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GENERAL

A relatively unmetamorphosed (greenschist facies) sequence of
fossiliferous Cambrian sediment outcrops on the northeast coast of
Kangaroo Island, between Middle River and Point Marsden (Fig. 12-2). The
sequence is dominated by sandstone, however shale, conglomerate, siltstone
and limestone are also present. Unfortunately, no complete stratigraphic
section exists because of faulting, however Daily (Fig. 14 in Horwitz and
Daily, 1958) has established two distinct complementary sequences which
together may comprise the complete stratigraphy. Daily (1976b, Fig. 8)
has correlated this sequence with the major part of the Kanmantoo Group
described by Daily and Milnes (1971, 1973) in its stratotype on southern
Fleurieu Peninsula.

In January 1978, the author in conjunction with B. Daily measured
detailed stratigraphic sections through the Carrickalinga Head Formation,
Smith Bay Shale, White Point Conglomerate, Emu Bay Shale and Boxing Bay
Formation. Due to the considerable thickness, lack of appreciable variation
in sedimentary structures, and uncertainty of displacement along faults, no
section was measured for the Stokes Bay Sandstone. The following chapters
are a summary of this work, with additional information based on an un-

published report by Daily (1977).
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GEOGRAPHY

The fossiliferous Cambrian sediments of Kangaroo Island are re-
stricted to the region north of the Cygnet-Snelling fault complex (Fig. 12-1).
Excellent outcrops occur along the northeast coast between Middle River and
Point Marsden, although some intervals are obscured by beaches {(eg. Smith
Bay, Emu Bay, and west of Pt. Marsden). Cliffs, up to 120m high, are
generally flanked by a narrow wavecut platform, parts of which are inaccess-
ible, particularly at high tide. Inland outcrops are sparse, because most
of the area is capped by Permian and Quaternary deposits.

The climate of Kangaroo Island is temperate sub-humid, with milder
winters and much cooler summers than adjacent regions on the mainland
(Baldwin and Crocker, 1941; Bauer, 1959). At Kingscote, the mean maximum
in February is 23°C and in August, 15°c. About 65% of the annual precipita-
tion occurs in winter, between May and September. Rainfall generally de-
creases from west to east across the island, and ranges from over 800mm
west of Middle River, to 500mm near Kingscote (Barnett, 1977).

In the western high rainfall areas, the vegetation is dense, and
eucalypts are numerous. However, in the eastern areas where this study is
concentrated, the dominant natural vegetation is mallee scrub (Eucalyptus
eneorifolia - E. rugosa association of Baldwin and Crocker, 1941). However,
extensive development has resulted in much of the land being cleared. In
addition, most of the outcrops examined were on the wavecut platform or in
adjacent cliffs, so that vegetation cover was no problem.

Field work on Kangaroo Island can be carrxied out at any time of the
year, although the colder, wetter winter months are best avoided if possible,
especially if work is being carried out along the potentially dangerous

coastal sections.
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REGIONAL SETTING

Geologically and structurally, Kangaroo Island is the south-
westerly continuation of the Mt. Lofty Ranges. These, together with the
Finders Ranges and Olary Arc (Campana, 1954) are merely a small remnant
of the Early Palaeozoic fold mountain belt known as the Delamerides
(Daily et al., 1976) that was rejuvenated by uplift in the Late Cainozoic
to form the present highlands of eastern South Australia.

During the Late Precambrian and Cambrian, a thick, predominantly
shallow-water succession was laid down in the Adelaide 'Geosyncline', east
and south of the Gawler Block, the latter composed of Archaean-Early Pro-
terozoic crystalline rocks (Fig. 12-1). The Torrens Lineament or Hinge
Zone (Sprigg, 1952) separates this block and its platform covering sediments
from the much thicker succession laid down contemporaneously in the fold
belt. Yorke Peninsula, which is incorporated in the south-eastern portion
of the block, has a thin remnant cover of flat-lying to gently folded Cam-
brian sediments whereas further north thin Adelaidean deposits disconformably
intervene between the preserved Cambrian and the basement.

Cambrian rocks outcrop extensively on Kangaroo Island. The bulk of
these are metasediments referrable to the Kanmantoo Group except for a small
occurrence of basal Cambrian Normanville Group rocks, including marble, on
Dudley Peninsula on the eastern end of the island (Daily and Milnes, 1972a).
Late Cambrian Encounter Bay Granites intrude the strongly folded metasedi-
ments and outcrop intermittently along the southern coast (Milnes et al.,
1977). By way of contrast, the remainder of the Kangaroo Island Cambrian,
which occurs in the northeast coastal region, is an unmetamorphosed and
fossiliferous sequence of largely intertidal to shallow subtidal clastics
and interfingering alluvial sands and conglomerates. Daily (1976b, Fig. 8)
lithologically correlated this marginal sequence with the much thicker off-
shore Kanmantoo Group, the stratotype of which was described by Daily and
Milnes (1971, 1973) from the southern coastline of Fleurieu Peninsula

(Fig. 12-2), opposite Dudley Peninsula where the same stratigraphic
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succession is found (Fig. 1-3). The basis for this correlation hinges on

the fact that as the red and green coloured northeast coast marginal fossili-
ferous sequence is traced to the west along the northern coastline, it gives
way to a progressively metamorphosed sequence of grey coloured metasediments,
unfossiliferous apart from trace fossils, and which from their sedimentary
structures are interpreted as having been deposited further offshore. Flint
(1978) interpreted Kanmantoo Group metasediments on the western end of the
island as deep-sea fan deposits. However, there is little justification for
such an interpretation, the sequence being a relatively shallow-water off-
shore succession. This is shown by the abundance of cross-—bedded metasand-
stones outcropping on the western and southern coastlines that are prograded
towards the east and which were laid down by offshore marine currents flowing
sub-parallel to the southern margin of the Gawler Block which delineated the
contemporary shoreline.

The Kangaroo Island fossiliferous Cambrian and Kanmantoo Group rocks
were laid down rapidly in an actively subsiding basin in response to wide-
spread marked faulting which commenced in the late Early Cambrian and is
known to have extended into the Middle Cambrian on Yorke Peninsula and con-
tinued well into the Upper Cambrian in the Flinders Ranges. These movements,
both positive (for source areas) and negative (for depositional areas) were
episodic and were collectively termed the Kangarooian Movements by Daily and
Forbes (1969), the name being derived from Kangaroo Island where evidence
for such movements was first established (Daily, 1956). Daily and Milnes
(1971, 1973) have discussed the Kangarooian Movements and their effect on
contemporary Cambrian sedimentation. The conglomerates and their associated
coarse calcareous sandstones that are prominent in the White Point Conglom-—
erate and to a lesser extent in the Boxing Bay Formation were derived from
uplifted source areas immediately north of the present coast, and were trans-
ported by streams fiowing south into the basin. On the other hand the inter-
bedded red-brown feldspathic sandstones and arkoses were derived from more

distant sources and were transported by marine currents sub-parallel to the
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margins of the Gawler Block shorelines which from the time of commencement
of Kanmantoo Group sedimentation, were oriented east-west and lay to the
north of Kangaroo Island.

Lower Cambrian sedimentary rocks are also present on southern Yorke )

1]

Peninsula, and are in part older than those of Kangaroo Island (Fig. 1-3).
The older rocks include the Winulta and Kulpara Formations, and the
Koolywurtie Limestone Member of the Parara Limestone, which contain litho-
logies identical to clasts in the White Point Conglomerate. However, the !
nature of the conglomerates, discussed later, indicates an even closer
northerly source. Geophysical evidence indicates an Archaean to Protero-
zoic basement high in Investigator Straight (Fig. 12-2), which Stuart and
von Sanden (1972, Fig. 8B) proposed as the source of the White Point con-
glomerates. This view is supported by the present authors although the
abundance of carbonate clasts particularly in the White Point Conglomerate

shows that the basement rocks within the source area were largely covered

by an Early Cambrian clastic/carbonate shelf sequence (Daily, 1956).

PREVIOUS STUDIES RELATING TO THE FOSSILIFEROUS SEQUENCE

OF THE NORTHEAST COAST OF KANGAROO ISLAND : AN HISTORICAL RESUME

The northeast coast Cambrian outcrops were first described by Tate
(1883), Brown (1898) and Howchin (1898, 1903). All three workers recognised
the individuality of the sequence, and were unable to suggest a correlation
with the mainland. Howchin (1898) tentatively suggested a middle or upper
Palacozoic age, based on the lack of significant metamorphism of the sequence
and on the presence of reworked boulders of (?)Cambrian limestone in con-
glomerate beds at Point Marsden. A glacial origin for the sequence now
defined as the Boxing Bay Formation was proposed (Howchin, 1898, p.206),
however it was noted (p.207) that "these suggestions are only thrown out
as possible causes for the peculiar features of these beds rather than any
settled conviction as to their origin".

Further descriptions of the northeast coast sequence were presented
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by Madigan (1928), following a student excursion to the island. Madigan
(1928, p.21l) recognised the pebbly and arkosic nature of the reddish-brown
sandstones, and concluded that "the redness is mainly due to the colour of
the orthoclase, which foxrms a good half of the rock". He also located out-
crops of conglomerate on Cape d'Estaing containing boulders of archaeocyathid
limestone, and stated (Madigan, 1928, p.212) "it not only indicates the pro-
ximity of the Archaeocyathinae limestone, of Middle (?)Cambrian age, but
also shows the Point Marsden series to be post-Cambrian, and of an age not
hitherto recognised in southern South Australia”. Although Madigan's esti-
mate regarding the age of the northeast coast sequence is now known to be
too young, his conclusions regarding the origin and depositional environment
of the conglomeratic sequence is fairly accurate. Madigan (1928, p.212)
considered the sequence "to be of shallow water or even terrestrial origin,
derived by torrential streams from neighbouring highlands. These highlands
were composed of Cambrian and Pre-Cambrian rocks, which furnished the
boulders of Archaeocyathinae limestone and the slate and schist fragments
and pebbles of gneissic and granitic rock".

Madigan also reported trace fossils (trilobite tracks) in Freestone
Creek, in a shaly sequence which he correctly correlated with the east side
of Smith Bay (now defined as the Smith Bay Shale). The whole northeast
coast Cambrian sequence, from Middle River to Point Marsden, he called the
"Point Marsden series".

Regional geological mapping of Kangaroo Island by the South Aus-
tralian Geological Survey commenced in 1952. However, an injury to the
geologist in charge (R.C. Sprigg) terminated the investigations before the
northeast coast succession was mapped or measured in detail. Consequently,
the KINGSCOTE 1:250,000 Series Geological Sheet (Sprigg et al., 1954) con-
tains many inaccuracies. Sprigg (1955) defined four formations in the "Point
Marsden Group", but failed to recognise major faults and dip reversals in
the sequence. Consequently, his stratigraphic succession, from base to top,

of Stokes Bay Sandstone, Emu Bay Shale, White Point Limestone and Pt.Marsden
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conglomerate (Sprigg et al., 1954; Sprigg, 1955) is incorrect.

Sprigg (1955, p.166) suggested that the "Point Marsden beds" accu-
mulated near "the outer edge of a narrowing continental platform". He
noted the abundance and considerable magnitude of slump structures within
the Stokes Bay Sandstone, and suggested a shallow-water origin for this
formation. The conglomerates in the "White Point Limestone" were attri-
buted to erosion of nearby Archaeocyathid reefs, despite the paucity of

limestone blocks containing Archaeocyatha and the abundance of cobbles and

boulders of Precambrian metamorphic basement.

Fossils located by Sprigg's survey group in the Emu Bay Shale at

Emu Bay were reported upon by Glaessner (1952). He identified the trilobites

Redlichia n. sp. and Lusatiops n. sp., the brachiopod Acrothele sp. and
also Hyolithes sp. On the basis of the trilobite association of Redlichia
(Early to Middle Cambrian) and ILusatiops (Early Cambrian), Sprigg (1955)
suggested an uppermost Early Cambrian age for the Emu Bay Shale.

Daily (1956, p.1l23) disagreed with the order of succession put
forward by Sprigg et al. (1954) for the north coast Cambrian sequence, and
disregarded the term "Point Marsden Group" because of "ambiguity and evi-
dence indicating a break in its lower part". Daily (1956) recognised at
least 5500 feet (1700m) of Cambrian strata, comprising the Stokes Bay Sand-
stone (1000 ft; 3300m) and the "Kangaroo Island Group" (4500 ft; 1370m).
Within the "Kangaroo Island Group", Daily (1956) recognised four formations
in continuous stratigraphic section from Bald Rock to White Point. The
sequence comprised 100 ft (33m) of unnamed chocolate-coloured micaceous
shales, overlain by the White Point Conglomerate (1250 f£t; 380m), the Emu
Bay Shale (350 ft; 110m) and the Boxing Bay Formation (2500 ft; 770m).
Daily (1956) regarded the conglomeratic sequence on Point Marsden as either

an upward continuation or a fault repetition of the type Boxing Bay Forma-

tion, and thus abandoned the term "Pt. Marsden conglomerates" (Sprigg et al.,

1954). He also concluded that the conglomerates near Cape 'Estaing and

Hawk Nest are not talus from an archaeocyathid reef as Sprigg (1955) had
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suggested, but rather, provided evidence of active erosion of an adjacent
land mass. Thus, he abandoned the term "White Point Limestone" in favour
of "White Point Conglomerate".

Daily (1956) also located opisthoparian trilobites in shale near
the top of the White Point Conglomerate, both in the type section near
Bald Rock and in a fault-bounded outcrop west of Cape D'Estaing, and thus
defined Faunal Assemblage No. 1l. In addition to the fauna mentioned by
Glaessner (1952), Daily (1956) identified Isoxys n. sp., a crustacean, and
annelids in the basal 6m of the Emu Bay Shale. He named this assemblage
Faunal Assemblage No. 12. He assigned both faunal assemblages to the upper
Lower Cambrian, and suggested that the boundary between the Lower and Middle
Cambrian probably lay within the Boxing Bay Formation.

In 1956, the Minlaton No. 1 and Stansbury No. 1 stratigraphic bores
were drilled on southern Yorke Peninsula by the South Australian Department
of Mines, in conjunction with Beach Petroleum N.L. (Daily, 1957; Ludbrook,
1965). No Early Cambrian strata were identified from the Stansbury No. 1
bore, however a 760m thick Early to Middle Cambrian sequence in the Minlaton
bore was correlated in part by Daily (1957) with the Cambrian rocks on north-
east Kangaroo Island. A 9m thick conglomeratic unit unconformably overlying
the Early Cambrian Parara Limestone in the Minlaton bore (Fig. 12-2) was
tentatively correlated on lithological grounds with the White Point Conglom-
erate (Daily, 1957), thus providing further evidence of a middle Early
Cambrian orogeny in the southern portion of the Adelaide 'Geosyncline'. A
distinction was made however, between the conglomerates in the Minlaton bore,
which were regarded as continental deposits, and the White Point Conglomerate
on Kangaroo Island, which was interpreted by Daily (1957) as a marine deposit.

Overlying the conglomerates in the Minlaton bore, there are appro-
ximately 110m of red silty clastics, with gypsum and minor carbonate intexr-
beds. This sequence was also interpreted by Daily (1957) as a continental
deposit, and together with the underlying 9m of conglomerate, was broadly

correlated by Daily (Fig. 14 in Horwitz and Daily, 1958) with the Cambrian
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sequence on the northeast coast of Kangaroo Island. The stratigraphic
column for the Cambrian of Kangaroo Island, shown in Figure 14 of Horwitz
and Daily (1958) was a further revision of the stratigraphy of this area,
with the definition of the Smith Bay Shale, separating the Stokes Bay Sand-
stone from the stratigraphically younger White Point Conglomerate. In
addition, Daily recognised abundant trilobite tracks and worm burrows in
purple and green shales underlying the Stokes Bay Sandstone. This shaly
sequence had been mapped by Sprigg et al. (1954) as Adelaidean phyllites,
however the presence of these trace fossils established its Cambrian age.
The Cambrian stratigraphy of the northeast coast of Kangaroo Island
was summarized by Campana (1958a). Further descriptions of the faunas in
the Emu Bay Shale and White Point Conglomerate were published by Pocock
(1964, 1970). The trilobite identified by Glaessner (1952) as Lustiops
from the Emu Bay Shale was considered by Pocock (1964) to belong to a new

genus. Thus, he renamed the trilobite Estaingia bilobata gen. et sp. nov.

(Pocock, 1964). In addition, Pocock 1970 recognised a new family of trilo-
bites (the Emuellidae) in the White Point Conglomerate and Emu Bay Shale.
From Faunal Assemblage No. 11 (the upper part of the White Point Conglom-

erate), Pocock (1970) described Balcoracania dailyi and Emuella polymera.

In Faunal Assemblage No. 12 (the lower portion of the Emu Bay Shale),

Pocock (1970) described Emuella dalgarnoi. Another species of Balcoracania

(B. flindersi) was described by Pocock (1970) from the lower portion of the
Billy Creek Formation in the Flinders Ranges, and on this basis a late Early
Cambrian age was suggested for the White Point Conglomerate.

Further stratigraphic drilling on southern Yorke Peninsula was
carried out in 1966 and 1967. Stansbury West No. 1 Well was drilled in mid
1966, approximately 5km west of Stansbury township. It penetrated appro-
ximately 1310m of Cambrian strata, including nearly 120m of red-beds and
minor interbedded carbonate, resting unconformably on the Early Cambrian
Parara Limestone and correlated by Watts and Gausden (1966) with the Minlaton

Conglomerate and overlying red-beds in the Minlaton No. 1 bore (Daily, 1957).
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Edithburgh No. 1 Well, drilled 24km southwest of Stansbury town-
ship (Fig. 12-2) in late 1966, penetrated only 530m of Cambrian strata.

A major unconformity separates the Early Cambrian Kulpara Limestone from
the Middle Cambrian Dalrymple Limestone (Daily, 1968), indicating that the
southern portion of Yorke Peninsula was uplifted and the Cambrian carbonate
cover partly eroded during the late Early and (?)early Middle Cambrian.

