was a
large isoclinal anticline, the hinge zone of which lay
to the south of his map area. All the rocks, there-
fore, lie on the northern limb of this anticline.

In 1980, R. J. Shegelski worked in the area and
he, too, placed the Timiskaming stratigraphically above
the Keewatin, on the basis of the "truncation of struc-
tural +trends in the Keewatin by structural trends in
the Timiskamind'. He also renewed the suggestion that a
major unconformity exists between the two, pointing out

the presence of pebbles of jaspilitic iron formation in



the conglomerate of the younger rocks which is similar
to the iron formation interbedded with the older rocks.

Shegelski's mapping led to the suggestion that,
rather than a conglomerate, Morin's "orange-brown" rock
was an unsorted volcanic breccia representing a phase
of calc-alkalic volcanism in the Timiskaming which
postdated the stabilization of a Keewatin "craton" and
preceeded the deposition of the Timiskaming rudites,
arenites and mudrocks. The reddish pigmentation of
this rock (which is also seen in other outcrops of the
Timiskaming further to the east of Lower Shebandowan
Lake) was thought to be due to hematization of the
rocks during red-bed development.

More recently, P. Morton (1979, 1982) studied the
mafic and ultramafic rocks in the vicinity of the Inco-
Shebandowan mine. As a result of very detailed map-
ping, she was able to propose a division o©f the
Keewatin metavolcanics intco an older and a younger
seguence. She considered the sediments previously
mapped as Windigokan/Timiskaming to be coeval with the
older seguence of volcanics. Mortonalso proposed that
the reddened unit at the east end of Shebandowan Mine
road (referred to by Shegelski (1980) as a volcanic
breccia and Morin (1973) as a conglomerate) was

correlative with an unpigmented unit (mapped as a con-



glomerate by Morin (1973) and a felsic agglomerate Dby
Watson (1928)) which cropped out closer to the mine. It was
suggested that these rocks represented the north and south
limbs, respectively, of a folded felsic pyroclas;ic breccia
to lahar unit that occurred at the top o©of the older
volcanic sequence. The folding in the area was considered
to be isoclinal and Morton proposed that at least two
periods of deformation had affected the rocks: an earlier
event which produced isoclinal, vertical folds with
easterly-trending fold axial traces; and a later event
which resulted 1in a dgentle warping, 1in a north-south
direction, of the previous folds.

Structural mapping carried out around the same time by
G.M. Stott and W.M. Schwerdtner (198l) also resulted in the
suggestion that the rocks of the Shebandowan Lakes area
have undergone at least two ﬁeriods of deformation. Based
on differing orientations of mineral lineations supported
by magnetic susceptibility anisotropy determinations of the
cryntic fabric, Stott and Schwerdtner delineated zones
where only a single, earlier deformation was recorded by
the rocks and zones where a second structural event had
l" and "DZ"

domains do not correspond simply to the areal distributions

been superimposed on the first. (These "D

of the Shebandowan - type and Keewatin-type rocks.) Late

asymmetric S and Z folds, and conjugate kink folds are



cited as evidence of a possible third deformation. In a
later paper with B.R. Schnieders (Stott and Schnieders,
1983), Stott supports Shegelski's suggestion that the
Timiskaming rocks represent a very late-stage manifestation
of crustal thickening and craton stabilization (Shegelski,
1980). They propose that this stabilization began either
late in the history of the first deformation, or subsequent
to it. As before, the lack of a well-developed fabric in
the Shebandowan-type rocks, the fairly open nature of many
of the folds in them, and the presence of clasts of
jaspilitic iron formation in the conglomerates similar to
that interbedded with the volcanics, are all cited as

supportive evidence for these theories.



Petrology of the Rocks

The rock units of primary interest in the study

area have Dbeen separated into a predominantly meta-

volcanic sequence, which will Dbe referred to as
Keewatin-type, and a predominantly metasediﬁéntary
sequence, which will be referred to as the Shebandowan-
type. The rocks are all Archean in age and Thave
mineral assemblages typical of greenschist facies grade

metamorphism. As metamorphism is ubiquitous in this

area, the prefix "meta" will hereafter be dropped.

Keewatin-Type

The bulk of the Keewatin-type sequence consists of
mafic to intermediate volcanic rocks. Both pillowed
and massive flows are present and they vary in relative
abundance throughout the area. In some of the larger

outcrops where the exposure is better, a gradation from

massive Dbase, through pillowed flow, to flow top
breccia is evident. Primary textures such as
amygdules, hyaloclastite and spherulites have locally
been preserved 1in these rocks. The grain-size 1is

generally fine to medium, but coarser flows are present
in small volumes. Phenocrysts of feldspar and horn-
blende are common, the former being generally more

abundant. Interflow sediments consisting mainly of
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banded iron formation made up of alternating laminae of
magnetite and jasper, plus occasional tuffaceous hori-
zons, only make up a small percentage of the total

volume of mafic volcanic rock.

In a typical thin section, feldspar constitutes about
40% of the rock, as phenocrysts and in the matrix. The
phenocrysts range in size from a few millimetres to half a

centimetre in lengfh. They have been subject to intense

saussuritization, leaving very little of the original
mineral visible (see Figure IT-1, plate 4). Both
plagioclase and alkali feldspars are present. Exact

amounts of each cannot be determined due to the extent
of alteration, however, in relative terms, plagioclase
is much more abundant. Elongate, subhedral to ragged-
edged crystal shapes predominate for this mineral.
Quartz wusually constitutes up to 10% of the rock.
It occurs both as a primary constituent in the matrix
and phenocrysts, and as a secondary mineral introduced
with carbonate into veinlets and fractures. The por-
phyritic c¢rystals are generally anhedral to subhedral
in shape. Some of the crystals appear to have broken
edges, while other edges are distinctly rounded. Undu-
lose extinction is common. Phenocrysts of quartz are

generally a few millimetres smaller in size than the
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phenocrysts of feldspar, but in the matrix the fine-
grained crystal size is common to both.

Amphibole and, less commonly, biotite, make up the
remainder of the major primary minerals in the mafic to
intermediate volcanics. They constitute from as little as
5% to as much as 40% of the rock. The amphibcle occurs 1in
euhedral to subhedral crystals, often 2oned and twinned,
(see Figure II-1, plate 6), ranging 1in size from two
millimetres in length to seven millimetres. Very rarely do
either of these minerals appear as matrix constituents.

The ratio of phenocrysts to matrix is quite variable
in these rocks, but, in general, the phenocrysts constitute
25-35% of the total volume. The mineralogy of the matrix is
typically quartz and feldspar with minor to subordinate
chlorite, epidote and sericite.

Intermediate to felsic volcanics only make up a small
percentage of the Keewatin-type succession. They are
spatially restricted to the western-most portion of the
study area, and to a small area near the Shebandowan Mine
(see Plate A at back). They consist almost wholly of
agglomeratic and Dbrecciated deposits with only rare
outcrops of massive or pillowed flows (see Figure II-1,
plate 3).

The agglgmerate is best exposed at the west end of

the Shebandowan Mine road. Here, the felsic, feldspar-
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phyric to massive bombs are up to 30 centimetres in
length and 12 centimetres in width. Generally, though,

dimensions of four to eight centimetres by two centi-

metres are more common. In shape, they are angular to
sub-rounded spindles. Compositionally, the bombs are
predominantly felsic volcanic material but mafic vol-
canic bombs can locally constitute up to 2% of the
rock. The interstitial material is simply a more
pulverized version of the bombs themselves. The rela-
tive proportions of the bombs and the matrix is quite
variable.

In a typical thin section of the bomb material,
50% of the volume is taken up by euhedral to subhedral
phenocrysts of feldspar up to seven millimetres 1in
length. The feldspar laths are almost completely
altered to sericite and often they appear bent and
broken. Quartz constitutes another 46% of the volume.
Generally the quartz occurs in very small crystals, 0.5
millimetres in size, but some larger, sub-porphyritic
cryétals are also present. These are often recrystal-
lized or severely strained and show subhedral to
anhedral c¢rystal shapes. The rest of the Dbomb 1is
composed of carbonate and opague minerals.

The matrix material in the agglomerate is composed

primarily of quartz and feldspar. These occur in



Figure II-1l. Features and textures of the Keewatin-type
rocks.

