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ABSTRACT

Sections measured in detail through the older part of the late
Precambrian Marinoan sequence in the type area of Marino and Hallett
Cove, south of Ade]aide/confirmed a mainly clastic shelfal sequence,
which shows the influence of strongly fluctuating sea Tevel. The
sequence is dominated by silt deposition, with only occasional, often
thin, sandstone intervals. In the relatively small area studied the
palaeoshoreline can be interpreted as running north-north-west and
south-south-east. Tidal currents at a high angle to the shoreline
influenced sedimentation. Alongshore currents and wave action also
have played a role in deposition. Storm wave action may have reworked
some of the units.

The Tower part of the Marinoan type section represents atransgressive

sequence from the supratidal mudfiat environment of Unit 1 to the
below storm wave bases§11ts and shales of Unit 3, The sequence is then
dominated by deep water silts and shales, with,gﬁ§7minor shallowing
episodes recorded in the sandstones of Units 4 and 6.

The Reynella Siltstone Member contains massive diamictites, sandstone
channels, rhythmites, granule trains and two possibly ice-wedged palaeosoil
horizons. These features indicate that glaciogenic processes played a
role in the deposition of this Unit.

The Seacliff Sandstone Member consists of massive sandstone beds,
with dewatering structures, and lenses of dolomite and silt. The massive
sands were deposited from proximal liquefied flows. The Nuccaleena
dolomite equivalent and Unit 13 of the Wilpena Grdup represent a transgression
near the end of the Marinoan sequence in the type area. The interbedded
silts and sands of Unit 13 were deposited by distal turbidity currents.
The upper part of the Marinoan type section records a regression, as the

turbidite sequence shallows upwards to the storm-deposited ABC Range
Quartzite,

The fluctuating sea level may reflect eustatic rises and falls in
sea level produced by associated glacial, or tectonic activity. The
Marinoan glaciation is directly reflected in the Reynella Siltstone Member
but the indirect effects of a more prolonged glacial period may have
influenced deposition over much of the lower part of the Marinoan-type
section,
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CHAPTER 1 ; INTRODUCTION

The Marino Rocks -~ Hallett Cove area is located 20 km, south-west of
Adelaide, South Australia (Figure 1). )

Good outcrops of the Marinoan-age sediments 0ccurn[§$a1ong the cl1iffs
and wave-cut platform on the coastline and in the valley of the Field River.

A supplementary section of Marinoan-age sediments was measured in the Pedlers
Creek area, 32 km. south of Adelaide.

There is a long history of investigations of the area, dating back to
1877 when Tate discovered a Permian glacial pavement at Black Cliff, Hallett
Cove. Howchin (1904) described the geology of the Hallett Cove area in his
study of the geology of the Southern Mt. Lofty Ranges. David (1922) first
proposed the term "the Adelaide series" for "all the strata from the base of
the Archaeocyathine limestones to the basal conglomerates overlying the
Archaean (?) schistose rocks of Adelaide” (p.7). Howchin (1929) defined the
Adelaide region as the type-area for the Adelaide System.

A major period of investigation of the Hallett Cove area was initiated by
Segnit (1940), with the publication of his rather controversial paper, "The
Geology of Hallett Cove and district with special reference to the distribution
and age of the younger glacial £i11". Some of the conclusions Segnit arrived
at were challenged and dismissed by Mawson (1940) and Sprigg (1942). Spriqgg
(1946) remapped the Adelaidean type area to the south of Adelaide. The
Torrensian and Sturtian sequences were remeasured in detail, Mawson and Segnit
(1948) published chemical analyses of the distinctive purple slates of the
Adelaidean Sequence.

Mawson (1949) discussed the occurrence of "glacial activity at the Elatine
horizon of the Adelaide System" (p. 120). Faceted pebbles were collected from
the Elatina Tillite in the Elatina area, Flinders Ranges. Mawson proposed that
Elatina Tillite was equivalent to part of the sequence outcropping on the coas'
near Marino Rocks, although no "convincing ti1lite" had been recorded in the
area. /He'regarded the sequence near Marino Rocks as being a possible echo of

the ETatina GTaciationJ

This period of relatively intense study of the area culminated when Mawso
and Sprigg (1950) updated the subdivisions of the Adelaide System, and publish
measured sections of the Torrensian, Sturtian and Marinoan Series. Subsequent
attention tended to be focussed on localities in the Flinders Ranges, away
from the Adelaide region.

Thomson (1966) describedﬂthe stratigraphic relationships between the
Marinoan-age sediments in the Adelaide region, and correlated the Marinoan-
age sediments in the Hallett Cove - Port Stanvac area with sediments on the
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Willunga Scarp and at Kulpara (Yorke Peninsula). Miller (1975) measured

a section down Waterfall Creek from the Brighton Limestone to the Reynella
Siltstone Member and correlated it with a section measured in the Wyacca Bluff -
Buckaringa Gorge area. More recent studies have concentrated on

particular units in the area, Preiss and Kinsman (1978) studied the

Brighton Limestone. Dyson, Von der Borch and Gostin (in prep.) made

a detailed study of the shales, siltstones and sandstones of the Brachina
Sub-group at Hallett Cove. /Dona1dson and Gost1n/(unpub ) have examined

dewatering structures in the Seac11ff Sandstone Member.
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CHAPTER 2 ; LITHOLOGICAL UNITS : 2.1 Descrintion of linits

Brighton Limestone Shaly Dolomite "Member"

The Brighton Limestone was studied in detail by Preiss and Kinsman (1978)
and by Miller (1975), so only brief attention was given to the shaly dolomite
"member", at the top of the unit.

The shaly dolomite "member" forms a transitional unit between the Sturtian-
and Marinoan-age sediments in the Reynella Quarry (Preiss and Kinsman, 1979).
The unit consists of interbedded purple shales and dolomicrite beds. The
latter contain tepee structures, while the shale interbeds include rounded
dolomicrite intraclasts, mud cracks and current ripple marks.

The mud cracks, current ripples and dolomicrite intraclasts imply a
supratidal mud flat environment of deposition (Preiss and Kinsman, 1978),

The shaly dolomite "member® is transitional between the intertidal and shallow
subtidal ooid grainstones of the Qolitic Limestone "Member" of the Brighton
Limestone and the supratidal mudflat environment of the Marinoan-age sediments.

Unit 1.

Unit 1 lies at the base of the Marinoan-age Willochra Subgroup, conform-
ably above the Brighton Limestone, seawards of the Reynella Ouarry. This unit
is disturbed by faulting and folding along the Field River. Unit 1 is 391 m.
thick in this locality. Sprigg (1940) described Unit 1 as consisting of 3 parte
ichocolate siliceous slates with chocolate flakes" (p. 190) succeeded by
"chocolate and grey flaggy quartzite and slates" then "Flaggy quartzites".

The lower 300 m. of Unit 1 consists of interbedded purple silts and fine-
grained, grey sandstones. The silt and sand interbeds are often on a fine
scale, with silt and sand layers under 1 mm. thick. Mudcracks are seen on
bedding planes and in section as vertical sand fi1l between concave upwards
mudcracks. (Plate Ib.) Angular purple mudclasts, some of which are curved,
occur in grey sand layers, (Sample 837-1B.) Some sand layers are current
rippled, sometimes by interference ripples. In places, the rippled sands are

7140 ima
7-18+-Plate ¥ITa )+ Simid

covered by a mudcracked siit tayer. {(Sampie 83
mudcracks were described as a pseudo trace fossil names Manchuriophycus by
Glaessner (1969). )
Unit 1 becomes sandier towards the top and the uppermost 91 metres contain
only thin silt interbeds, giving the sands a flaggy appearance (Plate Ia).
Many of the sand layers show current ripples, and abundant interference ripples
occur. Thin silt layers drape many rippled bedding surfaces. Mud cracks are
less abundant in the upper part of Unit 1, but purple mud clasts occur in many
of the sandstone beds. The sandy layers show heavy mineral Taminated ripple
cross-bedding.
The mud-cracks occurring throughout Unit 1 indicate subaerial exposure

of the purple silt and mud layers. Periodically, currents swept the mud-



cracked surfaces, either depositing sand in the shrinkage cracks, or ripping
up the curled, angular mud polygons. The mud intra-clasts were transported
over short distances (most are still angular and have not been rounded), and
redeposited in the grey, rippled sandstones. Some of these sands were covered
by shallow water, and reworked, producing interference ripples. Other sand
Tayers had silts, and muds settled on them from still water.

These "cycles" occur throughout Unit 1, and indicate an intertidal to
supratidal environment, swept by active tidal or storm currents, and period-
jcally exposed to the air,

Unit 2. (Marino Arkose)

The name Marino Arkose was first mentioned by Mawson and Sprigq (1950).

The Marino Arkose outcrops underneath the Ocean Boulevard bridge on the Field
River, and in a nearby railway cutting at Columbia Crescent. The Marino Arkose
has been folded in these localities, and partly obscured by a large railway
embankment. This has made accurate description and measurement of the upper
part of the unit difficult. The Marino Arkose is around 46 m. thick in this
1oca11fy. Sprigg (1940) measured 55 m. of "Arkose" in this locality, before
the bridge and embankment existed.

Unit 2 contains coarse calcareous pebble beds, rich in sub-rounded quartz;
fresh, rounded feldspar, and a variety of sub-rounded Tithic fragments. (Thin
sections 2A and 2C, Plates VIa, b, and c.) Cross-bedded (Plate Ic) and ripple
marked sandstones with occasional polygonal mudcracks on silt drapes (Plate Id)
are interbedded with thick 1imestone beds containing cross~bedded coarse sands
and pebbles. Dark green rippled sands, with purple silt drapes form flaser-
bedded intervals between some limestone beds.

The Marino Arkose represents a more energetic shallow water environment
than Unit 1, with pebble conglomerates, and coarse cross-bedded sandstone beds
and limestones (Plate Ic). Interference ripples are common in the dark green
flaser-bedded sand interbeds, and in the calcareous sandstone beds in the
railway cutting near Columbia Crescent.

Interference ripples indicate relatively shallow water conditions with two
currents acting at an angle. Possibly a tidal current and a wave-or wind-driver
current interacted on these sandstones. A thin silt layer then settled on the
interference ripples at slack water.

The flaser-bedded sandstones indicate alternating active currents and quiget
water. Flaser-bedding is common on intertidal flats, where sand is periodicall:
transported by tidal currents and waves. During slack water, mud or silt is
deposited on the sands from suspension, forming mud drapes (E1190t, 1978).

The cross-bedded sandy and pebbly Timestones may represent subtidal sand
bodies, transported by active currents. Some of the cross-bedded calcareous
sands contain a basal pebble conglomerate, and may represent small tidal channe



which migrated over tidal mudflats.

At the top of the Marino Arkose is a thin, grey coloured ooid grainstone.
No cross-bedding is apparent in this layer, which may represent a sheet of ooids
swept across the area by a high energy current. The contact with Unit 3 is
exposed in the railway cutting. Above the ooid limestone lies a planar-lamin-
ated sandstone, which grades up into dark grey coloured finely Taminated
silts of Unit 3. This sequence represents an end to the shallow supratidal to
subtidal environment of Units 1 and 2.

Palacocurrents were measured on the interference ripples and oscillation
ripples, and the orientations of the ripple crests was plotted. Wave oscilla-
tion ripple crests have been assumed to run parallel to the strand Tine or (over
a wide area) to the depositional strike (Potter and Pettijohn, 1963) both of
which can be parallel to the shoreline, The dominant crest direction in the
Marino Arkose is parallel to 0200, suggesting that the shoreline was possibly
orientated roughly north-south,

A less dominant interference ripple crest direction is parallel to 130°
These ripples could have been generated by wind or tide-generated forces,
acting at an angle to the shoreline.

Unit 3.

The silt at the base of Unit 3 is observed in the railway cutting near
the road bridge, where it has been tightly folded. Above the silt is a finely-
Taminated green shale, (T.S. 837-3A, Plate VId) exposed along the Field River,
where it has also been folded. A large railway embankment has obscured the
lower parts of this unit, where it has been folded by a syncline. These fine-
grained silts and shales have not been reworked by currents, and represent deep
water deposits. Sprigg (1940) described Unit 3 as "chocolate and grey slates",
60 m, thick (p. 189).

The green shale becomes more sandy upwards, with lensoidal blue-green,
fine~grained sand interbeds becoming more frequent, The top part of Unit 3 is
excellently exposed along the coast at Marino,

.