Further evidence of this orogeny was obtained in 1967, when the
Stansbury Town No. 1 Well was drilled (Laws and Heisler, 1967), just lkm
south of the earlier and somewhat unsuccessful Stansbury well. The section
encountered was similar in many respects to that of Stansbury West No. 1
Well, except for an increased thickness of (?)Middle Cambrian red-beds, and
a greatly decreased thickness of Early Cambrian carbonates. The Minlaton
Conglomerate, 27m thick rests unconformably on Kulpara Limestone, and com-
prises pebbles and cobbles of Precambrian crystalline basement at the top,
and dolomite clasts at the bottom, indicating complete and progressive
stripping of the Early Cambrian carbonate platform cover from adjacent up-
lifted areas.

Daily (1968) summarized the subsurface stratigraphic data of Yorke
Peninsula and concluded (p.5) that "late Lower Cambrian uplifts, along north-
south lineaments, took place following the deposition of the Parara Lime-
stone. This initiated erosion which continued well into the Middle Cambrian
as in the Edithburgh area, but deposition recommenced earlier elsewhere...
The event is of minor significance in the Stansbury West area but assumes
major significance in the Stansbury Town and Edithburgh areas". It is this
event which gave rise to the thick clastic sequence, especially the White
Point Conglomerate, on the northeast coast of Kangaroo Island.

Palaeomagnetic analysis of rock samples from the White Point Con-
glomerate were published by Briden (1967). The study revealed natural rem-
nant magnetization (NRM) directions consistent with a Mesozoic or early
Tertiary age. To explain his results, Briden (1967) suggested that the NRM

in the Cambrian of Kangaroo Island was acquired during a period of slightly
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elevated rock temperature, possibly connected with igneous activity.
Briden (1967) postulated that an elevated geothermal gradient would have
been associated with extrusion of the basalt which outcrops near Kingscote.
The lava flow has been dated as Middle Jurassic by Wellman (1971).

A correlation chart of Cambrian sections in the southern portion of
the Adelaide 'Geosyncline' was presented by Daily (1969b, Table 1). In
this table Daily (1969b) applied the name Mt. McDonnell Formation to the
sequence of purple and green shales and siltstones underlying the Stokes
Bay Sandstone near Hummocky Point, on the mid north coast of Kangaroo Island.
He correlated the entire Kangaroo Island north coast sequence of six forma-
tions with the Kanmantoo Group on Fleurieu Peninsula, and with a thin se-
quence of conglomerates (the Minlaton Conglomerate) and red-beds in the sub-
surface on Yorke Peninsula. The basal unit of the Kanmantoo Group (the
Carrickalinga Head Formation) was correlated on lithological grounds with
the Mt. McDonnell Formation on the north coast of Kangaroo Island. As
Daily (1969b, p.52) stated "according to this interpretation the Kanmantoo
Group is equated lithologically with the Kangaroo Island sequence of Lower
Cambrian age and hence is older than the Middle Cambrian Ramsay Limestone
of Yorke Peninsula. The beginning of Kanmantoo Group sedimentation appears
to have resulted from widespread movements throughout the region of deposi-
tion which allowed a rapid influx of clastics. These Lower Cambrian move-
ments, herein termed the Kangarooian Movements (cf. Kangaroo Island Orogeny
of Daily, 1956), are particularly evident in both the Kangaroo Island and
Yorke Peninsula regions where vertical uplifts along faults gave rise to
impressive conglomerates".

The Handbook of South Australian Geology (Parkin, 1969) presented
little new data on the Cambrian sequence of northeast Kangaroo Island, and
in some respects (eg. the correlation chart-Fig. 33) was, at that stage,
already out of date. Thomson (1969b) introduced the terms "Waitpingan
Subsidence" and Cassinian Uplift" to describe the late Early Cambrian

orogeny in the southern part of the Adelaide 'Geosyncline'. However, Daily
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had already termed the orogeny the "Kangaroo Island Orogeny" (Daily, 1956),
and had subsequently modified the name to the "Kangarooian Movements"

(Daily and Forbes, 1969). Thomson (1969b, Fig. 42) also presented a palaeo-
geographic map of Early Cambrian sedimentation in the southern portion of

the Adelaide 'Geosyncline'. The contour lines, representing original deposi-
tional thicknesses for the Early Cambrian, are almost purely speculative for
Kangaroo Island, and thus the diagram is misleading and probably quite in-
accurate.

Considerable thinning of the Early Cambrian sequence to the west of
Kangaroo Island has been inferred by Thomson (1969b, Fig. 42) and more re-
cently by Flint (1978, Fig. 17). However Smith and Kamerling (1969), using
refraction seismic and other data in connection with petroleum exploration,
considered that the Duntroon Basin, which lies to the west of Kangaroo
Island, is floored by an appreciable thickness of Kanmantoo Group metasedi-
ments and associated granite. Thus, there is no evidence supporting a land
mass to the west of Kangaroo Island in the Early Cambrian. Thomson (1970,
p.207) stated that the Torrens Lineament, corresponding to the eastern edge
of the Gawler Block, is "truncated in the south by the Cygnet Fault'".
However, there is little evidence for this interpretation, as the Early
Cambrian sediments of the Adelaide 'Geosyncline' continue in an unbroken
trend from approximately north-south on Fleurieu Peninsula, turning east-
west across Kangaroo Island, and continuing to the northwest beneath the
Duntroon Basin (Smith and Kamerling, 1969). Daily et al. (1973, p.63) inter-
preted this trend as comprising but a small portion of the Cambrian sedi-
ments originally circumscribing the Gawler Block, with the "southern section
of the arc owing its shape to compression against the virtually unyielding
Gawler Block the margin of which, bounded by the Torrens Lineament, is
curved in the same sense".

Results of a detailed study of the Kanmantoo Group were published at
about this period of time by Daily and Milnes (1971, 1972a, 1972b, 1973).

These authors subdivided the Carrickalinga Head Formation on southern
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Fleurieu Peninsula into three members known as the Madigan Inlet Member
(basal unit), the Blowhole Creek Siltstone Member, and the Campana Creek
Member (upper unit). They stated (Daily and Milnes, 1971, p.204) that
"the Carrickalinga Head Formation and the Mount McDonnell Formation (Daily,
1969) are synonymous, the two uppermost members of the former being the
metamorphic counterparts of the shales, silts and minor coarser clastics
found below the Stokes Bay Sandstone along the north coast of Kangaroo
Island”". Thus, they discarded "Mount McDonnell Formation" as a strati-
graphic name, and called the basal formation of the Kangaroo Island north-
east coast sequence the "Carrickalinga Head Formation", thus firmly esta-
blishing a correlation between Kangaroo Island and Fleurieu Peninsula.

The role of the Kangarooian Movements in Kanmantoo Group sedimenta-
tion was discussed by Daily and Milnes (1971, p.209; 1972b, p.232-234), who
emphasised the sporadic nature of the tectonism, which delivered immature
shales, silts, sands, and gravels into the basin of deposition. They dis-
cerned (Daily and Milnes, 1972a) a decrease in pebble size from west to
east in the Inman Hill Subgroup, and noted an abundance of current features
indicating flow from northwest to southeast in the Brown Hill Subgroup,
thus providing further evidence of uplift and erosion of a land mass to
the north of Kangaroo Island in the late Early to early Middle Cambrian.

Erosion of the uplifted area produced an unconformity, commonly
overlain by the Minlaton Conglomerate. Stuart and von Sanden (1972) re-
ported that the unconformity surface was recognisable on seismic reflection
records obtained from the southern portion of Gulf St. Vincent, as far east
as the Eden-Burnside Fault Zone (Stuart and von Sanden, 1972, Fig. 5).

They also provided a detailed discussion of Late Precambrian-Cambrian tec-
tonism in the southern portion of the Adelaide 'Geosyncline'. Fig. 8b of
Stuart and von Sanden (1972) is considered to be an accurate portrail of
the late Early Cambrian palaeogeography of the region.

A correlation chart for the Cambrian of the Adelaide 'Geosyncline'
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and Stuart Shelf was presented by Daily (1976, Fig. 8). In this chart
(Fig. 1-3), Daily has clearly illustrated the nature of the late Early
Cambrian uplift of Yorke Peninsula, with uplift and erosion in the south-
east being much more severe than further north and northwest. Daily et al.
(1976, p.17) further suggested that areas lying to the west and southwest
of Kangaroo Island may have been uplifted and eroded, however there is little
evidence at present to support this view.

A major discussion of the geology of the Cambrian of the northeast
coast of Kangaroo Island was produced by Daily (1977), for a Geological
Society of Australia (S. Aust. Branch) field conference to Kangaroo Island
in October of 1977. New data included the discovery of trilobite fragments
in the Carrickalinga Head Formation at Hummocky Point, and a much more de-
tailed discussion of the lithologies, sedimentary structures and palaeo-
currents of the sequence than previously available. Daily's (1977) report
remains the most up-to-date and comprehensive study of the Kangaroo Island
northeast coast Cambrian stratigraphy to date. Daily et al. (in press)
has recently prepared a summary of this data for publication in "The Natural

History of Kangaroo Island".
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CHAPTER 13

STRATIGRAPHY AND ENVIRONMENTAL ANALYSIS

OF THE CARRICKALINGA HEAD FORMATION
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THE STRATIGRAPHY OF THE CARRICKALINGA HEAD FORMATION

Nomenclature

Beds now assigned to this formation are shown on the KINGSCOTE
1:253,400 map sheet (Sprigg et al., 1954) as belonging to the Late Pre-
cambrian Adelaide System. However, abundant arthropod tracks and strongly
bioturbated horizons (Campana, 1958a) throughout the sequence, and the
presence of Redlichia in the upper part of the formation (Daily, 1977) prove
an Early Cambrian age. The base is nowhere exposed along the northeast
coast of Kangaroo Island, however 520m of stratigraphic section were meas-
ured in the Carrickalinga Head Formation below the Stokes Bay Sandstone
near Hummocky Point (Plates 130 and 131) (Figure 13-1, rear pocket).

The sequence was originally named the "Mt. McDonnell Formation" by
Daily (196%b, Table 1). However, Daily and Milnes (1971) recognised a
marked lithological similarity between the sequence below the Stokes Bay
Sandstone on Kangaroo Island and the uppermost two members of the
Carrickalinga Head Formation in the type section of the Kanmantoo Group on
southern Fleurieu Peninsula. Thus, they discarded the term "Mt. McDonnell
Formation" as a stratigraphic name, applying the term "Carrickalinga Head
Formation" to both the metamorphosed sequence on Fleurieu Peninsula and
its relatively unmetamorphosed counterpart on the northeast coast of

Kangaroo Island.
Introduction

The Carrickalinga Head Formation is the oldest Cambrian formation
exposed on the northeast coast of Kangaroo Island (Table 13-1). Outcrop
of the formation in the vicinity of Hummocky Point aﬁd location of the
measured stratigraphic section are shown in Figure 13-2. Thickness of the
exposed Carrickalinga Head Formation at this locality is 520m. The base
is nowhere exposed. The lower 140m near Hummocky Point comprise a fine,
silty sequence (Plate 130) correlated with the Blowhole Creek Siltstone

Member (Daily and Milnes, 1971) on southern Fleurieu Peninsula. The upper
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Billy Creek Formation

Member

Nildottie Siltstone

Member

Warragee Member

Oraparinna Shale

Wilkawillina Limestone

top not exposed

Erudina Siltstone Member

Table 13-1. Correlations between the Billy Creek Formation and its lateral equivalents on the northeast
coast of Kangaroo Island.
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380m are sandier (Plate 131) and are correlated with the Campana Creek
Member (Daily and Milnes, 1971). Trough cross stratified and convolute
bedded sandstone units are common in the uppermost 100m of the formation,
and indicate a gradual transition into the conformably overlying Stokes Bay

Sandstone (Plate 132).

Palaeontology

Burrows, trilobite tracks and molluscan trails are abundant through-
out the sequence. The only body fossils located to date are fragments of
Redlichia, which occur in a thin, yellowish brown calcareous sandstone
interbed in the Campana Creek Member at Hummocky Point (234m in the measured
section - Fig. 13-1, rear pocket). The trilobite fragments were originally

reported by Daily (1977, p.7).

ENVIRONMENTAL ANALYSIS OF THE CARRICKALINGA HEAD FORMATION

Facies Analysis

Introduction

The Carrickalinga Head Formation comprises dominantly greyish green
shale, siltstone and fine sandstone, with minor interbeds of red-brown to
grey, medium-grained arkosic sandstone. The fine-grained part of the se-
quence is characterised by a very well-developed facies spectrum. From
mud-rich to sand-rich, the spectrum comprises evenly laminated shale (in
some cases streaked with silt and sand), through lenticular bedded, linsen
bedded and flaser bedded units, into continuously rippled siltstone and fine
sandstone. The lower member (the Blowhole Siltstone Member equivalent) is
characterised by the muddier facies, whereas the upper member (the Campana
Creek Member equivalent) is characterised by the sandier components. In
addition, the Campana Creek Member equivalent contains minor interbeds of
red-brown arkose, which are typically trough cross—-stratified,with minor

ripple lamination, planar lamination, and convolute bedding.
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Shale and Sand-Streaked Shale

parallel laminated greyish green shale and fine siltstone, commonly
with mm—cm thick coarse siltstone and fine sandstone intercalations,
characterises the Blowhole Creek Member equivalent, and occurs sporadically
in the Campana Creek Member equivalent (upper and lower portions of Plate
133). The sand-streaked shale is bioturbated, and contain minor arthropod
tracks. Common sand-infilled retrusive burrows indicate rapid sedimenta-
tion (Plates 134 and 135). This facies is interpreted as having formed in
a very low energy subtidal environment, principally by suspension settling.
Coarse silt and fine sand intercalations and rare graded bedding represent
short periods of higher energy deposition, probably related to suspension
settling of coarser material during periods of storm activity (Reineck and

Singh, 1972).

Lenticular Bedding

A gradation occurs from the evenly laminated, sand-streaked shale
facies into the lenticular bedded facies, which comprises isolated to weakly
connected sandstone ripples intercalated with greyish green mudstone (middle
portion of Plate 133). The rippled sandstone lenses, commonly referred to
as 'starved rippled', indicate minor wave and current activity in a pre-
dominantly low energy environment. Worm burrows are common (Plates 136 and
137), and arthropod tracks occur sporadically throughout the facies (Plate
138). DeRaaf et al. (1977) have interpreted similar deposits in the Lower
carboniferous of County Cork, Ireland, as due to thin storm sandlayers which
are affected by wave agitation related to the same storm that carried in the
sand. However, the marked asymmetry of most of the ripple lenses and the
paucity of internally-discordant cross lamination indicate that the thin
ripple trains were formed principally by unidirectional currents rather than

resulting from wave oscillation.

Linsen Bedding

The linsen bedded facies comprises red and greyish-green, mm—cm thick
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intercalations of shale and ripple laminated sandstone (Plate 139). The
thin, rippled sandstone beds contain both markedly asymmetrical ripple
laminae with relatively flat bases, and bundled structures with trough-
shaped erosional bases. The latter structures contain minor form-discor-
dant laminae and similar structures are interpreted by DeRaaf et al. (1977)
as wave-generated. Worm burrows, arthropod tracks and molluscan trails are
abundant in this facies, which contains only rare desiccation cracks.
Exposed bedding surfaces are typically covered with ripples (Plate
140). However, in contrast to the similar looking, linsen-bedded facies
described by DeRaaf et al. (1977), the multitude of ripples are predominan-
tly current-formed (linguoid) , with only rare, near-symmetrical wave-
generated forms (Plate 141). Double crested ripples (Plate 142) indicative
of falling water level during deposition (Reineck and Singh, 1975) are rare.
Ccurrent-ripple orientations are bipolar, and thus the total evidence suggests
deposition in a moderate-energy, generally subtidal environment, where tidal

currents were relatively strong and wave action subordinate.

Flaser Bedding

With increased sand content, a gradation occurs from the linsen-
bedded facies into flaser bedded units, which comprise rippled sandstone
with only minor red and green shale drapes (Reineck and Wunderlich, 1968).
Worm burrows and trilobite tracks are common, however desiccation cracks
are very rare. Internally, the facies comprises both the wave-knit, form-
discordant, bundled structures interpreted by DeRaaf et al. (1977) as wave-—
generated, and strongly asymmetrical ripple laminae, interpreted as current-
formed. Bedding surfaces contain both wave and current ripples, although
the latter are much more abundant. The facies is interpreted as a predomi-
nantly subtidal deposit, formed by tidal current activity on a shallow

marine shelf where structures could be partly modified by wave oscillation.

Continuously Rippled Sandstone

Continuously rippled sandstone, devoid of mudstone flasers and shaly

interbeds, forms a minor part of the Carrickalinga Head Formation, and
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unlike the facies described above, is restricted entirely to the upper
member of the formation of Kangaroo Island. Although similar to the wave-
knitted facies described by Reineck and Singh (1975) and DeRaaf et al. (1977),
the abundance of 'rib and furrow' structures on bedding surfaces indicates
deposition predominantly under the influence of currents. In cross—-section,
intersecting trough-shaped bundles of ripple-lamination are apparent
(Plate 142). However rather than being attributed entirely to wave action,
the ripple lamination is partly interpreted as nu cross-stratification
(Allen, 1963), formed by the migration of current ripples with highly sinu-
ous crestlines. Worm burrows occur séoradically in the facies, which is

interpreted as a moderate-energy, shallow water, subtidal deposit.

