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§1: INTRODUCTION

§1.1: REGIONAL GEOLOGY & OQUTLINE OF THE PROBLEMS

The Adelaide Fold Belt (Figure 1) is a major sygmoidal orogen comprising
Neoproterozoic to early Palacozoic sediments folded and metamorphosed during the Cambro-
Ordovician Delamerian Orogeny (Thomson, 1969). Adelaidean platformal sediments within
the southern Adelaide Fold Belt are overlain by Cambrian carbonate/siliciclastics (Normanville
Grdup) and Kanmantoo Group metasediments which crop out in the Fleurieu Arc, structurally
trending north-south in the Mt. Lofty Ranges to cast-west on Kangaroo Island. The
'flyschoid' Kanmantoo Trough sequence consists largely of turbiditic basinal clastics (Sprigg
& Campana, 1953) deposited in a rapidly subsiding area adjacent to the basement high of the

Gawler Craton (the "Kangarooian Movements' of Daily & Milnes, 1971a).
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The body of opinion concerning the regional geology of the southern Adelaide Fold Belt

is currently in a state of flux. Previously accepted interpretations under review include;

1). the tectonostratigraphic nature of the Kanmantoo Group: extensional rift-type
sedimentation (Turner et al, 1992), or a contractional forcinnd basin setting (Jernkins &
Sandiford, 1992). If the Kanmantoo Trough was extensional, there is an apparently short
period of time (ca. 10 m.y.) available for sedimentation (up to 18km; Gatehouse et al, 1990),

followed by an unusually rapid switch to contraction and deformation. (Foden et al, 1992).

2). the seemingly exceptional stratigraphic thickness, commonly faulted contacts with
adjacent lithologies and apparently inverted metamorphic facies with respect to the underlying
Neoproterozoic sequence has led some workers to speculate that the Kanmantoo metasediments
are partiaily or wholly allochthonous, and may be substant.ially thickened by as yet
unrecdgnised thrusts (Jenkins, 1986; Steinhardr, 1989). An inevitable consequence of such
gross shortening of the cover sequence is the possibility of thin-skinned deformation. Earlier
workers have reported little evidence of a well-developed thrust system, which would be
expected in such a tectonic environment. However, Jenkins (1990) and Clarke & Powell
(1989) have recently proposed differing interpretations of the location of thrust traces, whilst
Steinhardt (in James, 1989a) has suggested the stratigraphic horizons in which such thrusts are
likely to occur (Figure 2), and postulated that repetition of Kanmantoo formations has resulted

in imbricate thickening and erroneous lithostratigraphic subdivision.

3). the enigmatic nature of the curvature of the fold belt. Various mechanisms have
been proposed to account for the arcuate trace of macroscopic fold trends within the orogen,
ranging from models- involving regional sinistral basement shearing (Jenkins, 1990), east-west
'wrench-shearing' (Clarke & Powell, 1989), to large-scale fold-interference patterns (Preiss,

1987).
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CHAPTER 1: INTRODUCTION -4-

§1.2: AIMS AND METHODS OF INVESTIGATION"

Recent detailed work (eg. Johnson, 1991; Rogers, 1991; f_"léttmann et al, 1992;
Flortmann & James, 1992) has attempted to elucidate the strucfural and stratigraphic
relationships within the Kanmantoo Group of the southern Adelaide Fold Belt, and to help
solve some of the problems outlined above. The present study is partly a continuation of this
program of investigation. Detailed structural investigations were carried out within the chosen
3x9 km field area, situated on the north-west coast of Kangaroo Island (Figure 3). The region
was chosen specifically to examine a recently discovered shear zone east of Cape Forbin, and
it's possible implications for local and regional geological relationships within the Kanmantoo
Group. Geological mapping at a scale of 1:10 000, appropriate strain analysis techniques, and
thin-section microstructural analysis were implemented to determine the geometric, kinematic
and tectonic evolution of the area. Additional brief investigations were conducted outside of the
original study area (eg Harveys Return, Scott Cove; Figure 3) in order to clarify various

- geological relationships.

The aims of this study also encompass sedimentological and stratigraphic aspects of the
Cape Forbin area. Such studies are, in part, intended to provide some understanding of the
(disputed) depositional environments of the Kanmantoo Group. Consequently, detailed
sedimentological examinations are-intended to provide important information upon the
tectonostratigraphic evolution of the Kanmantoo Trough. Furthermore, it is intended that the
present study will be a useful adjunct to regional geological mapping presently being conducted
by geologists of the S.A. Department of Mines & Energy, in preparation for the revised version
of the KINGSCOTE 1:250 000 sheet. To this end, an attempt has been made to correlate the
previously 'undifferentiated’ lithologies within the area with known Kanmantoo Group
formations elsewhere in the southern ‘Adelaidc Fold Belt. This was achieved by a detailed
study of all available stratigraphic information concerning the Kanmantoo Group, examination
of the type-section on the south coast of the Fleurieu Peninsula, and consideration of local

structural complexities between areas of known stratigraphy and the Cape Forbin region.
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§1.4: PREVIOUS INVESTIGATIONS

Isolation, difficult access and paucity of non-coastal outcrop has ensured that the
majority of early geological work related to Kangaroo Island has been of a regional and/or
preliminary nature (eg. Bauer, 1958). Consequently, with several notable exceptions, detailed
investigations are lacking, and this is particularly true for the area under consideration. Sprigg
et al (1954) presented the first comprehensive atternpt at a regional geological map, but much of
the area mapped as Precambrian (including the Cape Forbin region) is now considered to be

Cambrian Kanmantoo Group by the majority of recent workers (Belperio & Flint, 1992a).

Regional studies by Manckrelow (1979, 1990) showed that the bedrock structure of the
Island consisted of a series of east-west trending macroscopic folds, including the West Bay
syncline situated along, and sub-;ﬁarallel to, t.he north-west coast. Mancktelow (1979) and
Offler & Fleming (1968) established the approximate location of regional metamorphic isograds
by noting the presence of characteristic mineral assemblages. Both constdered the Cape Forbin
area to be within the biotite grade zone. Furthermore, these workers noted the presence of
three, and possibly four, distinct deformation events within the southern Adelaide Fold Belt, of
which the macroscopic folds (including the West Bay syncline) were interpreted to be Dy
features. In a more detailed study concerned with the West Bay area (Figure 3), F lint & Grady
(1979) also reported three deformations on the basis of a series of purportedly discrete fold

generations (although no crosscuttin gifigﬁérsuia}éfe' repoftéd).

Stratigraphic investigations have been largely restricted to Dudley Peninsula (Daily &
Milnes, 1971b, 1972) to the east, where individual units have been correlated with their
equivalént type—sectiéns on the Fleurieu Peninsula (Daily et al, 1979). Elsewhere on Kangaroo
Island, including the present study area, the Kanmantoo Group has not previously been

subdivided with any degree of confidence (Gravestock, in prep.).
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§2: SEDIMENTOLOGY AND STRATIGRAPHY
§2.1: SEDIMENTOLOGY

Traditionally the Kanmantoo Group has been régarded as having deeper water 'flysch-
like' affinities (Sprigg & Campana, 1953; Manckrelow, 1979; Boord, 1985; Gatehouse et al,
1990), associated with rapid deposition within a deeply subsiding, fault-bound trough.
However Daily & Milnes (1971a, 1973), in their stratigraphic subdivision of the group into
eight formations (Figure 2), presented a modified interpretation of much of the sequence. .
Instead, they (op cit) emphasised significant influence by traction-currents indicating a shelfal
environment. Consequently different formations within the Kanmantoo Group have been
attributed variously to continental shelf, continental slope and ocean basin depositional

environments (Belperio & Flint, 1992a).

~ Dark to pale grey metasandstones within the study area are generally typical of the
Kanmantoo Group. In detail however, there are subtle lithological variations which can be
discerned via a traverse across strike. Lithologies toward the west of the area are dominated by
interbedded strongly laminated psammites/pelites separated by massive, pale-grey quartzites
(referred to subsequently as 'Sequence One' deposits; Plate 1b). Stratigraphically up-section to
the east, the laminated units thin and become more faintly laminated, whilst thick, 'dirty’
metasandstones with occasional ﬁné-mg‘rwe{in _ééﬁdsfonc énd I;hyliitic partings begin to dominate
the outcrop ('Sequence Two' deposits; Plate 1c). It should be emphasised that this transition is
barely perceptible and irregular (Sequence One outcrops occur within the Sequence Two area

and vise versa), but nevertheless has important implications for sedimentological interpretations

and the styles of deformation encountered in the respective areas (see §3.1).

The youngest equivalents of the Kanmantoo Group within the area crop out to the west
of Cape Forbin, where Sequence One deposits are exposed in high coastal cliffs above a small
wave-cut platform. The rocks in this vicinity essentially consist of laminated sandstones with

characteristic biotite-rich and quartz-rich layers, and extend at least as far west as Scott Cove.
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The quartz-biotite laminated units characteristic of Sequence One deposits are
intercalated with massive, clean quartzite beds varying in thickness from individual laminae up
0 1-2 metres. These latter beds also occasionally show faint planar biotite concentrations, and
commonly the transition from massive quartzite to overlying laminated unit is gradational, In
contrast the contact between the massive quartzite and the underlying laminated horizon is
generally sharp or convolute, and commonly clearly an erosional surface (Plate 1d). Within the
laminated units, the quartz-rich layers are generally thicker than adjacent biotite-rich layers; the

latter are rarely greater than 1 cm. in thickness.