The sand jenses are commonly planar-laminated at the base, with some
ripp]e cross laminations at the top which grade upwards into silts, (Plates Ila
and IIb.) Occasionally, sand lenses have a graded sandstone at the base.
These structures may be interpreted as the TB’ TC’ TD, and TE turbidite
divisions of Bouma (1962), with Tess common T, divisions. Ball and pillow
structures occur at the base of some of the sand layers. Thin white mud flakes
(brecciolas) which show Tittle imbrication, (Plate IIb, T.S.837-3B), occur in
some sandy Tayers. Oxidized iron oxide clots may represent pyrite psuedomorphs.
These sedimentary structures all imply that the sequence represents distal
turbidites. However the pa1aeocurrent'pattern does not confirm this.

Dominant palaeocurrent directions run parallel with the implied shoreline
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direction, given by the oscillation (wave) ripples in the underlying and over-
lying sandstone units. A bi-directional palaeocurrent trend occurs at an angle
to the shoreline, and may represent tidal currents reworking the sands and
silts of Unit 3.

Near the top of Unit 3, the sand bodies become very lensoidal, and are
frequently truncated by low angle erosional surfaces. This could indicate
gradual shallowing of the sequence, until it was possibly being reworked by
storm waves.

Unit 4.

Above the blue-green silts and sands of Unit 3, lies a relatively thin
(12 m.) sandy and conglomeratic interval, capped by sandy limestone beds,
Unit 4 Tlies above a scoured contact, which forms a small disconformity in the
sequence. On the beach at Marino Rocks the contact shows the injection of a
basal, tabular cross-bedded arkosic pebble conglomerate (T. S837-4A) into the
silts of Unit 3, which must have still been relatively soft, (Sample 837-4B,
Plate XIIb),

Along the coastline at Marino, the base of Unit 4 has a distinctive dark
green colour possibly due to the growth of chlorite. The pebble conglomerate
contains a variety of clasts, including igneous, metamorphic and sedimentary
rock fragments, rounded quartz and fresh feldspar grains (T.S.837-4A). Further
south the pebble conglomerate is partly replaced by a flaser-bedded, green,
coarse sandstone with silt drapes.

The Tower part of Unit 4 consists of tabular cross-~bedded sands, pebbly
intervals and interference rippled sands with silt drapes. Both oscillation
and current ripples occur, with cross-bedding. Above the sandstone, lies
sandy limestone beds with some cross-bedding.

Shallowing of the depositional area led to the deposition of the thin,
coarse~grained, arkosic sandstone and limestone among the silt dominated
sequence on the beach at Marino Rocks. The sedimentary features of Unit 4
indicate that it was deposited in an intertidal to subtidal environment.
Horne (1979) found that in areas of tidal channelling, in the Carboni-

ferous coal measures of Kentucky and West Virginia, the offshore silts and muds
are truncated by a scoured surface formed at the base of migrating, sandy tidal
channels. Above the scour, planar to festoon cross-bedded sandstones occur.
Unit 4 shows similar features and may represent a laterally migrating tidal
channel, with a scoured base. (Gostin, pers com.).

The palaeocurrent data from Unit 4 consists largely of measurements of
interference and oscillation ripple crests. This data may indicate a coastline

parallel to 020°, Tike Unit 2.  The unidirectional current indicators show a
strong trimodel trend parallel to the coastline.
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This trend could indicate along-shore wind-generated waves. The tabular
cross-beds show a bi-directional trend, parallel to the implied shoreline,
with a dominant southerly component.

Unit 5.

Unit 5 outcrops of the cliffs to the south of Marino Rocks, where it
is 34 m. thick. The base of Unit 5 contains calcareous clasts from Unit 4
and is sandier than the rest of the unit. Fine-grained sand, with some ripple
cross~laminae occur at the base of Unit 5. The unit becomes more silty upwards
from the base, with only minor sand stringers and starved ripples (11nsen beds)
occurring in the green silt (Plate IId).

Linsen beds indicate predominantly quiet conditions, when silt settles
out from suspension. Occasionally, relatively active currents deposit isolated
sand ripples and thin stringers of fine sand. Linsen beds do occur on inter-
tidal flats (E11iot, 1978), however Unit 5 is dominated by planar laminated
green silts, and probably represents deposition in deeper water,

Unit 5 becomes more sandy near the top, where thicker, ripple cross-
bedded sand lenses occur (Sample 837-5). Small erosive gutters occur in the
thin interlaminated sands and silts at the top of the unit. Partial sand fills
occur in starved gutters (Goldring and Aigner, 1982) while others are completely
filled with fine-grained sand.

This indicates immediate fill of the eroded gutters. The small gutters
appear to be orientated in a roughly east-west orientation, approximately at
90° to the implied shoreline, Occasional violent storms may have produced
erosion of the substrate by strong seaward-moving rip currents, which carried
the channel-fill.

The palaeocurrent measurements of the linsen bedded sand show a strong
trend of bi-directional currents at 90° to the paiaeoshore11ne. These may
. be.tidal .currents. . A smaller component. runs parallel to the:'coastline, with~
an average bearing of 1900, and may represent reworking of sand lenses by
weak Tongshore currents.

Unit 6,

The contact between Units 5 and 6 has been affected by faulting on the
beach at Marino, and has been weathered badly in a nearby railway cutting,

Unit 6 is 5 m. thick in the railway cutting, where it is Tess disturbed by
faulting. The contact between Unit 5 and 6 is relatively sharp, although
Unit 5 becomes sandier near the contact.

Unit 6 is a pinkish, heavy mineral laminated medium-grained sandstone,
with abundant ripple cross-lamination, highlighted by the heavy mineral Tlayers
(Sample 6E, Plate VIIC). Some herringbone cross-laminations occur indicating
that tidal currents may have been in operation., An ooid grainstone limestone
Tayer occurs along the coastline (Plate VIIb), at the top of Unit 6. The blue-



grey ooid limestone contains some cross-beds and ripples. Unit 6 represents
much shallower, and more energetic conditions than Unit 5.

The palaeocurrent pattern show a strong trend roughly parallel to the
palaeocoastline with an average bearing of 210, At an angle to this is a

strong bi-directional trend bearing 160° and 3300, which may represent tidal
currents.

Unit 7.

The contact between Units 6 and 7 has been disturbed by a bedding plane
stip on the coast, and has been weathered in the nearby railway cutting. The
contact is however very sharp, with the coarse grained ooid Timestone of Unit 6
giving way to a fine-grained, planar laminated shale, Unit 7 is 54 m thick on
the coastline, but appears to be absent, or much sandier along the Field River,
seawards of the railway embankment.

The lower part of Unit 7 consists of finely interbedded shales and silts,
with only minor sand layers, The unit becomes sandier upwards from the base,
with thin, linsen-bedded, calcareous sand layers interbedding with the finely
laminated silts, (Plate IIla.) Thin sand lenses, with rippled tops and sharp
bases occur. The sandy intervals become more frequent and thicker towards the
top of Unit 7 as it grades up sharply into the massive blue-green sandstone of
Unit 8.

Unit 7 represents a much deeper, Tow energy environment of deposition than
the intertidal heavy mineral Taminated sands of Unit 6. Only thin calcareous
sandstone beds and lenses occur in the silty sequence. There is little evidence
of extensive reworking of the sandy layers, deposition having occurred below
storm wave base. Unit 7 may be analogous to deep water 1ime muds.

The palaeocurrent data from Unit 7 measured from starved ripples and ripple
sand lenses (relatively weak currents) shows a dominant trend to the south-
south-west (2200) with a small component trending in the opposite direction. A
clear bi-directional current trends 270° to 900, at an angle to the dominant
direction, bearing 220°, These currents may represent tidal currents, while
the dominant current direction runs parallel to the palaeocoastline, and may
represent a contourite current,

Unit 8.

Unit 8 consists of a blue-green coloured, fine-grained dolomitic sandstone,
which contains minor planar-laminated bedding and has a massive appearance.
(1.5.837-8). Small slumped bodies of pale yellow, coarser sand occur, and in
places convolute bedding occurs. In the railway cutting near "Westcliff"
Estate, the sandstone has been strongly weathered and bleached white. However,
this has clearly exposed the convolute bedding (Sample 8) and thick, massive
sand intervals. There is no evidence of reworking of the sands by current
activity, implying it was deposited below storm wave base.
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Convolute laminations are thought to be associated with dewatering and
consolidation of rapidly deposited sands (Lowe, 1975). Convoluted sediments
may have "sufficient strength to resist Targe-scale liquefaction and fluidiza-
tion by escaning pore water" but were soft enough to be deformed hydroplasti-
cally (Lowe , 1975, p.188). The pale coloured coarser sand bodies represent
hydroplastic settling of the coarser sand into the finer, green coloured sand.
No water escape structures, 1ike those seen in Unit 11 were observed in this
unit.

A 1ikely mechanism of deposition of the thick, massive sand beds and
convoluted interbeds is suspension of the sands in a turbidity current and
deposition below storm wave base, as the TA division of Bouma, or the "Massive
Sandstones" Walker (1979) described from the Cambro-Ordovician Cap Fnragé
Formation, near Quebec.

This unit may represent thick-bedded, massive proximal, high density
turbidities, such as those described by Lowe (1982). Unit 8 represents a
sudden influx of sandy sediment into the area, possibly as a response to a
distant glaciation. Such massive sands can occur by slumping on river delta.
Unit 7, 8 and 9 represent a coarsening upwards cycle. Unit 7 may represent
offshore prodelta shales and silts, which grade upwards into the slumped sands
of Unit 8, and the trough cross-bedded sands of Unit 9, which may represent
subaqueous distributary channels. Unfortunately the area of outcrop is too
small and there is no other sedimentary evidence, to confirm or deny this idea.

Unit 9. /&

| Unit @ grades up into 20m. of pink coloured trough cross-bedded sand-
stone (Unit 9). Some of the trough cross-beds are defined by layers of
rounded quartz, feldspar and 1lithic granules, and brown coloured mud flakes
(T.5.837-9, Plates IIIb and Xiic and d). Other cross-beds are defined by
brown coloured silty sand and pale silt-free sand layers. (Plate II1b.)

The mud clasts are very thin and have been curled at the edges. These mud
clasts may have originated from an intertidal algal-binded mat (pers. comm.
Gostin). This sandstone could thus represent subtidal channels, carrying mud

flakes and sand from an intertidal, partiy aigai-binded mudfiat. Unit 9 may
represent subaqueous distributary channels or subtidal channels,

Unit 10. (Reynella Siltstone Member)
The Reynella Siltstone Member was named by Thomson (1966) and correlated

with the Elatina Formation. Segnit (1940) mistakenly described the unit as
nsturtian Tillite", and described "purplish-grey argillaceous and siliceous
shales and slates .... which carry many boulders" (p. 9). Mawson (1949)
refuted this, stating that "no other geologist has yet been able to find a
convincing tillite in that area" (p. 20).
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It is possible that Segnit's "Sturtian Tillite" is a recent beach deposit
exposed at low tide, composed of boulders and pebbles, cemented by modern
carbonates and containing modern shell fragments (Sample 837-10T). This deposit
has the appearance of a tillite, but the modern shell fragments and clasts
derived from younger rocks, (e.g. the Seacliff Sandstone Member) indicate
otherwise. Mawson (1949) proposed that the "chocolate shales" north of Hallett
Cove were a "distant echo" of the Elatina Glaciation in the Flinders Ranges.

The Reynella Siltstone Member outcrops on the wave-cut platform and cliffs
near "Westcliff" Estate, where it is 74 m. thick. This unit also outcrops in
the railway cutting near Pedler's Creek, where a similar sequence occurs, The
contact between Unit 9 and the Reynella Siltstone Member has been disrupted by
a series of thick chloritic quartz veins and bedding-plane slippages. However,
the contact appears to be gradational,

Unit 10 is dominated by purple silts. A few large cross-bedded sandstone
channels around 2 m. thick with angular mud and dolomite clasts occur in the
cliffs, (Plate III c and III d.) One large channel is 3 m thick, and extends
for 80 m. along the cliff face. The channels have erosive bases which cut down
into the silts, producing a concave base. Soft sedimentary slump folds occur
at the edges of some channels (Plate IIIe). Small trough cross-bedded pale
pink, coarse-grained,mud clast rich sand lenses also occur in the unit.

(T.S 837-10g, h, k and Plate VIId.)

Some of the purple silt layers contain coarse sand grains and granules
of sub-round quartz, feldspar and lithic fragments. (T.S 837-10A,B,E.) The
Targest clast observed in the diamictites of Unit 10 is a pebble~sized, rounded
clast of microgranite. Such diamicitites contain two different grainsize
components - fine silt particles which have been transported in suspension and
a coarser fraction, which has been directly transported by floating ice
(Boulton and Deynoux, 1981). "Clots" of pale pink, coarse-grained sand grains
may have been ice-cemented. Thin Tenses of coarser grains also occur in the
diamictites, and may represent ice-dropped granule trains,

In one diamictite harizon, large (Im. x 0.5m.). pale pink aggregates of
dolomite clasts occur. The aggregates of dolomite clasts may have been
originaT]y ice-cemented. Unfortunately they Tie in a massive diamictite, with
no laminations, so it is not possible to confirm that they are glacial drop-
stones. Angular pebble-sized clasts of yellow dolomite occur in another
layer (Sample 837-10S). The dolomite appears to be penecontemporaneous.