Cross-stratified, Horizontally Laminated and Contorted Red-Brown

Arkosic Sandstones

These facies are described together, because they constitute only a
minor part of the Carrickalinga Head Formation on Kangaroo Island, and are
restricted almost entirely to the upper member of the formation. The most
common facies is trough cross—stratified, medium-grained sandstone, with
multiply intersecting troughs occurring in sets up to 6m in thickness
(Plates 144 and 145). Rarely linguoid ripples are preserved on the upper
surface of the units, indicating a gradual reduction in the energy of deposi-
tion. Minor associated facies are horizontally laminated sandstone commonly
with current lineation, and convolute bedded sandstone. The red-brown
arkosic sandstones are interpreted as relatively high energy, subtidal de-
posits, formed by the migration of sandy shoals under the influence of tides
and possibly waves. Many of the cross-bedded sandstones are rich in car-
bonate ooliths and peloids (Plate 146). Similar deposits have been described
in the modern environment by Curray (1960), Emery (1966) , Uchupi (1968),
Stride (1963) and Belderson and Stride (1966). Convolute bedded sandstones
are characterized by approximate subvertical symmetry of the slumps, which

are attributed to dewatering of loose-packed sediment (Allen and Banks, 1972;
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Brenchley and Newall, 1977).

Facies Associations and their Interpretation

Coarsening-upward (CU), fining-upward (FU) , and coarsening then
fining-upward (CUFU) segquences, as described by DeRaaf et al. (1977) are
all present in the Carrickalinga Head Formation. CU sequences average
about 10m in thickness, however considerable variation occurs about this
mean. The CU sequences vary from shale or linsen bedded shaly sandstone,
through flaser bedding, into large scale cross-stratified or ripple lami-
nated sandstone. FU sequences are generally thinner (average 5-7m), but
otherwise are the reverse of the CU sequences described above. CUFU sedquen-
ces are most abundant, and this feature further emphasises the paucity of
distinctive basal surfaces in the sequence. Instead, the sequence com-
prises an alternation of coarse and fine elements, in which the fine ele-
ments predominate.

The Carrickalinga Head Formation is interpreted as representing
the migration of sandy shoals in a shallow subtidal environment. The shoals
develop in the highest energy environments, where tidal and minor wave energy
was most concentrated. Flaser bedded and linsen bedded units were deposited
on adjacent, lower energy parts of the tidal flat. Sand-streaked shales
represent the lowest energy deposits, and accumulated in a protected, low
energy, probably deeper water, subtidal enviromment. Large-scale alterna-
tions of coarse and fine elements in the sequence are interpreted as resul-
ting from minor transgressions and regressions. In addition, some alterna-
tions may be due to the lateral migration of the sandy shoals in the shallow

marine environment.

Palaeocurrent Analysis

palaecocurrent data for the Carrickalinga Head Formation is pre-
sented in Figure 13-3. Current ripples and trough cross-stratification
orientations are bipolar, WNW-ESE. Current lineations have similar orien-

tations, with current crescents indicating upper regime flow from WNW to



T T
N N=255 N N=26
dasx Lasx
Current ripples Rib and furrow
™ N =255 ™ N=6
L40% -LSO%
Trough

current lineations

cross -stratification

Figure 13-3.

Formation. N = number of data.

Palaeocurrent rose diagrams, Carrickalinga Head

282.



283.

ESE. By analogy with the upper part of the Kangaroo Island northeast coast
Cambrian sequence (Chapter 16) and on the basis of the abundant tidal in-
fluence in the Carrickalinga Head Formation (reflected in the type of
bedding structures and the bipolar palaeocurrent orientations), the sequence
is interpreted as having been formed by tidal currents which flowed sub-
parallel to a WNW - ESE striking coastline. The absence of symmetrical
ripples, the paucity of wave-ripple cross lamination (as described by
Reineck and Singh, 1975 and DeRaaf et al., 1977), and the paucity of north-

south palaeocurrents indicates that wave activity was minor.
Conclusions

The Carrickalinga Head Formation is similar to modern tidal de-
posits, as described by Reineck (1967), Reineck and Singh (1975) and
Ginsburg (1975). However, notable features of the sequence are the paucity
of well-developed tidal channels and the near-absence of desiccation cracks.
Paucity of tidal channels has been noted by Walker and Harms (1975) as evi-
dence of low palaeotidal range. The lack of desiccation cracks in most of
the sequence is considered to be the result of deposition in a predominantly
subtidal environment. Evans (1965) notes that in the lower, subtidal flats
of the Wash, England, sediment transport is by reversing longshore currents
which flow parallel to the shoreline. Thus, a close similarity is noted
between the submerged, outer portions of the Wash, and the sequence in the
Carrickalinga Head Formation, as exposed of the northeast coast of Kangaroo

Island.



CHAPTER 14

STRATIGRAPHY AND ENVIRONMENTAL ANALYSIS

OF THE STOKES BAY SANDSTONE

284.



285.

THE STRATIGRAPHY OF THE STOKES BAY SANDSTONE

The Stokes Bay Sandstone was originally defined by Sprigg et al.
(1954) and Sprigg (1955). However, much of the area shown of the KINGSCOTE
1:253,400 map sheet (Sprigg et al., 1954) as Stokes Bay Sandstone is of
uncertain affinity, and may belong to the sandy portions of other forma-
tions within the northeast coast Cambrian sequence.

The Stokes Bay Sandstone is dominated by trough cross stratified,
evenly bedded and slumped reddish brown arkose. It rests conformably on
the Carrickalinga Head Formation and is overlain conformably by the Smith
Bay Shale (Table 13-1). The basal contact with the Carrickalinga Head
Formation is gradational, and is clearly observed in the cliffs approxi-
mately lkm west of Hummocky Point (Fig. 13-2). The upper contact with the
Smith Bay Shale is exposed in Smith Bay and also along Freestone Creek
(Madigan, 1928; Daily, 1977). No stratigraphic section was measured for
the Stokes Bay Sandstone, which Daily (1977) considers may attain a thick-

ness of 700m. No fossils have been found in the formation to date.

ENVIRONMENTAL ANALYSIS OF THE STOKES BAY SANDSTONE

Facies Bnalysis

Introduction

The Stokes Bay Sandstone comprises approximately 700m of red-brown,
medium-grained arkose. The sandstones are commonly trough cross-stratified,
plane laminated and convolute bedded. Indeed, the convolute intervals are
so common and so distinctive that they have attracted the attention of
geologists over many years (Howchin, 1898; Madigan, 1928; Sprigg, 1955;

Daily, 1956, 1977).

Trough Cross-Stratified Sandstone

Medium-grained, trough cross-stratified red-brown arkose with rare
crystalline basement pebbles is the most abundant facies in the Stokes Bay

Sandstone {(Plate 147). The trough cross-sets average 20-40cm in thickness
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and 1-3m in width, and are commonly arranged in cosets up to 4m in thick-
ness. They are interpreted as having resulted from the migration of dunes
(megaripples) in a moderate to high energy, shallow marine environment
(Clifton et al., 1971; Harms et al., 1975) . Synsedimentary deformation down
the direction of cross-bedding is uncommon, and in the absence of other
features indicative of a moderate to high palaeoslope, is attributed to
current drag on the unconsolidated bed (Allen and Banks, 1972) rather than

gravity slumping.

Contorted Sandstone

Contorted and convolute layers up to 1.5m in thickness, and averag-
ing about 50-80cm thick are common in the red-brown, medium-grained arkose
of the Stokes Bay Sandstone (Plates 148 and 149). Folded structures gener-
ally have subvertical symmetry, suggesting that deformation took place by
predominantly vertical movement (water escape) rather than lateral dis-
placement. Contorted layers commonly continue to the limits of the outcrop
(maximum of 40m), and are overlain by undeformed strata without truncation.

The common occurrence of contorted structures in the Stokes Bay
Sandstone is interpreted as largely a feature of rapid deposition of loose-
packed sand (Allen, 1972). Brenchley and Newall (1977) have noted that
the expulsion of water and the resulting deformation of the strata can be
triggered by seismic shock. Another possible trigger mechanism is fluid
pressure fluctuations due to wave surge (Lowe, 1975), however in the case
of the Stokes Bay Sandstone this is a less likely mechanism, considering

the considerable thickness of the deformed layers.

Plane Laminated Sandstone

Plane laminated, fine to medium-grained, red-brown sandstone, with
heavy mineral concentrations along clay laminae and containing rare gran-
ules and pebbles of crystalline basement is a minor facies in the Stokes
Bay Sandstone. Primary current lineation is very common, with rare current

crescents indicating upper flow regime transport from west to east. The
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plane laminated sandstones occur in units up to 1.5m in thickness
(average 0.5-0.7m) and are overlain by contorted or trough cross-strati-

fied sandstone.

Channel Sandstone

Poorly defined scours or shallow channels, generally 5-20m in
width and 0.5-1.5m in depth, are very uncommon in the Stokes Bay Sandstone.
The scours are infilled with poorly bedded or trough cross-stratified,
medium-grained red-brown arkose (cf. Plate 132). Basal channel-lag con-
glomerates are absent. The paucity of channels, and their poor definition
where present is a feature of the sequence and is further evidence of a

shallow marine origin for the sandstone.

Facies Associations and their Interpretation

The Stokes Bay Sandstone generally comprises a random alternation
of cross-bedded, plane laminated and contorted medium-grained arkose. 1In
rare cases, a weak cyclicity is recognised where broad shallow channels
are overlain by trough cross—-stratified sandstone, in which the cross-
stratification becomes better defined and smaller scale upwards, before
passing into plane laminated, contorted, or rarely, ripple laminated sand-
stone. Such sequences are interpreted as the product of strong unidirectio-
nal currents, and a large supply of clastic detritus, which produced minor
scouring followed by the migration of meggaripples in broad shallow channels.
Plane laminated sandstones were deposited by strong currents during periods

of reduced sediment supply.

Palaeocurrent Analysis

Palaeocurrent data for the Stokes Bay Sandstone is presented in
Figure 14-1. Channels, trough cross-stratification, current ripples, slumps
down cross-sets and current crescents all indicate current flow from west to
east. These observations are in agreement with data presented by Stuart and

Johnson (1970). Two interpretations of the data are possible: either the
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palaeocurrents represent transport down a depositional slope (i.e. off-
shore transport), or they represent longshore migration on a shallow
marine shelf.

The lack of well-defined channels, the paucity of cyclicity in the
sequence and the considerable lateral extent of beds in the Stokes Bay
Sandstone suggests that deposition took place on a gentle palaeoslope such
as a shallow marine shelf. BAn east-west shoreline was influential through-
out the deposition of the overlying sequence (Chapter 16) , and the shore-
line was probably similarly orientated during the deposition of the under-
lying Carrickalinga Head Formation (Chapter 13). Thus, it is concluded
that the Stokes Bay Sandstone was most probably deposited on a shallow
marine shelf by strong, generally unidirectional currents, flowing from

west to east parallel to the ancient shoreline.
Conclusions

It appears that the Stokes Bay Sandstone was deposited by strong,
unidirectional currents, flowing from west to east, parallel to the strand-
line. The arkosic nature and only moderate sorting and rounding of the
sediment, combined with the paucity of herringbone cross—-stratification
indicates that the terrigenous detritus underwent only minor sorting and
abrasion in the marine enviromment, and may also indicate that sediment
supply was considerable and deposition relatively rapid. Several models
for sediment dispersal on continental shelves have been proposed. The
model of random dispersal suggested by Swift (1970) and sSwift et al. (1971)
is obviously not applicable to the Stokes Bay Sandstone, and the wind-
drift transport recognised by Sternberg and McManus (1972) is probably not
a powerful enough mechanism to produce the structures observed in the
present example. However, as noted by Pettijohn et al. (1973), tidal
currents may play a significant role in the distribution of sediment on
shallow marine shelves. They may concentrate sand into 'windrows' or
ribbons parallel to current direction, with large scale cross—stratifica-

tion generally indicating flow parallel to the strandline. For example,
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in the North Sea, sediment transport is principally by tidal currents
which parallel the shoreline and produce both sand ribbons and sand wave
systems or 'shoals' (Stride, 1963, 1970; Houbolt, 1968, Kenyon and Stride,
1970). On the continental shelf of southeast Africa, Flemming (1978) has
observed large dunes migrating parallel to the shoreline in response to a
unidirectional ocean current (the Agnlhas Current). The current veloci-
ties recorded by Flemming (1978) are high enough to produce upper flow
regime plane lamination (see Harms et al., 1975, Fig. 2-5), even at depths
in excess of 50m.

Thus, the Stokes Bay Sandstone is interpreted as having resulted
from uplift and erosion of the Gawler Block (to the northwest of Kangaroo
Island) and dispersal of the arkosic sediment by strong unidirectional
longshore currents flowing across the shallow marine shelf which flanked
the southern margin of the Gawler Craton. Thus, the currents were either
tide-induced (as for the North Sea) or were oceanic currents, such as those
produced by the Coriolis force or by temperature/density variations in the
ocean waters. However, there is no evidence to support a deep water
origin for the Stokes Bay Sandstone since the formation is contained in a
very thick sequence of sediment which show abundant evidence of deposition
in a shallow water shoreline environment. Furthermore, evidence of strong
tidal activity is present throughout the Kangaroo Island northeast coast
Cambrian sequence, and thus it is suggested that the Stokes Bay Sandstone
was most probably deposited in moderately shallow water under the influence

of strong, tide-generated currents which swept the coastline.
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CHAPTER 15

STRATIGRAPHY AND ENVIRONMENTAL ANALYSIS

OF THE SMITH BAY SHALE
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THE STRATIGRAPHY OF THE SMITH BAY SHALE

The Smith Bay Shale comprises a fine-grained, grey, green and red,
shaly and silty sequence with minor reddish brown sandstone interbeds and
rare carbonates. The formation was originally named and defined by Daily
(Fig. 14 in Horwitz and Daily, 1958), who linked a 120m thick, fine-grained
sequence conformably overlying the Stokes Bay Sandstone in Smith Bay and
along Freestone Creek with an 88m thick silty and sandy sequence below the
White Point Conglomerate west of Bald Rock. These two sections are con-
sidered by Daily (1976b, Fig. 8) as belonging to the same formation, al-
though no overlap has been recognised. Thus, the original stratigraphic
thickness of the Smith Bay Shale remains unknown. Stratigraphic sections
were measured in both parts of the formation, and are summarized in Figure
13-1 (rear pocket). In Freestone Creek, Madigan (1928) reported arthropod
tracks in shales, and Daily (in Parkin and Glaessner, 1958; Daily, 1977)
reported Redlichia fragments in an argillaceous limestone which may corre-
late with the dark grey shaly limestone in the coastal section. Trilobite

tracks and worm burrows are common throughout the formation.

ENVIRONMENTAL ANALYSIS OF THE SMITH BAY SHALE

Facies Analysis

Introduction

The lower portion of the Smith Bay Shale rests conformably on the
Stokes Bay Sandstone near Smith Bay. The sequence comprises approximately
120m of red, green and grey shales and siltstones, with minor red-brown
and grey sandstone interbeds. The combination of abundant desiccation
cracks and rare arthropod tracks and bioturbated intervals indicates that
the sequence is predominantly upper ihtertidal in origin. The upper portion
of the Smith Bay Shale, outcropping below the White Point Conglomerate west
of Bald Rock comprises approximately 88m of red siltstone and sandstone,

with marine trace fossils and minor desiccation cracks. Interpretation of
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this upper sequence is discussed in more general terms in Chapter 16.
Red Shale

Evenly laminated to poorly bedded red and minor greyish green shale,
containing rare arthropod tracks, occurs sporadically throughout the Smith
Bay Shale at Smith Bay. It is typically desiccation cracked, with large,
sandstone-infilled polygons up to 1.5m across, opening 10cm at the top and
tapering downwards for distances of over 0.4m (Plates 150 and 151). The
shale is interpreted as very low energy, upperﬁost intertidal to supratidal

deposits.

Sand-Streaked Shale

Evenly laminated, red and minor green shale with thin, evenly bedded
to weakly ripple laminated sandstone interbeds, is common in the Smith Bay
Shale at Smith Bay. The shale is generally desiccation cracked and contain
trilobite tracks and minor bioturbated intervals. The facies is interpreted
as due to low energy suspension settling of muds in an upper intertidal
environment, with only minor sandy incursions, probably related to storms

and unusual high tides.

Linsen Bedding

Linsen bedded units in the Smith Bay Shale are similar to those ob-
served in the Carrickalinga Head Formation and are common in the upper por-
tion of the Smith Bay Shale, near Bald Rock. They comprise red and greyish
green, mm-cm thick intercalations of shale and ripple laminated sandstone.
Bedding surfaces are commonly covered with current ripples with bipolar
palaeocurrents. However, a distinguishing feature is the abundance of desi-
ccation cracks in the linsen beds of the Smith Bay Shale. Minor worm burrows
(Plate 152) and arthropod tracks are recorded from this facies, which is

interpreted as a moderate to low energy intertidal, tide-dominated deposit.
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Flaser Bedding

Fine to medium-grained sandstone, with thin mudstone flasers and rare
mudstone intraclasts is a minor facies in the Smith Bay Shale, being re-
stricted mainly to the upper part of the formation near Bald Rock. The
units are generally 20-40cm in thickness and grade upwards into linsen
bedded shaly sandstone and sandy shale. Desiccation cracks are rare and
the facies is interpreted as a shallow subtidal to lower intertidal deposit,

formed during periods of moderate tidal activity.

Red-Brown Sandstone

Red-brown, medium—-grained arkosic sandstone, occurring in sets up to
7m in thickness, occurs sporadically throughout the Smith Bay Shale, espec-
ially in the upper portion, where a passage into the White Point Conglom-
erate is indicated. The sandstone is typically horizontally laminated,
commonly with primary current lineation. Thicker units are trough cross-—
stratified and convolute bedded (Plate 153). Current rippled intervals
are uncommon. In rare instances, the sandstone is loaded (Plate 154) or
form small scours on the underlying shale. In the uppermost portion of
the Smith Bay Shale west of Bald Rock cross-bedded oolitic grainstones are
present in the sequence (Plate 155).