Plate 1. An example of flow top breccia from the mafic
volcanics along the Shebandowan Mine road. A large
pillow fragment is visible in the central portion of
the photograph. :

Plate 2. The intermediate volcanics occur primarily
in the form of brecciated deposits, as shown in this
outcrop. Note the massive texture of the rock; no

tectonic fabric is visible.

Plate 3. A typical outcrop of felsic volcanic ag-
glomerate from the west end of the Shebandowan Mine
road. This outcrop had previously been mapped as a
conglomerate.

Plate 4. An example of the intensity of alteration
typical of the rocks in the area. Both the feldspar
phenocrysts (FP) and the feldspar crystals in the
matrix are completely saussuritized. PPL.

Plate 5. Typical texture visible in the matrix of
the felsic agglomerate. Note the thin, wispy cleav-
age (————-—-~— ) predominantly developed around the
edges of the fragments. PPL.

Plate 6. Zoned hornblende phenocrysts (H) are fairly
common in the mafic volcanic rocks. XPL.
Plate 7. A fragment of mafic volcanic rock from a

brecciated outcrop, showing a spherulitic texture
(S). PPL.
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brocken and sgquashed crystals ranging from 0.0l milli-
metres to 0.25 millimetres in size. Other constituents

are carbonate, opaque minerals (pyrite and specular
hematite), sericite and epidote.

This rock unit has been previously mapped as Dboth
a felsic agglomerate (Watson, 1928), and a conglomerate
(Morin, 1973). The compositional similarity between
the bombs, their shape, and the textures of the crys-
tals in the matrix and the bombs preclude a sedimentary
origin for this rock. The alignment of fragments and shape indicate

some local ductile behaviour during subsequent tectonic deformation.

Shebandowan-Type

These rocks consist predominantly of arenaceous,
rudaceous and argillaceous sediments with subordinate,
but locally important, Dbreccias and agglomerates which
Shegelski (1980) has determined are calc-alkaline vol-
canics of shoshonitic affinity.

The arenaceous rocks consist of sandstone, arkose and
greywacke. Primary features are well-preserved 1in these
sediments (see Figures II-2 and II-3). The sandstone, in
particular, exhibits planar and wavy bedding, ripple marks,
sole marks, ball and pillow structufes, channel scours and
fip-up clasts. Cross-bedding and grain-size gradation is
fairly common in all of the arenites, making top direc-

tion determinations possible at quite a few localities.
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Individual beds vary from one millimetre to ten centi-

metres in thickness. None of these sediments appear to
be very mature. The clasts are predominantly sub-
angular to angular and poorly sorted. Argillaceous

material composes up to 10% of the matrix in the sand-
stones; even more in the arkoses and greywackes. Both
lithic clasts and crystals are present, but the lithic
fragments predominate.

The rudaceocus component of the Shebandowan-type

rocks consists of conglomerates and breccias, with the
former being by far the most abundant. As with the
finer-grained sediments, clast size and degree of
roundness 1s highly variable. Both matrix-supported

and clast-supported units are present.

There appear to be two types of conglomerate (see
Figure II-2, plates 1 and 2). In the outcrops where
sandstone is the prevalent rock, the conglomerates are a
polymictic collection of rounded quartz clasts,
feldspar -phyric felsic clasts, granitic pebbles, pyrite
nodules, layered sedimentary clasts, and jaspilitic clasts.
A preferred orientation of the clast shape has generally
been only weakly developed, and the degree of metamorphism
of both the clasts and the matrix is low. Clast size varies
from 5cm x 2cm to 15cm x 9cm in this rock, and only a
moderate amount of argillaceous material is present in the

matrix.
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Figure II-2. Features and textures of the sedimentary
rocks of the Shebandowan-type segquence.

Plate 1. A typical outcrop of conglomerate. Note the
presence of bedded (B) and porphyritic (P) clasts.

The competency difference between these and the gran-
itic clasts (G) is readily visible. Also note the
fairly massive texture of this rock.

Plate 2. This outcrop of conglomerate shows a much
better—-developed cleavage. The granitic clasts (G)
have remained virtually undeformed in contrast to
the volcanic clasts (V) which can be discerned only
with difficulty.

Plate 3. An example of one of the larger clasts of
jaspilitic iron formation seen in the Shebandowan-
type conglomerates. More commonly, clasts of this
rock type are only about one centimetre in length.
Jaspilitic iron formation occurs interbedded with
the Keewatin-type volcanics.

Plate 4. One of the rare breccias seen in the study
area. Note the bedding visible in the large fragment
in the upper portion of the photograph.

Plate 5. This photograph illustrates many of the
primary sedimentary features preserved in the Sheb-
andowan—-type rocks. Graded bedding and load casts
can be discerned in the upper portion of the photo-
graph; lenticular and wavy bedding predominates in the
central portion; and a few rip-up clasts can be seen
in the lowermost section of the photograph.

Plate 6. Cross-bedding, as illustrated in this
photograph, is quite common in the arenites of the
study area.



Plate 5 Plate 6
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Figure II-3. Some larger-scale sedimentary features,
typical of deposition by traction currents, preserved
in the Shebandowan-type rocks.

Plate 1. Ripple marks, seen here in cross-section,
occur frequently in the sedimentary rocks of the
Finmark area.

Plate 2. Ripple marks seen in plan view.

Plate 3. Scle marks, such as those illustrated in this
photograph, are more rarely-preserved than other fea-
tures.



Plate 1

Plate 3



Figure II-4. Textures of the Shebandowan—-type rocks
visible in thin section.

Plate 1. One of the rare bedded c¢clasts (lower portion
of the photograph) seen in the arenites. S, represents
the plane of bedding in the clast. XPL.

Plate 2. The textures in this photograph typify those

of all the arenites studied. Note the wide range in
clast size, as well as the variability in degree of
roundness. Also note the lack of visible tectonic

fabric in this rock. XPL.

Plate 3. The gquartz grains developed in the pressure
shadows of the pyrite crystals (Py) have a single,
similar orientation; possibly indicative Qf a single
growth pericd. XPL.

Plate 4. At this scale, a slight tectonic fabric is
visible in the rock, oriented from the top left to
the bottom right of the photograph. Note the high
proportion of epidote (tiny, needle-like, yellowish
crystals) in the matrix. XPL.
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In areas where the arenites are arkose and greywacke,
the conglomerate is composed mainly of clasts which are of
mafic to intermediate volcanic composition. Sub=-rounded
granitic pebbles only constitute approximately s% of this
rock. Cleavage is well-developed in these rocks, and the

volcanic clasts have become elongate parallel tc this

fabric. The matrix contains a higher proportion of
argillaceous material than the previously described
conglomerate, and the majority of it is now chlorite. The

clasts themselves are highly chloritized as well.

As well as comprising a portion of the matrix of the
coarser—-grained sediments, the argillaceous component of
the Shebandowan-type rocks occurs as inter-bedded slate. A
scanning electron microscope study was carried out on
samples of this rock type as part of the textural analysis
cf the fabric of the study area. The results are presented
and discussed in a later chapter.

The volcanic component of the Shebandowan-type rocks
consists primarily of a rock unit that has been called a
volcanic agglomerate, a pillow breccia, an oligomictic
conglomerate, and a lahar deposit. The uncertainty 1s due
to its unusual appearance and texture (see Figures II-5

and II-6. It is a jumbled collection of angular to sub-
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rounded Dblocks and fragments of reddish and greenish
rocks either fine-grained or hornblende- and feldspar-

phyric. Large (up to lcm long) crystals of amphibole

are present in both the matrix and the clasts,

rarely comprising as much as 5% of the whole rock. In
most of the outcrops, these amphibole crystals have no
preferred orientation; rarely, a weakly-defined fabric
is developed. The fragments vary in size from one
centimetre square to 60cm x 60cm, but the majority of
them are 8-10cm x 4-5cm. Compositionally they can De
fine—-grained and reddish in colour (sometimes with the
appearance of a chilled margin), fine-grained and
greenish, feldspar-phyric and reddish, feldspar-phyric
and greenish, and feldspar- and hornblende-phyric in
both colours. The surrounding matrix is equally as
variable. Sometimes the reddened c¢lasts are 1in a
greenish matrix, sometimes greenish clasts are 1in a
reddened matrix, sometimes both reddish and greenish
clasts occur in a variably reddened and green matrix.