Talbot & Hobbs (1968) and Daily & Miines (1973) report similarly prominent
laminations elsewhere in the Kanmantoo Group, in the Petrel Cove and Tapanappa Formations
respectively. These workers attribute these 'stripy layers' to post-lithification metamorphic
differentiation or alteration processes adjacent to fractures. Clearly, however, the 'black and
white' layering evident in the rocks of northwest Kangaroo Island (particularly at Harveys
Return; see fig. 24 in Daily et al, 1979} is a result of primary sedimentary processes: 1) biotite
concentrations define a variety of sedimentary structures (Plate 1e); 2) there is no indication of a
pervasive layer-parallel fabric (in the sense of Maltman, 1981) in fact, the regional slaty
cleavage/schistosity consistently transects the biotite-quartzite banding at a shallow angle; 3) the

diffuse and 'wispy' nature largely characteristic of metamorphic banding is essentially absent.

The remarkably strong sedimentary laminations are interpreted here to result from
reworking of relatively homogencous beds via traction processes and deposition of fines from a
suspended load. Such hydraulic sorting processes are suggested to have winnowed clay/biotite
from mica-rich sands, with subsequent redeposition as discrete clay/biotite laminae. The strong
contrast in hydraulic behaviour between coarse sand grains and biotite flakes enabled different
mineral loads to be deposited separately. The extent to which differentiation occured was
variable, depending upon complex interplay between fluctuations in depositional flow regime
and rate of sedimentary supply. Massive grey quartzites represent episodes of relatively

inefficient sorting, probably during periods of more constant influx and deposition. This
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interpretation is supported by the observation that the massive units are frequently erosive iﬂto
laminated units, and ‘b‘all—and—pillow' structures are largely represented by massive sands
enclosed by laminations (rarely visa versa). As such, they were probably laid down rapidly as
debris flows (see Gatehouse et al, 1990). This is consistent with other indications of rapid
deposition (Plate 1f), such as a complete lack of bioturbation, carbonate deposition, and

liquefaction structures, as defined by Owen (1987).

More strongly laminated units are presumably indicative of periods when the effects of
reworking exceeded the effects of rapid deposition. The frequently gradual transition from
massive to crossbedded rocks (Plate 1e) supports this concept, in that it represents the effects of
diminishing reworking of the sedimentary unit with depth. Lithologies transitional between
Sequence One and Sequence Two types attest to the variable efficiency of sediment reworking
processes. The ubigitous sedimentary evidence for reworking of relatively immature sands into
well-sorted, laminated and crossbedded deposits, points towards a relatively shallow-water,
moderate to high energy depositional environment. Indeed, at some localities reworking
progressed to the extent of producing large-scale foreset beds of clean quartz sands, similar to
those derived from sand-waves within tide-dominated environments (Reading, 1986).
However, there is no indication of temporary emergence, nor is there any definitive evidence of
high energy storm activity (eg hummocky cross-stratification) indicating a shore-type

environment. Presumably the prime physical processes were offshore oceanic or tidal currents.

In contrast the relatively texturally and mineralogically immature (although the term
‘greywacke' is perhaps too extreme) Sequence Two deposits may exhibit the least reworking of
all the lithologies present, possibly related to a slightly deeper water environment, They show
little evidence of shallow water modification: the only sedimentary structures observed are
poorly defined sedimentary slump folds. However, Sequence One sediments comprise most of
the rocks in the study area. Consequently, the sedimentary environment concluded is one of
shallow-water (<50m; cf.Fenton & Wilson, 1985) sand sheets reworked from rapidly laid down

debris flow deposits. Certainly a deep-water turbidite scenario is not indicated by this study.
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§2.2: STRATIGRAPHIC RELATIONSHIPS

Stratigraphic correlation within the Kanmantoo Group is subjective and fraught with
uncertainty, particularly due to the lithological homogeneity of the sequence. Indeed Steinhardt
(in James, 1989a) tentatively asserts that one possible reason for the similarity between the
constituent formations is that they are the same. The implication is that gross thrust repetition
invalidates the accepted stratigraphic subdivision of the entire group. Nevertheless, whilst
regional tectonic thickening may be important, Johnson (1991) and Rogers (1991) demonstrated
that the stratigraphy estéblished by Daily & Milnes (1971a, 1973) was locally viable.

Consequently the scheme of Figure 2 is utilised here,

Examination of the Kanmantoo Group type-section and all relevant literature suggests
that the Cape Forbin sequence is most likely to be an equivalent of the Tapanappa Formation.
The dark quartzite with phyllitic partings described by Daily & Milnes (1971a, 1973) is very
similar to the Sequence Two deposits within the study area. These, in turn, are virtually
identical to relatively deep-water lithologies to the west assigned to the Tapanappa Formation by
Flint (1978). To the east, drilling investigations suggest that the Dewrang geophysical anomaly
is hosted by Tapanappa Formation type sandstone (McCallum, 1991, p. 29). Conversely, the
shallow-water deposits of Sequence One are strikingly similar to Tapanappa equivalents on
Dudley Peninsula (Daily et al, 1979), particularly at Cape Coutts, and Inman Hill Subgroup
laminated psammites and pelites at Harveys Return (Major & Vitols, 1973). Mancktelow
(1979) considered that local lithostratigraphic units were correlatable with the Middleton
Sandstone. Clearly, however, there are no local indications of the epidote-rich segregations
considered to be diagnostic of the Middleton Sandstone, and therefore the resemblance is
considered to be superficial only. Mancktelow (1979) reports the presence of two distinct
lithofacies of the Tapanappa Formation on Fleurieu Peninsula, which may correspond to the two

different sequences outlined in this study.
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§2.3: REGIONAL IMPLICATIONS

The sedimentary sequence within the study area is conformable from east to west, and
apparently as far west as Cape Borda (Major & Vitols, 1973). Even allowing for small scale
tectonic folding,“t_his represents a thick package of rapidly deposited strata. Such a feature
requires a consistently emergent source region adjacent to an actively subsiding basin (the
'Cassinian Uplift' and "Waitpingan Subsidence' respectively of Thomson, 1969), as is the case
for much of the Kanmantoo Group. Most workers attribute the provenance of the entire group
to emergent landmasses to the north of the Kanmantoo Trough (eg Daily & Milnes, 1973; Daily
et al, 1980). Implicit in all such investigations is that such tectonic movements were of an
extensional nature. Jenkins (1990), howéver, has suggested that the Kanmantoo Group is partly
syn-orogenic. This raises the possibility that the evolution of the Kanmantoo Trough records a
significant component of contractional tectonism, with deposition in a foreland basin marginal to

a source converging from the south-east (cf. Jenkins & Sandiford, 1992).

Palaeocurrent data within the study area is complicated by shallow-water current
reworking, presumably reflecting the geometry of the Cambrian shoreline. However, it can be
demonstrated that a significant component of turbidity current fabric is still preserved (Plate 2a),
occasionally with clear indications of mass-flow directions (Plate 1d). Furthermore, in relatively
undeformed areas, syndepositional deformation structures display slight asymmetries in an
opposite sense to tectonic features, but consistent with the aforementioned mass-flow current
directions (Plate 1£). Whilst it was not possible to unequivocally separate many palacocurrent
indicators into 'shallow-water' and "turbiditic’ signatures, the cumulative data (Figure 8) reveals
little distinction between the respective types. Both mass-flow influx and shallow-water
progradation originate from the west and north-west, with most definitive turbidite fabrics
accounting for the latter direction. In addition to this data from probable Tapanappa equivalents,
equivalent mass-flow palaeocurrent data elsewhere in the Kanmantoo Group indicates a similar

provenance area (eg Flint, 1974, 1978; Mancktelow, 1979; Boord, 1985). Such evidence is

not consistent with a contractional source region encroaching from the south or south-east.
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FIGURE 4: Palacogeography of the Kanmantoo Group. &. Interpreted palacocurrent directions and
marine influences of Kanmantoo sediments marginal to the Gawler Craton. b. Inferred provenance of
the Kanmantoo Group and approximate sedimentary thicknesses (in metres) from regional mapping.
Data compiled from this study, Thomson, 1969, 1975; Flint, 1978.

Whilst there is rﬁuch evidence to indicate an extensional terrain for the cﬁrrentiy exposed

levels of the Kanmantoo Group [not the least of which is stratigraphic thickening across
-syndepositional normal faults (Rogers, 1991)], there are several pertinent points which concern
the continued tectonostratigraphic evolution of the trough. According to Jenkins (1990),
although the lower segments of the sequence (specifically the Carrickalinga Head Formation and
the underlying Normanville Group) are intimitely associated with the Truro Volcanics,
indicating lithospheric attenuation via extension, there is "a complete alternation of sediment
provenance and basin geometry" in the transition from the lower Kanmantoo Group and the
supposedly younger 'molassic apron; ;fvgllié.—ylpper Kangaroo Island Group. The relationship
between the upper levels of the Kanmantoo Group and basin geometry is, however, unknown,
because the "upper boundary of the group remains undefined" (Sprigg & Campana, 1953).
Evidence from granite intrusions suggest that at least 10km of sedimentary pile existed above the
Middléton Sandstone. If the transition from extensional to contractional deposition occured, it is
most likely to be represented within the 'missing' higher sections; not within the Tapanappa
Formation of Cape Forbin. Interestingly, Daily et al (1979) speculate that Kanmantoo

metasediments on the south coast of Kangaroo Island may be stratigraphically higher than the

Middleton Sandstone, and therefore these may be the syn-orogenic strata of Jenkins (1990).




PLATE 1a: View of study area looking west towards Cape  PLATE 1b: Typical cross-laminated Sequence One
Forbin, Kangaroo Gully is in the foreground, Cape Torrens  psammite and psammite/pelite multilayer. Looking south,
is in the distance. [Snug Cove; 662478]. width of view =40 cm. [Borda; 573451].