The subvertical symmetry of folds in the contorted sandstones indi-
cates that they formed primarily by water escape, and are not related to
gravity slumping (Allen and Banks, 1972). As for similar deposits in the
Carrickalinga Head Formation, Stokes Bay Sandstone, White Point Conglomerate
and Boxing Bay Formation, the sandstones of the Smith Bay Shale are inter-
preted as shallow marine tidal deposits. Evidence of tidal activity includes
the bipolar orientation of current ripples and current lineations, and their
association with fine-grained deposits containing bipolar palaeocurrents and
well developed tidal stratification. The presence of upper flow regime,
plane laminated, current lineated sandstone and the paucity of distinctive

wave-formed structures indicates that tides were strong and wave activity
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subordinate. A more detailed discussion of the origin of upper flow regime
plane lamination in tidal deposits is presented in Chapter 16, and shall

not be repeated here.

Facies Associations and their Interpretation

Fining-upward cycles, 0.5-13m in thickness (average 5m) are common in
the Smith Bay Shale, particularly at Smith Bay. The cycles have a sharp,
generally non-erosional base. A thin unit of plane laminated or flaser
bedded sandstone is typically overlain by linsen bedded shale/sandstone,
then sand-streaked shales, and finally laminated to poorly bedded shales
containing abundant desiccation cracks. The.cycles are interpreted as
tidalites (cf. Klein, 1971) formed by progradation of the tidal flat, with
subtidal sand flats and sandy shoals overlain by lower intertidal mixed
flat sediments and finally upper intertidal mudflat deposits. New cycles
are initiated by sudden basin subsidence and the desiccation cracks at the
top of the fining-upward cycles are infilled with sands of the succeeding
cycle. Klein (1971) has suggested that the thickness of the fining-upward
sequences (5m in the case of the Smith Bay Shale) is related directly to
the palaeotidal range. However, since the thickness of the cycles must
partly be controlled by the rate of basinal subsidence during their forma-
tion, it is concluded that the 5m figure represents an absolute upper limit
to the palaeotidal range during the deposition of the Smith Bay Shale.

Only one other type of cycle was noted in the Smith Bay Shale. It
comprises a coarsening-then-fining upward (CUFU) sequence, with evenly lami-
nated silty shale with thin sandstone interbeds at the base, which grades
upwards into red-brown plane laminated, trough cross-stratified, contorted
and rippled sandstone. The sandstones pass eventually back into sand-
streaked shales. Desiccation cracks are absent. By analogy with similar
cycles described by DeRaaf et al. (1977), the sequence is interpreted as
the result of either lateral migration, or construction then destruction of
a sandy shoal or bar, in the shallow subtidal zone of a predominantly muddy

tidal flat. Random sequences in the Smith Bay Shale are common and are
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interpreted as resulting from random events, such as storms, unusual high

tides, and possibly minor tectonic activity.

Palaeocurrent Analysis

Palaeocurrents for the lower part of the Smith Bay Shale (Smith Bay
section) are shown in Figure 15-1. Upper Smith Bay Shale palaeocurrents
are presented in Figure 16-11. The extreme predominance of current ripples
over wave-generated ripples is interpreted as the result of a combination
of strong tides and only minor wave activity. Current ripples are bipolar
east-west, with the majority of ripples indicating flow to the west. Simi-
larly, current lineations are orientated east-west, with current crescents
indicating flow in both directions. By analogy with a great number of
modern tidal flats (eg. Evans, 1965; Hobday and Eriksson, 1977), and by
analogy with the rest of the Kangaroo Island northeast coast Cambrian se-
quence, the palaeocurrents are interpreted as representing longshore trans-—

port of sand by strong, at times reversing, tidal currents.
Conclusions

The Smith Bay Shale was deposited in a shallow subtidal to inter-
tidal environment, subject to shore-parallel tides, but with only minor on-
shore wave activity. The fine-grained, muddy facies are similar to those
described by Reineck and Wunderlich (1968), Reineck (1967) and Reineck and
Singh (1975) and interpreted by these workers as tidal deposits. Red-brown
arkosic sandstone interbeds also contain many features typical of shallow
marine tidalites, and in most cases their bipolar palaeocurrent distribu-
tion pattern confirms this interpretation.

The variation in sandstone content between the Smith Bay Shale and
the adjacent formations is partly related to water depth, with the sand
bodies being confined largely to the subtidal environment. However, the
variation in sandstone content was probably largely determined by the nature
and rate of sediment supply. Thus, the Smith Bay Shale represents a brief

period of relatively stable conditions following the rapid deposition of
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the Stokes Bay Sandstone, and preceding the main sequence of uplifts which

produced the overlying White Point Conglomerate.
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CHAPTER 16

STRATIGRAPHY AND DEPOSITIONAL ENVIRONMENTS
OF THE UPPER SMITH BAY SHALE, WHITE POINT CONGLOMERATE,

EMU BAY SHALE, AND BOXING BAY FORMATION.

Modified from the paper titled

"Terrestrial-marine transition in the Cambrian rocks

of Kangaroo Island, South Australia"

and submitted to Sedimentology by

. +
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INTRODUCTION

An approximately 2700m thick succession of Early Cambrian sedimentary
rocks exposed on the north coast of Kangaroo Island, South Australia (Figs.
16-1 and 16-2) was mapped and briefly described by Sprigg (Sprigg et al.,
1954; Sprigg, 1955). Daily (1956) gave a more detailed account of the rocks
and their trilobite faunas, which were described systematically by Pocock
(1964, 1967, 1970). The succession comprises six conformable formations
(Daily, in Glaessner & Parkin, 1958, Fig. 14), of which this chapter dis-
cusses the upper four, namely in ascending order the upper part of the Smith
Bay Shale, the White Point Conglomerate, the Emu Bay Shale and the Boxing
Bay Formation. The stratigraphy of the latter three formations is discussed
below, and the stratigraphy of the Smith Bay Shale is presented in Chapter 15.

The present work is based on measured sections of the four formations
which occur in virtually continuous succession between Bald Rock and The Big
Gully (Fig. 16-23), and in fault-bounded sections near Cape D'Estaing
(Fig. 16-2B). The Bald Rock section is nearly 1300m thick (Fig. 16-3), and
has the advantage of stratigraphic continuity through all four formations,
with minor gaps due to beach development. The Bald Rock and Cape D'Estaing
sections (Figs. 16-3 and 16-4) are regarded as lateral, essentially time-
stratigraphic eqguivalents, because they both contain a distinctive mottled
limestone unit (665m, 160m and 42m respectively on Figs. 16-3, 16-4B and
16-4C), and the same trilobite faunas in conformably overlying and under-

lying rocks.

THE STRATIGRAPHY OF THE WHITE POINT CONGLOMERATE

Originally named the White Point Limestone by Sprigg (Sprigg et al.,
1954; Sprigg, 1955), this 600m thick sequence of polymictic conglomerates
(Plate 156) and interbedded shales (Plate 157) and sandstones (Plate 158)
was renamed the White Point Conglomerate by Daily (1956), who defined a
type section in the vicinity of Bald Rock.

In the type section (Fig. 13-1 in rear pocket, Fig. 16-3), the White
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Point Conglomerate rests conformably on rippled silty sandstones of the
Smith Bay Shale and is overlain conformably by grey shale and fine silt-
stone of the Emu Bay Shale. The upper part of the White Point Conglomerate
is also present on the east side of Cape D'Estaing, adjacent to Emu Bay,
where it is overlain conformably by greyish green siltstones of the Emu
Bay Shale (Fig. 13-1 in rear pocket, Fig. 16-4). A third outcrop of White
Point Conglomerate occurs on the west side of Cape D'Estaing (Fig. 16-2).
This section is fault bounded, however it can be correlated with the two
sections discussed above on the basis of a distinctive burrow mottled lime-
stone unit and an adjacent trilobite fauna which occur in all three out-
crops (Fig. 16-4).

The trilobite Balcoracania dailyi Pocock occurs in a thin burrow-

mottled limestone and associated shales near the top of the formation

(Pocock, 1970). The trilobites Emuella polymera Pocock, Estaingia bilobata

Pocock and Redlichia and other fossils including tubes and opercula of

R

hyolithids occur in shales and siltstones in the White Point Conglomerate
west of Cape D'Estaing (Pocock, 1964, 1967; Daily, 1977). Arthropod tracks,
worm burrows and minor molluscan trails occur in fine-grained intervals

throughout the formation.

THE STRATIGRAPHY OF THE EMU BAY SHALE

The Emu Bay Shale was defined by Sprigg (Sprigg et al., 1954; Sprigg,
1955). The stratotype is located on a wave-cut platform between Cape
D'Estaing and Emu Bay, west of the Emu Bay Jetty (Fig. 16-2a).

The Emu Bay Shale comprises a dominantly fine-grained, shaly and
silty sequence (Plate 159), with minor interbeds of sandstone and conglom-
erate up to 1lm in thickness. In both sections, the sequence generally
coarsens upwards, with evenly laminated grey to black shale near the base,
giving way to grey-green and red, flaser bedded, linsen bedded, contin-
uwously rippled and minor planar laminated siltstone in the upper portion.

Red-brown to grey, medium—-grained, arkosic sandstone interbeds are typi-
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cally trough cross-bedded, occurring in sets of multiple intersecting
troughs up to 1lm in thickness. Granule to cobble conglomerate beds are
rare, and were not noted in the type section. The conglomerates are
lenticular, and some have markedly channeled bases (Plate 160). The finer,
granule conglomerates are internally trough cross—-stratified.

In the type section (Fig. 16-4), the basal 20m of dark grey shale
and siltstone are slightly calcareous and contain the trilobites Estaingia

bilobata Pocock, Redlichia, Emuella dalgarnoi Pocock and a species of ]

Hyolithes (Pocock, 1964, 1970; Daily, 1977). The interval is infrequently
bioturbated. The overlying silty sequence is also bioturbated and arthro-
pod tracks are abundant (Plate 161). Interference ripples were noted in
the siltstones in several outcrops.

In The Big Gully section (Fig. 16-3), the basal 12m of the Emu Bay
Shale comprise grey-black to black shale and fine siltstone. This unit con-
tains, in addition to the fauna cited above, phyllocarids and other crusta-
ceans and annelids. According to Daily (1977, p.10), "the excellent pre-
dervation and articulated nature of most of the fossils is indicative of a
strongly reducing bottom environment (stagnant) generally free of current
activity". Complete specimens of Redlichia up to 35cm in length occur at
this locality. The black shales are devoid of arthropod tracks, and are
only sparsely burrowed. However, the overlying sequence contains abundant
burrows and trilobite tracks, in association with red and red-brown, ripple-

laminated and desiccation cracked siltstone.

THE STRATIGRAPHY OF THE BOXING BAY FORMATION

Strata now comprising part of the Boxing Bay Formation were originally
termed "Pt. Marsden series" by Madigan (1928) and the "Pt. Marsden conglo-
merates" by Sprigg et al. (1954). However, since the conglomeratic outcrops
on Point Marsden are isolated from the rest of the sequence by a long
stretch of beach devoid of outcrop (Fig. 16-2B), Daily (1956) abandoned

this nomenclature and named the sequence overlying the Emu Bay Shale between
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Big Gully and White Point the "Boxing Bay Formation". The 350m thick
sequence of sandstones and conglomerates on Pt. Marsden are considered

by Daily (1956, 1977) to represent either an upward continuation of the
Boxing Bay Formation or, less likely, a faulted repetition of that forma-
tion. Recently, Daily et al. (in press) attributed a fault bounded sec-
tion of sandstone, shale and interbedded conglomerate on the tip of Cape
D'Estaing to the Boxing Bay Formation on lithological, sedimentological
and structural grounds. The sequence had formerly been considered as part
of the White Point Conglomerate.

Outcrops of the Boxing Bay Formation in the type section, at Pt.
Marsden and in the vicinity of Cape D'Estaing are shown in Figure 16-2.
Stratigraphic sections were measured for all these outcrops with the excep-
tion of the Point Marsden beds. The Point Marsden stratigraphy is compli-
cated by several small beach-covered intervals and by several faults of
unknown displacement.

In the type section, the Boxing Bay Formation comprises 500m of
réddish brown sandstone (Plate 162), with common shale, siltstone and thin,
lenticular conglomerate interbeds (Plate 163) (Fig. 16-3). The sequence
rests conformably on the Emu Bay Shale. The contact can be seen near
The Big Gully and also about 100m west of the Emu Bay Jetty, where the base
of the Boxing Bay Formation is defined as the first major red-brown sand-
stone interval (Fig. 16-4). The top of the Boxing Bay Formation is nowhere
exposed, and thus the total stratigraphic thickness of this formation re-
mains unknown. Daily (1977, p.l1l1l) reported that "beds younger than the
Boxing Bay Formation" are unknown along the north coast of Kangaroo Island".
However, a fault bounded outcrop of conglomerate adjacent to Bald Rock, to
the west of the Smith Bay Shale outcrop, contains clasts of Kanmantoo Group
metasandstone and metasiltstone, and thus may be late Middle Cambrian, Late
Cambrian, or even post—-Cambrian in age. Unfortunately, its relationship to
the rest of the sequence is unknown.

The type section of the Boxing Bay Formation can be divided into

T

T
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three units (Fig. 13-1, rear pocket), comprising a lower sandy sequence
(with minor siltstone and rare shale), a middle mixed sequence (which con-
tains most of the shale and conglomerate beds) and an upper sandstone se-
quence (devoid of shaly or conglomeratic intervals). The fault bounded
section of the Boxing Bay Formation on Cape D'Estaing is considerably more
conglomeratic than any of these three members, however it is best related
on lithological grounds to the middle mixed member of the type Boxing Bay
Formation. The Point Marsden outcrops are somewhat different again, with
their prominent channels, well-developed cross-stratification and abundance
of coarse grey, calcareous sandstones associated with the conglomerates
(Plate 164). On this basis, the author supports Daily's (1956, 1977) view
that these beds probably represent an upward continuation of the type
Boxing Bay Formation. No body fossils have been found in the formation

to date, although shaly intervals commonly contain arthropod tracks and

worm burrows (including Skolithos). Molluscan trails are rare.

ENVIRONMENTAI, ANALYSIS OF THE UPPER SMITH BAY SHALE,

WHITE POINT CONGLOMERATE, EMU BAY SHALE AND BOXING BAY FORMATION.

Facies Associations

Three clastic facies associations and a minor limestone facies asso-
ciation have been recognised in the four formations under discussion.
Variation in the proportions of the clastic associations is the main basis

for distinguishing between the formations.

Conglomerate Facies Association

The conglomerate facies association is restricted almost entirely to
the White Point Conglomerate and the Boxing Bay Formation (Figs. 16-3 to
16-6) and comprises two facies defined on the basis of grain size and
structure. The predominant facies is horizontally bedded cobble to boulder
conglomerate (Plate 165), while trough crogss—stratified (Plate 166) and

plane stratified fine conglomerate to coarse sandstone is less abundant.
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These facies are interbedded, and show strong petrographic affinity. Foxr
example, the White Point conglomerates contain abundant carbonate clasts,
which are also present in their associated sandstones, but in reduced
amounts. In contrast, the Boxing Bay Formation conglomerates are charac-
terised by a greater proportion of gneissic and granitic clasts, while
their associated sandstones are generally richer in feldspar, mica and
quartz (Fig. 16-7A and Appendix D).

A. Clasts in the coarse conglomerate facies are predominantly sub-
rounded to subangular (Plate 167), as determined by visual comparison
(Powers, 1953). Maximum particle size is commonly 50cm in the White Point
Conglomerate although clasts up to Im are present and reach a maximum dia-
meter of 1.5m at Bald Rock. Maximum clast size in the Boxing Bay Formation
conglomerates is commonly 10-20cm, but reaches 50cm.

Most of the coarse conglomerates are framework-supported, but some
are characterised by matrix-support. Clast orientation was measured for
conglomerates in which clasts stood out from the matrix, and showed that
some units, principally those that are matrix-supported have poorly defined
clast orientation, with weak concentrations of ab dips around 70o (Fig.
16-8B, C). Most however, are clast-supported and imbricate, with dips of
the ab plane at angles of 10-400, and a axes sub-parallel to ab strike
(Fig. 16-8a, C). 1In some cases, mostly at Cape D'Estaing, imbrication is
visually apparent (Plate 168). As discussed lated, many of the conglom-
erates are interpreted as alluvial deposits, for which clast imbrication
is an excellent palaeoslope indicator, because the larger clasts imbricate
only at flood stage when flow departs little from the downslope direction
(Bluck, 1974; Rust, 1978). Imbrication thus defines a consistent south-
ward palaeoslope for the White Point and Boxing Bay conglomerates (Fig.
16-9a, e).

Bed thickness is variable in the horizontally bedded coarse conglom-
erates, and shows a rough correlation with maximum clast size. In the

Boxing Bay Formation and in the Cape D'Estaing section of the White Point
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Conglomerate bedding is between 0.2m and 4, commonly 0.5-1m thick.

Thicker conglomerate beds (up to about 10m) are present in the White Point
Conglomerate east of Hawk Nest (Fig. 16-2B), where they alternate with
sequences of relatively thin bedded conglomerate on scale of up to 50m
thick. Normal and reverse grading are both present in the coarse conglom-
erates. In the reverse graded conglomerates, the larger clasts commonly
extend 1-20cm above the upper surface of the bed. Most conglomerate units
have parallel bounding surfaces, but a few have channeled bases (Plate 169),
often irregular.

B. The fine conglomerate and coarse sandstone facies consists mainly
of trough cross-stratified units of granule/pebble conglomerate to coarse
calcareous sandstone (Plate 170). The units comprise multiple intersecting
sets of shallow troughs, commonly about 10cm thick. In many instances they
are interbedded with and may show lateral transition to horizontally strati-
fied coarse sandstone, which is generally too coarse to show current linea-
tion. However current lineations, where present, are generally directed
either east-west or to the south (Fig. 16-9b,f). The modal palaeocurrent
direction for the trough cross-strata in this facies is predominantly north-
ward, although other trends were measured (Fig. 16-9c,g). Current ripples
are not abundant in this facies, and have a variety of orientations
(Fig. 16-94,h). However, in the White Point Conglomerate, prominent modes

to the south and west are present (Fig. 16-94d).