In the present study, it is believed that this unit is a breccio-

conglomerate whose source material was wholly volcanic,
and which has been carbonatized and- hematized to vary-
ing degrees subsequent to deposition. Although the
clasts in this rock appear exotic, massive deposits of

all the constituent rock types can be found in the



Figure II-5. Features of the pigmented, breccio-
conglomerate unit of the Shebandowan-type sequence.

Plate 1. Numerous clast types are visible in this
photograph: feldspar-phyric (top left); hornblende-
phyric (left central); and massive clasts (right
central).

Plate 2. This photograph illustrates well the tex-
tures which most likely resulted in this rock being
mapped as a conglomerate.

Plate 3. The reddish pigmentation typical of these
rocks is due to both hematization prior to breccia-
tion and deposition, as well as later carbonatiza-
tion. In this photograph, a late fracture filled
with carbonate (denoted by the arrow), can be seen
cutting through a clast of the breccio-conglomerate.

Plate 4. The variability of the pigmentation of
these rocks is evident in this outcrop. The left-
hand side of the photograph shows the whole rock to
be reddened; only the clasts are reddened on the
right-hand side.



Plate 3
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region, not necessarily within the boundaries of the study
area, however. Recent mapping by Ontario Geological Survey
geologists in Goldie and Horne Townships has located
outcrops of massive reddish and greenish rocks very
similar in composition to the majority of the clasts 1in
this unit (Carter, personal communication, 1985).

Shegelski (1980) suggested that the reddening of these
rocks, as well as in the other rocks of the Shebandowan-
type, was due to hematization as a result of red-bed
development. He found that there was a higher Fe203/Fe0
ratio in the pigmented outcrops of the Shebandowan-type
rocks than in similar outcrops that lacked this reddish
pigmentationl Other evidence for a subaerial depositional
environment of these rocks include the presence of
mud—-cracks in the arenites.

Evidence that the Shebandowan-type rocks represent a
proximal facies of alluvial=-fluvial sedimentation is
unequivocal (Shegelski, 1980), however, whether or not they
exhibit evidence of red bed development will not be

addressed in this thesis.
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Figure II-6. Textures of the breccio-conglomerate
visible in thin section.

Plate 1. 1In certain outcrops, particularly along

the Shebandowan Mine road, the matrix of the breccio-
conglomerate contains abundant hornblende (H) and
feldspar (F) phenocrysts, as shown in this photograph.
It is likely that these areas represent extremely
proximal deposits of flow breccia. Note the intensity
of the alteration of the feldspar crystals (F). PPL.

Plate 2. A clast (lower right-hand section of photo-
graph) surrounded by hornblende- and feldspar-phyric
matrix, exhibiting both hornblende (H) and feldspar
(F) phenocrysts itself. Note that one hornblende
phenocryst has been broken off at the edge of the
clast, and therefore represents a mineral phase pre-
sent prior to deposition. PPL.

Plate 3. Rounded quartz clasts (Q), such as the one
shown in this photograph, are rarely seen. Note the
reddish lithic clast (C) and the saussuritized felds-
par crystal (F). PPL.

Plate 4. The textures visible in this thin section
appear more typical of an agglomeratic rock. This .
sample most: likely represents.one of . the more proximal deposits. PPL.

Plate 5. The reddened nature of the matrix (m) of
many of the Shebandowan-type rocks in the area 1is
readily visible in this photograph. PPL.

Plate 6. At very high magnifications, it can be seen
that much of the reddish pigmentation is due to spec-
ular hematite (hem). PPL.
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Macroscopic Fabric of the Rock

To address the questions of whether the rocks in

the area are singly-folded or have undergone two oOr

more periods of folding, and how much of that history
has Dbeen experienced by the Shebandowan-type rocks, a
detailed examination of the tectonic fabric of both
groups of rocks was undertaken. The various structural
elements measured in the field include: the strike and
dip o©of cleavage and bedding; orientation of bedding-
cleavage 1intersection lineations; and orientation of
fold axes. Cleavage measurements were possible at
nearly every outcrop; reliable bedding, however, was
almost restricted to the metasedimentary rocks and, as
a result, too few cleavage-bedding 1intersection
lineations were measurable in the field. Visible
folds, <crucial to obtaining a clear picture of the
regional structure, were scarce. However, their rela-
tive position could be predicted, outcrop by outcrop.,
by applying the cleavage-bedding relationship theory
(Borradaile, 1980). (See Figure III-1). Caution was
exercised when applying this theory because cleavage
and Dbedding must be measured in the same spot on the
outcrop, and the cleavage must be axial planar to‘the
coeval folds. As the relationship between cleavage and

the axial plane of folds is not a point on which many
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Figure III-1. The cleavage-bedding relationship rule:
Where cleavage and bedding dip in the same direction,
if the cleavage has a steeper dip than the bedding (for
example, o/c 1), the outcrop is on the right limb of an
anticline. (After Borradaile, 1980). This rule may
equally be applied to steeply plunging folds, as in the
present study area, by considering a sketch analagous to

the above, as a plan view.
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authors can agree, a brief discussion of the nature of

cleavage and its orientation relative to fold axial

surfaces may be necessary in order to vindicate some of the

suppositions made in this regard.

Review of Cleavage Theory

Whether or not cleavage represents a true approxi-
mation of the orientation of the axial plane of a fold
has Dbeen disputed often and by various authors (for
example Bayly, 1974; Williams, 1976). These questions
arise due to the uncertainties surrounding the forma-
tion of cleavage, and the nature of cleavage itself.
Most of the early speculations about cleavage were
concerned with slaty cleavage only. As originally
described by such early workers as Sharpe and Harker
(see discussions in Siddans, 1972, and Wood, 1974, for
example) slaty c¢leavage referred specifically to
phyllosilicate-rich rocks = slates - however this
strict application of the term is fregquently relaxed.
Rocks such as marbles with a preferred orientation of
carbonate grains have‘been described as having slaty
cleavage (as discussed by Wood, 1974). It is more
common now to use only the general term - cleavage.
Theories and experiments pertaining to slaty cleavage

implicitly include regular cleavage, oOr continuous
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cleavage, as well. ("Continuous cleavage" 1s used here to
denote the exclusion of crenulation cleavages - usually the
result of more than one period of deformation - and

therefore spaced cleavages £rom the discussion, at the
scale of observation).
Slaty cleavage 1s a penetrative, planar fabric 1in
fine-grained, low-grade metamorphic rocks (Ramsay, 1967).
t is defined by a preferred orientation of platy minerals,
generally phyllosilicates, but also inequant quartz and
feldspar crystals (Ramsay, 1967). Slaty cleavage 1is a
fabric of incipient separation of the constituent minerals
that grades into schistosity with an increase in grain size
(Williams, 1977). It is generally restricted to the green-
schist facies of metamorphism. Wood (1974) gave limits for
a field of slaty cleavage deformation based on his con-
tentions that a certain minimum amount of strain 1is
required before cleavage will form, and that after a
certain maximum amount of strain, a cleavage fabric will no
longer be. recognizable (see Figure I1I-2). Micro-
scopically, slaty cleavage sometimes appears to have a
domainal fabric as well as a simple mineral lineation
(Hobbs et al., 1976). In such cases the rock will be
separated into two domains: a lenticular one containing

mainly non-phyllosilicate minerals, predominantly quartz; and
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a film-like one, dominated by phyllosilicates, which
wraps around the lenticular one. Any phyllosilicates

in the lenticular domain do not generally show any

.. _preferred orientation but the overall shape of the —-

domain conforms to the orientation of the film ‘domain
(Hobbs et al, 1976). The domains vary 1in size and this
fabric varies in predominance from rock-type to rock-type. There
are three widely acknowledged theories for end members

of the formation of a preferred orientation in a rock.

They are 1) mechanical rotation, 2) the growth of new
minerals under stress, and 3) pressure solution trans-
fer.

1) Mechanical rotation by bulk finite strain in-
volves the passive rotation of platy minerals such that
they come to be in one plane of preferred orientation
(Wood, 1974). A mathematical model devised Dby a
crystallographer named March attempted to show theoret-
ically how platy minerals could be rotated to a plane
of preferred orientation when subjected to shortening.
His paper, published in 1922, has been discussed and
tested Dby wvarious authors 1in order to determine how
well it can be applied to the real situation in nature
(for a discussion see Wood, 1974, or Williams, 1976).
In his model, March assumes an initial random orienta-

tion of the platy minerals, rigid-body rotation, and
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non-impingement of rotating flakes. It has been shown
by various authors (O'Brian, 1970, and Moon, 1972) that

the original fabric of the clay-rich sediments which

produce slates 1s most often non-random (see Figure

I11-3). The same 1s true for the original fabric of
most other rocks. Whether the platy minerals would
behave passively or not has also been questioned. An

experiment by Tullis, which supported March's model and
changed his original equation only by a factor added to
account for grain shape, relied on a "rigid body in a
viscous fluid" model. This interpretation 1is also
regarded as being an oversimplification of the problem
(Williams, 1976).