PLATE 1c: Typical massive to poorly bedded ‘greywacke' PLATE 1d: Massiv, poorly sorted T, 'greywacke' erosive into
of Sequence Two deposits. Looking east, width of view =  well sorted psammite/pelite multilayer. Looking south, pencil =
fm [Snug Cove; 665474]. M em. [Snug Cove; 6094641

ALk Eliate g 3 ¥ Pl . e
PLATE le: Trough cross-laminations defined by biotite
concentrations. Looking south, width of view = 50 cm.
[Snug Cove; 609464].

PLATE 1f: Liquefaction structure indicating rapid
deposition of ‘greywacke' onto unlithified multilayer.
Looking south, pencil = 14 em. [Snug Cove; 593454].
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§3: STRUCTURAL GEOLOGY

§3.1: MACROSCOPIC STRUCTURAL GEOMETRY

On the basis of style of deformation and strain intensity, the Cape Forbin area can be
conveniently subdivided into two major structural domains. The high strain Snug Cove Shear
Zone to the north is transitional into the structurally overlying country rock of the Back Valley
Homoclinal Zone extending to the south and west (Figure 5). Both domains dip moderately to
the south and occur on the right-way-up limb of the regional West Bay Syncline (Mancktelow, -
1979). The east-west strike of the shear zone is sub—pegn'allcl to regional bedding trends, butis
locally slightly discordant (<20°) due to the closure\;)f the major syncline to the west. The
relationship between the present study area and regional structures as mapped by previous
workers is illustrated in Figure 6. A tentative and schematic re-interpretation of regional sub-

surface structure, taking into account the Snug Cove Shear Zone, is also presented.
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FIGURE 5: Simplified sketch block diagram of the Cape Forbin region, Kangaroo Island showing the
relauonships between various structural elements, §, = sedimentary layering, S, = slaty
cleavage/schistosity, S,, = mylonitic foliation (= §)), S, = = crenulation cleavage (= §,).
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§3.1.1: Metamorphic And Structural Fabrics - , )

A single prominent metamorphic fabric defines the main foliation S; and occurs as an
east-west striking slaty cleavage, schistosity or mylonitic foliation (Syp) dipping steeply to the
south. The foliation is largely defined by preferred orientation and growth of micas (mainly
biotite) and is therefore more pronounced in pelitic Sequence One deposits (particularly within
minor folds) where it is strongly refracted across bedding. In the more massive Sequence Two

deposits S;is non-existant to poorly-developed and occurs as a weak spaced cleavage,

A traverse from sou}th to north shows a gradual increase in the intensity of the S;
foliation independent of lithological variation, and is associated with an increase in minor
faulting and folding. A relatively abrupt, but still gradual, change separates the shear zone
from the country rock where the foliation aquires an anastomosing-mylonitic- character (§3.3)
and a moderately to strongly developed mineral lineation. The boundary is mappéd as the
region in which bedding is largely transposed and/or indistinguishable due to the mylonitic
foliation. The lineation is paréllel to the elongation direction of stretched porphyroblasts (used
to estimate finite strain ratios in §3.2.3), elongate quartz rods and boudins within lithological
layering. It is therefore a stretching lineation (L) representing the maximum axis of the local
finite strain ellipsoid (X) within the foliation plane XY (where X>Y>Z) and delineating the
tectonic transport direction (Wood, 1974). Liis largely a near down-dip lineation, plunging on
average towards 170°. The exception to this remarkably consistent feature is a small area in the
vicinity of Cape Forbin proper, where L, is oblique-dip and pitches ~40-50 east within S,,

Within the Back Valley Homoclinal Zone a bedding/cleavage intersection lineation (L?)
1§ also present, which is best developed marginal to the Snug Cove Shear Zone where it defines -
isoclinal fold axes and is sub-parallel to L;. Elsewhere in the study area the intersection
lineation and fold axes strike east-west. - All of the above fabrics are attributed to a single
deformation (Dy) of variable intensity; no crosscutting relationships were observed between, for
example, the regional slaty cleavage and the local mylonitic foliation. It seems likely that the

local S is equivalent to the regional foliation which is axial planar to the D; West Bay syncline
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(Mancktelow, 1979,1990). An isolated and weak later post-D: crenulation cleavage (S, was
encountered in a small number of outcrops within rare D kink folds. This foliation is defined
by alignment of biotite and muscovite and is sub-vertical to steeply east dipping. S is, at best,
weakly developed and was mainly observed crenulating the most intensely developed S, fabric,
the mylonitic foliation. The associated D2 fold axes and intersection lineations (mainly L;) dip

moderately to the south. The relationship between the local S;and regional foliations is unclear.
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FIGURE 6: Regional structural geology and interpretive cross-section of western Kangaroo
Island. No attempt has been made fo balance the section due to a lack of stratigraphic
control. Synthesis compiled from numerous sources, including this study; Sprigg et al,
1954; Thomson, 1969, 1975, Major & Vitols, 1973; Manckielow, 1979, 1990; SADME,
1989; Belperio & Flint, 1992b, and Van der Stelt et al, 1992,
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§3.1.2: Faulting

Small-scale brittle faulting is common throughout the study area. High angle reverse
faults, striking sub-parallel to the regional S, foliation, displace bedding by no more than 1-2
metres (cor;nonly only several centimetres). Although some conjugate faults were observed,
by and large steeply dipping faults parallel to S; are dominant. Displacement on the latter set of
faults commonly occurs along south-dipping quartz veins which are axial planar to minor folds.

Bedding offsets and 'stepped’ slickensides on quartz vein surfaces indicate reverse motion to

the north. The upper boundary of the Cape Forbin Sub-domain is interpreted to be one of these

faults (the only segment of the shear zone boundary that is faulted). Although the sense of
movement could not be determined diréctly, it is assumed that it is consistent with similar
small-scale faults. At the interface between psammites and less competent phyllites or pelites,
brittle faulting often gives way to layer-parallel ductile shearing (again showing top-to-the-north
sense of movement; Plate 2b), particularly in higher strain areas to the north.. Where larger
portions of east-west striking faults are exposed, fault traces were observed to be listric in

form, curving into low-angle thrust-faults (Plate 2c).

In addition to south-dipping contractional faults, the Snug Cove Shear Zone is also
dissected by numerous small-scale strike-slip faults, again mostly displaying only one or two
metres displacement at most. These faults are sub-vertical and strike approximately north-

south. Such faults are confined to areas (f)'f' wfﬁghly'Shééréd—'rocks and are consequently

interpreted as a result of differential transport in the direction of shearing (north).

A third set of rare faults is associated with the D, folds and fabric. Second generation
kink folds grade into high-angle reverse faults, or are located immediately adjacent to them. In
some cases a significant component of oblique-slip movement was apparent in these D, faults,
making them difficult to distinguish from Dy strike-slip faults. One plausible explanation for

such a feature is that D, faults were preférentially initiated at, and reactivated some, D, faults.




PLATE 2

PLATE 2a;  Parlial Bouma sequence,_including PLATE 2b: Lay_-crr-parallel ductile shearing consistent
basal greywacke (T,) and laminated ?Tg horizon,  with top-to-the-north simple shear. Looking east.
Harveys Return. [Borda; 481426]. Note pencil for sqale. [Snug Cove 665476]
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PLATE 2¢: Listric reverse and thrust faults, Wieck Gully. Looking west, Note figure for scale. [Snug Cove 665482],

PLATE 2e: uckling of sub-vertical quartz vein b FIGURE 2f: vertu‘ned, north—verging fold with
shortening across S,. Width of view = 50 cm. View inlense, moderately dipping axial planar cleavage.
fooking cast. [Snug Cove 635477], _ Width of view = 40 cm. Looking east. [Borda 579452).




PLATE 2

PLATE 2a: Partial Bouma ,,s,equelcc,--.inc.l.uding_ PLATE 2b: Layr-,;r—prllel ductile shea‘ing consistent
basal greywacke (T,) and laminated ?Ty horizon,  with top-to-the-north simple shear. Looking east.
Harveys Return. [Borda; 481426]. Note pencil for scale. [Snug Cove 665476]
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igure for scale. [Snug Cove 665482].

PLATE 2e: Buckling of sub-vertical quartz vein by Overturned, north-verging fold with
shortening across S,. Width of view = 50 cm. View intense, moderately dipping axial planar cleavage.
looking east. {Snug Cove 635477, Width of view = 40 cm. Looking cast. [Borda 579452).
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§3.1.3: Quartz Veining

Perhaps one of the most notable structural features encountered in the Cape Forbin
region are the ubiquitous quartz veins, which reflect the strain variation across the study area.
\-?}ithin the Back Valley Homoclinal Zone these veins were observed to be relatively
undeformed planar features sub-parallel to S;. In many instances folding was intimately
associated with individual veins. Quartz veins intruded axial planar to many folds (cf. James
1989b) and show no definitive features associated with extension normal to the axial planar
cleavage (eg. fibrous quartz, median lines, etc). This vein array is thus attributed to elevated
pore pressures leading to hydraulic fracturing along planes of weakness (ie cleavage

anisotropies), a feature commonly encountered in areas associated with shear zones and shear

strain localization (eg Fldttmann et al, 1992).