Sandstone Facies Association

The sandstone facies association is present in all four formations,
but is most abundant in the Boxing Bay Formation, followed by the White
Point Conglomerate. It mostly comprises reddish brown, moderately well
sorted, fine- to medium-grained feldspathic sandstones. Petrographically
they differ from the sandstones of the conglomerate association in having
much higher feldspar and mica contents, whereas carbonate clasts are vir-

tually absent. These characteristics distinguish them readily from the
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coarse grey calcareous sandstones associated with the White Point conglom-—
erates, although distinction is more difficult in the Boxing Bay Formation.

A. The most abundant facies is fine to medium-grained, trough cross-
stratified sandstone (Plates 171 and 172) with scattered siltstone or mud-
stone intraclasts. The trough sets are low-angled, average 50-10cm in
thickness, and are arranged in cosets commonly 1-3m thick, which in many
cases show upward decrease in set thickness. Palaeocurrent directions
tend to be bipolar: approximately east-west for the White Point Conglom-—
erate and Boxing Bay Formation, although some northwesterly trends were
noted (Fig. 16-10a,b,c). Contorted layers are relatively common (Plates
173 and 174), and mostly comprise folded structures up to 1.5m in ampli-
tude with subvertical symmetry. This suggests that deformation took place
by predominantly vertical movement (probably related to liquefaction and
water escape) rather than by lateral displacement. Contorted layers
commonly continue to the limits of outcrop (maximum of 35m), and are over-
lain by undeformed strata without truncation.

B. Plane laminated sandstone with heavy mineral concentrations along
laminae is a less abundant facies. It is fine- to medium-grained and
moderately well sorted, except for occasional gneissic or granitic pebbles.
Primary current lineation is common, and has a predominantly east-west
orientation in the Smith Bay Shale, White Point Conglomerate and Boxing Bay
Formations (Fig. 16-10d,e,f). Plane laminated sandstone (Plate 175) is
commonly interbedded with cross-stratified sandstone or units of the con-
glomerate facies association. Units vary in thickness from approximately
10cm to 1.5m.

C. Ripple laminated sandstone (Plate 176) is a very minor facies
within the sandstone facies association. It is fine- to medium-grained,
and generally overlies or is interbedded with plane laminated and trough
cross-stratified sandstone. Ripple laminated intervals are rarely greater
than 20cm in thickness. Ripples are typically linguoid in form, with

average crest spacing of 12cm and ripple height of approximately 3cm.
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Ripple orientations are bipolar east-west (Fig. 16-10g,h,i).

Fine-grained Facies Association

This association comprises a spectrum of interbedded siltstone, mud-
stone and minor sandstone ranging from continuously rippled very fine
sandstone with rare, thin, current lineated intervals, through flaser
bedding, wavy bedding, lenticular bedding to evenly laminated shale and
massive mudstone (Reineck and Wunderlich, 1968; Reineck and Singh, 1975,
Fig. 164). The association is most abundant in the Emu Bay and Smith Bay
Shales, but it is also present in the White Point Conglomerate and Boxing
Bay Formation. The latter two formations contain a greater proportion of
the sandier members of the facies spectrum, whereas the Emu Bay and Smith
Bay Shales are characterised by its muddier constituents. For the sake of
simplicity, the spectrum is divided arbitrarily into three facies, one
with sandy layers, the others in which sandstones are rare.

A. Rippled sandstone, commonly associated with mudstone flasers, is
the predominant facies of the fine-grained association; it is present in
all four formations, but particularly characterises the Smith Bay Shale
and the upper part of the Emu Bay Shale. It consists of red to greenish-
grey wavy and lenticular beds (Plate 177) with minor simple flaser bedding
and rare, continuously rippled (Plate 178) and plane laminated sandstones.
The ripples commonly have amplitudes of 1-2cm and include highly asymmetri-
cal, symmetrical (Plate 179) and interference forms, with crest lines
varying from straight to highly sinuous (linguoid). Vertically adjacent
rippled sets with opposed dips are common; double-crested ripples (Reineck
and Singh, 1975, p.368) are present, but not abundant. The palaeocurrent
directions indicated by ripples and current lineations are mainly bipolar
and are essentially the same for all four formations: east-west, with
minor variations (Fig. 16-11). North-south current lineations in the Emu
Bay Shale (Fig. 16-1lc) were collected over a very small stratigraphic
interval in one area only, and thus may not be representative of the forma-

tion as a whole.
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Shrinkage cracks are common in the mudstones of this facies and in
many cases are associated with trilobite tracks (Plate 180), horizontal
and subvertical burrows and molluscan trails (Plate 179). The cracks are
mainly of regular, random, nonorthogonal type (Kahle and Floyd, 1971,

Fig. 7F), a form characteristically developed during subaerial desiccation.
Plate 181 illustrates a large downward-tapering desiccation crack in mud-
stone filled by gravels.

B. The laminated to massive mudrock facies makes up a minor part of
the succession, occurring in the middle of the Boxing Bay Formation and in
the upper part of the White Point Conglomerate. It comprises grey-green
and red, evenly laminated shale and massive mudstone, commonly with abundant
desiccation cracks. Trilobite tracks are fairly common, whereas burrows and
molluscan trails are rare. Pocock (1970) described the trilobites Emuella

and Balcoracania from shales in the White Point Conglomerate. The same beds

also contain the trilobites Redlichia and Estangia.

C. Dark grey to black shale is a distinctive minor facies, restricted
to the Emu Bay and Smith Bay Shales, and transitional vertically to the
other fine-grained facies described above. The shale is partly calcareous,
with rare streaks of siltstone or fine sandstone, and contains sparse
burrows but lacks desiccation cracks. In the lower part of the Emu Bay
Shale near Bald Rock the facies is black and pyritic; bioturbated intervals
are rare, but a well preserved itinerant marine fauna, dominated by the

articulated remains of the trilobites Redlichia and Estaingia bilobata, is

present.

Iimestone Facies Association

A. A grey mottled argillaceous limestone (Plate 182) averaging 3m in
thickness is a significant stratigraphic marker within the White Point Con-
glomerate, in the Cape D'Estaing section (165m, Fig. 16-4C), Big Gully
section (665m, Fig. 16-3) and between Cape D'Estaing and Emu Bay Jetty
(45m, Fig. 16-4B). The mottles, due to bioturbation, are outlined by

argillaceous sediment. It is underlain by fossiliferous grey-green cal-
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careous shales, and overlain by laminated or flaser-bedded sandstones
of the fine-grained facies association.

B. A cross-stratified ocoid grainstone unit (Plate 154) about 1.5m
thick is present in the Smith Bay Shale at 70m in the Bald Rock Section
(Fig. 16-3), while scattered carbonate ooids occur in siliclastic cross-—

stratal sets within the succeeding 100m of section.

Reconstruction of Palaeocenvironments

Introduction

The combination of trilobite tracks and desiccation cracks in the
fine-grained facies association in all four formations indicates re-
currence throughout this dominantly shallow marine succession of upper
intertidal conditions. The facies of this association resemble modern
and ancient tidal deposits (Reineck and Singh, 1975; Ginsburgh, 1975) with
evidence for both current and limited wave activity.

The presence of extrabasinal conglomerates in a tidal succession points
to a ﬁearby high-relief source of terrestrial detritus. Two alternative
modes of deposition are as beach gravels eroded from cliffs by high-energy
waves, or as alluvium transported a short distance to the coast. As dis-
cussed below, the second hypothesis is favoured because of abundant alluvial

features and the absence of high-energy beach deposits.

Conglomerate Facies Association

The coarse conglomerates of the White Point Conglomerate and Boxing
Bay Formation are unlike beach deposits. Beach gravels are typically well
sorted and rounded, with an imbricate fabric of ab planes dipping seaward
at low angles (Cailleux, 1945). Wave-worked pebbles tend to be better
segregated into discrete beds of greater lateral extent than those deposited
by alluvial processes (Clifton, 1973). Most of the White Point and Boxing
Bay Conglomerate beds grade vertically into sandstone, or show vertical and
lateral variation in degree of matrix support; in other words they show
poor bedding segregation. The imbricate conglomerates have a mean ab dip

of 240, which is consistent with alluvial transport (Rust, 1975), but is
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significantly higher than the 12° mean imbrication angles observed in
beach gravels by Cailleux (1945). As discussed previously, the regional
geology points to a northern source, which is consistent with fabric de-
velopment by alluvial transport, whereas the same imbrication formed on a
beach would indicate land to the south. More importantly, the subrounded
to subangular shape of the limestone megaclasts in the White Point conglom-
erates mitigates against a beach environment and indicates short alluvial
transport together with minimal reworking in the tidal-flat environment.

Many other features of the Boxing Bay and White Point conglomerates
are compatible with alluvial transport. Some of the conglomerates are
matrix-supported, and have a poorly defined clast orientation, with high
dips of ab planes (Fig. 16-8B,C). These units commonly show reverse grading,
with some of the larger clasts extending above the general surface of the
bed. Plate 183 shows a conglomerate unit in the Boxing Bay Formation which
has a dispersed fabric (Fig. 16-8B), grades inversely up to a boulder layer
along the convex upper surface, and shows abrupt lateral termination.
Stratification in the overlying sandstone overlaps the conglomerate unit
and is parallel to its base. The conglomerate unit is interpreted as the
edge of a debris flow lobe, similar in form to that illustrated by Curry
(1966, Plate 1). This was the only observed example with preserved surface
relief, and to the best of our knowledge no other cases have been reported
from ancient rocks interpreted as debris flow deposits. However, other
characteristics of this unit, namely matrix support, inverse grading and
poorly defined, subvertical megaclast fabric are more common in this and
other ancient successions, and are equally indicative of debris flow deposi-
tion (Johnson, 1970; Fisher, 1971; Enos, 1977). The interbedding of debris
flow layers with imbricate stream flow gravels is typical of alluvial fans
(Bull, 1972; Rust, 1978). The conglomerate facies association is therefore
ascribed to progradation of alluvial outwash, including in part alluvial
fans, across the tidal flats.

The widespread occurrence of conglomerate outcrops normal to the
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palaeoslope along the north-east coast of the island suggests that alluvial
fans formed a laterally coalescing complex between a mountain front and the
sea. A similar modern environment in the Gulf of California was described
by Walker (1967) and Meckel (1975); alluvial fans also reach the coast of
the Gulf of Elat, where their deposits interfinger with sabkhas and coral
reefs (Gvirtzman and Buchbinder, 1978). McGowen (1971) termed an individual
fan that prograded into the sea a fan delta, but in the present case many
fans were involved, and "coastal fan complex" seems a more appropriate desig-
nation. A more basic objection to a deltaic connotation is that it implies
deposition related to the base level of the sea, with distinctly different
subaerial and submarine parts. In contrast, terrestrial relief is the major
control on alluvial fan sedimentation, including shallow submerged parts,
for modification by wave action and dilution of debris flows are likely to
be relatively minor influences. In the Kangaroo Island succession there is
no evidence that the coarse conglomerates were reworked by waves, nor could
we detect differences between debris flow conglomerates isolated within a
sequence bearing trilobite tracks (presumably subaqueous), and those in
thick conglomerate sequences, probably deposited subaerially. Shoreline
orientation was controlled by the east-west strike of the uplifted mountain
front and as the marine palaeocurrents are similar for most of the sequence
it is concluded that an east-west shoreline was influential throughout.
Apart from paraglacial environments (Ryder 1971), the sharp relief
required to form alluvial fans is commonly due to fault uplift. This is
appropriate in the present case, because dip-slip faults are prominent in
the Delamerian fold-belt and especially along the Torrens Lineament (Fig.
12-2) (Daily et al., 1973, Fig. 2) . The recurrence of tidal deposits through-
out the succession indicates that rates of subsidence and sedimentation
maintained approximate balance, despite periodic alluvial influx in response
to faulting. The thick conglomerate section east of Hawk Nest (Figs. 16-2
and 16-3) implies very rapid accumulation, which at times probably exceeded

the rate of subsidence, but terrestrial deposition cannot be proved con-
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clusively, because land plants did not evolve until the mid-Palaeozoic.
In addition, sedimentation was too coarse and rapid for soil to develop.

The large size and moderate rounding of limestone clasts in the White
Point conglomerates implies a source within a few kilometres. Sneed and
Folk (1958) showed that limestone pebbles in the Colorado River, Texas
achieved maximum rounding in about lékm of transport. The partial rounding
of limestone clasts suggests that the escarpments from which they came pro-
bably lay 5-10km north of the present north coast of Kangaroo Island, up a
relatively steep palaeoslope (Fig. 16-12).

The conglomerate succession east of Hawk Nest shows an alternation of
thick bedded coarse conglomerate and thin bedded finer conglomerate with
sandstone interbeds. Sequences that coarsen upward, fine upward, or coarsen
then fine are all present. However, in most cases, it is hard to define
cycles because of the lack of well-defined starting horizons; the section is
described more realistically in terms of alternation of the two facies
rather than cyclicity. Alternations are commonly on a 20m scale, but reach
up to 50m in thickness. In terms of facies types the succession resembles
the upward-coarsening cycles recognised by Steel et al. (1977) in Devonian
alluvial fan deposits in Norway. These authors attributed their cycles to
lowering of the basin floor by marginal faulting, which increased local
relief and stimulated fan progradation. Distal deposits were overlain by
more proximal detritus, and an upward-coarsening cycle resulted. However,
one would expect the complete sedimentary response to fault uplift to be
an initial fan progradation causing upward coarsening, followed by gradual
return to equilibrium, resulting in upward fining. Coarsening-then-fining
cycles can therefore be attributed to sufficient time lapse between fault
movements to allow completion of the sedimentary response, whereas upward
coarsening cycles indicate interruption by renewed faulting. Alternation
of coarse and fine deposits can result from sedimentary mechanisms such as
lateral migration of fans, or progradation of active fans over inactive

neighbours. Variation in the White Point conglomerates in the vicinity of
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Hawk Nest is therefore attributed to sporadic uplift along the east-west
oriented fault escarpments, and varied sedimentary responses in neighbouring
fans along the complex.

Trough cross-bedding in the fine conglomerate and coarse sandstone
facies of the conglomerate association indicates predominantly northward
transport (Fig. 16-9c,g). This is incompatible with alluvial deposition,
and is attributed to the action of onshore waves, by analogy with shoreward-
dipping cross-strata formed by lunate megaripples in the outer rough zone
of a non-barred coast (Clifton et al., 1971). The north-south current linea-
tions in the plane laminated sandstones of the conglomerate association
(Fig. 16-9b) could also be wave-worked deposits, representative of one of the
plane bed zones of the nearshore (Clifton et al., 1971). However, in this
case, there is no evidence to distinguish plane lamination formed by wave,
alluvial or combined processes. Current crescents, indicating flow to the
south, may have formed either by alluvial processes or by backwash on the

shoreface.

Sandstone Facies Association

Modal orientations of trough cross-beds in the sandstone facies asso-
ciation, although variable, are mainly towards the east, west and north-
west (Fig. 16-10). With a dominant southward palaeoslope these cannot be
attributed to alluvial deposition, and they are therefore ascribed to marine
processes. As with the fine conglomerates discussed above, northerly and
northwesterly dipping cross-beds are attributed to oblique, onshore wave
action (Plate 184).

The east-west palaeocurrent modes for trough cross-beds in the White
Point Conglomerate and Boxing Bay Formation are interpreted together with
their respective lineated sandstones because of similar orientation (Fig.
16-10). The lineated sandstones can be assigned palaeocurrent directions
where they have current crescents, or where they form scours and drapes

around boulders at the top of an underlying conglomerate bed (Plate 185).
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On this basis (Fig. 16-10d,e,f), the lineations indicate bipolar (upper
flow regime), east-west transport, with the predominant mode to the west,
at least for the Boxing Bay Formation. It is concluded that the trough
cross-bedded and current lineated sandstone facies were transported by é
shore-parallel currents, which is consistent with their abundant feldspars ’
and lack of carbonate clasts, indicating that they were not derived from
the carbonate source rocks to the north. Clifton et al. (1971, p.657)
observed that cross-strata in the inner rough zone of the nearshore have a
pronounced longshore component when influenced by longshore currents.
However, there is no evidence that wave—induced longshore currents alone
can form plane laminated, lineated sands although they have been reported
from numerous tidal deposits, both modern and ancient. Modern examples in-
clude those described by Dorjes et al. (1970), Howard and Reineck (1972,

p.110), Kumar and Sanders (1974), Knight and Dalrymple (1975, p.54),

TERETr

Wunderlich (1970) and Terwindt (1971). Most authors did not indicate
whether the plane laminae were also lineated, probably because lineation

is hard to observe in sections of modern sediments. However, Kumar and
Sanders (1974, p.514) reported plane laminated sand formed by upper regime
flow in shallow tidal channels, and both Wunderlich (1970, p.111l) and
Terwindt (1971, p.519) regarded their plane laminated sands as deposits

of high velocity, highly turbulent flows, conditions which are incompatible
with planar beds of the lower flow regime. Klein (1970, Table 2) listed
examples of supposed ancient tidal deposits, many of which contain plane
laminated sandstone. Allen and Tarlo (1963) demonstrated the similarity
between a Devonian tidal deposit and modern equivalents in the Wilhelmshaven
area, both containing a plane laminated sand facies. Barnes and Klein (1975)
used modern tide-dominated sand bodies in the North Sea to interpret plane-
laminated sandstones in the Zabriskie Quartzite as tidal current bedload
deposits. Plane laminated sandstones with lineations were reported from
ancient tidal successions by Ireland et al. (1978) , Tankard and Hobday (1977)

and Hobday and Horne (1977), while Sellwood (1972) interpreted plane lami-
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nated sands as an upper flow regime structure formed on tidal flats. Like
the Kangaroo Island case, the lineations discussed by Tankard and Hobday
(1977, p.140) were parallel to the inferred shoreline.