2) The proposed theory of recrystallization and
new mineral growth under stress as a cleavage-=-forming
process appears to be generally more accepted than the
above mechanism. This theocry states that, when grown
under conditions of stress, minerals with anisotropic
growth properties will grow with their long axes
(direction of fastest growth) perpendicular to the
direction of maximum compression for the stress being
applied (Wood, 1974). 1In this configuration, the crys-
tals will be in their most thermodynamically stable
position (Wood, 1974). Obviously, how well the cleav-

age develops depends on the amount of new crystal
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FLOCCULATED DISPERSED

clay

Figure III-3. A suggested scheme of particle arrange-
ment in clay sediments. a) Open, random arrangement of
domains of 2-3 particles per packet. b) Parallel or

sub-parallel arrangement of domains of 2-3 particles
per packet. c) Increased parallelism and more
particles incorporated into each domain than in a), ie.,
mudstone. d) Complete parallelism and more particles
per packet than in b), ie., shale. (From Moon, 1972,

p.318).
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growth. However, it should be pointed out that it 1is
generally accepted that more than one mechansim can

operate during the deformational history. As a result,

there will most 1likely Dbe no simple relationship
between the degree of preferred orientation and the
amount of recrystallization (Wood, 1974; Williams,
1976).

Other authors (notably Powell, 1974) Dbelieve
mimetic growth to be an important factor in the forma-
tion of cleavage. Mimetic growth occurs by newly
formed crystals mimicking a pre—existent fabric of the
rock 1in which they grow (Whitten and Brooks, 1972).
Powell contends that this mimetic growth will not nec-
essarily show the same relationship to the applied
stress as the syntectonic growth described above, de-
pending on the orientation of the fabric being mimicked
(Powell, 1974).

3) Pressure solution transfer is another means of
cleavage formation which is not purely mechanical.
Some authors (for instance Ramsay, 1967) are of the
opinion that the first-described mechanism may be pre-
dominant at low temperatures (generally very early in
the deformation), while the latter two would pre-
dominate at higher temperatures. An experiment by

Etheridge et al (1974) backs up Ramsay's 1ideas. They
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found that with higher temperatures, a better preferred
orientation was produced with increased strain. At lower
temperatures the amount of strain did not have a visible
effect on the prefefred orientation. Etheridge et al
concluded that this was due to the growth of new minerals
at higher temperatures.

Pressure solution transfer involves the dissolution
(under non-hydrostatic stress) of readily soluble minerals
in areas of high average mean stress; that 1s a crystal
face statistically perpendicular to an axis of
gravitational lcad or an axis of tectonic compression
(Durney, 1972). The solute is then transported out of the
area either by intracrystalline diffusion or in an agueous,
dispersed phase along the grain boundary. Precipitation
from the solute occurs in an .area of low average mean
stress (Durney, 1972). Readily soluble minerals include
quartz and feldspar. In a rock of the composition typical
of slates, therefore, the insoluble minerals left would be
the phyllosilicates. Once this insoluble residue loses the
mechanical support afforded by the soluble minerals, the
structure tends to collapse resulting in a plane of
preferred orientation parallel to the pressure solution
surface (Durney, 1972). Some authors believe that
intracrystalline diffusion 1s much less dominant than

diffusion along grain boundaries, under diagenetic or low
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grade metamorphic conditions (Durney, 1972).

Early evidence provided by deformed fossils led to the
suggestion that slaty cleavage was produced by flattening
and that the cleavage plane was perpendicular to the
maximum compression direction of the fini;e strain
ellipsoid (Wood, 1974). It was also very commonly found
that, in a folded area, the plane of the slaty cleavage was
a closer approximation to the axial surface than the 1limbs
of the fold were, even in the case of fanning cleavage
(Borradaile, 1978). So many examples of these special
relationships Qere found that they- became almost inviolable
laws. Even 1in the absence of deformed fossils or other
comparative indicators of the strain, slaty cleavage was
used as a measure of the orientation of the axial surfaces
of regional folds and, in strain studies, of the
orientation of the XY plane of the finite strain ellipsoid
that characterized the deformation of a region. Shear
displacements parallel to the c¢leavage found 1in some
localities have been used as evidence that the plane of

cleavage 1s a plane of high shearing stress and there-

fore must be at some angle to the XY plane (Becker as

well as other, more recent, authors, as discussed in
Williams, 1976). It has been pointed out, however
(Williams, 1976), that some shear displacements may be
only apparent. (See Figure III-4). Dieterich (1969)

proposed that shear displacements along the cleavage
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Figure III-4. Apparent (a) and real (b—-d) shear dis-
placements. Apparent shear displacement (a) by dom-
ainal volume change. True shear (b) the marker is
perpendicular to the foliation, (c) the marker has
the wrong sense of displacement to be volume change,
and (d) the sense of displacement differs in adjacent

domains. (From Williams, 1976, p.186).
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plane may Thave formed later than the cleavage, as a
result of shear stress.

Whether slaty c¢leavage has any particular rela-
tionship to the finite strain ellipscid at all has been
brought up by numerocus authors (for example Bayly,
1974; Williams, 1976). Most tend to agree that para-

llelism with the XY plane of the finite strain ellip-

soid 1s a theoretically special, although seemingly
commonly occuring state. Williams (1976) believes that
any foliation, regardless of its origin, will tend to

rotate towards the XY plane of the incremental strain
ellipsoids as stress 1s applied. However, it 1s only
in very special cases that the cleavage will be para-
llel +to the XY plane of the finite strain ellipsoid
(Williams, 1976). He proposed that, in slaty cleavage,
which 1is defined by a mineral lineation alone, the
cleavage will develop parallel to the XY principal
plane of strain and will follow it throughout the
deformation omnly if the strain is coaxial, and if that
cleavage had developed by rotation of particles which
had initially been randomly oriented (Williams, 1976).
For cleavages which have a domainal fabric (a "planar
discontinuity") as well as a mineral lineation, the
strain history must have been ccaxial for the cleavage

to Dbe parallel to the finite XY plane, as long as the



IIT - 14

cleavage was 1initiated at the same time as the folding
(Williams, 1976).

Powell (1974) and Borradaile (1978) have shown
that c¢leavage is not necessarily initiated synchronous
with folding. Borradaile (1978) demonstratea how
cleavage development may be suppressed in the early
stages of deformation if the strain is preferentially
accommodated by grain-boundary sliding and other pro-
cesses, together termed "“"particulate flow", rather than
the other mechanisms described above. Grain-boundary
sliding, rolling, etc., may not leave a Visible fabric,
but the other mechanisms do (Borradaile, 1981). Parti-
culate flow has been used to explain non-axial planar
cleavages such as are found in transected folds. Tran-
sected folds have cleavages which cut the axial surface
and both limbs, with the same sense (Borradaile, 1978).
Examples of transected folds are rare and, 1in deneral,
the plane of cleavage is more closely approximate to
the orientation of the axial plane of a fold than the
limbs are (Borradaile, 1978).

It would appear from the evidence that cleavage
can form by a variety of mechanisms. Not all cleavages
have to have formed in exactly the same manner.

There are very strong feelings for and against the

theory that cleavage is parallel to the XY plane of the
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finite strain ellipsoid. Those who argue 1in favour of the
theory cite the evidence provided by deformed fossils and
reduction spots, as well as the anisotropic nature of the
growth of the minerals which define the cleavage and their
tendency to align themselves in the most thermodynamically
stable position when subjected to stress. Other authors
point to the fact that shear displacements parallel to the
cleavage have been documented in some outcrops (as
discussed in Williams, 1976). This would seem to 1imply
that the cleavage formed initially at some angle to the
finite XY plane, probably 45° as is commonly seen 1in
sheared rocks (eg. with C/S fabrics). Williams (1976) makes
the point, however, that shear displacements may be
apparent. It has also been noted that they may have formed
later than the cleavage (Dieterich, 1969).