Although the great majority of vein formation is clearly a consequence of the nature of
fold axial planar cleavages, on rare occasions complex fold patterns are observed which
indicate a normal sense of bedding offset along veins. Intuitively such evidence indicates that
the some quartz veins have played a role in controlling fold morphology. This feature was
mostly confined to poorly laminated Sequence Two deposits, and thus is difficult to discern
and document. Such apparent offsets are the only kinematic criteria in the study area which
indicate north-south extension and thus appear anomalous. Hudleston (1989) describes similar
folds and offset patterns in glaciers ‘which éwe sense of shear 6pposite to the known regional
sense. Available experimental evidence (Hudleston, 1989) suggests that such folding is a
consequence of. strain perturbation around a rotating rigid quartz vein, Hudleston (1989) has
demonstrated that complex fold patterns can form as a consequence of the rotation of originally
dilational veins initiated at approximately 45° to regional shear planes. Subseguent rotation and
closure of the veins causes pre-existing layers cut by the fracture to become folded (Figure 6b).
Because the vein material is stiffer than the host metasandstones, upon rotation it will buckle,
unfold and subsequently boudinage, depending upon simple shear strain intensity. Some

evidence of such a process operating is the presence of a limited number of sub-vertical to
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steeply north dipping veins, all of which are buckled across the foliation plane (Plate 2e), in
close proximity to south-dipping axial planar quartz veins described earlier. There is therefore
some qualitative evidence, from quartz veins, of a significant rotational strain component (ie

simple shear) within the Back Valley Homoclinal Zone (cf. v~ 2, Figure 6b). Such evidence is

in agreement with results obtained from tightening and rotation of angular folds (§3.2.1).

-

e FIGUR@evelopment of 'hook-folds’ shown by line drawings of Plasticine blocks used in
=N experiments to show fold production adjacent to fractures. (a): Initial state with markers shown
drawn parallel to shear zone boundaries and a cut at 45 degrees. (b): After left-lateral shear
strain of about vy = 1. (¢): After shear strain of about vy = 2, The ends of the blocks are not shown.
(d): Line drawing of photograph showing deformation around a deformed vein (black). The
grid was originally rectangular, with square elements. One row is stippled to show offset.
Modified from Hudleston, 1989.

Quartz veins within the Snug Cove Shear Zone are highly deformed, exhibiting extreme
boudinaging within the XZ-plane and in many cases defining intrafolial folds in both XZ and
YZ-planes. In addition, several exam.ples of sigmoidal en echelon tension gashes were
observed (§3.3). These features reflect the high simple shear strain localisation evident within

the shear zone, attesting to the excellent strain indicators presented by these quartz veins.
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§3.2: THE BACK VALLEY HOMOCLINAL ZONE

The Back Valley Homoclinal Zone, named after a local topographic feature, forms the
hangingwall block to the south of the Snug Cove Shear Zone. Although essentially homoclinal
at map scale, minor folding is present at outcrop and microstructural level. In general
sedimentary bedding (So) dips moderately to the south or south-east (Figure 8) and is transected

* by a slightly steeper dipping slaty cleavage or schistosity (S)) striking east-west (Figure 9). The
cleavage development varies locally in relation to lithology and position within minor folds, but
is more intensely developed proximal to the shear zone (ie. to the north). Consistent
bedding/cleavage relationships in conjunction with abundant younging criteria are consistent
with a structural position on the right-way-up limb of a major fold. Stereogfaphic analysis of

0
intersection lineations (L;) reveals the regional synclinal fold axis to be sub-horizontal and

striking approximately east-west (~ 093% Fig. 10).

Structural variation within the area is generally not dramatic, with most variation
manifested within discrete folds or fold pairs separated by large distances of homoclinally
dipping strata. This mode of localised folding is common in areas of highly anisotropic rocks
(Price & Cosgrove, 1990). Consequently, deformational features are most apparent within the
psammites and psammite/pelite multilayers of Sequence One deposits mostly to the west of the
study area. Although only few folds were observed within this zone, largely concentrated
adjacent to the shear zone, the variation cvident in these rare folds is nevertheless significant.
The effects obscr\;cd can be categorized into three types; 1) the gradual tightening of folds
proximal to the shear zone accompanied by a slight decrease in cleavage plane dip, 2) the
development of fold axes oblique to the regional trend, and 3) the lithologically controlled
variation in fold styles. Although not mutually exclusive, for simplicity these three factors are

considered separately.
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MAP TWO

GEOLOGY OF THE SNUG COVE-CAPE

E SELEGTED BEDDING, YOUNGING &
KANGAROO ISLAND
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KEY TO MAP TWO
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SEDIMENTARY YOUNGING DIRECTION
CURRENT DIRECTIONS {unidractional, bidirectional}
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schist; 2: clean while quartz mylonile; 3: biotte-quartz rylonile; 4:
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DOMINANTLY SHEARED ROCKS ({1: porphroblastic
ghyilunitic schist; 2: clean white quartz mylonite; 3:
iotite-quartz mylonite)
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§3.2.1: Variation Of Fold Axial Planes And Interlimb Angles

Neglecting the effects of variation in fold styles (partly controlled by lithological
factors), there is a clear transition from neir upright to asyrhmetric overturned folds from south
to north. Accompanying this change, the folds tighten and cleavage intensifies and rotates into
slightly shallower orientations (Plate 2f). Fold interlimb angles range from ca 40°-150°, whilst
associated local axial planar cleavage dips varied from ca 60°-40° to the south. The latter effect
appears to be a separate feature from another common observed phenomenon; that of cleavage
refraction across pelitic/psammitiq interfaces. There is a distinct correlation between fold
interlimb angle (FIA) and axial plane dip. (APD), which was analysed statistically using a
bivariate scatter diagram (Fig. 11). In order to minimise inaccuracies in FIA measurement,

chevron-style folds were measured where possible.

160" 1

1401 FIGURE 11: Bivariate

scatter diagram showing

foLb 120 1 correlation between Fold

INTERLIMB __ _ | Interdlimb Angle (FIA)
A(I\Ii:%E oo and Axial Plane Dip

(APD). The calculated
correlation  coefficient
for this data is r = 0.79.
The best fit. linear
regression line is also
™ ™ — ~—= ghown.
40°8 508 808 708

DiP OF AXIAL PLANE (APD)

80" 4

60 -
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A model to account for the transition from near-upright to overturned folds must account
for the rotation of axial planes and associated increase in strain magnitude (as indicated by
tightening of the fblds and cleavage intensification). Consequently a change in the orientation
of the principle strain axes with.increasing strain is proposed, ie a rotational strain. Sanderson
(1980) has suggested such a mechanism, whereby sedimentary layers oriented at small angles
to a shear plane respond to initial shortening along the layer by forming reasonably symmetric
folds with axial planes at a high angle to the shear zone. Progressive simple shear produces a

rotation of the fold axial planes towards parallelism with the shear plane and a tightening of the
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folds due to further shortening. Figure 12 illustrates this concept with respect to the mapped

geometry of the present study area.

FIGURE 12: Conceptual
model of development of]
folds marginal to the|
shear zone by simple
shear, (a): Initial
geometry. (b): Initiation
of folds with axial planes;
at B, to shear zone. (o)
Folds at maximum
shortening.  Modified
from Sanderson, 1980,

By considering chevron folds only, Sanderson (1980) was able to approximate both the
shortening values related to specific interlimb angles the magnitude of simple shear strain which
caused the tightening and overturning of these folds. A significant proportion of folds within
Sequence One deposits have high limb Iengfhs relative to hinge curvature and thus approach
chevron-style. A 'co_mparison of the results obtained by Sanderson (1980) with local interlimb
angles and axial plane dips suggest that shortening values in the order of 20% are appropriate
for near-upright open folds towards the southern (inland) limits of outcrop. Similarly, tight
overturned folding in the vicinity of the Snug Cove Shear Zone provides semi-quantitative
estimates of up to 50-60% shortening within individual folds. According to Sanderson (1980,
figure 9) éuch values correspond to simple shear magnitudes ranging from Y« 1, up to y= 1-3
proximal to the shear zone. These estimates can be regarded as minimum values only;

additional post-buckle flattening is assessed in §3.2.2.
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§3.2.2; Variaﬁo_n Of Fold Axis Orientations

Rare folds encountered towards the southernmost limits of inland outcrop were
characterised by east-west sub-horizontal fold axes within steeply south dipping fold axial
planes:. However, outcrops elsewhere within the Back Valley Homoclinal Zone occasionally
show abrupt and extreme variations in fold axis orientations, with occasional examples ofsub-
horizontal folds occuring within several tens of metres of moderately and variably plunging
~ folds. Where outcrop is continuous, the area between such folds is complexly deformed and
often the site of a local decollement. The margins of the Snug Cove Shear Zone are host to
both shallowly plunging and steeply plunging reclined fold axes. Within the shear zone, axes
of isoclinal folds are subparallél to stretéhed quartz vein rods and a mineral stretching lineation.
It is considered that the strain is essentially homogeneous on a mesoscopic scale and that
heterogeneity is of a regional nature. Mesoscopic strain heterogeneity (multiple noncoaxial
deformation) would be expected to lead to curved fold axes and/or cross-cutting axial planar

fabrics indicative of overprinting deformations, neither of which is observed.