Primary dolomites are associated with many of the Late Precambrian
glaciations (Spencer 1971) and there is considerable controversy about the
origin of these dolomites (Donnelly, 1981) and Williams (1979, 1981).

Spencer (1975) recorded original or penecontemporaneous dolomite in the
late Precambrian glacial sequence of Scotland. He concluded that either the

Tate Precambrian dolomites did not require high temperatures (22°% - 55°C)
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to form, or the Precambrian climatic changes were "extreme and rapid" (p. 235).
Wright and Moseley (1975) commented that "precambrian dolostone genesis could
be due to marine environments of very unusual physiochemistry" (p. 310).

Link (1983) described pink dolomites, interpreted as a recrystallized
stromatolitic, intertidal or subtidal limestone, associated with tills of
the late Precambrian Pocatello Formation of south-eastern Idaho. He concluded
that the dolomite was probably diagenetic.

It is worth noting that Bjorlykke et al (1978) recorded Pleistocene
cold-water post-glacial carbonates, and that Leonard et al (1981) maintained
that it was the rate of clastic supply and carbonate concentration rather than
water temperature that controlled carbonate precipitation,

While some of the dolomite clasts appear to be penecontemporaneous in the
Reynella Siltstone Member, some dolomite layers have an unusual, irreqular
appearance and texture, and may be associated with hydrothermal fluids from
a nearby shear zone.

Several layers in the Reynella Siltstone Member consists of thinly inter-
bedded shale and very fine grained sand (Plate XIa and T.S 837-101). These
layers have been cut by large, unlaminated silt bodies and disrupted by soft-
sedimentary folds and micro-faults (Plate XIb and T.S 837-10J). Some of the
Taminated units show some cyclicity over 22 silt and shale interbeds and may
reflect the effects of the 11 year solar cycle. (Sample 837-10M, 10L.)

Williams (1981 and 1983) studied the Taminites occurring in the Elatina
Formation at Pitchi Richi Pass, and proposed that rhythmic, varved laminations
occurred. He proposed that a connection between yvarve cycles" and the 1l-year
solar sunspot cycle existed in the Precambrian varves.

Most of the interbeds in the locality south of Adelaide show little
periodicity, and could be classified as "rhythmites" rather than "varves”
(which reflect seasonal deposition of couplets deposited in one year). This
is supported by the ripple cross-laminated silt and shale interbeds which
occur within the rhythmite horizons, The ripple cross-bedded Tayers would have
been deposited by ké]ative1y short-lived currents, and would not reflect annual

depositional cycles. The cross-bedded silt and shale may refiect daily cycles
of ice melting during the day and freezing at night, affecting the amount of
outwash and current strengths over a relatively short period.

Palaeocurrents measured from such ripples show a bimodal pattern. The
ripple cross-bedding would have originated in relatively shallow water, possib{
on a lake shore or on a tidally influenced shoreline. The palaeocurrents may
reflect wind-driven current action, and stream flow from feeder channels
originating from distal glacier.

Massive silt layers, without diamictite clasts, may reflect wind-born
dust deposited in a lake. Mawson and Sprigg (1948) proposed a "terrestrial
loessal origin for the chocolate shale belts of the Adelaide System" (p. 279).
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Some of the purple, massive shales and silts in the Reynella Siltstone Member
may be of a loessial origin.

Dolomite, possibly originating from a nearby fault, has penetrated more
permeable, coarse-grained layers of the purple silt near a small creek outlet
south of "Westcliff". This alteration has highlighted wedge-shaped, coarse-
grained sand bodies (T.S 837-10P) in a purple diamictite. The wedge-shaned
sand bodies are up to 1m. deep and have a polygonal apnearance on the hedding
plane. Disturbed and folded bedding occurs in some of the sand wedages.

Similar features are produced by ice-~wedging or by cryoturbation in the
modern permafrosts of North America, Greenland, Scandanavia, Russia and
Antarctica. Fossil ice-wedges and involutions have been described in the
Quaternary sediments of Europe (e.g. Williams, 1965, and 1975, and by Allen,
1984) Russia (e.g. Kostyaev 1969, Velicko, 1975) and North America (e.q.
Washburn, 1980)., These featdres have also been recorded in the late Precam-
brian Port Askaig Tillite of Scotland (Spencer, 1971 and 1975).

In South Australia, sandstone wedges and involutions have been described
in the Mt. Gunson area, on the Stuart Shelf, in sediments of Marinoan age
equivalent to the Elatina Formation, and partly equivalent to the Reynella
Siltstone Member. Busbridge (1981) studied the sand wedges and involutions
occurring in the Cattlegrid Breccia, from the Whyalla Sandstone (equivalent
to the Elatina Formation). Tonkin and Williams (1983) also discussed some of
these distinctive structures and concluded that they originated in a "Peri-
glacial belt containing permafrost and out-wash sands" (p. 48).

It is unlikely that the Reynella Siltstone Member was directly influenced
by eustatic sea-level changes, because it is a monotonous sequence of silts,
with only relatively thin sandy intervals and Tenses. No marine transgressive
or regressive sequences were observed in the sequence, although there is
evidence of both subaerial exposure (the possible cryeturbated horizons)
and subaqueous deposition (the diamictites, rippled rhythmites and channels).

The Reynella Siltstone Member may reflect deposition in a dominantly

$;ﬁg1ac1o1acustr1ne environment, where the rythmites, ice-rafted diamictites

©“and massive, possibly loessial, silts were deposited. Shallow water, rippled

silts and sands may have been deposited near the lake shore. Glaciofluvial
channels, seen as cross-bedded coarse grained sand and gravel-sized mud clast
Tenses in the silts, fed into the lake.

Proglacial lakes may develop as a result of damming of rivers by ice and
by isostatic depressions due to ice buildings. Such lakes may not be extensiv
but lake deposits can cover large areas when the Takes follow retreating
glaciers (Edwards, 1978).

Two possible ice-wedged horizons in the sequence, may have formed in a
periglacial belt where permafrosts occurred in the silty soils, after the
retreat or draining of a proglacial lake. Silty outwash sands later infilled
the wedges. . The sequence above the ice-wedged layers may reflect a return to
the glaciolacustrine environment. ‘
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The sequence at Pedlers Creek is similar to that observed on the coastline,
with massive diamictites and silts, gritty layers and lenses and ripple cross-
Taminated silts and sands. No tillites were observed in either location.
Unfortunately the amount of outcrop south of Adelaide in South Australia is not
sufficient to confirm glaciolacustrine deposition in the Reynella Siltstone Memher

UNIT 11, (SEACLIFF SANDSTONE MEMBER)

The stratigraphic nomenclature concerning the Seacliff Sandstone Member
has been long debated. Thomson (1966) named the unit, and placed it at the
base of the Wilpena Group. However, Plummer (1978) regarded the Seacliff
Sandstone Member as the uppermost part of the Umberatana Group because it
underlay the Nuccaleena Dolomite Equivalent (Unit 12). Forbes(1982) proposed
that because the Seacliff Sandstone Member contained dolomite beds at Hallett
Cove, it should be regarded as equivalent to the Nuccaleena Dolomite, at the
base of the Wilpena Group. Jenkins and Gostin (1983) place the Seacliff Sand-
stone Member at the top of the Umberatana Group.

The Seacliff Sandstone Member of the Group consists of massive, buff-
coloured, fine-grained sandstone beds, (T.S 837-11A) with irregular, len-
soidal interbeds of purple sands, silts, shales and dolomite.

The sandstone beds have a massive appearance, with little internal
structure, Sand beds commonly have sharp bases on underlying purple shales
and silts, with rare sole marks. Some sandstone beds contain angular silt and
doTomite clasts, which appear to have originated from the underlying layers
truncated by the sandstone bed. Within sandstone beds, Toad structures often
occur, indicating penecontemporaneous partial failure of the sands.

An important, and common feature of these massive sandstone beds was first
reported by Gostin and Donaldson (1975), when they discovered dewatering
structures in the Seacliff Sandstone Member. Both internal and external dewat-
ering structures occur. The dewatering structures consist of pale, relatively
matrix-poor sand in a darker, siltier sandstone bed.

A variety of internal dewatering structures occur. Vertical to sub-vertical
parallel sheet structures occur in zones within some beds (Plate IV.d,), Llaird
(1970) described similar features in Wenlockian (Middle Silurian) turbidites
from Western Ireland,

Tubular structures exhibit a variety of forms - some are simple subver-
tical tubes, some thicken upwards to their termination, while others show
branching and anastomosing structures. Gostin (pers. comm.) noted that both
upward convergence and divergence of branches occurred in some of the massive
sandstone beds. Dish structures were "commonly associjated with sub-vertical
columns and sheets of massive sand termed pillars" in the Pigeon Point Forma-
tion (Cretaceous), California and other flysch sequences in western California,
Oklahoma and the Southern Appalachians, examined by Lowe and Lo Piccolo (1973).
However they are rare in the Seacliff Sandstone Member.
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External dewatering structures are less common and are confined to only a
few bedding surfaces where they have been preseryed. The sand yolcanoes similar
to those described by Allen (1982) are rounded domes with a central feeder

column. The sand volcanoes are usually covered by a thin undisturbed shale or
silt layer, deposited after dewatering had finished. The structures within the

sandstone beds, and on the bedding surfaces, indicate they were deposited
rapidly, producing occasionally violent dewatering. Rare sand dykes also occur
in the sequence (Sample 837-11B and Plates XI a. and b.).

The presence of occasional sole marks on the sharp sandstone bases, and th:
occurrence of quite large (3 cm, x 10 cm.) dolomite and silt clasts distributed
within the massive sandstone beds (Sample 837-11D) above their bases imply that
some sort of high density, mass flow had occurred. The features seen in the
Seacliff Sandstone Member point to possible deposition from a liquefied flow.
The 1iquefied flow may have been triggered by successive failures on a stone,
possibly influenced by earthquakes (Lowe, 1975), or caused by tsunamis, storm
waves or the weight of rapidly deposited sediments (Rupke, 1978).

After dewatering had occurred, thin silt layers, or interbedded shale and
dolomites were deposited in quieter conditions. Considering all the above
features, the Seacliff Sandstone Member is considered to have formed in a slope
or a proximal turbidite environment. Some reworking of the sands had occurred,
producing trough cross-bedded heavy mineral laminae with imbricate silt and
dolomite clasts and granules of quartz, feldspar and rock fragments (Plate IVe)

This relatively small scale (30 cm. thick) trough cross bedding could be
the result of reworking by residual turbidity currents, after the high-density
load was deposited. Lowe (1982) described similar features in the Precambrian
Thunderhead Sandstone in the Southern Appalachian Mountains. However the
palaeocurrent directions measured appear to trend towards the proposed shorelin
Erosion and reworking of the 1iquefied flow deposits by storm waves (although
no hummocky cross strata were observed) may have produced the trough cross-
bedding.

UNIT 12. NUCCALEENA DOLOMITE EQUIVALENT

~The Nuccaleena Dolomite becomes lenticular in this locality and lenses of
dolomite occur in the Seacliff Sandstone Member, however the Nuccaleena Dolo-
mite Equivalent is thicker (9m.) and more extensive than the dolomite lenses.
The contact with the underlying Seacliff Sandstone Member is conformable,

although in the Hallett Cove region, it appears to have been either a tecton-
jcally disrupted, or an interfingering contact. It seems more likely to he
tectonically disrupted, because it is associated with a nearby anticline, in
a sequence riddled with bedding plane slips, and small faults,
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The Nuccaleena Dolomite consists of thinly interbedded pale pink dolomite
layers and purple shale layers (T,S5.837-12], There are no mud cracks or intra-
clast breccias to indicate prolonged subaerial exposure of the dolomites and
shales, and in this Tocality, no tepee structures were observed, The Nuccaleena
Dolomite in the Hallett Cove area is thus likely to have been deposited in a Tow
energy environment below storm wave base, It grades conformably upwards into a
sequence of reddish sand and shale interbeds (Unit 13).

UNIT 13,

This sequence of red siltstones and fine-grained sandstones of the Brachina
Subgroup has been studied in detail by Dyson et al (in prep.), and only the lower
fifty metres of this unit have been measured for this study.