It is apparent that many factors need to be taken into
account before deciding 1if the cleavage does represent a
close approximation to the XY plane of the finite strain
ellipsoid and to the axial plane of folds or not. The mode
of cleavage formation is an important factor. Powell (1974)
proposes that mimetic growth can occur along a former
bedding plane. This may be inclined to the finite strain
ellipsoid, although sufficiently <c¢lose that the mineral
growth would be stable. In the absence of any other markers

in such a rock, the assumption of the orientation of the
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strain ellipsoid based on the cleavage would be erroneous.
Also if the cleavage formed by mechanical rotation there 1is
no way of determining if the deformation continued long
enough for precise parallelism of the crystals to occur.
The time of c¢leavage formation also appears to be an
important factor, relative to folding of beds.

With regard +to the axial planar nature of slaty
cleavage (the cleavage gives a closer approximation to the
axial surface of a fold than the limbs do), 1t is a very

commonly seen relationship, but examples of a non-axial

planar relationship have also been documented (Powell,
1974; Borradaile, 1978;: and references therein). Examples
of tiansected, coeval folds are rare, as are examples of

first phase tectonic cleavages at an angle to the XY plane
of the total strain ellipse, but they are in existence and
cannot be disregarded (Borradaile, 1981).

In conclusion, cleavage is not always axial planar and
it is not necessarily precisely parallel to the XY plane of
the finite strain ellipsoid, although both appear to be
common relationships. In the majority of cases, slaty
cleavage is sufficiently parallel to the axial plane of
folds for the cleavage-bedding relationship rule (Figure
III-1) to be correct.

Obviously, then, the first objective of practical

importance was to establish whether the slaty cleavage in
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the study area represents a good approximation of the axial
plane of the regional folds. 0Of the limited number of folds
seen in the Shebandowan area, all of them displayed axial
planar slaty cleavage. Figure III-5 illustrates the best
example of this relationship. The regional picture of the
structure of the study area, drawn from the visible folds
and the cleavage-bedding relationships, will be presented

in a later chapter.

Fabric of the Keewatin-Type Rocks

As mentioned previously, cleavage is the most
widespread of the wvarious structural elements visible in
the rocks. It is developed to varying degrees in all the
rocks, but, as a whole, the Keewatin-type rocks have the
best-developed cleavage. Only a small area of intermediate
volcanics had no visible fabric. In outcrop, the cleavage
is most often a fine, closely-spaced, continuous cleavage.
No crenulations were seen in the study area, and kink zones
were rarely observed. In thin section the cleavage is seen
as an alignment of phyllosilicate minerals in the matrix
and by faint trails of opagque minerals undulating between

the crvstals along films and wisps. (See Figure III-6).



Figure II-5. One of the rare folds seen

in the study area. The cleavage in this
outcrop, as in all the outcrops with vis-
ible folds, is axial planar. So = Plane
of bedding; S; = Plane of cleavage.
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Figure III-6. Typical texture in thin section of the
Keewatin-type volcanics. Note the weakly-developed
cleavage evidenced by the preferred orientation of some
of the elongate crystals and the sinuous, wispy trails
of opaque minerals. The section is from an outcrop of
volcanic agglomerate. The darker portion in the centre
of the drawing is the matrix, now mostly epidote, ser-
icite and opaque minerals. $S; represents the orient-

ation of the weak cleavage.
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Fabric of the Shebandowan-Type Rocks

Conversely, the Shebandowan-type rocks generally
have a more weakly~defined cleavage, with the exception
of a few areas where the fabric is very pronounced (as
noted in Chapter 1I). In these areas, dominated by
deposits of arkose and greywacke, the rocks display few
primary features, and the interbedded conglomerates are
quite deformed. In general, though, the cleavage in
these rocks 1is very similar to that in the Keewatin-
type; fine, pervasive and defined by an alignment of
phyllosilicate minerals. Again, it appears to be a
first phase, continuous cleavage and no crenulation

cleavages were seen.

Comparison of Fabric

Regardless of the degree to which it has Dbeen
déveloped, the orientation of the cleavage varies
little throughout the area. The mean strike of the
cleavage 1is around 100°, and the dip is always very
steep to the north, south, or vertical.

Figures III-7a and -7b show equal area stereonet
plots of the poles to the cleavage in the rocks of the
study area. In Figure I1II-7a, the data have Dbeen
separated according to rock type. The X's represent

the poles to cleavage measured in the Shebandowan-—-type
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Figure III-7a. Poles to the cleavage measured in out-
crop, plotted on equal area stereonet diagram. The
cleavage 1in the Keewatin-type rocks is indistinguish-

able from that of the Shebandowan-type rocks.
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Figure III-7Db. Poles to cleavage in both rock types
contoured at 1 -8 - 15 - 22 - and 29 poles per 1%
area. The centre of the maxima is the pole to the

average plane of cleavage, oriented 98-80.
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rocks, the circles represent poles to cleavage measured
in the Keewatin-type rocks. The distribution of the

data points indicates that the cleavage in both groups

is wvirtually identical. The cleavage measured in the
Shebandowan-type rocks and the Keewatin-type roéks is
the same cleavage in terms of orientation, and since
both are primary it is suggested they are correlative.
In Figure III-7b, the data have been contoured at
1-8=15-22 and 29 poles per 1% area. They show an
obvious clustering around a single maximum, the centre
of which represents the pole to a plane of average
cleavage, oriented 98-80°.

These results would appear to indicate that both
groups of rocks have only a single visible tectonic
fabric. However, that this means they have undergone a
single episode of deformation cannot be immediately
assumed. Although the development of a later tectonic
fabric 1in other cases can be sufficiently strong to
completely overprint an earlier one, that is unlikely
here in view 0of the low grade and fine texture of the
continuous cleavage, and low degree o0f recrystal-
lization.

While, in outcrop, the rocks have only a single
fabric, microscopic examination 1in some cases reveals

evidence of more than one period of deformation.
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Figure III-8 is an illustration of a previous fabric
which may only be evident in thin section. It can be
seen that the larger, more eroded crystals of Dbiotite
retain an orientation representative of an earlier-
developed fabric while the smaller, fresher crystals
define a later fabric oriented at an angle to the first
one.

No evidence of a previous fabric was visible 1in
any of the sixty-three thin sections examined.

Another possible explanation for the appearance of
singletectonic fabric in the rocks is that successive
periods of deformation may have been coaxial or nearly
so, again resulting in a single visible cleavage. This
latter possibility generates more complications and

will be discussed in a later chapter.

the
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Figure ITI-8. A sketch from a teaching slide,
illustrating the appearance in thin section of two rock
cleavages. The more recent fabric would not be visible
in outcrop. S = the older cleavage; S = the younger

1 2
cleavage.



- 32 defined
by newer, fresher

biotite crystalis

S4 defined by

oider, larger bictite
crystals

== :
e
"‘"33'-'20 ﬁ.

PPL Dismeter of circle =0.8cm



v - 1

Cryptic Fabric

On the basis of the readily visible fabric in the

rocks, the conclusion would be reached that both the

Shebandowan—-type and the Keewatin-type groups of rocks

have undergone a single period of deformation. This
would agree with the findings of Morin (1973), and of
Beakhouse (1974; for an area just west of the present
study area). However, evidence of structural deforma-

tion 1in rocks can be present in more imperceptible

ways. The scanning electron microscope has been used
with much success (Weber, 1982) to reveal fabrics
undetectable under normal magnifications, and the

characteristics of the anisotropy of magnetic suscepti-
bility of a rock can give an indication of the hidden
tectonic fabric of the rock as well.

A scanning electron microscope (SEM) study was
carried out on selected samples from the study area 1in
an attempt to detect any evidence of previous fabrics
(cf. K. Weber, 1982). Magnetic susceptibility
anisotropy (MSA) determinations were also carried out
on samples from rocks of the study area in order to
supplement the information on the tectonic history

obtained from the macroscopic fabric of the rocks.
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SEM Study

In Weber's work (1982) the scanning electron

microscope was used to examine the internal structure

of samples of slate from the Rheinische
Schiefergebirge. He found that, even though these
rocks can readily accommodate successive periods of
deformation through a re-orientation of their fabric
into a direction which is relatively stable under each
new set of stress conditions, some earlier fabrics may
be retained, visible only on a sub~microscopic scale.
These earlier fabrics are preserved as a preferred
orientation of minerals within the microlithons of the
more recent fabric.