A similar spatial variation in fold axis orientation marginal to a shear zone has been
recorded by Bryant & Reed (1969) adjacent to the Moine Thrust Zone, northwest Scotland.
The origin of these reclined folds has been proposed by Sanderson (1973) to be due to the
passive rotation of fold axes caused by stretching within the fold axial plane. Thus, with
increasing strain (‘stretching') in the X'Y-plane, folds originally sub-parallel to the Y-axis of the
finite strain ellipsoid rotate towards the X-axis (ie the stretching lineation direction) upon
further deformation. Furthermore, Manckielow (1981) observed that local strain perturbations
can account for the pbserved close proximity of subhorizontal and reclined folds. The
dominantly passive behaviour of fold axes in the present study area is demonstrated by the
relative lack of sheath folds in high strain regions (ie folds with curved fold hinges).
Sanderson (1973) derived a theoretical basis for such rotation (Appendix Three) and
demonstrated that the resulting 'post-rotation’ frequency distribution of fold axes depends on:

1) the original variation (standard deviation, G) in the orientation of fold axes, and

2) the ratio of the rotation-inducing principal strains (X/Y)
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,‘ A scrie__s of graphs produced by Sanderson (op cit) shows computed frequency
distribution of fold axis orientation with increasing X to Y ratio for differing original
variabilities of the fold axes (Fig. 13a). Hence, a graphical evaluation of the state of strain
indicated by fold axis distribution can be made. As can be seen by a comparison with these
theoretical results, field data shows a slightly asymmetric frequency distribution. Sanderson
(1973) suggcstcd.that such asymmetry can result from a slight obliquity between the mean fold
axis and the Y-axis of the regional finite strain ellipsoid, and he accordingly produced

theoretical distribution curves for a 10° difference between the two (Figure 13b).

Figure 13c shows that the actual distribution curve of the field data (of Subdomain
Two) falls between cuweé for Y oriented 15arallel to the mean fold axis and Y at 10° to the mean
fold axis. Therefore, it is suggested that fold axis orientations of the Back Valley Homoclinal
Zone are consistent with average regional X/Y ratios of 2-3:1 with stretching at a high angle
(but not perpendicular) to original fold axes. Such a feature is not unexpected, given that the
stretching lineation in the X'Y-plane of higher strain zones is ﬁot perfectly downdip, but
generally pitches ~80° witﬁin the foliation plane.(§3.3). In cémparison fold axes from

Subdomain One strike within 10° of east-west and thus record relatively low ratios of 0<X/Y<1.

-]
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& FIGURE 13: Computed frequency
distribution curves for a), X/Y = 1-6 with
original standard deviation of fold orientation
= 20 and angile between fold orientation mean
-3 and Y-axis = ¢, and b)., X/Y = 1-5 with
original standard deviation of fold orientations
// = 20" and angle between fold orientation mean

and Y-axis = 10", ¢). Comparison of field data
] A with X/Y = 3 from &) and X/Y = 2 from b).

oo w From Sanderson (1973).
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§3.2.3: Fold Styles

Folds within Sequence One deposits were analysed in terms of Ramsay’s (1967) fold

classification scheme (Fig. 14) using field photographs and, more commonly, line drawings

of photographs and actual outcrops.

FIGI_JBE_}A: Ramsay's (1967) fold
CLASS 1 .. classification scheme.
CLASS 1b
1.0 (PARALLEL) Fold Class Isogons
la Strengly convergent
ib Moderately convergent
le Weakly convergent
' ] Parallel
f'a I Divergent
0.5}
ACLASS 3 ‘“‘*RA
T T
x

The style of folding observed primarily depended upon the scale of observation which
in turn was related to lithology; ie. the gross alternation between laminated and non-laminated

~ horizons, or within individual laminated multilayers. There is, of course, a continuous

sequence between the two end-members (massive units grade into laminated units, and thick
intermediate faintly laminated units are common). The lithological variation is defined largely

by relative biotite concentrations of individual layers. For the purposes of structural analysis,

the following distinction is made:

pelitic - abundant biotite
psammitic - sparse biotite
semi-pelitic - intermediate in biotite concentration (= pelitic/psammitic multilayers)

A fourth lithology, quartz veins, took the form of tight to ptygmatic Classic folds (if

folded at all). Relatively thick psammitic layers were rarely observed to be folded. Instead, the




CHAPTER 3: STRUCTURAL GEOLOGY-25-

interface between the psammitic beds and pelitic multilayers was often observed to take the
form of buckle-fold mullions (Wilsor, 1953). In profile, the strong viscosity contrast between
the two adjacent media has led to the development of lobes of more competent psammitic
material seperated by cusps of tightly pinched less-competent, more pelitic, multilayer (Plate
3a). As is the case with the majority of folds in the study area, these mullions show moderate
to strong asyrnmetry'indicating northwards vergence. Hudleston (1973b) has demonstrated
that, adjacent to the Moine Thrust Zone, such cuspate forms of pelitic multilayers are a
consequence of the contact strain zone of adjacent more competent lithologies. Thus, in many
cases, the fold styles of less competent horizons in the Cape Forbin area are merely a feature
controlled by the fold style ﬁdopted by psammitic layers. In other examples, adjacent
psammitic and pelitic horizons exhibited extremely disharmonic folding, with the latter being

highly contorted in contrast to the relatively unaffected psammitic layer.

Multilayer units as a whole approached Class 2 fold styles (Ramsay, 1967), displaying
near parallel dip isogons. Within multilayers, however, thin psammitic layers Were found to
have weakly convergent isogon patterns with adjacent pelitic layers exhibiting divergent
isogons (Class Ic and 3 respectively of Ramsay, 1967). Semi-pelitic layers commonly
displayed similar-style fold morphologies, with isogon paterns intermediate between psammitic

and pelitic layers (ic Class 2 of Ramsay, 1967).

Hudleston (1973a) derived a procedure by which Class 1c folds can be used to estimate
the amount of 'apparent’ flattening strain required to produce such folds from buckle (Class 1b)
folds. The method considers the angle between the normal to the folded surface isogons ()
and the limb dip (o). A comparison of a graphical plot of a—¢ versus ¢ with mathematically
derived curves enables the calculation of a specific relative Z/X ratio (from the slope of the best-
fit line). Thus relative spatial variations in the intensity of finite flattening strain (X/Z ratios)

can be determined.

In order to assess the strain magnitude variation from north to south across the study

area 'Hudleston analyses' were conducted upon two populations of geographically seperated
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Class 1b psammitic layers. Since quartz veins were largely Class 1c folds, thus displaying least
post-buckle flattening, these were excluded from the analysis. In addition, the Hudleston
technique makes nb allowance for Class 3 pelitic folds, which were therefore similarly
excluded. Estimates were averaged for several isolated folds at approximately 1000 and 100
metres from the mapped boundary of the Snug Cove Shear Zone (areas One and Two
respectively). The results of this technique, together with examples of the folds utilised, are

presented in Figure 14.
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FIGURE 14: Graphical results of Hudleston Analysis for =
selected folded psammitic beds in .muliilayers at various
distances (x metres) from the southem margin of the Snug Cove
Shear Zone. Locality One: x = 1000m; Locality Two: x = 100m.
Graphs from Fudleston (19733).

Maximum and minimum X/Z flattening strains for Area One were 5.35:1 and 3.12:1
respectively, with an average value of 4.35:1. Similarly, estimates for Area Two ranged from
1.96:1 to 2.44:1, with a mean of X/Y = 2.08:1. These results, although relative estimates
only, indicate quantitatively that finite 'post-buckle’ flattening strains increase northwards,

towards the Snug Cove Shear Zone.
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§3.4: THE SNUG COVE SHEAR ZONE

Whilst the increase in strain intensity across the Back Valley Homoclinal zone is
appreciable, a relatively rapid change marks the southern boundary of a zone of highly
deformed rocks, the Snug C‘ovc Shear Zone (Fig. 7). Sevcral features déiineate this transition.
As has been noted, a tightening and overturning of folds is accompanied by a dramatic
intensification of the regional schistosity and the appearance of a near down-dip stretching
lineation. The foliation steepens (by as much as 10°) and acquires a phacoidal, mylonitic
character. Originally planar quartz veins become buckled and/or flattened within the foliation.
plane and ultimately evolve into isolated quartz augens. The foliation anastomoses around
these augens, producing an oyster-shell fluxion foliation (Plate 3b) characteristic of foliations
formed by intense syn-tectonic recrystallisation during ductile non-coaxial shear (James,

1989a).

Folding of bedding and quartz veins was seen to become increasingly intense,
producing highly attenuated fold limbs and, commonly, rootless intrafolial folds (Plate 3c).
These folds are indicative of extreme flattening strains normal to the X'Y-plane of the local finite
strain ellipsoid, produced by high simple shear strains, Moreover, fold axes in this high strain
zone are sub-parallel to the pervasive stretching lineation, indicating X/Y ratios in excess of 5=
6:1 (cf. Figure 13). Other quartz veins are highly boudinaged, rather than folded, depending

upon whether they have rotated into the extensional componéflt of the simple shear strain field.

The asymmetry of these boudins suggests south over north shear (Plate 3d).

Disrupted lensoidal bedding, isoclinal folding, and the complete dominance of the
mylonitic foliation in places ensures that the lithological layering within the Snug Cove Shear
Zone has little or no stratigraphic é.igniﬁcance. -Indeed, one of the characteristic features of this
structural domain is the failure of detailed mapping to establish anything but the crudest
coherent lithological subdivision. Nevertheless, on a gross scale, three major lithostratigraphic

units were recognised.
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The majority of the outcrop within the Snug Cove Shear Zone comprises a massive
biotite-rich quartz mylonite, superficially resembling Sequénce One lithofacies (but mor;: fine-
grained and homogeneous). The eastern portion of the shear zone consists of both biotite-
quartz mylonites and coarse-grained phyllonitic schists (with the previously described oyster-
shell texture). The appearance of the latter muscovite-rich schists is coincident with the
observation of andalusite and cordierite porphyroblastic horizous, and is presumably related to
the more aluminous nature of argillaceous Sequence Two deposits towards the east of the study
area. A third lithology, buff to white recrystallized quartzite, was mapped as discontinuous
east-west trending macroscopic lenses, particularly comprising several coastal cliffs, The
relationship between this unit and lithologies within the hangingwall of the shear zone is

unclear.