The Section measured consists of laminated shales, with extensive sharp-
based sand interbeds. Sole marks (including tool marks and flute marks) occur
on the base of many sand beds. The heavy mineral laminated sandy intervals
typically show parallel bedding at the base, with rippled cross-beddinag at the
top, which then grade up into shales. Some sand units show climbing ripples.
These couplets of sand layers followed by planar Taminated silts, are repeated
throughout the section measured (Plate Vc).

The sequence has been interpreted as comprising turbidites. The planar
Taminated sands represent the Tg division of Bouma (1962), The climbing ripples

or, more commonly, the rippled sands above the TB division represents the T
D and TE
divisions. No TA divisions (massive, graded sand) occur. Walker (1979) pro-

C
division, and the planar laminated silts and shales represent the T

posed that similar sequences in the Ordovician Cloridorme Formation at Grande
Vallee, Quebec were deposited in a distal turbidite environment.

The palaeocurrent pattern shows a distribution typical of turbidites. The
flute mark measurements indicate the local downslope direction, which bears
south-south-east. This is at approximately 90° to the implied palaeocoastline
determined from the oscillation ripple crests of the sandstones of Units 2 and 4.

The turbidites have not been reworked by currents - both the palaeocurrent
measurements and field observations confirm this. This indicates deposition
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Hummocky cross stratification (HCS) at storm-wave-base first occurs some
200 stratigraphic metres above the top of the Nuccaleena Dolomite Equivalent,
further south (Dyson et al, unpubl.). The sequence becomes sandier, and swaley
cross stratification (at fairweather-wave-base) first occurs around 550 m.
above the Nuccaleena Dolomite Equivalent (Dyson et al, unpubl.). The top of the
Brachina Subgroup becomes more sandy with evaporites pseudomorphs occurring in
the sandstones (Dyson and Von der Borch, 1983) and grades up into the ABC Range
Quartzite at Port Stanvac. This reflects shallowing in the basin of depo- |
sition near the end of the Marinoan period, as represented in the tvne-area
south of Adelaide.
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2.2 _Comparison with the western Flinders Ranges
Miller (1975) measured sections in the Wyacca Bluff-Buckaringa Gorge area

in the western Flinders Ranges, 270 km north of Adelaide, and correlated them
with sections measured at Waterfall Creek, Hallett Cove, from the Tapley Hill
Formation to the base of the Reynella Siltstone Member. Figure 4 s a compari-
son of the section measured in the Wyacca Bluff-Buckaringa Gorge area with the
section measured for this thesis.

The two sections show very similar sequences of alternating sandstones and
siltstones. The Seacliff Sandstone Member appears to be much thinner or absent
in the Wyacca Bluff area. Miller (1975) correlated Unit E1 with the "massive
- grey sandstones near the top of the Waterfall Creek Section" (P.17), however it
is possible that the Seacliff Sandstone Member equivalent is Unit E,3, which
"Ties" between the Reynella Siltstone Member and the Nuccaleena Dolomite. Unit 3
consists of a "light grey very fine-grained feldspathic sandstone ... with heavy
mineral trough cross-laminae "(Miller, 1975, p.12). Unit E.3. varies from 15m.
thick to being absent, in the Wyacca Bluff locality, compared with a thickness
of 53 m. at Hallett Cove. Apart from this difference, the two Marinoan sections
show very similar sequences. It is thus possible that the cycles of sea level
rise and fall recorded in the Marinoan type section have some regional signifi-
cance,

2.3 Tectonic cycles in the Marinoan type section

Jenkins and Gostin (1983) reinterpreted the late Precambrian and Cambrian
sequence of the Adelaide fold belt in terms of tectonosedimentary cycles (Fig.5.).
The lower part of the Marinoan type section lies in the "Kaurna" cycle, which
began with the "euxinic" phase of deposition represented by the Sturtian Tapley
Hill Formation and ended with the "molasse" phase of deposition represented by
the ABC Range Quartzite. (Jenkins and Gostin, 1983, p.41.)

. , The 1nterven1ng sect1on, studied in the Marino Rocks ~ Hallett Cove area..
"for th1s thesis was shown to reflect g1ac1o-eustat1c cycles of basinal cond1t1ons
followed by short shallowing episodes, superimposed on a trend of "progressive
subsidence" (p.42). The ABC Range Ouartzite records a shallowing in the basin

P — [P VS Uy gy

during the "Molasse" phase, at the to
Adelaide.
2.4 Petrological features of the sandstone units

An unusual feature of the sandstone units and some of the sandy silts
is that they contain remarkably fresh, subrounded feldspars. In general,
potassium feldspar is more abundant than plagioclase. In the carbonate

- AL e BB

p ot the Marinoan type section south of

cemented arkosic Tayers of Units 2 and 4, only minor sericitization or
kaolinization of most of the potassium feldspars has occurred, while the
plagioclase has undergone more alteration, however weathered feldspar
grains are not abundant. Folke (1968) interprefed similar arkoses as
coming from a source area with an arid or cold palaeoclimate.
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Metamorphic gneissic rock fragments, composite quartz grains, red
porphyritic volcanic clasts, minor fine-grained volcanic clasts, "granitic
clasts" of quartz and feldspar and sedimentary rock fragments (chert,
shale clasts) also occur in the sandstones, indicating a variety of
source rocks. It is possible that reworking of older sediments, as well
as erosion of relatively fresh granite bodies, gneissic units and volcanic
deposits, has produced the diversity of clasts in the sandstones.

The Marinoan glaciation may also have influenced the petrology of the
sediments deposited in the Marinoan period. The arid or cold palaeoclimate
possibly implied by the petrology of the sandstones could indicate that a
prolonged glacial era influenced sediments during deposition of the lower
and middle Marinoan type section.




CHAPTER 3. : PROBLEMS ASSOCIATED WITH THE LATE PRECAMBRIAN GLACIATIONS

Much controversy has existed over the stratigraphic significance of the
1ate Precambrian glaciations, which are represented by the Sturt Tillite and
Elatina Formation in South Australia. Schermerhorn (1975) proposed that most
late Precambrian mixtites were "essentially the product of crustal instability"

(p. 241) and represent tectonically controlled mass-movement deposits, some of
which were derived from mountain glaciations.

Even if a glaciogenic origin for the late Precambrian "mixtites" is
accepted, there is still much debate over the stratigraphic significance of
tillites. Dunn et al (1971) maintained that the late Precambrian glaciogenic
rocks could be wused as a "world-wide Precambrian chronostratiaraphic unit"
(p. 498).

Crawford and Daily (1971) however, held that the late Precambrian glacia-
tijons, which occur on every continent except Antarctica (Chumakov, 1981) were
not synchronous. They proposed that the glaciations occurred progressively
as the poles migrated over the various continents.

Piper (1973) maintained that if the glaciations reached Tow latitudes,
they could be used asstratigraphic marker horizons. He studied the late
Precambrian sequence of Africa (900-500 m.a.) and concluded that the tillites
of Africa were deposited at low latitude. Wright and Moseley (1975) concluded
that Precambrian glacial and volcanic facies are the "most promising" for
correlation.

Chumakov (1981) proposed that the "roughly synchronous glacial forma-
tions and aroups form wide regional glaciohorizons" (p. 373), which are
concentrated into two Precambrian Stratigraphic horizons ("glacio-complexes").
He constructed a hierarchy of glacial events, reflecting "the interrupted and
oscillatory dynamics of glaciations" (p. 387). The section studied in this
project may reflect the indirect effects of such oscillations. The eustatic
relative rises and falls in sea level may have occurred in response to waxing
and waning of a distant ice-cap. More recently, Trompette (1982) concluded
that the "multiplicity of (Precambrian) glaciogenic formations makes their&

use for worldwide correlations insecure".
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CHAPTER 4. STRUCTURE

A number of faults, bedding plane slips, tensjon gashes and meso-~scale
folds have deformed the sediments of the Marinoan type-area. These features
had to be Tocated and mapped, before accurate sections could be measured.
Because this thesis aims to describe the sedimentological aspects of the area,
only a brief discussion of the structural features will be made. Ian Clark

(in prep.) has recently made a detailed study of the structure of the Hallett
Cove area.

The late Precambrian Sequence in the Adelaide area younas to the west,
from the Torrensian Aldgate Sandstone in the Adelaide Hills, to the late

Marinoan ABC Range Quartzite Fquivalent at Port Stanvac (Figure 6.),
4.1 Folding in area

The structure of the area is dominated by a number of southerly plunging
folds. The only exception to this trend observed in the area, is a doubly
plunging anticline which runs along the coastline in the Marino Rocks area. -
The axial planar cleavage is well developed in the interbedded silts and sands
of Unit 3, which have undergone low grade metamorphism, with the growth of some
chlorite and biotite 1in the core of the fold. Unit 3 is the oldest part of the
sequence to outcrop on the coast.

The axial planar cleavage dips 40° to the east, jndicating that the fold
axlal plane is inclined to the east. . The anticline plunges
20% to the south at the closure of the fold on the wave-cut platform 600 m.
south of the Marino Boat ramp, and plunges 10°N, near the boat ramp.

A southerly plunging syncline has been inferred on the 1:50,000 scale
NoarTunga Map Sheet, 500 m. inland in the Marino Rocks area. The syncline has
a souther]y plunge of approximately 100, with a steeply dipping westerly 1imb
(dip approximately 80° E.). The syncline and the adjacent doubly plunging
anticline together show "S" vergence indicating that they Tie parasitically on
the westerly Timb of a large southerly plunging anticline.

Another parasitic anticline outcrops in Waterfall Creek, 80 m. from the
beach. The anticline plunges 8° to the south. In the Hallett Cove the easterly

Timb of this anticline forms curved dip slobes of the Seacliff Sandstone Member
in the coastal cliffs (Plate V c.). On the westerly 1imb of this anticline a
series of meso-scale, tight, angular synclines and anticlines plunging 12°
south outcrop on the wave-cut platform at Black Cliff.

In the coastal cliffs the southerly plunging folds have shattered the
sandstone units, particularly those which are more massive (i.e. Unit 7 and
Unit 10). These sandstones have been fractured, and many quartz tension gashes
have developed in the Seacliff Sandstone Member. The silt units show a well
developed, easterly dipping cleavage.
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The sequence along the Field River has been folded into a series of meso-
folds, with a southerly plunge, averaging 109 south, One of these meso-folds
has an overturned westerly 1limb, which dips steeply east, but youngs to the
west (Plate V d.). This fold lies 75 m. east of the Ocean Bou]evard.Bridge.
These folds were produced by compression at the time of formation of a major
southerly plunging anticline, called the "Great Anticline" by Howchin (1904).
The anticline outcrops in the Reynalla Quarry, and dominates the structure
of the study area., The anticline plunges 10° south.

The folding seen in the area occurred during the Delamerian Orogeny. The

Delamerian Orogeny was a period of folding, faulting, granite intrusion and

regional metamorphism, during the late Precambrian to the early Ordovician
(Daily et al,1975),

4.2 Faulting in area
A number of north-south trending faults disturb the sequences along the
coastline and the Field River. Two main types of faults are seen, sheared

fault zones and more brittle fault breccia zones. Two main periods of faulting
have disturbed the sequence. The rocks of the Adelaide region were affected
by Palaeozoic faulting, which occurred during the Delamerian Orogeny and brittle
Cainozoic faulting associated with the block faulting and tilting which produced
the present day St. Vincent Basin (Daily et al, 1976).

To the south of "Westcliff" Estate, a Palaeozoic sheared, normal fault
zone has disturbed the Reynella Siltstone Member and the Seacliff Sandstone
Member (Plate V b.). The fault plane strikes 025° and dips 65° to the east.
A zone of sheared and dolomitized rock mark the fault. Strongly anastomosing
cleavage associated with the fault has developed in the Reynella Siltstone
Member on the wave-cut platform. :

Prominent yellow do]om1te Tayers extend outwards from the fault across
the wave-~cut p]atform and up a nearby gully. These layers are irregular in
shape, and are rich in calcite veins., These dolomites may have originated
from hydrothermal solutions associated with the fault. Coarser grained wedqge-

shaped sand bodies in silts have apparently been oreferentially dolomitized,

highlighting their appearance.

Tertiary faults can be seen cutting the wave-cut platform between Marino
Rocks and Hallett Cove. Prominent fault breccias, cemented by yellow iron-
rich dolomite, form resistent outcrops on the wave-cut platforms (Plate 837-Va.)
These faults show evidence of more brittle deformation occurring at a shallow
depth compared with the older more ductile Palaeozoic faults.

Bedding plane slips, consisting of chlorite covered quartz vein fibres,
often occurred at contacts between different rock units. 1In one locality near
"WestcTiff", several generations of vein fibres, one on top of the other,
record different directions of movement during folding. The occurrence of the
bedding plane slips at contacts may reflect the different responses of the
sandstones and silts to foldina.
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CHAPTER 5. _DISCUSSION

The Marinoan sequence in the Marino Rocks-Hallett Cove area is dominated
by shelfal marine deposition, until the basinal turbidites of Unit 13. The
only terrestrial deposits occurring in the sequence are the periglacial out-
wash plain and glaciolacustrine deposits in the Reynella Siltstone Member.