In the case of Kangaroo Island, shore-parallel orientation of linea-
tions, and association with similarly oriented bipolar cross-beds and
ripples suggest that the structures were mainly formed by tidal currents.

A possible explanation for the essentially unidirectional paleocurrents of
the lineated sandstones may be that they only formed when storm surge (and
perhaps wave-induced longshore drift) augmented the tidal currents.
Sellwood (1972, p.103-4) proposed a similar explanation (formation by wind-
tides and hurricanes) for plane laminated sands formed on tidal flats of a
Liassic eipcontinental sea. Shaw (1964) and Mazzullo and Friedman (1975)
argued against tidal influence in epicontinental seas, but Johnson and
Belderson (1969) and Klein and Ryer (1978) produced abundant evidence for
tidal deposition in at least some ancient seas of this type. Several of
the modern and ancient examples cited above are from epicontinental seas,
indicating that the necessary velocity/depth conditions of tidal flow to
form lineated, plane laminated sand can occur within this environment.

The common occurrence of contorted structures in the trough cross-
stratified sandstone (Plates 173 and 174) is interpreted as largely due to
rapid deposition in a loose-packed state (Allen, 1972). Allen and Banks
(1972) showed that loose-packed sands are easily liquified in response to
sudden shock, and the resultant movement may deform primary structures. In
the present case, the cross-beds were evidently deposited in a relatively
loose-packed state, and the proximity to active faults makes seismic shock
a likely trigger mechanism (Brenchley and Newall, 1977). Dalrymple (in
press) suggested that the depth of deformation within a unit may be taken
as indicative of the depth of liquefaction of the original sediment.

Synsedimentary deformation down the direction of cross-bedding is
rare in the sandstones of this sequence. By comparison, it is a major fea-

ture in the cross-bedded metasandstones of the Kanmantoo Group further south
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on Kangaroo Island, which were deposited further offshore (Flint, 1978).
The passage of a wave or current may exert a horizontal drag on the under-
consolidated bed, and deform the cross-strata into features like recumbent
folds (Allen and Banks, 1972; Dalrymple ig_g£§§§). This mechanism is in-
voked to explain the relatively rare contorted structures in the north
coast succession with sub-horizontal symmetry, for the slope was probably

too gentle to initiate slumping.

Fine-grained Facies Association

The spectrum of facies in this association i1s similar to that observed
in many ancient and modern tidal deposits (Reineck and Singh, 1975, p.355-
372; Ginsburg, 1975). Characteristic features are the association of
desiccation cracks with a marine infauna and epifauna, and the interbedding
of ripple laminated marine sandstone and coarse siltstone with varying pro-
portions of mudstone (Plates 177 and 178). In most cases desiccation cracks
are associated with red rocks, and indicate temporary emergence of the tidal
flat. The cracks are absent from a minor part of the succession, which is
commonly greenish-grey to dark grey in colour, and is interpreted as lower
intertidal to subtidal.

The palaeocurrent patterns for ripples and current lineations in most
of the sequences are essentially bipolar parallel to the shore, with minor
onshore and offshore modes (Fig. 16-11). Sandstones with north-south
lineations are prominent in the upper Emu Bay Shale and basal Boxing Bay
Formation at Emu Bay, and are interpreted as backwash lineations formed on
a shoreface (Hantzschel, 1939, Fig. 9 and p.48). Thus, onshore/offshore
modes result principally from wave action, whereas shore-parallel modes are
due to tidal currents flowing along the shore, as observed by Evans (1965)
on the lower flats of the Wash, England. The Kangaroo Island tidal flats
are therefore interpreted as an environment in which tidal currents predomi-
nated over wave action.

DeRaaf, Boersma and van Gelder (1977) described a Carboniferous
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succession in southern Ireland that 1s similar to the fine-grained facies
association of the Kangaroo Island rocks but shows a sharper separation of
coarse and fine elements. They recognised four types of sequence: those
that fine upward, coarsen upward, coarsen then fine upward (CUFU), and
sequences that are random intercalations. We have recognised similar se-
quences (Figs. 16-5 and 16-6) but the relative proportions differ: random
intercalations and fining-upward sequences are more abundant, while CUFU
sequences are rare.

DeRaaf et al. (1977) interpreted their succession as almost entirely
wave generated. This conclusion was based largely on the recognition of
wave-formed ripples, for which several criteria were listed. We also recog-
nise distinctive wave-generated features, such as symmetrical ripples and
form-discordant cross-—-lamination but see wave action as moderate and accom-
panied by relatively strong tidal currents. Apart from this distinction,
the interpretation of deRaaf et al. (1977) for coarsening upward and random
sequences appears to be applicable to the Kangaroo Island succession (Figs.
16-5 and 16-6). Upward coarsening within the sandy units of the fine-
grained facies association (Figs. 16-5b,c, and 16-6b,c) probably indicates
shoaling on the outer part of the tidal flat, thereby intensifying wave and
current activity. Random sequences can be attributed to storms, which in-
crease wave energy and augment tidal and other currents through storm surge
effects. Random sequences could also result from another storm effect:
increased terrestrial runoff influencing tidal flat sedimentation through a
rapid influx of terrigenous detritus. There is no evidence that individual
tectonic movements influenced tidal flat sedimentation, for one would expect
the terrigenous influx to give rise to upward coarsening then upward fining
(the CUFU sequence of deRaaf et al., 1977). This type of sequence is rare
in the fine-grained association on Kangaroco Island despite the fact that
alternations in the conglomerate facies association indicate recurring tec-—
tonic influence.

DeRaaf et al. (1977) had only one independent fining-upward sequence
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in their succession, and did not attempt a full explanation. Such sequences
are more common in the Kangaroo Island rocks (Figs. 16-5 and 16-6), and are
of two types. One type leads to the development of dark shales which lack
desiccation cracks, and in some cases contain pyrite, articulated trilo-
bites and annelid impressions with preservation almost comparable to that

of the Burgess Shale (Whittington, 1971). Fining-upward sequences of this
sort are attributed to transgressive events in which the rate of subsidence
exceeded that of sedimentation. The depth of water (subtidal) and partial
isolation tended to cause stagnation of bottom waters and the reducing con-
ditions favoured preservation of body fossils. In the second (more common )
type of fining-upward sequence grey-green siltstones commonly with worm
burrows and abundant trilobite tracks pass up into red mudstones with desi-
ccation cracks and rarer occurrences of such traces (Fig. 16-6c, base of
section). This is interpreted as a regressive sequence in which conditions
on the inner part of the tidal flat changed from a dominantly subtidal to

an upper intertidal to supratidal environment. Deposition of finer sediment
in the shallower environment was due to frictional loss of wave and current
energy during passage into a relatively sheltered part of the tidal flat.
This is in contrast to the effect of shoaling on outer parts of the tidally-
dominated areas, which were interpreted above as resulting in coarsening-

upward sequences.

Evolution of the Alluvial-Tidal Complex

The upper four formations in the Cambrian succession of northeast
Kangaroo Island show an alternation of fine and coarse deposits which re-
flects temporal changes in the coastal environment. The fine-grained facies
association is dominant in the Smith Bay Shale, and includes a minor part
interpreted here as subtidal to lower intertidal. Evidentally there was a
tendency for subsidence to exceed sedimentation on the tidal flat during
deposition of the Smith Bay Shale. There is no direct evidence of terres-
trial influence on the Smith Bay Shale, but the fact that its palaeocurrent

pattern is similar to that of fine-grained facies in the overlying White
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Point Conglomerate indicates a similar pattern of waves and currents. It
is therefore concluded that shoreline orientation was similar for the two
formations, with a subdued northern landmass during Smith Bay Shale sedi-
mentation.

During deposition of the White Point Conglomerate uplift occurred in
the northern landmass, from which fossiliferous Early Cambrian and Precam-
brian crystalline rocks were eroded. Uplift probably occurred along dip-
slip faults located in what is now Investigator Straight, adjacent to
Kangaroo Island, as part of the fault-dominated tectonics of the region.
Uplift and the resulting fan progradation were not uniform in time and space:
thick, coarse fan deposits accumulated east of Bald Rock, while west of
Cape D'Estaing gravel beds, commonly lenticular, alternated with shallow
marine deposits. Tidal flat sedimentation persisted over much of the study
area, and throughout the greater part of White Point Conglomerate deposition,
but it was considerably influenced by alluvial influx from the north. This
interfingering of alluvial fan and tidal flat complexes is relatively un-
usual in the geological record; more commonly alluvial fans were entirely
terrestrial (eg. Steel et al., 1977), or low-slope, high sinuosity rivers
intervened between the fan complex and the sea (Miall, 1970; Tankard and
Hobday, 1977).

The section east of Bald Rock shows a general fining upwards in the
upper part of the White Point Conglomerate, terminating in a thin conglo-
merate at its top. This suggests that the northern source was gradually
worn down after uplift ceased. The contact between the White Point Con-
glomerate and the Emu Bay Shale is sharp and represents a sudden deepening
possibly associated with a transgression: a strongly reducing environment
pertained which gradually became dominantly oxidising with shallowing and
upward coarsening of the sediment. Thus, the upper part of the Emu Bay
Shale represents a return to dominant tidal flat deposition, with very few
conglomerate beds indicative of coarse terrigenous influx. With the excep-

tion of north-south lineated sandstones, palaeocurrent directions for the
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Emu Bay Shale are similar to the other formations, suggesting maintenance
of the east-west shoreline. The two sections of the Emu Bay Shale (Cape
D'Estaing and Bald Rock, Figs. 16-3 and 16-4) do not reveal significant
lateral variation along the tidal flats at that time, although the dark
pyritic shale facies is present only in the Bald Rock section. The terres-
trial relief which had developed and persisted during White Point times had
been largely eliminated, but some erosion evidently continued in the source
area, for when the alluvial fan complex prograded southward again in Boxing
Bay times as a result of further tectonic uplift, the clast assemblage was
enriched in gneiss and granite. This shows that basement rocks had become
extensively exposed in the source area during the intervening period. Al-
though mainly composed of more resistant lithologies, the clasts of the
Boxing Bay Formation conglomerates are significantly smaller than those of
the White Point Conglomerate. This indicates either that the terrestrial
source was less elevated in Boxing Bay Formation times, or that the uplifted
area was further north than during White Point Conglomerate deposition.
However, conglomerate imbrication and palaeocurrents of the sandstone and
fine-grained facies associations show that the east-west strike of the

source terrane and of the shoreline was maintained.
CONCLUSIONS

The uppermost Lower Cambrian succession of northeast Kangaroo Island
was formed along an ancient shoreline subject to strong tidal, minor wave
and at times alluvial influence. The fauna and sedimentary structures of
the fine-grained sediments indicate that deposition was mainly intertidal
while alluvial influence is represented by conglomerates and coarse sand-
stones with stratification, textures and fabrics in some cases comparable
to those of alluvial fans. The restriction of wave-worked deposits to cross-—
stratified fine conglomerates and associated sandstones suggests that wave
energy was moderate. Likewise the absence of well-rounded clasts is simi-
larly significant. Plane laminated sandstones with current lineation sub-

parallel to the shoreline cannot be explained by direct wave action. By
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analogy with similar sands in modern environments, they are attributed to
tidal currents, probably augmented by wave-induced longshore drift and storm
surge effects. Other indications of tidal current activity are the bipolar
longshore palaeocurrents for ripples and cross-—strata.

The palaeoenvironment is interpreted as a shoreline along which allu-
vial deposits, including alluvial fan complexes, interfingered with tidal
deposits. Shoreline migration was in response to the interplay of fault
uplift of the northern source area and basinal subsidence, which determined
the nature and amount of coarse alluvial detritus shed southwards into the

basin.
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INTRODUCTION

The preceding study comprises a detailed examination of the strati-
graphy and sedimentology of the Billy Creek Formation (Flinders Ranges)
and its lateral equivalents on the northeast coast of Kangaroo Island,
South Australia. The study concentrates on the Billy Creek Formation
(Chapters 2 to 11), and detailed conclusions regarding the depositional
history of this predominantly fine-grained,red-bed sequence are presented
in Chapter 11. Unfortunately, no outcrops of late Early Cambrian strata
occur in the southern Flinders Ranges, and thus a zone of no outcrop,
several hundred kilometres long, separates the Billy Creek Formation from
its lateral equivalents on Kangaroo Island. This chapter presents some
tentative correlations between the two sequences, and briefly discusses
the nature of late Early and early Middle Cambrian sedimentation in South
Australia, with particular emphasis on sedimentation in the Adelaide

'Geosyncline'.

THE KANGAROOIAN MOVEMENTS AND LATE EARLY - EARLY MIDDLE CAMBRIAN

SEDIMENTATION IN SOUTH AUSTRALIA

Sedimentation in the Adelaide 'Geosyncline' in the late Early and
early Middle Cambrian was largely controlled by the Kangarooian Movements
(Daily and Forbes, 1969); a complex and persistent tectonism which was most
pronounced in the southern portion of the geosyncline. The Kangarooian
Movements were responsible for:

(a) fault-controlled uplift of the Gawler Block in the Yorke Penin-
sula - Investigator Strait area (particularly the latter), and
subsequent erosion of the thin Early Cambrian platform cover and
underlying basement metamorphics;

(b) formation of the Kanmantoo Trough through fault-controlled
collapse of the sea floor to the south and southeast of the up-
lifted Gawler Block, and deposition of a thick sequence of flysch-

like sediments in the rapidly subsiding basin;
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(c) formation of a shallow marine platform to the south of the
Gawler Block in the vicinity of northeastern Kangaroo Island.
This platform probably intervened between deeper water Kanmantoo
Group sediments which lay to the south, and the uplifted areas
(eg. the Investigator Strait High) which lay to the north;

(d) deposition of (?)continental gravels and marginal marine red-
beds adjacent to the uplifted areas on Yorke Peninsula (the
Minlaton Conglomerate) ;

(e) deposition of coarse alluvial detritus and formation of alluvial
fan complexes which intertongued with the intertidal and shallow
marine shelf sediments in the vicinity of northeastern Kangaroo
Island. The conglomerates and associated coarse calcareous sand-
stones were shed southwards from the Investigator Strait High and
adjacent uplands, whereas the shallow marine and intertidal shelf
sediments were derived from a more distant basement source, and
transported to the site of deposition by longshore tidal currents,
flowing east-west;

(f) gentle but persistent uplift and erosion of the Broken Hill-Olary
region, causing a coarsening-upward sequence of arkosic clastics
(the Billy Creek Formation) to be deposited in the northern
Adelaide 'Geosyncline';

(g) strong, but short-lived uplift of the area between the Broken
Hill-Olary Block and Reaphook Hill in the Flinders Ranges,causing
erosion of the Adelaidean and Early Cambrian cover rocks, and
their subsequent deposition in a local, probably fault-controlled
depression at Reaphook Hill (the Coads Hill Member of the Billy
Creek Formation).

In addition, the Kangarooian Movements may have been responsible for

the widespread regression that is indicated in late Early Cambrian sequences
throughout South Australia. Apart from the Kanmantoo Group, the sediments

are all very shallow water deposits, and indicate at least partial derivation
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from the crystalline basement of either the Gawler Block or the Willyama
Complex. To the east of the Gawler Block in the late Early - early Middle
Cambrian, fine-grained sediments of the Yarrawurta Shale (Johns, 1968)
accumulated in a very low energy environment on a broad intertidal shelf

(the Stuart Shelf). Further east, coarser-grained sediments of the Billy
Creek Formation were deposited in a shallow epicontinental sea (the northern
Adelaide 'Geosyncline'). South of the Gawler Block, tidal deposits accumu-
lated on a shallow tide-swept shelf flanking the Investigator Strait High
while further offshofe, to the south and east of the uplifted area, deeper
water, flysch-like sediments accumulated in the rapidly subsiding Kanmantoo
Trough. Geophysical evidence suggests that the east-west trending belt of
Kanmantoo Group rocks on Kangaroo Island swings to the northwest beneath

the floor of the offshore Duntroon Basin, and thus follows the southern and
southwestern margins of the Gawler Block (Smith and Kamerling, 1969).

Further west, gently dipping sandstones and conglomerates of unknown age
occur at Mt. Wedge on the eastern margin of the Polda Trough, and according
to Daily et al. (1973, p.62) "are lithologically similar to Cambrian rocks

on the north coast of Kangaroo Island and Yorke Peninsula" and thus may indi-
cate continuity of late Early Cambrian sedimentation in this area. To the
west of the Gawler Block, a thick sequence of fine-grained, arkosic red-beds
(the Observatory Hill Beds; Wopfner, 1969c), lithologically similar to the
lower and middle portions of the Billy Creek Formation, has been tentatively
correlated with the Billy Creek Formation by Gatehouse (1976). Recent
drilling in the Officer Basin has confirmed the widespread extent of the
red-beds, with sequences similar to the Observatory Hill Beds intersected

in Emu No. 1 (Grasso, 1963), Mallabie No. 1 (Daily et al., 1973), Murnaroo
No. 1 (Gatehouse, ig_gggﬂg.,a) and Wilkinson No. 1 (Gatehouse, iE.EEEE}'b)°
Kreig (1969) correlated the Observatory Hill Beds at Wallatinna with a se-
quence of red-beds in the Mt. John area. Thus, it is concluded that Cambrian
(and probably more specifically, late Early Cambrian) clastics were deposited

in a more or less continuous belt around the Gawler Block.
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Thin beds of halite occur in the lower portion of the red-bed sequence
in Wilkinson No. 1 bore, together with the presence of thin micritic and
oolitic carbonate interbeds (many of which are dark and foetid) suggests
that the sequence at this locality was deposited in a very shallow and very
restricted marine embayment, flanked on the north by the Musgrave Block and
on the south by the Gawlexr Block. By comparison, the sediments of the Billy
Creek Formation were deposited under less restricted conditions, where the
precipitation of halite was confined to the ephemeral growth of isolated
hopper crystals on upper intertidal and supratidal mudflats. Also, the sedi-
ments of the Billy Creek Formation are much better sorted and winnowed than
those in the Wilkinson No. 1 bore, which show minimal reworking by marine
processes. On the northeast coast of Kangaroo Island, the late Early Cam-
brian sediments are quite different again, and contain abundant evidence of
reworking by waves and especially tides on a moderate energy, shallow marine
to intertidal shelf. Major differences between the Billy Creek Formation
and the Cambrian succession on the northeast coast of Kangaroo Island are

discussed below.