It should be emphasised that lensoidal lithological layering occurs at all scales and that
even gross stratigraphic variation across the shear zone can be attributed to such features.
There is no evidence of appreciable discrete fault planes leading to thrust emplacement of
lithologies, indeed east-west striking faults within the Snug Cove Shear Zone can be traced no

more than several metres..

Macroscopic composite fabrics commonly associated with shear zones (ie. S-C fabrics)
are not particularly well-developed within the Snug Céve Shear Zone, a feature possibly related
to the homogeneity of biotite-rich quartz mylonites which dominate the area . Instead, much of
the kinematic evidence for the shear zone comes from rotated quartz augen (Plate 3f),
asymmetric boudins (Plate 3d) and microstructural evidence. Observations of the exposed
shear zone boundary at Cape Forbin, combined with surface trace variation with topography,
suggest that the Snug Cove Shear Zone dips moderately to the south at approximately 45°,
The pervasive foliation consistently dips stéeply to the south ( ~50-60°Fig. 9), thus
maintaining an angle of 5-15° relative to the shear plane, not the.45° expected of a mylonitic
foliation at the margins of a shear zone in isotropic rocks. .Such a feature is probably related to

the influence of a pre-existing sedimentary anisotropy (see §3.53).




§3.4: R¢/¢s TECHNIQUE'AND SUMMARY OF STRAIN ANALYSES

Various techn.i'qll'ié:s of semi-quantitative and quantitative strain analysis have been
outlined and utilized. The gradual tightening of folds proximal to the shear zone accompanied
by a slight decrease in cleavage piane dip (§3.2.1) suggested that simple shear magnitudes
ranging from vy « 1, up to ¥ = 1-3 are appropriate estimates in a south to north traverse across
the Back Valley Homoclinal Zone. Hudlston analyses (§3.2.3) produced associated post-
buckle apparent flattening strains across a similar area of X/Z = 2.08:1 and X/Z = 4.35:1
respectively. Rotation of fold axes within the XY-plane of the finite strain ellipsoid (§3.2.2)
indicate a change in X/Y ratios across a similar traverse of X/Y =1 to X/Y = 2-3. Fold axes
subparallel to the stretching lineation similarly indicate X/Y > 5-6:1 within the margins of the

Snug Cove Shear Zone (at least where folds in bedding are still distinguishable).

In order to further assess flattening strain across Sy, highly deformed early-syntectonic
porphyroblasts and detrital quartz grains were used assess strain magnitude at two seperate
localities. The porphyroblasts were from samples taken from the southern margin of the Snug
Cove Shear Zone, whilst the quartz grains were analysed from thin-sections taken at = 500m
from this boundary, within the Back Valley Homoclinal Zone. XZ and YZ sections were used
for both lithologies.

The R¢/¢ technique, derived by Hudleston (1973a), relies upon the fact that a randomly
oriented set of elliptical objects undergoing ﬂéttening will be distorted and rotated into a new
orientation distribution (or 'fluctuation’)with respect to a fixed reference line. Thus, the final
object ellipticity (R¢) and fluctuation (f), is a function of the form (R;) and orientation (@) of the
initial ellipse, and the form (R;) and orientation (@") of the local finite sfrain ellipse. Therefore
the plot of Ry against @' defines an array of points which can be compared with a computer
derived curves for various strain magnitudes and initial ellipticities, giving quantitative
estimates of the dimensions of the finite strain el'lipsoid for both XZ and YZ planes. The
method assumes only an initial random distibution and that the objects deform passively within

their matrix. R;/@ analysis was conducted using a digitising tablet to define the strain marker
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dimensions as a series of points which were then analysed by the INSTRAIN computer
program (Erslev, 1989) to produce appropriate scatterplots of the data. These results are

presented in Figure 16,

The distribution of object ellipticities on the Ry /@ plot are reasonably symmetrical for
both porphyroblasts and quartz. grains, indicating an initial random distribution of orientations.
A comparison of the scatterplots with the standard curves suggest that the porphyroblasts
originally had no significant original ellipticity, suggesting that cleavage development had little
effect upon the growth forms (a feature which was also observed in the shapes of the late-
syntectonic andalusite porphyroblasts). In contrast, best fit curves for the quartz grain
scatterplots suggest an appreciable original ellipticity was present. Given that the sample was
taken from within the well-sorted and laminated Sequence One deposits, this is consistent with
a pre-existing sedimentary fabric. The wide scatter of data points for quartz grain R¢ /@& plots
made the fitting of standard curves somewhat subjective, however, R, values in the order of
1.5-2.0 are considered to be appropriate. Data for porphyroblasts, on the other hand enable
confident estimates of R, = 3.5 for the XZ-plane and R, = 1.5 for the YZ-plane to be made.
Thus, keeping in mind the locations of the samples used, results of R;/@ analysis are consistent

with other previously mentioned indications of increasing flattening strains to the north.
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FIGURE 16: Results of Rf /¢ analysis on YZ and XZ-planes of detrital quattz grains and
retrogressed  biotite-quartz  porphyroblasts respectively. Quartz grains are from
thin-sections taken = 1000m from Smg Cove Shear Zone, porphyroblasts were located at
the margins of the shear zone. Standard curves (from Dunnet, 1969) for specific Rs and
Rj are shown for comparison,
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$3.5: MICROSTRUCTURAL ANALYSIS

Twenty thin-sections were produced from samples obtained within the study area in
order to determine mineralogical and microstructural variation accompanying mesoscopic
changes. In many cases sections were produced for both XZ and YZ planes of the local finite
strain ellipsoin, where maximum and minimum strain features respectively should be observed.
Thin-sections A985-5a and A985-5b were used for R¢ /@ analysis in §3.2.4 and contain
relatively unrecrystallised detrital quartz grains. Sections A985-17a and A985-17b show
microscopic views of highly flattened early to syntectonic porphyroblasts used in a comparative

Ry/@ analysis.

The lower strain Back Valley Homoclinal Zone thin-sections show minor elongation of
quartz grains, with little apparent foliation defined by phyllosilicates (Subdomain One).
Growth of metamorphic biotite had clearly not proceeded to any significant extent, because the
majority of such grains exhibited no preferrred orientation, with some grains being truncated by
sedimentary scours (and thus are clearly sedimentary - Section A985-17). Samples taken
closer to the the shear zone (Subdomain Two) contain a distinct preferred alignment and
recrystallisation of biotite defining Sy, with discordant concentrations of biotite delineating Sg,
particularly in Sequence One deposits. More massive Sequence Two deposits show no
appreciable foliation development in Iow_strain zones. Rogers (1991) reported two discrete
generations of metamorphic biotite in the Talisker area. No such distinction was apparent
within the Cape Forbin area, although 'Sy was commonly observed to be overegrown by late-

stage muscovite and chlorite.

A northwards sampling traverse reveals that growth of metamorphic biotite increase,
producing a more intense S; fabric. Quartz grains arc noticably elongate, defining the
stretching lineation, and grain boundaries show evidence of recrystallization {(quartz
overgrowths etc; Knipe, 1989). Recysfailization is incomplete: detrital grains are still present.
However, due to recrystallization, there has been a slight decrease in overall grain size

(independent of starting composition since some sections were taken along to bedding strike).
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Marginal to the Snug Cove Shear Zone, recrystallization of quartz grains dominates the
thin-section fabric, along with pronounced phyllosilicate preferred orientation and growth.
Bands of segregated mica are noticable, along with a distinct preferred crystallographic
orientation of quartz grains. The majority of the rock appears to be comprised of fine-grain
quartz crystals, a feature which Knipe (1989) has attributed to grain diminution by crytstal-

plastic processes related to strain localization within shear zones.

Thin-sections taken from the same position relative to the shear zone margin, but
towards the cast, show two distinct populations of porphyrblasts. A highly deformed set of
retrogressed biotite-quartz porphyroblasts clearly predate a significant majority of the
deformation, and thus record a large component of the strain history (§3.4). A relatively
undeformed set of andalusite porphyroblasts appear to be late to syntectonic. These
porphyroblasts occasionally show inclusion trails, the majority of which show apparent
rotation indicating south-over-north shear. However, because of the equivocal nature of these
sense-of-shear indicators (some show contradicting senses of rotation on opposite sides of the
same object), other forms of kinematic indicators were utilized. Quartz augens and asymmetric
pressure shadows (Passchier & Simpson, 1986) on both microscopic and mesoscopic scales
(Plate 3e) indicate top-to-the-north shear in approximately 65-70% of cases, as do displacement

of microfractures along the S, foliation,

Samples from the most internal parts of the Snug Cove Shear Zone show almost
complete recrystailization of quartz and biotite grains. Sections taken along lithological strike
into the western portions of the shear zone show progressive quartz grainsize diminution,
culminating in section A985-5, which exhibits a fine-grained groundmass of highly elongate
grains. Sections from the eastern half of the shear zone show extensive phyllosilicate growth
anastomosing around quartx augen, presumably reflecting the argillaceous nature of Sequence
Two deposits in the hangingwall of this area. These sections are taken from the phyllonitic
schists shown in Plate 3b. Grain diminution of quartz (Plate 3), extensive mica growth and

marked pressure shadow development are all consistent with increasing strain to the north.




PLATE 3

PLATE 3b: 'Oyster-shell’ texture produced by quartz
augens in a phyllonitic schist. Note mallet for scale.
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PLATE 3a: Fold mullions. Note hammer for scale.
View looking east. [Snug Cove; 589452},
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PLATE 3c: Rootless intrafolial folding of quartz PLATE 3d: Large-scale asymmetric boudins
veins, YZ-plane. Width of view = 60 cm. [Snug indicating top-totnorth shear. Note figure for scale.