In the present study, three samples of slate:
from the Shebandowan Mine Road; Shabaqua Corners:; and
Finmark, were examined under the scanning electron
microscope. Mineralogical determinations by X-ray
diffractometry were also carried out on the samples to
ascertain whether they represent typical pelitic slates
or not. Figure IV~-1l is a graphical representation of
the results of the scan done on the sample from
Shebandowan Mine Road. It can be seen that the
mineralogy 1is predominantly quartz and clay minerals
with subordinate chlorite, feldspar and micas. This

typifies the mineralogy of all the samples.
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Figure IV-1l.

X=-ray diffractometry analysis of a sample

from the study area. The mineralogy is

slate

of

predominantly gquartz and

typical of true pelitic slate;

This example is representative of all

minerals.

clay

the

the samples from the study area which were used in

SEM work.



Under the SEM, it was clear that, as 1n the
coarser—grained rocks, the cleavage in the slates has

been developed to varying degrees. Figures IV-=-2a and -

2b are fairly representative 1illustrations of the
cleavage in the samples studied. The preferred orien-
tation of the components of the cleavage is readily
visible. A slight preference of orientation of the
platy minerals is discernible within the microlithons,
but it 1s not well-developed enough to represent an
earlier tectonic fabric (c.f.Weber,1982). Rather, it may
indicate a syndepositional fabric developed by settling
through water. Figure IV-3 illustrates various aspects
of the cleavage in the rocks, and demonstrates the
variability 1in the degree of development of their
fabric. Figure 1IV-4 exemplifies the mineralcocgy and
fabric typical of the slates studied. It can readily
be seen that the preferred orientation of the platy
minerals has been fairly well-developed. No previous
tectonic fabric 1s wvisible 1in the microlithons,

however.

Magnetic Susceptibility Anisotropy (MSA) Study

In recent papers by G. M. Stott and
W. M. Schwerdtner (1981l) and Stott and B. R. Schnieders

(1983) a suggestion is put forward that the Shebandowan



Figure 1IV-2a. Slaty cleavage under the scanning elec-

tron microscope (white bar indicates the mean orienta-

tion of cleavage (S )): The overall preferred orienta-
tion of the shapesland, to some extent, the crystal
alignment, of the platy minerals defines a single
orientation of cleavage. At this scale (3 cm = 40 1 )

this 1is a good representation of a continuous fine
cleavage (sense 1l; Borradaile, Bayly and Powell, 1982)

in which no discrete surfaces determine the cleavage.
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Figure IV-2b. The same area as in the previous figure,
under higher magnification. The regular nature of the
slaty cleavage is still obvious, but at this scale a

few discrete surfaces are now noticeable, for instance
the microlithon (M) outlined by the dashed white lines.
Note the weaker preferred orientation of platy minerals
in the microlithons - possibly indicating some compon=-
ent of their original fabric. Also note the lack of
evidence of an earlier tectonic fabric in the micro-
lithons (cf K. Weber, 1982). Q = quartz, M = microlithon,

Sl = rock cleavage.






Figure IV-3.
Plate A. A more poorly-defined rock cleavage than
that illustrated in the preceeding figures. However,
one can still pick out a subhorizontal cleavage in-
dicated by the preferred orientation of platy ﬁin~
erals. The large, fresh-looking crystals in the
central portion of the photograph are probably syn-

tectonic blasts. (3 cm = 40ﬂ_).

Plate B. Detailed photograph of a slate, illustr-
ating the small-scale variations in orientation of
the platy minerals, particularly in the shadow of the
gquartz crystal (Q). The slaty cleavage, oriented
from the top left to the bottom right of the photo-

graph, 1s still discernable however. (3 cm = 20 ).

Plate C. Slaty cleavage (dashed white line) defined
by thin, delicate platy minerals, wrapping around
more rigid quartz and feldspar crystals, illustrat-
ing the presence of "pressure" shadow structures
even in this fine-grained slate. Q = gquartz, Sl =

rock cleavage. (3 cm = 20).
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Figure IV-4. A detailed, composite photograph showing
the textures and mineralogy typical of the slates from
the Shebandowan-type rocks. The mineralogy is predom=
inantly platy clay minerals and gquartz, both original
crystals and probable syntectonic blasts (the relative-
ly larger, fresher crystals). At this scale, the fine,
continuous slaty cleavage shows a more discrete nature
and domains of weaker preferred orientation of platy
minerals (for example domain "b" in sketch below) can
be distinguished from domains of well-developed pre-
ferred orientation (for example domain "a" in sketch
below). Note the lack of an earlier tectonic fabric
(cf K. Weber, 1982) in the domains of weaker preferred
orientation. Q = quartz, F = feldspar, U = grain of
unknown composition with possible mineral overgrowth,
S1 = rock cleavage; white bar represents mean orient-—
ation of slaty cleavage.




3cm=10 u



metavolcanic-metasedimentary belt has undergone at
least two periods of deformation: 1) An earlier,
regional, D event which produced a weak cleavage,
mineral linéations plunging to the west and southwest,
and wupright folds, also plunging west to sodthwest
generally parallel to the mineral lineations; 2) A
later, localized, D event characterized by a well-
developed cleavage, éineral lineations plunging to the
east and northeast, and generally tight isoclinal

folds, with more open folds locally, that plunge para-
llel to the mineral lineations. The main manifestation
of the separate deformation regions 1is the mineral
lineation produced on the cleavage surfaces (G. M.
Stott, personal communication, 1985). In the D areas
(see Figure 1IV-5) +this lineation 1is fairlyl well-
developed, but 1in the D areas it has been less well-
developed (Stott and Schnieders, 1983). Magnetic sus-
ceptibility anisotropy determinations were carried out
on samples collected by Stott and Schwerdtner (1981)
from both domains, to attempt to ccrroborate the some-
times uncertain lineation measurements. The results
very strongly 1indicated a definite difference in

orientation of the fabric in the +two domains (see

Figure IV-6).
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Figure IV-5. Simplified map of the distribution of Stott
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(From Stott and Schnieders, 1983, p.184).



Iv - 11
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Figure IV-6. Egqual area stereograms: top, D, domain;
bottom, Dy domain (from afea in Figure IV-5). (From

Stott and Schnieders, 1983, p.185).



The Shebandowan-type sedimentary rocks and their
related volcanics along the Shebandowan Mine road lie in a
D2 domain, as determined by Stott and Schnieders (see
Figure IV—-5). The remainder of the rocks on the‘Mine road
are included in an area which they designated as Dl'

Magnetic susceptibility anisotropy determinations were
carried out on a number of oriented samples collected from
the present study area, as well as from locations west of
the study area Dbut within Stott and Schwerdtner's (1981)
area (see Figure I-2), to characterize the magnetic fabric

of the rocks and to assess the reproducibility of Stott and

Schnieders' results.

Magnetic Susceptibility Anisotropy: Background

It has long been recognized +that the preferred
orientation of 1inequant magnetic minerals influences the
anisotropy of susceptibility (Graham, 1954). Thus the

orientations of original bedding planes, of directions of

paleomagmatic flow, and of orientation of the tectonic
fabric of rocks is accurately reflected in the
susceptibility fabric. Two characteristics of magnetic

minerals make them useful:
1) They generally have an elongate crystal habit
and, in the case of magnetite, they are relatively

rigid so that, when in a non-static environment such as



a flowing stream or magmatic body, or a rock undergoing

deformation, they respond for the most part as rigid
bodies. This means that, in a flowing stream or
intruding body of magma, the crystals of magnetic

minerals tend to become aligned parallel to the direc-
tion of flow. In a rock undergoing deformation, these
crystals tend to respond to instantanecus stress by
mechanical rotation into the direction of instantaneous
maximum elongation. Ultimately, it appears that the
principal susceptibility directions are parallel to the
axes of the finite strain ellipsoid (Hrouda, 1976a)
with only certain special exceptions (Borradaile and
Tarling, 1981).

2) The magnetic susceptibility of a rock is now a
parameter easily measured with considerable precision,
and the ratios of principal susceptibilities can ©be
accurately fixed.