The Brighton Limestone, at the top of the Sturtian, represents a supra-
tidal to intertidal environment (Preiss and Kinsman, 1978), The Brighton
Limestone grades up into Unit 1 at the base of the Marinoan section, which
represents a continuation of the shallow water, intertidal to subtidal condi-
tions. The Marino Arkose (Unit 2) was deposited in an energetic intertidal
environment, with small tidal channel deposits, sandy Timestones and flaser
bedded sands and silts.

Abrupt deepening of the basin of deposition or a rapid transqression lead
to the deposition of dark coloured, laminated silts and then shales of Unit 3
abruptly over a sheet of ooids at the top of Unit 2. Unit 3 becomes sandier
upwards, with sharp-based sand lenses interbedded with the silts, renresenting
shallowing upwards possibly to storm wavebase, where the sands were eroded and
truncated into discontinuous lenses,

A minor disconformity in the sequence occurs at the scoured contact between
the silts of Unit 3 and a coarse basal conglomerate in Unit 4. Unit 4 represents
deposition in an intertidal environment during an abrupt and brief shallowing
in the basin of deposition.

The Tinsen bedded siltstones of Unit 5 were deposited below storm wave
base, and may reflect a deepening in the basin. A brief episode of shallowing
saw the deposition of thin intertidal heavy mineral laminated and ooid-rich
sandstone (Unit 6). The thinly interbedded shales, silts and sands of Unit 7
represent a return to below storm wave base depos}tion. Unit 7 grades up into

~..ithe thick massive sandstones with convolute bedding. ‘Unit '8 may: represent' -

proximal turbidites, deposited below storm wave base.

Unit 8 grades upwards into the intertidal trough cross-bedded sandstones
of Unit 9. Units 7, 8 and 9 represent a shallowing of the basin of deposition,
through the distal turbidites, (or prodelta shales) of Unit 7, to the proximal
(delta slope?) sands of Unit 8 into the trough cross bedded sands (small
distributary channels?) of Unit 9.

Unit 9 grades upwards into the Reynella Siltstone Member (Unit 10).
Glaciofluvial channels, glaciolacustrine rhythmites and diamictites and two
possible cryoturbated soil horizons occur in this unit, indicating terrestrial
conditions. Sharply above the purple silts of the Reynella Siltstone Member
Ties the buff-coloured, fine-grained, massive sand beds of the Seacliff Sand-
stone Member (Unit 11.). The Seacliff Sandstone Member reoresents deposition
of proximal grainflow sands at or just below storm wave base,

The Nuccaleena Dolomite equivalent (Unit 12), consisting of thinly inter-
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bedded dolomite and purple shale, reflects deepening in the basin of deposition.
Unit 12 becomes siltier ubwards and grades up into the red siltstone and sand-
stone interbeds of Unit 13. The lower part of this sequence consists of distal
turbidites. This unit gradually shallows upwards to the ABC Ranae fuartzite
which represents the top of the Marinoan in the type area.

The fluctuating sea level may reflect eustatic rises and falls in sea
Tevel produced by associated glacial activity. The Marinoan glaciation is
directly reflected in the Reynella Siltstone Member; however the indirect
effects. of a more prolonged glacial period may have influenced deposition
over much of the Tower part of the Marinoan type section. The sequence
measured by Miller (1975) in the Wyacca Bluff-Buckaringa Gorge area shows
similar cycles of sea level change, indicating that such changes were of
regional significance. The rises and falls in sea level could therefore
reflect eustaticworldwide sea Tevel changes related to the late Precambrian
glaciations.
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APPENDIX A : PHOTOGRAPHIC PLATES

PLATE 1.

a'

Unit 1 : Flaggy, fine-to-medium-grained sandstone
with thin silt interbeds. Small mud flakes occur
in the upper sand layers. Both oscillation and
current ripples occur in the sandstone layers.

Unit 1 : Subvertical grey sandy mudcrack fills
can be seen in profile, cutting purple mudcracked
silt layers,

Unit 2 : Tabular cross-bedded, coarse-grained
calcareous sand. Several cross-bedded layers
occur,

Unit 2 : On the surface of a thick sandstone layer,
ladder ripples and polygonal mudcracks occur.






PLATE II

a. Unit 3 : Sharp-based sandstone lenses, with massive
sand at the base, which grade up into silty,
ripple cross-laminae. Planar laminated silts cover
the sand lenses.

b. Unit 3 : Sharp-based sandstone layer, rippled at
the top. Isolated sand lenses occur in a silty
layer, above which is a sand layer containing thin,
curled, mud flakes (brecciola).

C. Unit 5 : Linsen bedded silt, with starved sand
ripples and thin cross-bedded rippled sand Tenses.

no.






PLATE 111

a. Unit 7 : Thinly interbedded calcareous silts, and
fine grained sands. Small, Tow angle ripple cross-
laminae occur in some of the sands. |

b. Unit 10 : General view of cliffs near "Westcliff"
(C1iffs are approximately 25m, high). The purple
silts contain paler cross-bedded sand channels
(1.5m measuring stick at base of cliff).

c. ~Unit 10 : A small channel composed of pale pink
mud clasts and granules in a silty carbonate cement.
Cross-beds occur in the channel, and a sTump fold
occurs near the channel edge.

d.  Unit 10 : STump fold at edge of channel.






PLATE 1V.

a. Unit 10 : Dolomitized, buff coloured "frost wedge",
around 75 cm. deep, in purple silts.

b. Unit 10 : Rhythmites consisting of darker coloured
shale layers interbedded with Iighter coloured sandy
layers. There is no obvious cyclicity in these
interbeds.

C. Unit 11 : Randomly orjented matrix supported, yellow
dolomite clasts, in a pale coloured massive sandstone.
This layer may represent deposition from a grain-flow.

d. Unit 11 : Pale-coloured matrix poor "sheet" structures
in a darker coloured, matrix rich sandstone.

e. Unit 11 : Trough cross—bgdding with imbricate mud
clasts, above a massive sandstone layer with water
escape structures.






PLATE V

a. Tertiary fault breccia, with angular, randomly
oriented clasts derived from lnit 6.

b. Palaeozoic shear zone, near "Westcliff"., Paler
coloured dolomitized layers occur near the fault
zone.

c. Folded dip-slope at Hallett Cove, The dip-slope
is formed by the westerly 1imb of the anticline
which outcrops in Waterfall Creek, The interbedded
turbidite silts and sands of Unit 13 have an
appearance similar to those described by'walker
(1979, Figure 5, p. 93).

d. Mesofolds in the Field River (75 m, from the Ocean
Boulevard Bridge). The anticline has an overturned
easterly 1imb.

Ag






PLATE VI

837-2A - An elongate gneissic metamorphic clast
consistihg of composite quartz and foliated mica
occurs in the centre of the frame. In the top
right-hand corner, is a possible volcanic clast,
with faint plagioclase laths. "Tartan" twinning
in fresh microcline near the top left-hand corner
can be seen.

Crossed Polars, 30 XS

837-2A : There are two main grain sizes in this
slide. Vacuolized orthoclase occurs near the

top of the photo. A number of twinned plagioclase
grains occur, '

Crossed Polars, 30 XS
837-2A : Composite quartz, with bubble trains and
sutured grains occurs next to a rounded shale
(or phyllite) clast.

_ Crossed Polars, 30 XS

837-3A : Finely laminated shale (dark layers)
and silts, from a dark coloured shale at the base
of Unit 3.

Plane light, =~ 30 XS

A6,
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PLATE VII

a)

837-4A : Chert clast surrounded by overgrown quartz
grains. Some recrystallization at the erages of
the clast can be seen.

Crossed Polars, 30 XS

837-6A : Micritized ooids in a microsparite cement.
Subangular quartz, clasts and heavy mineral grains
form the cores of the ooids. The ooids have not
suffered major recrystallization,

' Plane Light, 30 XS

837-6B : Heavy mineral laminations occur in an
angular to sub-angular sandstone. The opaque
minerals are of a much smaller grainsize than
the quartz grains.

Plane Light, 30 XS

837-9 : Micaceous, dark brown mud clast at the
base of a trough cross bedded sandstone.

Crossed Polars, 30 XS






PLATE VIII

a)

837-10A : Carlsbad twinning in relatively fresh
plagioclase, which 1ies in calcite cement.

Crossed Polars, 120 %S

837-10B : Subrounded to round quartz, olaajoclase,
and microcline have a grainstone texture in a
silty carbonate cement.

Crossed Po]ars,BC)XS

837-10D : Corrosion of quartz grains by calcite.
This sample comes from one of the possible
cryoturbated horizons altered by dolomite fluids
and rich in calcite.

Crossed Polars,30XS
837-10H : Calcareous mud clast, surrounded by

subround quartz and subhedral opaques in a silty
matrix.

Plane Light, 30 XS

ne






PLATE IX

a)

837-10I : "Varve~like" interbeds of silt and mud
(dark colour). The layers have sharp bases and
tops, however they do not appear to follow the
11-year solar sunspot cycle, and have been
classified as "Rhythmites".

Plane Light, 20 XS

837-101 : Possible microfault disturbing fhe

~interbeds of silt and shale.

Plane Light, 30 XS

837-10J : Subrounded microcline and composite
quartz grains within a rhythmite. The coarser
grains may represent dropstones.

30 XS

A9,






PLATE X

a)

837-11B Edge of sandstone dyke. The contact
between the matrix-rich, fine grained host sandstone
(L.H.S.) with quartz overgrowths and the coarser
grained matrix-poor sandstone dyke, is very sharp.

Cross Polars, 30 XS

837-11B : Edge of dyke in Ordinary Light. Silty
matrix of host sandstone (L.H.S.) can be distinguished.

Plane Light, 30 XS

837-12 : Finely Taminated purple shale and cream
coloured, finely crystalline dolomite layers in
the Nuccaleena Dolomite equivalent.






PLATE XI

a)

837-1A : Curved mudcracks on a rippled sandstone
surface. Similar features were called Manchuriophvcus -
a psuedo trace fossil by Glaessner (1969).

837-4B : Sand filled scour surface the base of Unit 4.
The cleavage and penecontemporaneous injection of

the sandstones into the green silts of Unit 3 has
exaggerated the scours.

837-9A : Curled brown mudcracks and coarse granules
of pink feldspar, red porphrytic volcanic clasts and
clear quartz occur in a trough cross-bedded sand.
The cross-beds 1ie on a pale grey sandstone with
minor mud clasts.

837-9B : The sharp base of a trough cross-bedded,
granule rich sandstone can be seen, as it truncated
the grey coloured, faintly laminated lower sandstone.

A11.






PLATE XII

a)

837-10M : A soft sedimentary fold, cut by a few
small "faults" occurs in this varve-like inter-
bedded silt and shale. The fault has not comoletely
broken the interbeds. There is some periodicity in
the interbeds, which may reflect solar cycles.

837-11B : Cross section of a sand dvke. The
darker coloured, matrix rich host sandstone has a
sharp, undulating contact with the paler coloured
sandstone dyke.

A12.






“={nterbeds occur in“the sand. ‘Some mud clasts show interna

RI1.

APPENDIX B : HAND SPECIMEN AND THIM SECTION DESCRIPTIONS

A total of 44 hand specimens and 31 thin sections were chosen to he submitted
with this thesis, to be stored in the Geology Department under the accession

number 837. Visual estimates of the percentages of all comoonents and grain-
sizes were made. The classification scheme is based on Folk (1974).

837-1A" UNIT 1. (Field River)

The rippled surface between the two sand lavers has been draped with mud ,
which has been mudcracked (Plate XIa). The mudcracks on the curved surface
have Tost their polygonal appearance, and resemble the curved psuedo trace-
fossil Manchuriophycus, (Glaessner, 1969), The ripple cross laminated sands
show traces of mud-clasts in cross section.

837-1B UNIT 1. (Field River)

Macro : Purplish mud flakes sit in a fine-grained, grey-brown sandstone, which
has some silty interbeds, Some mud flakes are curled, and some have
been slightly rounded.

Micro : Sub-angular, fine-grained quartz and microcline grains, with minor
euhedral opaques in a reddish coloured silt matrix. The feldspars
are relatively fresh, with only minor sericitization and corrosion
of grain edges. Mica and lenticular-shaped opaques are associated
with the development of cleavage in the rock.