COMPARISON BETWEEN THE STYLES OF SEDIMENTATION IN THE NORTHERN

AND SOUTHERN PARTS OF THE ADELAIDE 'GEOSYNCLINE'

Both the Billy Creek Formation and its lateral equivalents on the
northeast coast of Kangaroo Island comprise complex sequences with a great
deal of internal variability. However, due to their different sites of
deposition, there are some gross differences which are summarized below.

A. The Billy Creek Formation was deposited in response to relatively
mild uplift of the Broken Hill-Olary Block and mild subsidence in the basin
of deposition. The formation has a maximum measured thickness of approxi-
mately 930m, and averages 500m in thickness. By comparison, uplift of the
Yorke Peninsula-Investigator Strait region and subsidence of the areas to
the south were much more pronounced, with the deposition of a thick sequence

of shelf sediments, presently exposed on the northeast coast of Kangaroo
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Island. The northeast coast sequence is incomplete, however total measured
stratigraphic thickness is approximately 2700m. Thus, the rates of subsi-
dence and sedimentation in the southern portion of the Adelaide 'Geosyncline'
were many times greater than in the northern part of the geosyncline.

B. The more pronounced tectonism in the southern portion of the geo-
syncline, and the close proximity of the northern source area (the fault
escarpment from which the conglomerates were eroded lay only 5-10km north of
the present north coast of Kangaroo Island) were responsible for the develop-
ment of a relatively coarse-grained secquence of clastics by comparison with
those of the Billy Creek Formation.

C. Petrological studies indicate that the source areas for both se-
quences were mainly Precambrian crystalline basement rocks. However, the
interpreted source area for the Kangaroo Island sequence is the Gawler Block,
whereas the source area for the Billy Creek Formation was the Broken Hill-
Olary Block.

D. For both sequences, older, relatively unmetamorphosed cover rocks
provided a minor source of clastic detritus. In the Billy Creek Formation,
Early Cambrian limestones contributed the bulk of the detritus for the con-
glomerate in the basal part of the Coads Hill Member (Unit A), and are also
represented as scattered pebbles in Unit C of the same member. However,
most of the detritus comprising the Coads Hill Member at Reaphook Hill was
derived from the erosion of submature sandstones attributed to the older
Cambrian (Bunkers Sandstone equivalents) or possibly Adelaidean cover rocks.
In the Kangaroo Island sequence, the conglomerates and coarse calcareous
sandstones indicate derivation from Early Cambrian strata and Precambrian
crystalline basement rocks. There is no evidence that Adelaidean sediments
were available as a source of detritus for the Kangaroo Island northeast
coast Cambrian sequence.

E. The muddy nature of the Billy Creek Formation, and the relatively
poor sorting of the sediment into coarse and fine elements indicates that

wave and tidal activity were limited in the northern part of the geosyncline.
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By comparison, the Kangaroo Island sequence is well sorted and the abundance
of current lineated, plane laminated sandstones and large scale cross-—
stratification indicates relatively strong reworking by waves and tides.

F. The very small lateral and vertical variability in the Billy Creek
Formation and the predominance of intertidal conditions (indicated by the
association of desiccation features and trace fossils) throughout much of
the basin of deposition indicates that the sequence accumulated in a very
low energy epeiric sea, characterised by restricted circulation and by a
very low palaeoslope. By comparison, the northeast coast Kangaroo Island
sequence shows much greater lateral and vertical variability and was depos-
ited in relatively open water, on a moderate slope, shallow marine shelf.

G. The Billy Creek Formation is characterised by an abundance of
symmetrical and near-symmetrical, wave-formed ripples. Highly asymmetrical
current ripples are present, but not abundant, indicating that wave oscilla-
tion predominated over tidal current activity. In the Kangaroo Island
sequence however, the vast majority of ripples are of the highly asymmetrical
form, indicating strong tides and subordinate wave oscillation. This obser-
vation is consistent with Shaw's (1964) hypothesis of very limited tidal
activity in shallow epeiric seas.

H. Crests of wave ripples in the Billy Creek Formation are generally
aligned north-south, sub-parallel to the inferred margins of the basin of
deposition. Slight asymmetry in the ripples indicates bipolar transport up
and down the palaeoslope, although shoreward transport was dominant. On
Kangaroo Island however, current ripples, current lineations and much of
the large-scale cross-stratification is directed east-west, parallel to the
inferred shoreline. This feature reflects a basic difference in the environ-
ments of deposition, with longshore tidal currents developing on the rela-
tively open marine shelf, south of the Investigator Strait High, but not
being able to develop in the shallow epeiric conditions of the northern
Adelaide 'Geosyncline' presumably because of frictional loss on the very

shallow tidal flats. As noted in Chapter 16, longshore tidal activity in
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the Kangaroo Island succession was probably augmented, and may have been
originally generated, by oblique wave attack. In the Billy Creek Formation,
there is no evidence of strong wave activity. The very small wavelengths

of the oscillation ripples is partly a reflection of the fine grain-size of
the available detritus, however it probably also indicates that wave fetch
was limited and thus the driving mechanism behind pronounced longshore trans-
port was absent. A further factor is the depth of water at the site of de-
position, for Evans (1965) has shown that on the tidal flats of the Wash,
longshore tidal transport is predominant in the offshore, subtidal zone
whereas currents move up and down the tidal flats in the intertidal zone.
Since the Billy Creek Formation was largely deposited in the intertidal or
very shallow subtidal environment, it is to be expected that longshore trans-=
port was minimal.

I. The restricted nature of the northern Adelaide 'Geosyncline' is
further indicated by the presence of evaporites in the sequence. Anhydrite,
although mainly restricted to borecore samples, has been identified from
thin-sections of weathered surface outcrops, indicating its extensive origi-
nal distribution. Halite pseudomorph casts are abundant throughout the
Billy Creek Formation outcrops, and also occur in the subsurface. By com-
parison, there is no evidence of evaporite formation in the Kangaroo Island
sequence.

J. The restricted conditions of deposition in the northern Adelaide
'Geosyncline' were apparently unfavourable for the proliferation of marine
organisms, and thus body fossils are rare in the Billy Creek Formation,
being restricted to small trilobites, which lived in the deeper water en-
vironments (eg. Reaphook Hill and Wirrealpa Basin outcrops). In addition,
trace fossils comprise minor arthropod tracks and worm burrows and rare
molluscan trails. In the northeast coast, Kangaroo Island sequence however,
trilobites are recorded from four of the six formations, and in addition, a

variety of other fossils are preserved in the Emu Bay Shale. The fossils
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are also larger, and specimens up to 35cm long of the open-water trilobite
Redlichia are reported from the Emu Bay Shale. Trace fossils are also abun-—
dant, with a rich array of arthropod and molluscan traces, and worm burrows.

K. Penecontemporaneous dolomite is the predominant carbonate in the
Billy Creek Formation, further indicating restricted water circulation. The
sabkha model of early dolomitization is invoked to explain the dolomites,
although the high salinity of the water and removal of Ca++ ions by precipi-
tation of gypsum may have been a contributing factor. By comparison, the
Kangaroo Island carbonates are all limestones. Furthermore, carbonate mud-
stones are abundant in the Billy Creek Formation, indicating very quiet water
deposition whereas oolitic limestones, indicating moderate agitation by waves
and tides, are present in the Carrickalinga Head Formation, Smith Bay Shale
and White Point Conglomerate on Kangaroo Island.

In summary, the Billy Creek Formation indicates very restricted, very
shallow water deposition in an epeiric sea where wave and tidal activity were
limited, whereas the Kangaroo Island northeast coast Cambrian sequence indi-
cates deposition on a relatively open, shallow marine shelf, subject to mod-

erate wave attack and swept by strong tides.

SOME TENTATIVE CORRELATIONS BETWEEN THE BILLY CREEK FORMATION

AND THE CAMBRIAN SEQUENCE ON THE NORTHEAST COAST OF KANGAROO ISLAND

Introduction

The six Cambrian formations on the northeast coast of Kangaroo Island
have been correlated by Daily (1976b, Fig. 8) with the Billy Creek Formation
in the Flinders Ranges. In this thesis and elsewhere (Moore, 1979 and in
press), the Billy Creek Formation has been subdivided into five members.
Tentative correlations between these five members and the six formations on

Kangaroo Island are discussed below.

The Age of the Cambrian Sequence on the Northeast Coast of Kangaroo Island

The presence of Redlichia in the Carrickalinga Head Formation, and the

identification of Redlichia, Isoxyx and Hyolithes in the Emu Bay Shale fauna
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serve to establish a Cambrian age for these and the intervening formations.

The trilobite Estaingia bilobata, which occurs near the top of the White

Point Conglomerate and in the basal portion of the Emu Bay Shale, also
occurs towards the top of the Cymbric Vale Formation in northwestern New
South Wales (Warris, 1967), where it is assigned a late Early Cambrian age
(Opik, 1968, 1976). More specific ages for the rest of the northeast coast
Kangaroo Island sequence are based on lithological correlation with the
Kanmantoo Group metasediments, because the base of the Carrickalinga Head
Formation on Kangaroo Island and the top of the Boxing Bay Formation are not
exposed. The Carrickalinga Head Formation is recognised in the Kanmantoo
Group on southern Fleurieu Peninsula (Daily and Milnes, 1971) where it con-
formably overlies the middle to late Early Cambrian Heatherdale Shale (Daily,
1976b, Fig. 8). Thus, the Carrickalinga Head Formation is considered to be
late Early Cambrian in age. The Boxing Bay Formation is lithologically
correlated with the Balquhidder Formation in the Kanmantoo Group, which is
overlain by the Wattaberri Sub-Group (Petrel Cove Formation and Middleton
Sandstone). The Middleton Sandstone is intruded by Late Cambrian granites
and must have been overlain by 5-10km of sediment at the time of intrusion.
Thus a late Early to early Middle Cambrian age is suggested for the entire
Kanmantoo Group and its lateral equivalents on the northeast coast of

Kangaroo Island (Table 13-1).

The Correlation between Kangaroo Island and the Flinders Ranges

A tentative correlation chart for the Billy Creek Formation and its
lateral equivalents on the northeast coast of Kangaroo Island is presented
in Table 13.1. The Early-Middle Cambrian boundary occurs at an unknown
position in the upper portion of the Billy Creek Formation (Daily, 1956)
and its location in the left hand (Flinders Ranges) side of Table 13.1 is
somewhat arbitrary. However, since the Eregunda Sandstone Member is com-
paratively thin and was deposited quite rapidly, it is probable that it is

largely, if not entirely, Middle Cambrian in age.
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As shown in the correlation chart, there is little evidence of any
lithological correlation between the Billy Creek Formation and its equiva-
lents on Kangaroo Island, as might be expected. Thus, as the very low
energy, muddy tidal flat deposits of the Warragee Member developed over much
of the northern part of the Adelaide 'Geosyncline', a complex sequence of
shales, sandstones and interbedded conglomerates was being deposited in a
relatively high energy, shoreline environment south of the Investigator
Strait High. A short period of low energy deposition, represented by the
lower portion of the Emu Bay Shale and to a lesser extent by the uppermost
portion of the White Point Conglomerate on Kangaroo Island, may signify a
minor late Early Cambrian transgression. This interval is richly fossili-
ferous and can be traced into the northern part of the Adelaide 'Geosyncline'

on the basis of the trilobite genus Balcoracania. Specimens of Balcoracania

occur in the upper portions of the Coads Hill and Warragee Members of the
Billy Creek Formation (Table 13.1) and in the upper portion of the White

Point Conglomerate on Kangaroo Island. More specifically, Balcoracania

dailyi is common to both the White Point Conglomerate and the Coads Hill
Member. The specimens of Balcoacania in the Flinders Ranges are associated
with predominantly green shales with common interbeds of limestone or dolo-
mite.

The Boxing Bay Formation, which overlies the Emu Bay Shale on Kangaroo
Island, signifies a return to higher energy conditions, with renewed uplift
in the source area. The same tectonic event may be recorded in the Flinders
Ranges, where the Erudina and Nildottie Siltstone Members developed in res-—
ponse to increased sediment input, presumably due to more pronounced uplift

of the Broken Hill-Olary Block.



346.
REFERENCES
Akhtar, K. and Srivastava, V.K., 1976. Ganurgarh Shale of southeastern

Rajasthan, India : a Precambrian regressive sequence of

lagoon-tidal flat origin. J. Sediment. Petrol., 46, 14-21.

U

Allen, J.R.L.,1963. The classification of cross-stratified units. With

notes on their origin. Sedimentology, 2, 93-114.

Allen, J.R.L.,1965a. Fining upward cycles in alluvial succession. Lpool.

Manchr. Geol. J., 4, 229-246.

Allen, J.R.L.,1965b. A review of the origin and characteristics of recent i

alluvial sediments. Sedimentology, 5, 89-19l.

Allen, J.R.L., 1968. Current Ripples. Their Relation to Patterns of Water

and Sediment Motion. North Holland Publ. Co., Amsterdam.-

433pp.

Allen, J.R.L.,1970. Studies in fluviatile sedimentation : a comparison of
fining-upwards cyclothems, with special reference to coarse-

member composition and interpretation. J. Sediment. Petrol.,

40, 298-323.

Allen, J.R.L., 1972. Intensity of deposition from avalanches and the loose

packing of avalanche deposits. Sedimentology, 18, 105-111.

Allen, J.R.L. and Banks, N.L., 1972. An interpretation and analysis of

recumbent-folder deformed cross-bedding. Sedimentology, 19,

257-283.

Allen, J.R.L. and Tarlo, L.B., 1963. The Downtonian and Dittonian Facies of

the Welsh Borderland. Geol. Mag., 100, 129-155.

Balazs, R.J. and Klein, G. deV., 1972. Roundness-mineralogical relations of

some intertidal sands. J. Sediment. Petrol., 42, 425-433.

Baldwin, J.G. and Crocker, R.L., 1941. The soils and vegetation of portions
of Kangaroo Island, South Australia. Trans. R. Soc. S. Aust.,

65, 263-275.

Barnes, J.J. and Klein, G. dev., 1975. Tidal deposits in the Zabriskie
Quartzite (Cambrian), Eastern California and Western Nevada,

p.163-169, in Ginsburg, R.N. (ed.), Tidal deposits : a case-

book of Recent examples and fossil counterparts. Springer-

Verlag, New York, 428pp.

Barnett, S.R., 1977. The hydrogeology of Kangaroo Island. Mineral Resour.

Rev., S. Aust., 65, 263-275.




347.
REFERENCES (cont'd)

Barton, J.R. and Lin, P.N., 1955. Study of the sediment transport in

alluvial channels. Colorado A & M College, Dept. Civil Eng.

Report 55JRB2, March 1955. .

Bathurst, R.G.C., 1975. Carbonate Sediments and their Diagenesis. .%

Developments in Sedimentology 12. Elsevier Publ. Co.,

Amsterdam. ©658pp.

Bauer, F.H., 1959. The regional geography of Kangaroo Island, South Australia.

Ph.D. thesis, BAust. Nat. Univ. (unpubl.).

Beall, A.O. Jr., 1968. Sedimentary processes operative along the western

Louisiana shoreline. J. Sediment. Petrol., 38, 869-877.

Belderson, R.H. and Stride, A.H., 1966. Tidal current fashioning of a basal
bed. Marine Geology, 4, 237-257.

Berner, R.A., 1969. Goethite stability and the origin of red beds. Geochim.
et Cosmochim. Acta, 33, 267-273.

Berner, R.A., 1971. Principles of Chemical Sedimentology. McGraw-Hill,

New York. 240pp.

B

Blatt, H., Middleton, G. and Murray, R., 1972. Origin of Sedimentary Rocks.

Prentice-Hall Inc., New Jersey. 634pp.

Bluck, B.J., 1974. Structure and directional properties of some valley

sandur deposits in southern Iceland. Sedimentology, 21,

533-554.

Branson, E.B., 1915. Origin of the red beds of western Wyoming. Bull. geol.
Soc. Am., 26, 217-230.

Branson, E.B., 1927. Triassic-Jurassic "red beds" of the Rocky Mountain

region. J. Geol., 35, 607-630.

Braunagel, L.H. and Stanley, K.O., 1977. Origin of variegated redbeds in
the Cathedral Bluff tongue of the Wosatch Formation (Eocene),
Wyoming. J. Sediment. Petrol., 47, 1201-1219.

q

Brenchley, P. and Newall, G., 1977. The significance of contorted bedding
in Upper Ordovician sediments of the Oslo region, Norway.

J. Sediment. Petrol., 47, 819-833.

Bretschneider, C.L., 1966. Wave generation by wind, deep and shallow water,

p.133-196, in Ippen, A.T. (ed.), Estuaries and Coastline

Hydrodynamics. McGraw-Hill, New York. 744pp.




348.
REFERENCES (cont'd)

Briden, J.C., 1967. Preliminary palaecmagnetic results from the Adelaide

System and Cambrian of South Australia. Trans. R. Soc. v}

S. Aust., 91, 17-25. |

Brown, D.A., Campbell, K.S.W. and Crook, K.A.W., 1968. The geological g

evolution of Australia and New Zealand. Pergamon Press,

Sydney. 409pp.