The primary mineral of use in MSA studies 1is
magnetite, mainly due to its nearly ubiquitous presence
in rocks, and high intrinsic susceptibility. Hematite
and pyrrhotite are also useful, however (Hrouda, 1982).
One property of magnetic minerals is that they exhibit
a directional control of their ease of magnetization.
Usually the magnetic domains magnetize most easily in

their longest dimension, especially where
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magnetocrystalline anisotropy 1s 1low, so that the
overall shape anisotropy of the grains controls the

anisotropy of susceptibility (Irving, 1964; Hrouda,

1982).

The bulk anisotropy of the magnetic fabric in a
rock can be produced by various means: shape alignment
of ferromagnetic grains; lattice alignment of crystals
with a magnetocrystalline anisotropy; alignment of
magnetic domains Dby mechanical means or recrystal-
lization; and inequant clustering together of magnetic
grains by grain growth (Hrouda, 1982). In rocks where
magnetite is the main magnetic constituent, the aniso--
tropy will be controlled by both the grain anisotropy
and the degree of preferred orientation of the 1long
axes of the crystals. Where hematite and pyrrhotite
are the primary magnetic minerals, the anisotropy will
be determined solely by the preferred orientation of
the long axes of the crystals (Hrouda, 1982). Studies
by various authors have shown that hydrodynamic forces
produce a strong preferred orientation of ferromagnetic
minerals, vresulting in a depositional magnetic fabric
parallel +to the plane of bedding, but the orienting
forces of a flowing magma are not as effective (Hrouda,
1982). Penetrative, tectonic deformation, however, is

highly effective as an orienting mechanism (Ibid).
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In studies conducted by Hrouda (1976 a, 1976 b) it
was concluded that, during deformational processes,
magnetite grains in slate respond as rigid particles in
a ductile matrix resulting in a change of orientation
of the magnetic fabric (generated by the shape align-
ment of elongate crystals of magnetite). From being
parallel to the original bedding plane, the rotation of
the magnetite grains in response to the imposed stress
produces a magnetic fabric parallel, or very nearly so,
to the cleavage formed during deformation. As such,
the magnetic fabric of a deformed rock will correspond
very <closely in orientation to the tectonic fabric of
that rock. The directions of maximum and intermediate
susceptibility will lie in the plane of cleavage, the
direction of minimum susceptibility will be perpen-—
dicular to this plane (Rathore, 1979). Multiple
fabrics or fabrics arising through pressure solution
give characteristic susceptibility orientation fabrics
(Borradaile and Tarling, 1981).

Figure IV-7 shows the results of three MSA deter-
minations carried out on rocks from the study area
plotted on equal area steronet diagrams. In the two
lower diagrams, the great circle represents the average
plane of <cleavage for the outcrop from which each

sample was collected. The upper-most diagram, however,



illustrates data from a sample of the matrix of a
Shebandowan-~type Dbreccio-conglomerate which showed no

tectonic fabric. The magnetic fabric also has not been

developed to any degree; the maximum, intermediate and
minimum susceptibility directions have a completely
random distribution. The rock from which the data for
the middle diagram were obtained, an outcrop of
Keewatin-type mafic volcanic, showed a weakly-developed
tectonic fabric. it can be seen that the magnetic
fabric has also begun to develop a more measureably
consistent orientation. In the lower-most diagram,
representing data from another outcrop of Keewatin-type
mafic volcanic, the well—-developed tectonic fabric 1is
reflected by the well-developed magnetic fabric. The
directions of maximum and intermediate susceptibility
lie in, or close to, the plane of cleavage. The direc-
tions o©of minimum susceptibility cluster around a point
which 1is the pole to this plane. The tectonic fabric
is coaxial with the magnetic fabric so that the minimum

susceptibility is perpendicular to cleavage.
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Figure IV-7. 'the magnetic fabric of a deformed
rock corresponds well with its tectonic fabric.
a) This sample of Shebandowan-type breccio-con-
glomerate showed no tectonic fabric; no magnetic
fabric is evident either. b) A slight tectonic
fabric in this sample of Keewatin-type mafic
volcanic coincides with a slight magnetic fabric.
c) When the tectonic fabric of a rock is well
developed, as in this sample of Keewatin-type
mafic volcanic, the magnetic fabric is also well
developed. ® - Maximum susceptibility; A -
Intermediate susceptibility; B - Minimum sus-

ceptibility.



a)

c)
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Magnetic Susceptibility: Laboratory

The instrument used was an SI-1 Magnetic Susceptib-
ility and Anisotropy Instrument which consists of a
sensing coil operating at about 800Hz attached to a
modified Hewlett Packard HP-41CV microcomputer. This
instrument measures the inductance in the sensing coil
produced when a sample is placed inside. The inductance
in the coil is also measured in the absence of a sample to
ensure that the measured values relate only to the
magnetic susceptibility of the sample. Magnetic sus-
ceptibility and anisotropy of magnetic susceptibility
programs have been built into the HP-41CV. The MSA
program calculates values for the magnitude, inclina-
tion and declination of the maximum, intermediate and
minimum susceptibility directions. The inductance in
the coil is measured for a pre-determined length of
time, and each sample is rotated through a set number
of orientations so that values can be determined for
all three major axes of the sample core (see Figure IV-
8). In order to achieve the maximum precision when
measuring samples with low susceptibility, such as
those in the study area, the sample measuring time must
be as long as possible, and the sample should be
measured in many orientations. In the present case,

the sample measuring time was four seconds, and each
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Figure 1IV-8. The orientation of the three orthogonal

MSA axes measured, in relation to the sample core.
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sample was rotated through twenty-four orientations,
eight for each axis. The entire procedure was re-
peated six times for every sample. (The data are
included in Appendix 1).

The MSA study indicates the same results as the
other work encompassed in this thesis: a single fabric
is present in both the Keewatin-type and Shebandowan-
type rocks of the study area. In Figures IV-9% to IV-
16, the good correlation between tectonic fabric and
magnetic fabric 1in the majority of the rocks 1is
immediately evident. 1In each figure, the directions of
maximum (@) and intermediate (M) susceptibility lie
very near to the plane of cleavage (denoted by the
great c¢ircle) measured in each sample. The minimum
susceptibility direction () is always close to the
pecle to this plane. The tectonic and magnetic fabrics,
therefore, represent the same, single planar fabric
element in the rocks.

Because of the correlation with tectonic fabrics,
the magnetic fabric of a rock lends itself well to
analysis using traditional structural technigues. The
magnitude and orientation of the maximum, intermediate
and minimum susceptibility directions can be used to
define a susceptibility ellipsoid, as the maximum,

intermediate and minimum strain directions define the
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Figure IV-10. From west of present study area.

Gabbro from the Kashabowie area.
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Figure IV-1ll. From west of present study area.

Gabbrcoc from the Kashabowie area.
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Figure IV-12. Shebandowan-type slate.
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Figure IV-13. Shebandowan-type breccio-conglomerate.
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Figure IV-14. Shebandowan-type arkose from the

Shabagua area.



v - 27

FPigure IV-15. Shebandowan-type sandstone from

the Finmark area.
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Figure IV-16. Shebandowan-type sandstone from the

Finmark area.
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strain ellipsoid of a deformed rock (Hrouda et al,
1971). In the absence of strain markers, the suscepti-
bility ellipsoid might be used to characterize the
deformation of an area (Kligfield et al, 1977).

The shape of susceptibility ellipsoids can be de-

termined using either of two equations: 1) E=(k2)2/klk3

(used in this study); 2) P=(ky-k3)/(k1-ky) (where kj>
ko>k3) (Hrouda, 1982). Both equations represent mod-
ifications of traditional structural egquations. Pre-

dominantly prolate ellipsoids are characterized by
E>1 and relatively high values of P. Predominantly
oblate ellipsoids are characterized by E<l and rel-
atively low values of P.

The values of E calculated for the samples of the
present study are all very close to 1 (see data sheets
in Appendix I) and, as such, were not taken as defin-
itive characterizations of the shape of the suscepti-
bility ellipsoids. Instead, the magnetic lineation
(L=kj1/k2) and magnetic foliation (F=k,/k3) (Hrouda,
1982) of each sample was calculated and the results
were plotted on a modified Flinn diagram, similar to
deformation plots. (Vvalues of kj, k2 and k3 are
averaged from the results of the six determinations per
sample). Figure IV-17 illustrates, more clearly than

the calculated E values, the shape of the magnetic
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Figure IV-17. k (n =1, 2, 3) represents a measure of
the ease of magget;zation along the three orthogonal
axes of the magnetic susceptiblitiy anistotropy ellip-
soid. When the axial ratios are plotted on a modified
Flinn diagram (cf Hrouda, 1982) a qualitative estima-
tion of the degree of prolateness (constriction) or

oblateness (flattening) of the MSA ellipsoid is’

possible.
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susceptibility ellipsoids of the rocks in the study
area. The majority of the samples plot in the field of

flattening, characterized by pancake-shaped, or oblate,

ellipsoids. The remainder of the samples lie in ;he
field of constriction, but very close to the boundary
of the field of flattening. None of the samples show a
significant difference in magnitude between the maximum
and intermediate susceptibilities, however, there is a
great range in the ratio of the intermediate to minimum
susceptibilities among the samples. This 1s most
likely a reflection of the variability in the degree of
development of the cleavage in the rocks.