Quartz 50%
Microcline 5%
Mica 2%
Opaques 2%
Silt Matrix 10%
Mudclasts 30%

Name : Mud flake breccia

837-1C UNIT 1. (Field River)
Purple mud flakes sit in a fine~grained, grey silty sand, Minor, thin silt

are curled,
Name : Mud flake breccia

837-2A MARINO ARKOSE (Field River)

Macro : Subround and round coarse grains, with sub-angular finer grains are
cemented with calcite. The pink rounded, potassium feldspar grains
show shiny, fresh cleavage surfaces when broken, Metamorphic, volcanic
and sedimentary clasts occur.

Micro : Two main grain sizes.occur in this slide - granule to small pebble-size
grains, with smaller, medium-sand-sized grains. The coarser grains
include schistose metamorphic rock fragments with sutured quartz and
lineated mica (Plate VIIa), volcanic rock fragments (Plate Via),
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sedimentary rock fragments ( chert, and shale (Plate VIc)) fresh
microcline ("tartan" twinning) vacuolized notassium feldspar and
plagioclase (Albite twinning) (Plate VIb) and both composite quartz
and individual grains occur,

Quartz 40%
Plagioclase 0% ) 15% feldsoar
Potassium feldspar 35%
Rock fragments 10%
Calcite cement, mica
and opaques 5%

Name : Coarse-grained, calcareous, submature, arkosic granule conglomerate.

837-28 MARINO ARKOSE (Field River)

Fine-grained, sub-rounded greenish sand containing large elongate dolomicrite
clasts. The dolomicrite clasts have 1ittle internal structure.

Name : Intraclastic sandstone,

837-2C MARINO ARKOSE (Field River)

Macro : A granule conglomerate has been deposited on a scoured surface in a
fine-grained, green coloured sand. White elongate dolomicrite clasts,
red porphyritic volcanic clasts, clear quartz and pink potassium
feldspar occur in a calcareous cement.

Micro : Coarse and medium, sub-angular grains occur in a sparry calcite
cement. Poorly sorted quartz with corroded edges, vacuolized
potassium feldspar, sericitized plagioclase, chert, minor volcanic
clasts and composite metamorphic clasts occur in a sparry calcite
cement.

Coarse layer :

Quartz 70%
Feldspar 15% (Plagioclase 5%, Microcline 10%)
Rock fragments 5%
Calcite cement 10%

Minor biotite, opaques, mica and zircon

L

There is a sharp contact with caicite a

cF

Ll ren Ao e
the bound +-be

coarser and finer layers, The finer layer contains angular to sub-
angular grains, and has a well sorted packstone texture,
Finer Layer :

Quartz 75%
Feldspar 8% (Plagioclase 5%, Microcline 3%)
Rock fragments 5%
Opaques 2%

Silty carbonate cement 10%
Minor biotite, chlorite.
Name : Coarse-grained, sub-angular, submature calcareous arkose.
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837-2D MARINO ARKOSE (Field River)

Macro : Blue-grey limestone, with isolated subround quartz grains with white
alteration rims.

Micro : Matrix of coarse, twinned sparry calcite, with only minor coarse-
grained quartz, composite quartz and feldspar. The quartz and feldspar
have corroded, embayed rims, and the potassium feldspar is altering
to sericite in places. The sample has a packstone texture.

Quartz 20%
Feldspar 10% (Plagioclase 3%, Potassium Feldspar 7%)
Calcite cement 70%

Name : Sandy limestone.

837-2E MARINO ARKOSE (Field River)

Si1t rick, calcareous pebble conglomerate with polished and smooth quartz,
potassium feldspar, red porphyritic clasts, metamorphic quartzite clasts and
sedimentary rock fragments. Angular yellow dolomite clasts and purple mud
flakes occur,

The coarser grains sit in a silty calcareous cement, rich in medium-~grain
sized sand. The rock is poorly sorted with subrounded grains,

Name : Immature calcareous, pebble conglomerate,

837-3A UNIT 3. (Field River)

Macro : Very finely Taminated, dark brown coloured shale,
Development of parting lineation and cleavage,

Micro : Greenish coloured, interbedded very fine grained silt and shale.
Minor opaques occur, some appear to be cubic in shape and may repre-
sent pyrite. Green chlorite has grown in the shale layers, and minor
mica occurs parallel to bedding. (Plate VI d.)

Name : Laminated shale.

837-~3B UNIT 3. (Marino Rocks Beach)
Macro : Greenish coloured silt, with some parallel laminations.
Stringers of chloritic shale occur, At the base, finely interlamin-

ated.chale and silt occurs.

Micro : Silty matrix with calcareous mud clasts - angular shape, some are

curled,
Calcareous silt 60%
Mud clasts 40%

Traces of opaques, chlorite, biotite and mica.
Name : Intraclastic siltstone.

837-3C UNIT 3. (Marino Rocks Beach)
Macro : Fine grained greenish sandstone, shows growth of pink mineral, and
chlorite parallel to cleavage. Cleavage is well developed in the rock.
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Micro : Fine-grained sub-anqular sandstone. Growth of limonite. Chloritic
cement. Well sorted,

Quartz ’ 80%
Feldspar 5%
Cement 15%
Minor mica, Timenite and opaques.
Name : Fine-grained, guartzarenite.
837-3D UNIT 3. (Marino Rocks Beach)

Macro : Fine-grained, greenish coloured sandstone and silt.

Micro : Sub-angular, fine-grained quartz in a silty, calcareous matrix, with
growth of mica flakes and limonite. Chlorite has also grown in the
silty carbonate (micrite) cement.

Quartz 50%
Cement 45%
Feldspar 5%

Name : Silty, fine-grained immature sandstone.

837-4A UNIT 4. (Marino Rocks Beach)

Macro : Calcareous cement, with sub-rounded granule-sized quartz, feldspar
(with fresh cleavage faces) red porphyritic volcanic clasts, shale
fragments and phyllitic fragments. Chloritic, green silt layers occur.

Micro : Two main grain sizes occur in this rock - granule to fine-pebble sized
grains and medium-sand sized grains, in a calcareous cement. Rounded
quartz grains, with corroded edges and composite sutured quartz grains
occur. Vacuolized feldspar occurs, with bubble trains. Microcline,
with "tartan twinning" is in greater abundance than plagioclase.
"Granitic" rock fragments with quartz and feldspar occur, and red
porphyritic volcanic rock fragments also occur in the slide. Chert
also occurs (Plate VIIa).

The slide has a packstone texture, with some quartz overgrowths occurri
and calcareous cement. Poorly sorted.

Quartz S 459 :
Feldspar 30% - mostly microcline but plagiociase occuy
Rock fragments 10% - (strained and composite meta quartz
(volcanic R.F, shale r.f, chert
Cement 15%
Name : Coarse-grained, calcareous Tithic arkose.
837-4B UNIT 4, (Marino Rocks Beach)

This hand specimen occurs at the base of Unit 4. The base of this sample shows
scour fills of the very-coarse sand to granule-sized conglomerate. The scours
have been exaggerated by the cleavage and penecontemporaneous injection of the
conglomerate into the soft silts of Unit 3. The contact has been chloritized.
The sandstone is very calcareous, and contains sub-round quartz, fresh feldspar
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red porphyritic volcanic clasts and a variety of rock fragments. The poorly
sorted sample has a grainstone texture. (Plate XIb)
Name : Coarse-grained, calcareous, lithic arkose.

837-5 UNIT 5. (Railway Cutting, Marino Rocks)
This sample shows interbedded purple silts and buff coloured sand (the sample
has been weathered in the railway cutting). The sand layers show Tow angle
cross lamination. One sand layer is quite thick, has a sharp base, Tow anale
cross-bedding and fines upwards into silt. This sample occurs near the top of
Unit 5, and may represent reworking of bottom sands and silts by storm wave
action.

Name : Interbedded silt and sandstone.

837-6A UNIT 6. (Marino Rocks Beach)

Macro : A calcareous, fine-grained sandstone, with sub-round quartz, potassium
feldspar, red porphyritic grains and ooids.

Micro : The ooids have cores of opaques, garnet, quartz and rock fragments.
The ooids have been partly micritized, and lie in a microsparite
calcite cement. Only minor recrystallization has occurred. (Plate VIIb

Ooids 60%
Quartz 15%
Plagioclase 5%
Calcite cement 20%

Traces of heavy minerals,
Name : Oolitic limestone.

837- 6 UNIT 6. (Marino Rocks Beach)

Macro : Heavy mineral laminae highlight ripple cross-laminae in the fine-
grained sandstone.

Micro : Sub-angular fine-grained quartz microcline and rock fragments have a
packstone texture in a calcareous cement. Very fine grained opaque
heavy minerals are concentrated into cross-beds. (Plate VII c.)

Quartz 80%
Feldspar - 10%
Heavy minerals 5%
Cement 5%

Minor Amphibole and sphene.
Name : Feldspathic, heavy mineral laminated quartzarenite.

837-6C UNIT 6. (Marino Rocks Beach)

Macro : The heavy mineral Taminations can be more clearly seen in this medium
grained, feldspathic sandstone.

Micro : Sub-angular quartz, muddy clasts and feldspar occur., Some of the quart:
is coarse-grained, and much of the quartz shows strongly undulose
extinction. Heavy mineral laminae occur throughout the sample.
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A reddish silt clast occurs.

Quartz 80%
Feldspar 5%
Rock fragments 5%
Opaques 5%
Patchy silty cement 5%

Name : Heavy mineral laminated, quartzarenite.

837-6D UNIT 6. (Marino Rocks Beach)

Macro : Pale grey, ocoid rich limestone which caps Unit 6 in places. Quartz
and feldspar also occur., The rock has a packstone texture with a
calcareous cement.

Micro : The ooids in this sample have undergone more recrystallization than
those in 6A, with calcite overgrowths obliterating some of the original
texture. The ooids have cones of angular quartz which has been corroded
mud clasts and opaques.

Ooids 60%

Quartz ) . . 0 8
Feldspar ) in ooid cores 80% Q. 20% F.
Mudclasts 5%

Calcite Cement 30%

Minor opaque heavy minerals
Name : Oolitic limestone.

837-6E UNIT 6. (Marino Rocks Beach)

The heavy mineral laminations in the sandstone can be clearly seen in this
weathered rock. Ripple cross-laminations and planar heavy mineral laminations
occur in the buff coloured calcareous sandstone, The "lumps" in the rock
consist of euhedral haematite which has recrystallized from the heavy mineral
laminated sandstone.

Name : Heavy mineral laminated sandstone.

837-7 UNIT 7. (Marino Rocks Beach)

" Macro-: Planar laminated grey-green coloured -interbedded calcareous silt and

very fine sand. The bedding surfaces have a phy11litic appearance due
to the growth of mica.

Micro : Fine-grained angular quartz with minor plagioclase and opaques. Mica
and chlorite can be seen parallel to bedding. The grains have blurred
edges in contact with the green, calcareous shale,

Name : Laminated calcareous siltstone.

837-8 UNIT 8. (Marino Rocks Beach)

Macro : Dark green fine-grained, dolomite sandstone, with 1ittle internal
structure.

Micro : No ‘internal structure can be seen on the micro-scale, The rock has a

packstone texture with minor greenish chloritic dolomitic cement.
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The quartz and minor feldspar are sub-angular, with blurred edges.
The sand is well sorted.

Quartz 80%
Feldspar 10%
Cement 10%

Minor opaques, pyroxene
Name : Fine-grained dolomitic subarkose.

837-8A UNIT 8. (Railway cutting near "Westcliff’
These two samples show excellent convolute laminations. Soft-sedimentary folds
with a variety of fold axis orientations have deformed the interbedded fine-
grained sand and silt. The folds are very tight, and the sand must have been
soft when deformed.

837-9 UNIT 9. (Beach near "Westcliff")

Macro : Pale pink, medium-grained sandstone with coarser-~sand sized grains
‘of pink potassium feldspar, clear quartz, red porphyritic clasts
and brown mud flakes. Above this lies part of a trough cross-bedded
sand. Dark brown curled mud clasts, affected by compaction, occur in
granule-sized grains in the trough cross-bed. (Plates XIc, d,)

Micro : The Tower sandy layer contains sub-round quartz and feldspar (both
plagioclase and potassium feldspar) in a calcareous cement, (Plate VIId
The trough cross-bedded layer contains dark brown micaceous mud clasts,
with some parallel laminations. Round to sub-anqular quartz, feldspar,
metamorphic quartzite grains, silt rock fragments and reddish porphy-
pitic clasts occur in a calcareous matrix,

Quartz 35%

Feldspar 15% ~ (Plagioclase 1%
Microcline 4%)

Mud clasts 35%

Rock fragments 5%

Cement 10%

Name . : Feldspathic Sedarenite.