Cove; 619478, View to east. [Sniig Cove;611475].
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PLATE 3e: Rotated mesoscopic quartz augen PLATE 3f: Composite microphotograph illustrating
indicating top-to-the-north  simple shear. Note  progressive grainsize diminution. Width of view =~
hammer for scale. [Snug Cove; 641478]. Smm.
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§4: REGIONAL SIGNIFICANCE, SYNTHESIS AND CONCLUSIONS

The lower, northernmost boundary of the Snug Cove Shear Zone was not observed
within the study area (but is predicted to crop out further east, Fig. 3). However geophysical
data provides valuable constraints upon unexposed portions of the shear zone. Recent gravity
and magnetic profile modelling (Van der Stelt et al, 1992), combined with offshore sample
dredging has provided a reinterpretation of the geometry of the Gawler Craton to the north of
Kangaroo Island (Belperio & Flint, 1992a). Details of these studics reveal that, locally at least,
the Snug Cove Shear ‘Zone is coincident with the southern limits of Lincoln Complex gneissic
basement at shallow depths (Fig. 17). Thus it is entirely likely that the boundary between
probable Tapanappa Formation equivalents and Palacoproterozoic basement in the Cape Forbin

arca is the zone of highly sheared Kanmantoo Group rocks mapped in this study.

FIGURE 17: Regional relationship between the interpreted southern margin of the Gawler Craton and
the Snug Cove Shear zone. Note that the location of the northern edge of the shear zone is poorly
constrained by field evidence. Data from this study and McCallum (1991).

A structural model of the Cape Forbin area must account for the observed spatial
variation in structural styles and strain intensity. Qualititative estimates of strain magnitude are

in agreement with qualititative observations of increasing strain intensity northwards,
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culminating in extreme strain localization within the Snug Cove Shear Zone. Simple shear
mechanisms can account for much of this variation. Sanderson (1979} has suggested that such
variation is attributable to the spatial transition from the 'supra-structure’ to ‘infra-structure'

within a thrusted terrain.

Gray & Willman (1991) point out that thrust sheet mechanical behaviour and
emplacement shows a spectrum between rigid and viscous gliding models. The latter requiring
displacement by ductile yield in the hanging wall which is reflected by penetrative deformation
of the sheet, particularly towards the base. Extreme localisation of ductile deformation at the
base of thrust sheets can occur (Gray & Willman, 1991). Moreover, fold geometry, cleavage
intensity, lineation development and total strain magnitude vary with structural position within
iNdividual thrust-sheets. These features are thus consistent with the geology of the Cape
Forbin area. Therefore the current erosion level of the study area is interpreted to represent a
section through progressively deeper portions of a single thrust-sheet, culminating in the Snug

Cove Shear Zone.

Gray & Witlman (1991) derived a strain profile through a typical thrust-sheet within the
Ballarat Slate Belt, with a similar geometry to that described from the Cape Forbin area.
Rogers (1991) demonstrated that such a strain profile was applicable to the (ductile) Coalinga

Creek Shear Zone in the Talisker area. This typical strain profile is shown in Figure 18.

The strain data outlined in §3 and the presence of the ductile Snug Cove Shear Zone
suggest that, in the classification of Gray & Willman (1991), the Cape Forbin area represents a
section through Domains 1T and IIT of the typical thrust sheet. In this respect the shear may
thus represent the basal decollement below the thrust sheet. Given that a significant portion of
the lower Kanmantoo Group and the Adelaide Supergroup are apparently not present in the
Cape Forbin area (Fig. 2), then either these lithologies were not deposited in the region or that
significant tectonic transport has occured across the shear zone. Given the thickness of
Kanmantoo lithologies elsewhere on Kangaroo Island and the great vertical extent of the shear

zone (indicating appreciable displacement), the latter option is most likely.
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FIGURE 18: Thrust-sheet model showing strain profile through a typical thrust-sheet from the Ballarat Slate Belt.
The thrust-sheet is seperated into strain domains based upon strain magnitudes and fold geometries with different
distances from the basal decollement. Modified from Gray & Willman (1991) and Sanderson (1982).

Intuitively, the presence of a marked mechanical anisotropy would play a significant
role in focussing deformation and localizing strain within a fault or shear zone (however, see
Sandiford et al, 1992, concerning the effects of thermal perturbation). Furthermore, with the
presence of north-verging structural criteria outlined previously, one would expect an
appreciable component of 'buttressing’ of the sedimentary pile against the rigid Gawler Craton,
a feature proposed to account for strain localization in other foreland fold-thrust belts. Such
buttressing effects produce extreme flattening within the deforming rocks. Although simple
shear mechanisms are evident within the Cape Forbin area, a significant component of
synchronous pure shear flattening can not be discounted. Indeed it provides an alternative
explanation for the high flattening strains as indicated by strain markers, the lack of variation in
the orientation of the mylonitic foliation in the shear zone, the absence of well-developed S-C
fabrics and the relativc;,ly low proportion of unequivocal microscopic kinematic indicators. If
the foliation is partly a result of pure homogeneous flattening then the possibility remains that
it's orientation is, in part, a consequence of the geometry of the craton margin. Strain
factorization into pure shear and simple shear is not possible with such limited strain data, but it
is suggested that a significant component of thrust sheet shortening via flattening is present in

the Cape Forbin area, a feature common in other thrust sheets elsewhere (Sanderson, 1982).
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The present study has raised several problems which may provide a focus for future
studies. On Dudley Peninsula (Fig. 3),Menpes (in prep.) has reports the presence of narrow
zones of dominantly strike-slip deformation seperated by large near dip-slip domains., and has
proposed a model involving regional-scale transpression to account for such observations.
However, similar areas of sub-horizontal stretching lineations were not recognised in the Cape
Forbin area. Instead, tectonic transport directions were consistently oblique to near down-dip -
throughout the area.. Further detailed local work is required to explain this discrepancy, and to
ascertain the role of transpressional mechanisms along the Snug Cove-Point Morrison Shear
Zone system. In addition, a further problem remain with respect to the regional significance of
the shear zone. Whilst locally the Snﬁg Cove Shear zone is the likely contact zone between
Archaean/lower Proterozoic basement and Palaeozoic cover rocks, .to the east Kanmantoo
Group equivalents occur fo the north of the probable trace of the shear zone (Fig. 3).
Consequently, structural complications at depth must be invoked to explain the variation in
structural position and significance of this major zone of relatively intense deformation.
~ Therefore subsequent structural investigations should ideally be concentrated upon the
structurally lowermost margins of the Snug Cove Shear Zone, which is anticipated to crop-out

several kilometres to the west of Western River Cove (Fig. 3).

The proposed structural model for the present study area has important implic_ations for
the regional geology of the southern Adelaide Fold Belt. Inherent in the 'thrust-sheet' concepf
is that some displacement of the hangingwall block has occurred, which can account for the
present tectonic jux’taposition of Kanmantoo Group over and against basement rocks. Relative
movement between _the upper and lower boundaries of the thrust sheet may exceed 1-2
kilometres. Whilst the Snug Cove Shear Zone is not a classic brittle thrust-fault encountered in
typical fold-thrust belts, the tectonic translation resulting may be similar, albeit at deeper crustal
levels. This type of sheared contact with basement rocks is not uncommeon within the Adelaide
Fold Belt (James, 1989a) and has becn used to support models of significant structural
detachment. Thus the structural geometry within the present study area is consistent with the

current reinterpretation of the orogen as the 'southern Adelaide Fold-Thrust Belt.
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APPENDIX ONE

SANDERSON TECHNIQUE

Consider a population of fold axes, or bedding/cleavage intersection lineations,
normally distributed about a mean. If the mean orientation of the fold axes is parallel to the Y-
axis of the finite strain ellipsoid, the fold axes will be subject to a stretching normal to their
mean direction. Through progressive deformation the fold axes will both rotate and change in
length. These factors will influence the frequency distribution of the fold axes. The problem
of rotation is essentially a two-dimensional one as [ lies within the XY-plane of the strain
ellipsoid. The change in length of B is considered relative to the length of Y and hence the
relative lengths of axes will bc indepéndent of Z and whether the finite strain ellipsoid is

prolate or oblate.

A Gaussian distribution for local Y strain axes as a function of 8, Yig), yields a

frequency distribution function (D.F.):

N "% (%)z
1Yo = ( - ?TTC)
(D
where:N = population size
o = standard deviation from the mean
0 = angle between the fold axes and the X strain axes

With further (e.g. progressive) deformation, producing a stretching in X, fold axes

will be rotated towards X by the transformation:

tan® = X/Y tan®' - (2)
where:X/Y = ratio of principal axes of the strain ellipsoid in the XY-plane
Q' = transformed value of Y

From equation (2):
8"  =rtan(Y/Xtand) | | (3a)
6  =tanl(X/Ywund') (3b)
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In addition, the length of fold axes will also change, also effecting the probability of -
them being sampled. Consequently this will effect the resulting distribution. The change in

line length is given by the quadratic elongation, A:
A = A1c0s?9 + AgsinZd (4)
By dividing (4) by A, and, since Ay/As = (X/Y)% we get:
Mg = (X/Y)%cos? + sin’®

If all lengths are considered relative to Y, we derive the sampling factor (S.F.):

SF = [(X/YYcos® + sin6l

®

If we consider an original distribution made up of grouped data with a constant class
interval, then after deformation these class intervals will change and will no longér be of a
constant size. The rate of change of some small interval 80" with respect to 86 can be found
by differentiating equation (3a):

6' = tan1(Y/Xtan8)

— XY
0" = K VFcos0 + 5o O
The deformed frequency distribution involves division of the original distribution by a
class interval function in order to normalise the frequency distribution. Consequently we can

define a class-interval function (C.I.F.):

— XY
CLE = (X/Yycos™ + sin’6

(6)

Combining the original distribution function, D.F. (1), the class-interval function,
C.LF. (6) and the sampling function, we get an expression for the new frequency distribution

of the deformed data in terms of 6(Y,):

. . _
_ DEXSE _ N 2(")[(X/Y)"'czoszﬁ+sm29]
Yo = TCIL .F":.' - _cﬂzn) XY

0]




APPENDIX TWO

HUDLESTON TECHNIQUE (based on Hudleston, 1973) ) B

This technique can only be performed on the profile planes of class I(c) folds (sce
Ramsay, 1967; Figure 9), and assumes that the folds were initially class I(b) (parallel), folds
before undergoing a bulk homogeneous ﬂattenirié strain. It is this flattening strain that
transforms the original I(b) fold into its final I(c) configuration.