To assess the reproducibkility of Stott and Schwerdtner
(1981) and Stott and Schnieders' (1983) results, oriented
samples were collected from areas which had been
specifically designated by them as being characterized
by westerly-plunging or easterly-plunging mineral and
magnetic lineations. The directions and magnitudes of
the principal susceptibility directions of the samples
were determined following the procedure outlined
previously in this chapter. Figure IV-18a shows the
directions of maximum susceptibility of the samples
considered 1in this study plotted on an egual area
stereonet. Their distribution shows a similar

character to that found by Stott and Schwerdtner (1981)
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(Figure IV-18b). In both figures, there appears to be
a predominant westerly plunge to the maximum suscept-
ibility of samples collected from some areas, and a
predominant easterly plunge to the maximum suscept-
ibility measured in samples collected from other areas.
It would seem, therefore, that the rocks in the Sheb-
andowan area can be differentiated based on the direct-
ion of plunge of their magnetic fabric. However, that
this is an indication of polyphase deformation can not
be concluded from the data presented herein. In other
words, the single tectonic fabric can be reconciled with
the changes in plunge of the magnetic lineation if we
consider those changes in plunge to be gradual and

transitional.
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Figure IV-18a. Orientation of maximum magnetic sus-
ceptibility of samples collected from areas designated as
"Dl" and “DZ" by Stott and Schwerdtner (1981), plotted on

equal area stereonets. Each point 1is based on an average of

six separate determinations.

Figure IV-18b. From Stott and Schwerdtner (1981, p.36).
Equal area stereograms showing the westerly and easter-
ly concentrations of MSA lineations. Steep north- and
south-plunging lineations tend to occur close to strain
domain boundaries. Those authors considered the west-
erly-plunging lineations to belong to a Dj episode,

and the easterly-plunging lineations to belong to a

D, episode as indicated.
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Regional Structure and Stratigraphy

Although measurable key features such as minor
folds are not particularly widespread in the rocks
of the study area, the overall structure can still
be deduced from the available cleavage, bedding
and younging data. The orientation of major fold
axes can be interpreted from the cleavage-bedding
intersection relationships in the outcrops displaying
reliable bedding and adds to the information which
can be acqguired from the few folds which are present
in the outcrops of the Shebandowan—-type rocks. The
relative positions of major antiforms and synforms
can be fixed by the sense with which cleavage cuts
bedding, assuming that cleavage is axial planar.

Unfortunately, the majority of the structural
data can only be obtained from the Shebandowan-type
rocks. Even though pillowed volcanic flows are
present in some outcrops of the Keewatin-type rocks,
these were not used for cleavage-bedding interpreta-
tions Qf local major fold axes because the bedding
was not consideredtobereliable from pillow shape.
As noted by Borradaile (1982) there are many variables
which have an effect on the final shape of a deformed
pillow. These include the initial shape of the
pillow, its original position relative to the

strain ellipsoid of the imposed deformation, the



nature of the history of deformation (coaxial or non-
coaxial) and the duration of the deformation. A simple
measurement of the long axis of a deformed pillow is not
necessarily an accurate indication of the orientation of
original bedding. Where pillowed flows were present in the
Keewatin-type rocks, therefore, they were only used as an
indication of the approximate local younging or way-up
direction, and not to determine structural facing.

From the data available in the Keewatin-type rocks,
the structure appears simple. As an example, 1in the
outcrops along the Shebandowan Mine road (see Figure V-1)
where the exposure is best, only a single, primary cleavage
is present, oriented at approximately 90° and dipping
steeply to north or south, or vertical. The available
yvounging data in these rocks indicate that the beds young
consistently to the north. When projected on to the

A

cleavage, the younging shows that structural facing is to
the east. Apart from one or two very minor, localized kink
zones, none of the evidence suggests more than one phase of
penetrative deformation. (Note, however, that in similar
volcanic rocks to the west of the study area, outcrops of
schistose rocks with later folds have been noted by the
author during separate field work, carried out for another

ourpose for the Ontario Geological Survey.)

The structural information in the Shebandowan-type



Figure V-1: Structure and stratigraphy along the
Shebandwoan Mine road. (See Map 1, in

pocket, for lccation).
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rocks 1s much more complete. Plane-bedded arkoses and
sandstones are qguite common, as are such younging
indicators as cross-bedding, graded bedding and sand dykes,
permitting reliable cleavage—-bedding intersection and
structural facing interpretations, respectively. The
typical structure of these rocks is again best illustrated
in outcrops along the Shebandowan Mine road. (See Figure
V-1). The single cleavage in these rocks 1is oriented at
approximately 90-100° with a variable steep or vertical
dip. The cleavage-bedding relationships, however, indicate
the presence of several major folds in this area. These
folds are isoclinal, with steeply-dipping axial surfaces
parallel to the cleavage. Local younging directions, when
projected on to the cleavage, indicate that the folds close
sideways and are structurally upward facing to the east.
This typical regional structure still prevails in the
Shabaqua area, approximately twenty kilometres to the east
of the Shebandowan Mine road (see Figure V-2), possibly
suggesting a very thick sequence of sedimentary rocks.

The regional structure as shown in Figure V-I also
illustrates the nature of the boundarv between the
Keewatin-type and the Shebandowan-type rocks. The axial
traces of folds in the Shebandowan-type rocks appear to be.
truncated by the contact with the Keewatin-type rocks. The

boundary also cuts across the general trends of bedding and



Figure V-2: Structure in the Shabaqua area shows
tyoically cleose—-spaced, isoclinal
folding. (See Plate C, at back, for

location).
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cleavage in the Shebandowan-type rocks. This pattern 1is
inconsistent with there being a conformable post-tectonic
(let alone pre-tectonic) relationship between the two
groups of rocks, and leads to the conclusion‘ that the
Shebandowan-type rocks are fault-bounded.

Although the typical structure of the Shebandowan-type
rocks 1s that of isoclinally-folded, structurally upward
and easterly facing, exceptions to this do occur. The
prevalent structural style of the sedimentary rocks in the
Finmark area is one of more open folding, although still
with steeply-dipping axial planes, as illustrated in Figure
V-3a. Plate 1 shows an outcrop of gently folded strata (SO)

cut by a steeply-dipping cleavage (S which 1is axial

1)

planar. (The parallelism of S cleavage with axial planes

1
i1s shown by individual minor folds, as mentioned in Chapter
ITI, but also by the clustering of’Sl—SO (cleavage-bedding)
intersection lineations, as shown in Figure V-3b). In this
photograph, the fold axis down—-plunges to the east (in the
direction of the head of the hammer) at an angle of 70 ° .
Although the lamprophyre dykes which intrude this outcrop
disrupt the bedding, as shown in Plate 3, this effect does

not extend to any great length into the host rock. Late

fracturing and minor faulting in this area generally produce



Figure V-3a

Plate 1 - A more gentle fold than the typically
isoclinal regional folds, in an outcrop
of bedded Shebandowan-type sandstone
and arkosic sandstone from the Finmark
area. The hammer is oriented parallel
to the fold axis. The head of the hammer
indicates the direction of plunge of the
fold axis. SO = bedding, Sl = rock cleavage.

Plate 2 - The same outcrop as in plate 1. The
seemingly incompatible strike of
bedding on either side of the dashed
white line represents a small fold,
parasitic to the major fold, which has
been cut by later fracturing parallel
to the lamprophyre dike (top left-hand
corner of photo).

Plate 3 - The same outcrop as in plate 1. The
effects of the intrusion of the lam-
prophyre dike (LD) on the bedding only
extend for a short distance from the
contact.

Plate 4 - The same outcrop as in plate 1. Later

faulting has also affected these rocks,
but typically th