837-98 UNIT 9. {(Beachnear—"Heste M FFY)

This sample is part of a trough cross-bedded layer, in a pale grey sandstone.
Granule and pebble-sized pink potassium feldspar, quartz and red porphyritic
clasts occur in a calcareous cement. Dark brown, thin, curled mud flakes are
weakly imbricated. There is a sharp contact down into faintly laminated 1ight-
grey fine~grained sand.

837-10A REYNELLA SILTSTONE MEMBER (Beach near "Westcliff")

Macro : Coarse grained, sub-round to round polished quartz, potassium feldspar,
sericitized plagioclase and a variety of rock fragments (including
red porphry grains and silty clasts) occur in the sandstone. Calcite

vein fibres occur in the sample. Above the sandstone lies a purple
diamictite.
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Name

837-10B
Macro

Name

837-10C
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: Two main arain sizes occur - coarse grained sub-round quartz is

surrounded by sub-angular fine-grained sand in a silty and partly
calcareous matrix. Both fresh plagioclase, showing Carlsbad twinning
(Plate VIII a) and sericitized plagioclase occur. The sandstone has
a packstone texture. (Plate VIII b.) The purple silt contains
corroded feldspar and quartz grains with Calcite rims.

Quartz 60%

Feldspar 15% - (Plagioclase 5%
Potassium feldspar 10% )

Rock fragments 5%

Cement 20%

+ Immature 1ithic subarkose.

REYNELLA SILTSTONE MEMBER (near "Westcliff")

: Purple coloured diamictite with purple~brown silt containing coarse,

granule sized sub-round plagioclase, quartz, potassium feldspar and
rock fragments. The rock has a packstone texture.

Quartz 10%
Feldspar 5%
Rock fragments 5%
Silt 80%
: Diamictite
REYNELLA SILTSTONE MEMBER (near "Westcliff")

This rock is part of a fault alteration zone near "Westcliff". Yellow silty,
feroan dolomite contains white calcite veins, which almost form a "boxwork"

pattern.

837-10D
Macro

Micro

837-10E

REYNELLA SILTSTONE MEMBER (near "Westcliff")

: This sample is part of a dolomitized, possible ice-wedge, Coarse

sand-sized grains with reaction rims occur in a yellow, silty dolomite.

: The quartz grains have been embayed with secondary calcite, which have

formed pressure shadows around some of the grains. (Plate VIII c.)

REYNELLA SILTSTONE MEMBER : (near Westcliff")

Macro

Micro

: This sample is a purple calcareous diamictite with crude bedding and

coarse, granule-sized layers. The granule layers contain sub-rounded
clear quartz, potassium feldspar, red porphyritic grains and white
plagioclase grains. Angular, yellow dolomite clasts are common.

: Sub-round quartz, microcline, plagioclase, silt clasts and rock frag-

ments with corroded boundaries 1ie in a purple silt matrix. Angular
dolomite and silt clasts occur. The slide has a packstone texture.
Quartz 30%

Feldspar (predominantly microcline) 5%

Mud clasts 50%



Rock fragments 5%

Matrix 10%

Name : Diamictite.

837-10G REYNELLA SILTSTONE MEMBER (near "Westcliff")

Macro : This sample is part of a large channel in the cliff face. Imbricate
white calcareous silt clasts and coarse granules of sand lie in a
calcareous brown silty cement. In the cliff, large scale cross-
bedding occurs in the channel,

Micro : Large silt clasts, with embayed quartz, microcline, and rock fragments
lie in a silty carbonate cement. Some of the clasts have internal
laminations.  Composite metamorphic quartz, silt clasts with mud balls
(ti11 pellet?) occur.

Silt clasts 30%
Quartz - 15%
Feldspar 10%
Rock fragments 5%
Matrix/Cement 40%

Name : Immature Feldspathic sedarenite.

837-10H REYNELLA SILTSTONE MEMBER (near "Westcliff")

Macro : This sample also comes from the large channel. Large mud clasts are
surrounded by coarse sand grains in a calcareous silty matrix.

Micro : Calcareous mud clasts, with fine-grained quartz and opaques, have
sharp boundaries and are surrounded with coarse sand sized sub~round
grains. (Plate VIII d.) Sub-rounded quartz with minor corrosion of
grain boundaries, plagioclase, microcline, rounded opagues, composite
metamorphic quartz and weathered volcanic clasts (with indistinct plag-
joclase laths occur.)

Mud clasts 60%

Quartz 20%

Feldspar 3% (Plagioclase 1%
Potassium feldspar 2% )

Opaques 2%

Rock fragments 3%

Matrix 12%

Name : Immature sedarenite.

837-101

Macro : Very thin interbeds of white very~fine sand and brown shale may
represent micro-varves.

Micro : In thin section, small sharp micro-faults can be seen, disturbina the

interbedded very-fine sand and shale layers (Plate IX b)., Elsewhere
in the slide, the thin interbeds are undisturbed. Angular, very ¥ine-

grained quartz (80%) occur in the silty layers. The muddy Tayers



Name

837-10J
Macro

Name

Micro

Name

Name

837-10K
Macro :

Micro

Bin,

contain much less anqgular sand (20%), and fine-arained micra;
Boundaries between the two layers are relatively sharp (Plate IX a).

: Rhythmite. \

REYNELLA SILTSTONE MEMBER (near "Westcliff")

. Microvarve-like layers have been disrupted by small-scale faults. A

coarse, granule-sized layer of dolomite clasts, sub-round guartz,
feldspar and porphyritic clasts lies above the "micro-varves".

: Rhythmite.

. The micro-varves contain thicker, pale sandy layers than 837-101

coarse-grained microcline, with cross-hatched twinning, quartz with
undulose extinction, minor opaques and sub-rounded clasts of silt
occur in the coarser layer and as random clasts in the micro~varves.

: Rhythmite.
The coarser layer contains :
Quartz 20%
Potassium feldspar 20%
Rock fragments 5%
Shale matrix 50%
Mud clasts 5%
: Diamictite.
REYNELLA SILTSTONE MEMBER (near "Westcliff")

This sample comes from the large channel in the cliffs near "Westcliff"
Pale pink, calcareous mud clasts sub-round clear quartz, pink potassium
feldspar and rock fragments occur in a pink, silty calcareous matrix.

. Sub-round to round quartz, composite quartz, and microcline, with

coarse micritic silt lie in a dark coloured silty matrix.

Mud clasts 52%
Silty matrix 30%
Quartz 10%
__Microcline 5%
" Rock fragments 3%

Name

837-10L

¢ Silty sedarenite.

REYNELLA SILTSTONE MEMBER (near "Westcliff")

Soft-sedimentary folds have disrupted interbeds of dark brown mud and pale
pink very fine sand and silts. Alternating thick (1.5mm) interbeds and thinne:

(1mm) - interbeds occur throughout the rock of the thicker interbedded intervals

shows 22 silt and mud interbeds and may reflect the 11 year solar sunspot cycl

(Williams 1983). Other finer interbedded intervals show no such relatjonship.

Name

: Rhythmite.
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837-10M REYNELLA SILTSTONE MEMBER (near "Westcliff")

A soft-sedimentary fold runs through this sample. The alterations of thick
interbeds and thinner interbeds shows some cyclicity. The thicker interbedded
Tayers may reflect an 11 year cycle. (Plate XII a.)

Name : Rhythmite.

837-10N REYNELLA SILTSTONE MEMBER (near "Westcliff")

This sample shows much thicker sandier intervals than the preceeding samole,
and could be called a "Type III" varve of Ashley (1975). The sandy layers show
finer scale internal laminations. Micro-faults have disrupted some of the
layers. At the base of this specimen are ripple cross-laminated silt and sand
interbeds. Such a ripple would have formed over a period of hours to days and
would not be 1likely to reflect yearly cycles of deposition. This may imoly tha
the overlying "Type III Varves" are not annual varves, but reflect possibly
daily cycles of deposition.

837-10Q REYNELLA SILTSTONE MEMBER (near "Westcliff")
This sample occurs in one of the varve-Tike layers. A starved sand ripple
(pale grey) lies in a purple silt. Silt and sand cross-beds also occur.

837-10R
Ripple cross-lamination of interbedded sand and silt layers can be seen. The
sand and silt interbeds have a similar appearance to those seen in the "varves'

837-10S REYNELLA SILTSTONE MEMBER (near "Westcliff")

A purple diamictite contains yellow dolomite clasts. The dolomite may be
secondary, replacing original calcareous clasts. This sample is part of a
laterally extensive layer of dolomite clasts, which runs up the cliff-face.
Medium grained, sub-round quartz and feldspar occur in the coarser layer.

837-10T RECENT BEACH DEPOSIT. (near "Westcliff")
A variety of clasts lie in a sandy calcareous cement. Carbonate worm burrows
have encrusted this sample, and run through the rock.

837-11A SEACLIFF SANDSTONE MEMBER (Hallett Cove)

Macro : Pale, buff coloured, fine-grained, massive sandstone, The rock has
a grainstone texture. ‘

Micro : Poorly sorted sub-angular quartz, plagioclase and rock fragments lie
in a patchy matrix, In places quartz overgrowths have cemented grains
together, The fe]dspars are finer grained and better rounded that the
quartz. Volcanic rock fragments with indistinct feldspar laths occur.

Quartz 83%
Feldspar 1.0%
Rock fragments 5%
Opaques 2%
Matrix 5%

Name : Fine-grained immature subarkose.



837-118

Macro

Micro

R12.

SEACLIFF SANDSTONE MEMBER (Hallett Cove)

: This sample shows a buff-coloured sedimentary dyke penetrating a

purplish sandstone. (Plate XII b.) The dyke is matrix-poor, and
has a welded appearance. The host sandstone is matrix-rich.

: The slide shows the edge of the dyke. The dyke has a grainstone

texture and is matrix poor. The quartz grains are sutured together
by overgrowths. The quartz grains exhibit undulose extinction, with
bubble trains. Minor, cloudy plagioclase and microcline also occur.
The dyke is well sorted.

¢ Quartz 90%
Feldspar 3%
Rock fragments 2%
Cement 5%

With minor opaques.

The host sandstone is poorly sorted, with sub-angular grains sitting in a
micaceous, silty matrix, with a packstone texture,

837-11C
Macro

Micro

Sandstone
Quartz 80%
Feldspar 5%
Rock fragments 3%
Matrix 10%
Opaques 2%

Name : Fine-grained, feldspathic sandstone.

Plates X a, X b, show the edge of the dyke.
SEACLIFF SANDSTONE MEMBER (Hallett Cove)

: Pale purple, heavy mineral laminated sandstone with yellow dolomicrite

clasts and sub-rounded granules of quartz and pink potassium feldspar.

. Grainstone texture, with minor calcite cement. Sub-angular quartz wit

minor overgrowths, Rounded heavy mineral grains are randomly distri~
buted in the sandstone. The yellow dolomicrite clasts shows faint

Name

837-11D

Taminations.

Quartz 80%
Feldspar 15%
Rock fragments 3%
Opaques 2%

: Heavy mineral laminated subarkose.

SEACLIFF SANDSTONE MEMBER | (Hallett Cove)

Randomly orientated dolomicrite clasts, with internal lamination lie in a

medium grained sandstone. There is very little imbrication of the dolomicrite

clasts.



837-12

Macro

Micro

Name

B13.
NUCCALEENA DOLOMITE EQUIVALENT (Hallett Cove)

. Thin purple silt and shale and white dolomite interbeds. Black iron

dendrites occur at the edges of the sample. Minor irreqularities in
the Taminae occur.

Finely interlaminated shale and very finely crystalline dolomite
layers can be seen with minor growth of chlorite in the shale.

: Interbedded dolomite and shale.