Phi (¢) is defined as the angle between the normal to the tangent down to either fold
surface, at the angle of apparent dip (ot} , and the isogon. Values of o—¢ versus o are then
plotted on a graph, which are compared to precalcutated curves to derive an ‘apparent’ strain ratio
(A2/A1)Y2, However, because this ratio may not be a true measure of the strain accommodated
by a natural fold, Hudleston refers to this value as an ‘apparent’ strain value. The method can,
however, be used to determine the relative variation of the magnitude of the ‘true’ finite strain for
each fold. Once the ‘apparent’ strain has been calculated, the principle quadratic
elongations{(A1)1/2 & (A2)1/2} can be deduced and their magnitudes compared for each fold.
The technique was conducted on class I{c) folds in all three structural zones, and can be

compared with results obtained by the R/ analysis.

Figure 22

-

te

ﬁ

t;oczta/to

ta=1a/to
¢

: 132
Initial fold is a paraliel (! b) ctass, further strain transforms the original I{b) fold into its
final }(c) configuration. JA1 and {2 are the principle quadratic elongations, produced by
the apparent strain ratio. -




APPENDIX THREE

SUMMARY OF THIN SECTION DESCRIPTIONS

NOTE:

1) Thin-sections have prefix "TS" followed by sample number from which section was taken
and the corresponding orientation with respect to the local finite strain ellipsoid, if applicable.

2) Thin-sections and corresponding hand specimens are located in the collection of the

Department of Geology & Geophysics, University of Adelaide, accession number A985.

TS-A985-4a-XZ: phylonitic schist displaying phyllosilicate seams anastomosing around

intensely isoclinally folded and disrupted quartz augens (Snug Cove Shear Zone).
TS-A985-4b-YZ: as for previous section, but in a plane of lower strain.

TS-A985-5a-XZ: quartz-biotite phyllite/schist showing partial recrystallisation and
clongation of quartz grains and distinct preferred orientation of phyllosilicates. Note post-

cleavage muscovite and chlorite.
TS-A985-5b-YZ: as for previous section, but in a planc of lower strain.

TS-A985-6: quartz mylonite showing intense recrystallisation of quartz grains and a strong,

spaced pressure solution cleavage (or shear bands?).

TS-A985-7: sedimentary contact between reworked quartz-biotite laminae and poorly sorted,
immature greywacke, showing a sedimentary scour structure. Note the apparent truncation
of a large primary biotite grain (not mimectic) by the scour, in contrast to the preferentially

aligned metamorphic biotite.

TS-A985-8-XZ.: profile section of intensely developed axial planar cleavage defined by

preferred crystallographic orientation of biotite. Bedding is nearly orthogonal to cleavage.

TS-A985-9-XZ: quartz vein at higjh angle to bedding, showing median line indication a

possible tensional origin.
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TS-A985-10-XZ: Sequence One laminated psammite/pelite showing strong Sy with only

weakly developed S; and no significant quartz elongation.

TS-A985-11-XZ: intensely deformed and recrystallised phyllonitic schist and quartz veinlet.

Snug Cove Shear Zone.

TS-A985-12-XZ: section through axial planar quartz vein showing intrustion into small-

scale fold hinge. Note bedding at high angle to vein margin,

TS-A985-16aXZ: mylonitic quartz-biotite schist with extremely flattened porphyroblasts (up
to 10:1 aspect ratios). Porphyroblasts have retrogressed to biotite cores with quartz rims.

Margins of Snug Cove Shear Zone.

TS-A985-16b-YZ: as for previous section, but in a plane of lower strain.

TS-A985-19a-XZ: biotitic quartzite with slightly flattened porphyroblasts (<2:1 aspect
ratios). Porphyroblasts have retrogressed to biotite cores with quartz rims. Back Valley

Homoclinal Zone.

TS-A985-19b-YZ: as for previous section, but in a plane of lower strain,

TS-A985-21-XZ: quartz-biotite schist with mylonitic foliation defined by strongly elongate.

quartz grains and growth of metamorphic biotite. Snug Cove Shear Zone.

TS-A985-22-YZ: large thin-section showing flattened, early-syntectonic retrogressed

porphyroblasts and Iate syntectonic andalusite porphyroblasts.

TS-A985-24-YZ: moderately deformed biotitic quartzite with flattened quartz grains and

partial growth of metamorphic biotite.
TS-A985-25-XZ: microfracures in biotitic quartzite shown by offset of bedding.

TS-A985-26-XZ: large section showing anastomosing mylonitic foliation wrapping around

late-syntectonic andalusite poikyloblasts. Note contradictory shear sense indicators. (SCSZ).
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SUMMARY OF FIELD PHOTOGRAPHIC DESCRIPTIONS

NOTE:

1) Locations of photograph views, including plates used within the main text, are given as geographic
grid co-ordinates for South Australian Department of Lands 1:50 000 topographic sheets.
"SC" = Snug Cove sheet, "B" = Borda sheet.

2) All originals of slide negatives are kept with Dr. T. Fléttmann, Department of Geology &

Geophysics, University of Adelaide.

SLIDE 1: (§C602463); tabular cross-stratification within Sequence One deposits

SLIDE 2: (§C609464); erosional scour profile with greywacke overlying laminated Sequence One
SLIDE 3: (B573451); folded psammite/pelite multilayer of Sequence One depoéits

SLIDE 4: (§C593454); liquefaction of greywacke and Sequence One multilayer

SLIDE 5: (SC588452); large-scale crossbedded channel sands within Sequence One deposits
SLIDE 6: as for slide 5

SLIDE 7: as for slide 2

SLIDE 8: (SC609464); wrbiditic trough cross-laminations grading into reworked flat-laminations
SLIDE 10: (B579452); overturned minor fold with south dipping axial planar cleavage

SLIDE 11: (SC608464); tectonically modified ?sedimentary structures within Sequence One deposits
SLIDE 12: (SC609464); T part of Bouma Sequence with reworked flat-laminated top

SLIDE 13: (B471426); lobe-and-cusp structure within psammitic layer with axial planar quartz veins
SLIDE 14: (SC611475); asymmetric large-scale boudinage of quartz vein, Snug Cove Shear Zone
SLIDE 16: (SC588451); cross-bedding, Sequence One deposits

SLIDE 17: (B482427); highly flattened fold defined by quartz vein

SLIDE 19: as for slide 14

SLIDE 20: (SC665467); stepped slickenfibres on quartz veins

SLIDE 21: (S§C665475); offset of quartz veins across sheared phyllitic beds, Sequence Two deposits
SLIDE 22: (SC590452); preferential quartz vein development in psammite layers,Sequence One
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SLIDE 23: (B579451); folding around quartz veins

SLIDE 24: (B578451); bedding parallel slip causing offset of south dipping quartz veins

SLIDE 25: (SC621477); intense disruption of quaitz veing, Snug Cove Shear Zone

SLIDE 26: (SC654471); andalusite porphyroblasts showing bedding plane control of growth
SLIDE 28: as for slide 8 |

SLIDE 29: (SC611472); relatively undeformed rocks thrust over Snug Cove Shear Zone rocks
SLIDE 30: (B472425); lobe-and-cusp structures with associated quartz veining

SLIDE 31: as for slide 30

SLIDE 32: as for slide 26 ,

SLIDE 33: (B573452); tabulér cross-laminations, Sequence One deposits

SLIDE 34: (§C644477); folded first and second order folds in quartz vein, Snug Cove Shear Zone
SLIDE 35: (§C665470); shearing preferentially confined to phyllitic horizons

SLIDE 36: (SC624477); intensely disrupted quartz veins (YZ-plane), Snug Cove Sheﬁ Zone
SLIDE 37: (SC650478); isoclinal folding, Snug Cove Shear Zone

SLIDE 38: as for slide 14

SLIDE 39: (SC631475); sigmoidal en echelon tension gashes, Snug Cove Shear Zone

SLIDE 40: (SC665483); refolded, transposed bedding, Snug Cove Shear Zone

SLIDE 41 as for slide 40

SLIDE 42: (SC649478); intrafolial, isoclinal folding, Snug Cove Shear Zone

SLIDE 43: (SC611472); faulted contact of shear zone and homoclinal zone (to right)

SLIDE 44: (SC611472); unsheared rocks faulted over sheared rocks (note disrupted quartz veins,)
SLIDE 45: (SC645478); oblique-dip stretching lineation in recrystallised quartzite, shear zone
SLIDE 46: (SC643477); oyster-shell texture (muscovite around disrupted quartz augens), shear zone
SLIDE 47: (SC609465); cuspate folding, Sequence One deposits

SLIDE 48: (SC632477); rootless intrafolial folding within intense ductile flow fabric, shear zone
SLIDE 49: (B563452); asymmetric mullions

SLIDE 50: as for slide 47

SLIDE 51: (SC590452); disharmonic, iﬁtrafolial folding, Sequence One deposits