DETAILED SECTION Unlt 2 (Marmo Arkose)

.'." 'f,. W\:‘( L B
Pﬂ"?[ﬂ(‘/fcm”w — s B rrPﬂd g scine
coarse ‘HmV‘Sanemj i :/,—éA\T AhiasiF drm pse. @ )
laminaded sandskene. 1y T '/;,.- g b
Pepbly in plaay %% Liméstane. bed. g AR T ‘béq,g
T 7 Kimestong Wil ®
comyer grains Ll e Lyoss \QQ&J-VA N
oc . & By ! ( R L
Wl “’\TQ’-VQ‘S, D “ 17 r‘ e . Y ard 2]!1 JQ
"\I\H\- r‘PP{‘(d gads -2.&’ qradnj u:‘) ;h‘ﬁ) v ? .-0 2 C{““jw
e and T L . ik linggme
T&Lugrm;s-loeaaa_ | ) R i nody. Sandy.
sand. 2 vse cal@ ous | . S S
lumlunkions. . , ] PU"P(Q vdclm, - S E
WG wd N .
& CIRANT TN eLp SO AN TN
Rippled WS S g l b, Gurre RO Riplid sardskere
beddsd saun 3 » o sla el
oo <o N oy e F&MW RN :
T"’"ﬁl‘ s elded " Claser bedded sand. . .[L:A " A
s fabulas C‘msb?‘u““ purple pwd arapes s = I 427 ==
gard caarse ir placto. oy (L P IR | A Cl”{g :a
. L=7//) Limes fone wit- L e Q(ppﬁw
Moderacked silt. gnﬁ-y L . AAOLMFQ— Flal = Scemilts -
Manchoriophgess” et ol R | luegey
dwarse' 1] ) : LT =~
lgam 2 f?@t}’Q/' S- ] sctvds tore. ~
L Cinwolot
_— . S . lwyers ih plﬁm- .
Flaser \"’C‘.J‘Qd : g Elasor beddes 45 [t Masiive planar hedy,
o Um c)mned o e 22 Sad, L
Sand stor . * rip d calcareoss a{mﬁw[f od AP
Sanel3kant dmpesmuy ‘ A
In p(am-. ZH- " ' S
¥ [imestona, rippled R rppld ok tsp
H mk J -
(re5$w&d ol gqp\,ou’ : e
<_‘;wds{-0m Hea.uj l/vul'\b""'Q \ Elaser o v ;;__
R QUNEY P B Lanain o ,,eou‘ green sand 17 e Planar laminaled
e ~ I | Sl I (} T |k e
b 3 'Osl,iil Tobdlar cro:: ;“—'———‘—i l
- bekled linory 4 osgllfon cipels
= Modely tn pla .2 | BRI i Flggy s
: . LAY S S
Rippled Sandstone z i %’:%ﬁ%‘éﬁ,@ 2 * j/'/'/} ' ,aJwb/r ¢S rabd.-i
bedﬁ fhinor silt. . RGN ] «p&j
P L B
| E - dae : -
s I e A T ol I
. 2 . - \ cmfsb\ddo‘“’l( ayers cuf't\ l~{- l [lxr»o,eTeh&
Cross heddad sandekae . /-__7-/_97/33 pebbly in plas, &Jr):ﬁss‘ l -|_<4 o 51 |
Eh-({grakjd:fd % | — ﬂd:{" beddad Furt& = - on np e Jd sand:
o T — st i, Brasand ayers
rse qrein — -
(s‘:ndy l'meskan2 LT V\’(QMDJ 7
Fh?f;"”ud _— bl Ll - — NPT DN T
T . un‘as‘m > — K — " SAND  GRAVEL MUD  SAND GRAY —— MED SARD  CRAVE.




DETAILED SECT

ON : qut 3

Basal Conglomerale, imjection structores. Greenish
colsor.

Sand lonses, £ipple cross laminag , ina blue-green
coloured silt.

SaJN’lY ih,-krva.l . P lb
Rippled sards . silt inferbeds.

Skasp pased sandstone layers .qma(nh‘omﬂ tops.
lensoidad sandstone wulayers.

w structures, Massive at bazte,

Starved sand ripples
‘Brecciola Ach tn wWhile mued Clakes.

Rippled sandstord kenses, in bltrgrecn shale.

‘Brecciole Vayer.
Sandstone lenses.Rippled  with onevtn bases.

{ensoidall sandstone badies.
Sharp bases, c_’radah‘amﬂ fops info sclt
and SL\Q\Q .

Sandstone lQYQ(‘. Bﬂ(‘t\‘orlo\ at bage, Q“pb(@l a}-fv,a

Landston lens. Planar fuminabion ot base, Heon rippke

Cross lapiaation | Siley at top.
Starved sand lenses in s lf.

Fhin sandstone layer. Ripp(eA fep.

[ensad,d sandstones in a uve-green sl

Sand stona fens. Rt‘pplaa[ et bp .

Silt etk lonsadal sandstanas .

[n/&/heo(d@c[ it and sardston

PP I | W |
MUD SpID  GRRAVEL.




DETAILED SECTION: Unit 4

T:—‘_%_— [ Wmestone dﬂi‘f's tn jreen insen b@(o‘lﬂ( svit,
Lo 1y - " Sharp confa
L
g
[o. o L. Linestone beto, cith abolbn crors haddeod ,
= subriwmd  granvles and coovie sandl
o Uhl\h colour\
1 : L
large +ubolar cross beda, FSewm high.
L A
\0 = =
e To T ]
AAA (alcaraous Conrge Scw\ti Cross Yuddad, m(UV«,Q
/ .
q /»{/;é W son current n()p%a
CE—— Plaww lamiia led colrse. Samd..

Corcent rpphed |, apd oscil b f“prcJ saads | cuth
Haw silk ,O-YQrs,

(ross boddoed sand lo\ygpy, S hoyeund q,a,ir\:.

Thick Flaser beddad ingrval . R,0F Colowed.
Q‘@p&d sand layers ~ \Aerfertnen rippks | NG N
sulk o{/ﬂ,aeo

Tokolar cross beddeck . quanyle coglomemte
R PM sand . Minor S\ H’ Some osallation

r.p\ﬂfu

Claser beddad. sand .SahAy,riprl 'Ayus, with
sc it and shale drapin,

Lross bedded. v.coarse sand ~qmnvle coglomerate.
T~
Panar laminaled gand .

‘:(psor Mclnd io\wi-
Nosen bedded stit. ’ﬂ\&ﬂ 50‘#\1{ la.yers .
Ripied sand stone bedl.

linsen boddud sil+, Starved sand ripples.
Clacey eeldtd sand |ayer,

'rnuqk oss aminated

Fhser beddod sand stone[silk
Cyeen colour-

Basal conglomerafe . green calowr,
scoured co\fad- wl chan. featv
Blue -green co owed ' mﬁAbzxm-ol s Fanol -Fv.y,e_ sand.

mﬂ SAND “M(L




DETAILED SECTION Reynella Siltstone Member

| 1s
lu
||
1

N
|
~|
L,

" Rip purplesi I

masg‘. ve, on biminaled
Vuf?h sl‘ H’.

sand » Rythmite .

porple silk with sand
“lobs* and lenses.

lamge channel seen %

(n (Z&F Sandy with
white modclasts.
crossheds.

Bapal Corglomerate.

ff'moak cross Vaminated silt.
 Damichite.
Sandy cross bedded

layer

Trougha Cross beolded
silectnd scwd leyers.

Silrwith fhin sand
| loyers,

\[;%ggi‘e pody pink sand.
lomie clasts .

20 ) —
== Danidh withddlemi
— I _] 7 clasts -
:._..:..‘_ K . ‘ ’]/rouc&ln Cro ss lamingked
T AT Massi ve diamictite; thite scw‘\l loer Thin Dolom&inamiy layer~[; tHe
— 8 — g ] b silt with granle e lo o ) : oy ins.
i pory gronwle | pueple silk lorers. origiual legturt remains
] siaid s and qrains . .
_‘____—_._.:_—_ L pp12 (ffoSS lwv\"‘“w Plamic sk :porp’e
HMA— 4 —_ —| 0 "K«j‘l’frmtm p Silk, st coarse sand
| E==A , gredn; Dolomitt -
[ gy s
m |[—<— - -
SuE— 421 NP s Stwly ‘Otyer fmassi,
m % B — e %0 Q")\)MMJ& : Hra ch‘le Pa“’ &o\lm;\'izo.ﬁon.
E __—:__-;_ (U\:‘.‘QI“?&J‘D dj PU'PLQ Si H . :
w EsS el ardshale and v.fie Sl wirh dolomrt
=z XN ] :.. o SCU'A . l‘dﬁ}{'sqo
O - Channel, cross Polonyitiacd | ’
— RN ! 32 [ wper, ;
EE st L\ Ledde, ripyledsad. Sile it i sard
e e S(umf'\h ot edae of i :
i ] N} 9 tnlerksedls. :
= ] channel . i Polomitiaed teryer. ,
Y i Mssive dauctie. g
S - SEACLIFF
u B Purple silh gritty Purple sitt witl e, pink saudl bed SANDSTONE
z I———_- . in brogh (arge agqreqpks oF e, B | MEMBER
s F— ——= in piaces.’ﬂuh rovg ™ 32"&1 i Somesilty layers BER
ldI:J% - = ] eross bedded and L = do(‘?m‘(;‘L (2) clasts. - 17y o 2N : N\ CL j
— =~ rippled sands occor. | Dolotitized Laver. , 2 s Joeen
- — = (= ?wpie oIk et Heclots® Frost wequJ. ayer P sharp (onback
N S — &— of coarte grained sand.- | “'——i’:'* /
LR S 2 —_;_ ' Masslve diamictite. - 122
e ﬁ::?“ cross bedded — Massive diamictite, = e_-| Massie aiamicHle.
— = sand - s on\y mingr \aedol«'uﬁ. 2-—:__?_'7 Becomy Slightly
) - w% Plae SVp . %. : - ’ ‘ ) —_— ] SQMAJ:U‘ ‘bqu‘ds
-~ 2y : Rhyante T 7] P bown sendstee | -3 — 3 Ha top.
1 |Beddiny Plane sy AL e 3 led |
= e\ |EETE > . \. TR ] sorerippled layers
] aradattonal coufack |2 fale gink sardy ] "Frost-uedged” onit. sy ] T amastive sk
‘o] ) o R f trough crosybedded | = o) |
i sl Trovgh cross bedded OO chamnel . Slomped aF Purgh sttt Sand lenses, SRy Tros ¢ landaled
> :'. e “ Pole. pink sand- Rt eci{e_s, clobs, cross Ladded Lol i3 3 ':DS \C(Mn
OF R Saudls ieta Sa‘! | Wit si H‘}’
— Rt s stk PLLY ioadiaite I | PUOUN TR Ll % "-'—"'——‘ the do. prpludm
- MUD SAND  GRAVEL Wn Save  GRMA SR TV éuwlt. occor.

.Bage Ot section,




DETAILED SECTION: Seacliff Sandstone Mermber
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APPENDIX D :

LIST OF THIN SECTIONS AND HAND SPECIMENS SUBMITTED.

837-1A
837-18
837-1C

837-2A
837-2B
837-2C
837-2D
837-2E

837-3A
837-3B
837-3C
837-3D

837-4A
837-4B

837-5

837-6A
837-6B
837-6C
837-6D
837-6E

837-7

837-8
837-8A

837-9A
837-9B

UNIT 1.

UNIT 2. (Marino Arkose)

-~ 837-10M

UNIT 10. (Reynella Siltstone
Member)

837-10A
837-108
837-10C *
837-10D
837-10E
837-10F
837-10G
837-10H
837-101
837-104
837-10K
837-10L

837-10N
837-10Q
837-10R
837-10S
837-10T

* % % ok X *F *

UNIT 11.(Seacliff Sandstone
Member)
837-11A
837-118B
837-11C
837-11D *

UNIT 12. (Nuccaleena Dolomite)

837-12

*

Hand specimen only.

UNIT 9.

A11 others inciude thin secti
and hand specimen.



FIGURE 7

GEOLOGY OF THE MARINO ROCKS - HALLETT COVE AREA .
KEY

UNIT 13

UNIT 12
(NUCCALEENA DOLOMITE)

UNIT 11
(SEACLIFF SANDSTONE MEMBER)

UNIT 10
(REYNELLA SILTSTONE MEMBER )

UNIT 9
UNIT 8
UNIT 7
UNIT 6
UNIT 5
UNIT 4
UNiE S TN. MN.

UNIT 2
(MARINO ARKOSE)

UNIT 1

WILPENA GROUP
BRACHINA SUBGROUP

MARINOAN

WILLCCHRA SUBGROUP

UMBERATANA GROUP

BRIGHTON LIMESTONE

STURTIAN

Lithological Boundary
observed B

inferred

Fault o
observed

inferred G
Fold

Anticline

observed
inferred

Synclinc
observed

inferred
plunge of minor folds
Bedding
inclined
Clea-vag.e -
inclined

Lineation
2 {rend/plunge

Road

3

.

Railway Line

Park Boundary

[ Westcliff’ Estate
n

Quarry

Embankment

HED

Cutting -
Creek e

Sample Locality 0~

0 200 400m.
SCALE

Hallett

Cove
Railway

Station

LOCALITY MAP

‘peL~MERIAN GRANTE IS

' CAMBRIAN SEDIMENTS [] i EU'

| WILPENA GROUP AND U e
4 l-"-d '
X |

D
CALLANNA GROUP 7R }; B

!
-
.’

o SO0 V0 (SO 200 k.m.

1
14(°

REYNELLA
QUARRY

E.M.A. 1984




	Alex1
	Alex2
	Alex3
	Alex4
	Alex5
	Alex6
	Alex7
	Alex8
	Alex9
	Alex10
	Alex11
	Alex13
	Alex14
	Alex15
	Alex16
	Alex17
	Alex18
	Alex19
	Alex20