Brown, H.Y.L., 1898. Report by government geologist. Kangaroo Island.
Parl. Pap. S. Aust., 1898, No. 36, S5pp.

Bull, W.B., 1972. Recognition of alluvial-fan deposits in the stratigraphic
record, p.63-83, in Rigby, J.K. and Hamblin, W.K. (eds.),

Recognition of ancient sedimentary environments. Soc. Econ.

Palaeontologists and Mineralogists Spec. Publ., 16.

Burk, C.A., 1953. Electric log correlation of the Triassic rocks of south-

eastern Wyoming. Wyo. Geol. Assoc. Guidebook, Eighth Ann.

Field Conf., p.29-33.

Byers, C.W., 1977. Biofacies patterns in euxinic basins : a general model,

B e

p.5-17, in Cook, H.E. and Enos, P. (eds.), Deep-water

carbonate environments. Soc. Econ. Palaeontologists and

Mineralogists Spec. Publ., 25, 336pp.

Cailleux, A., 1945. Distinction des galets marins et fluviatiles. Bull.

jeol. Soc. France, 15, 375-404.

callen, R.A., 1972. Frome Embayment stratigraphic drilling project : pre-
liminary report on South Australia. Dept. Mines Wooltana
No. 1, Yalkalpo No. 1 and Wertaloona No. 1 stratigraphic
bores. S. Aust. Mines Dept. RB. 72/160 (unpubl.).

callen, R.A., 1976. 1:250,000 geological series explanatory notes, FROME,

South Australia. S. Aust. Mines Dept. RB. 76/27 (unpubl.). }

Campana, B., 1954. The structure of the eastern South Australian Ranges

the Mt. Lofty-~Olary Arc. J. geol. Soc. Aust., 2, 47-6l.

Campana, B., 1958a. The Mt. Lofty-Olary region and Kangaroo Island, p.3-28,

in Glaessner, M.L. and Parkin, L. (eds.), Geology of South

Australia. J. geol. Soc. Aust., 5, 163pp.

Campana, B., 1958b. The Flinders Ranges, p.28-45, in Glaessner, M.L. and

Parkin, L. (eds.). Geology of South Australia. J. geol. Soc.

Aust., 5, 1le3pp.



349.
REFERENCES (cont'd)
Cant, D.J. and Walker, R.G., 1976. Development of a braided-fluvial facies

model for the Devonian Battery Point Sandstone, Québec.

Can. J. Earth Sci., 13, 102-119.

Carter, C.H., 1978. A regressive barrier and barrier-protected deposit : %
depositional environments and geographic setting of the

Late Tertiary Cohansey Sand. J. Sediment. Petrol., 48,

933-950.

Clifton, H.E., 1973. Pebble segregation and bed lenticularity in wave-worked

versus alluvial gravels. Sedimentology, 20, 173-187.

¢lifton, H.E., Hunter, R.E. and Phillips, R.L., 1971. Depositional struc-
tures and processes in the non-barred high-energy nearshore.

J. Sediment. Petrol., 41, 651-670.

Coats, R.P., 1973. COPLEY, South Australia. Explanatory Notes 1:250,000

geological series. Geol. Surv. S. Aust., 38pp.

Coats, R.P., Callen, R.A. and Williams, A.F., 1973. COPLEY map sheet,
Geological Atlas of South Australia, 1:250,000 series.

Geol. Surv. S. Aust.

Collinson, J.D., 1970. Bed forms of the Tana River, Norway. Geogr. Ann.,

52A, 31-55.

Costello, W.R., 1974. Development of bed configurations in coarse sands :

Massachusetts Institute of Technology, Dept. of Earth and

Planetary Sciences, Report 74-1. 120pp.

Crusader 0il N.L., 1971. Frome Downs seismic and gravity survey. §S. Aust.

Mines Dept. Open File Env. 1566 (unpubl.).

Curnay, J.R., 1960. Sediments and history of Holocene transgression, conti-
nental shelf, northwest Gulf of Mexico, p.221-266, in

Shepard, F.P. (ed.), Recent sediments, northwest Gulf of

Mexico. Am. Assoc. Petrol. Geol., Tulsa.

Curry, R.C., 1966. Observation of Alpine mudflows in the Ten mile Range,

Central Colorado. Bull. geol. Soc. BAm., 77, 711-776.

Curtis, R., Evans, G., Kinsman, D.J.J. and Shearman, D.J., 1963. Association
of dolomite and anhydrite in the Recent sediments of the

Persian Gulf. Nature, 197, 679-680.

Daily, B., 1956. The Cambrian in South Australia, p.91-147, in Rodgers, J.

(ed.), El sistema Cambrico, su paleogeografia y el problema

de su base. Int. geol. Congr., XX Sess., Mexico, 1956, 2.



Daily,

Daily,

Daily,

Daily,

Daily,

Daily,

Daily,

baily,

Daily,

Daily,

Daily,

350.
REFERENCES (cont'd)

1957. Progress report of the Cambrian sequence met with in the
Minlaton Stratigraphic Bore 1, Sect. 210, Hd. Ramsay,

Yorke Peninsula, S. Aust. S. Aust. Mines Dept. Open File

Env. 48 (unpubl.).

1963. The fossiliferous Cambrian succession on Fleurieu Peninsula,

South Australia. Rec. S. Aust. Mus., 14, 579-601.

1968. Stanbury Town No. 1 Well - Subsurface stratigraphy and

palaeontology of the Cambrian sequence. S. Aust. Mines Dept.

Open File Env. 916 (unpubl.).

1969%a (ed.). Geological Excursions Handbook. ANZAAS 4lst

Congress, Section 3 - Geology. Aust. and New Zealand Assoc.

Advance. Sci., Adelaide, 8lpp.

1969b. TFossiliferous Cambrian sediments and low-grade metamorphics,
Fleurieu Peninsula, South Australia, p.49-54, in Daily, B.

(ed.), Geological Excursions Handbook. ANZAAS 41lst Congress,

Section 3 - Geology. Aust. and New Zealand Assoc. Advance.

Sci., Adelaide, 8lpp.

1969c. Remarks on the subsurface stratigraphy and palaeontology
of the Delhi-Santos Lake Frome Nos. 1-3 Stratigraphic Wells.

S. Aust. Mines Dept. Open File Env. 968 (unpubl.).

1970. Report on bedrock cores. Appendix I, in Rudd, E.A. Pty. Ltd.
Report on investigations, Lake Frome, S.A. SML's 267 and 268.
S. Aust. Mines Dept. Open file Env. 1110 (unpubl.).

1972a. The base of the Cambrian and the first Cambrian faunas.

Centre for Precambrian Research, Univ. Adelaide, Spec. Pap., 1,

13-41.

1972b. Aspects of carbonate sedimentation in the Cambrian of

South Australia. Abstracts Joint Specialists Groups Meeting,

Canberra. Geol. Soc. Aust., C1l0-14.

1973. Discovery and significance of basal Cambrian Uratanna
Formation, Mount Scott Range, Flinders Ranges, South Australia.

Search, 4, 202-205.

1974. The Precambrian-Cambrian boundary in Australia. Abstracts
Specialist Group in Biostratigraphy and Palaeontology,

PPrecision in Correlation", Hobart. Geol. Soc. Aust., 48pp.




Daily,

Daily,

Daily,

Daily,

Daily,

Daily,

Daily,

Daily,

Daily,

Daily,

B.,

B.,

B.

B.,

REFERENCES (cont'd)

N2 N
1976a. New data on the base of the Cambrian in South Australia. -

Izv. Akad. Nauk Ser. geol., No. 2 (In Russian) .

1976b. The Cambrian of the Flinders Ranges, p.15-19, in Thomson,
B.P., Daily, B., Coats, R.P. and Forbes B.G. (eds.), Late

Precambrian and Cambrian geology of the Adelaide 'Geosyncline'

and Stuart Shelf, South Australia. 25th I.G.C., Excursion

Guide No. 33A.

1977. Notes on the geology of Kangaroo Island. Kangaroo Island

field conference, October 1977. Geol. Soc. Aust., S. Aust.

Branch (unpubl.).

Firman, J.B., Forbes, B.G. and Lindsay, J.M., 1976. Geology,
p.5-42, in Twidale, C.R., Tyler, M.J. and Webb, B.P. (eds.),

Natural history of the Adelaide region. Roy. Soc. S. Aust.,

Adelaide, 189pp.

and Forbes, B.G., 1969. Notes on the Proterozoic and Cambrian,
southern and central Flinders Ranges, South Australia,

p.23-30, in Daily, B. {(ed.), Geological Excursions Handbook.

ANZAAS 4lst Congress. Section 3 - Geology. Aust. and New

Zealand Assoc. Advance. Sci., Adelaide, 8lpp.

Jago, J.B. and Milnes, A.R., 1973. Large-scale horizontal dis-
placement within Australo-Antarctica in the Ordovician.

Nature Phys. Sci., 244, 61-63.

and Milnes, A.R., 1971. Stratigraphic notes on Lower Cambrian
fossiliferous metasediments between Campbell Creek and
Tunkalilla Beach in the type section of the Kanmantoo Group,
Fleurieu Peninsula, South Australia. Trans. R. Soc. S. Aust.,

95, 199-214.

and Milnes, A.R., 1972a. Significance of basal Cambrian metasedi-
ments of andalusite grade, Dudley Peninsula, Kangaroo Island.

Search, 3, 89-90.

and Milnes, A.R., 1972b. Revision of the stratigraphic nomenclature
of the Cambrian Kanmantoo Group, South Australia. J. geol.

Soc. Am., 19, 197-202.

and Milnes, A.R., 1973. Stratigraphy, structure and metamorphism
of the Kanmantoo Group (Cambrian) in its type section east of
Tunkalilla Beach, South Australia. Trans. R. Soc. S. Aust.,
97, 213-242.




352.

REFERENCES (cont'd)

Daily, B., Milnes, A.R., Twidale, C.R. and Bourne, J.A., in press.
Geology and geomorphology of Kangaroo Island.

Roy. Soc. S. Aust., Adelaide.

Daily, B., Twidale, C.R. and Alley, N.F., 1969. Occurrence of Lower
Cambrian sediments in Wilpena Pound, Central Flinders

Ranges, South Australia. Aust. J. Sci., 31, 301-302.

Dalgarno, C.R., 1962. Basal Cambrian Scolithus sandstone in the

Flinders Ranges. Quart. geol. Notes, geol. Surv.

S. Aust., 3.

Dalgarno, C.R., 1964. Lower Cambrian stratigraphy of the Flinders

Ranges. Trans. R. Soc. S. Aust., 88, 129-144.

Dalgarno, C.R. and Johnson, J.E., 1962. Cambrian sequence of the

western Flinders Ranges. Quart. geol. Notes, geol. Surv.

S. Aust., 4.

Dalgarno, C.R. and Johnson, J.E., 1963. Lower Cambrian of the eastern

flank of the Flinders Ranges. Quart. geol. Notes, geol.

Surv. S. Aust., 7.

Dalgarno, C.R. and Johnson, J.E., 1965. ORAPARINNA map sheet, Geological
Atlas of South Australia 1:63,360 series. Geol. Surv.
S. Aust.

Dalgarno, C.R. and Johnson, J.E., 1966. PARACHILNA map sheet, Geological

Atlas of South Australia. Geol. Surv. S. Aust.

Dalgarno, C.R. and Johnson, J.E., 1968. Diapiric structures and late
Precambrian-early Cambrian sedimentation in Flinders Ranges,

South Australia. Mem. Am. Ass. Petrol. Geol., 8, 301-314.

Dalgarno, C.R., Johnson, J.E. and Coats, R.P., 1964. BLINMAN map sheet,
Geological Atlas of South Australia 1:63,360 series.

Geol. Surv. S. Aust.

Dalrymple, R.W., in press. Wave-induced liquefaction : a modern example

from the Bay of Fundy. Sedimentology, 26.

David, T.W.E., 1922. Occurrence of remains of small Crustacea in the
Proterozoic(?) or Lower Cambrian(?) rocks of Reynella,

near Adelaide. Trans. R. Soc. S. Aust., 46, 6-8.




353.
REFERENCES (cont'd)

Davis, R.A. Jr., 1967. Palaeocurrents and shoreline orientations in Green
River Formation (Eocene), Raven Ridge and Red Wash areas,

northeastern Uinta Basin : Discussion. Bull. Am. Assoc. Petrol.

Geologists, 51, 2470-2471.

Deffeyes, K.S., Lucia, F.J. and Weyl, P.K., 1965. Dolomitization of Recent
and Plio-Pleistocene sediments by marine evaporite waters on
Bonaire, Netherlands Antilles, p.71-88, in Pray, L.C. and

Murray, R.C. (eds.), Dolomitization and limestone diagenesis

a symposium. Soc. Econ. Palaeontologists and Mineralogists
Spec. Publ., 13.

De Jong, J.D., 1977. Dutch tidal flats, p.13-24, in Hobday, D.K. and

Eriksson, K.A. (eds.), Tidal sedimentation, with particular

reference to South African examples. Sediment Geol., 18,

287pp.

Delhi Australian Petroleum Ltd., and Santos Ltd., 1969. Well completion

report, Lake Frome 1,2,3. S. Aust. Mines Dept. Open file

Env. 968 (unpubl.).

Dellwig, L.F., 1955. Origin of the Salina salt of Michigan. J. Sediment.
Petrol., 25, 83-110.

Dennison, R.G., 1960. Report on the Lake Frome Embayment area, South Aus—

tralia, for Santos Ltd. S. Aust. Mines Dept. Open file

Env. 68 (unpubl.).

De Raaf, J.F.M., Boersma, J.R. and van Gelder, A., 1977. Wave generated
structures and sequences from a shallow marine succession,

Lower Carboniferous, County Cork, Ireland. Sedimentology,

24, 451-483.

Devine, S.B., 1975. An assessment of the onshore petroleum potential of

central and south Australia. J. Aust. Petrol. Exp. Assoc.,

15, 60-71.

Dickinson, K.A., Berryhill, H.L. Jr. and Holmes, C.W., 1972. Criteria for
recognising ancient barrier coastlines, p.192-214, in

Rigby, J.K. and Hamblin, Wm. K. (eds.), Recognition of

ancient sedimentary environments. Soc. Econ. Palaeontologists

and Mineralogists. Spec. Publ., 16. 338pp.



354.
REFERENCES (cont'd)

Dorjes, J., Gadow, S., Reineck, H.E. and Singh, I.B., 1970. Sedimentologie
und Markrobenthos der Nordergrunde und der Aussenjade

(Nordsee). Senckenberg. marit., 2, 31-59.

pDuff, P. McL. D., Hallam, A. and Walton, E.K., 1967. Cyclic Sedimentation.

Developments in Sedimentology 10. Elsevier Publ. Co. Lond.

280pp.

Dunham, R.J., 1962. Classification of carbonate rocks according to deposi-

tional texture, p.l108-121, in Ham, W.E. (ed.), Classification

of carbonate rocks : a symposium. Am. Assoc. Petrol. Geol.,

Memoir 1.

Enos, P., 1977. Flow regimes in debris flow. Sedimentology, 24, 133-142.

Evans, O.F., 1941. The classification of wave-formed ripple marks. J.

Sediment. Petrol., 11, 37-41.

Evans, G., 1965. Intertidal flat sediments and their environments of deposi-

tion in the Wash. Quart. J. geol. Soc. Lond., 121, 209-245.

Fiscker, R.V., 1971. Features of coarse-grained, high-concentration fluids

and their deposits. J. Sediment. Petrol., 41, 916-927.

Flemming, B.W., 1978. Underwater sand dunes along the southeast African
continental margin - observations and implications. Mar. Geol.

26, 177-198.

Flesher, C.J., 1974. Progress report for exploration licence area 90, Lake
Yalkalpo, October 1974. Derry, Michener and Booth Pty. Ltd.

For Southern Ventures Pty. Ltd. S. Aust. Mines Dept.

Open File Env. 2327 (unpubl.).

Flint, D.J., 1978. Deep-sea fan sedimentation of the Kanmantoo Group,

Kangaroo Island. Trans. R. Soc. S. Aust., 102, 203-222.

Folk, R.L., 1974. Petrology of Sedimentary Rocks. Hemphill, Texas. 182pp.

Folk, R.L., 1976. Reddening of desert sands : Simpson Desert, N.T.,
Australia. J. Sediment. Petrol., 46, 604-615.

Forbes, B.G., 1966. Features of Palaeozoic tectonism in South Australia.

Trans. R. Soc. S. Aust., 90, 45-52.

Forbes, B.G., 1971. A table of Adelaidean and Cambrian stratigraphic names.
Quart. geol. Notes, Geol. Surv. S. Aust., 38, 5-6.




355.

REFERENCES (cont'd)

Forbes, B.G., 1972. PARACHILNA, South Australia. Explanatory Notes

1:250,000 geological series. Geol. Surv. S. Aust., 38pp.

Freeman, R.N., 1966. The Lake Frome Embayment area. J. Aust. Petrol. Explor.

Assoc., 6, 93-99.

Friedman, G.M., 1958. Determination of sieve-size distribution from thin-
section data for sedimentary petrological studies. J. Geol.,

66, 394-416.

Friedman, G.M., 1962. Comparison of moment measures for sieving and thin-
section data in sedimentary petrological studies. J. Sediment.

Petrol., 32, 15-25.

Friend, P.F., 1966. Clay fractions and colours of some Devonian red beds in

the Catskill Mountains, U.S.A. Quart. J. geol. Soc. London,

122, 273-292.

Gatehouse, C., 1976. A fossil in the Observatory Hill Beds, South Australia.

Quart. geol. Notes, Geol. Surv. S. Aust., 60, 5-8.

Gatehouse, C., in prep, a. Marnaroo No. 1 well completion report. S. Aust.

Mines Dept. (unpubl.).

Gatehouse, C., in prep, b. Wilkinson No. 1 well completion report. S. Aust.

Mines Dept. (unpubl.).

Gaunt, G.F.M., 1971. The geology of the Kempes Bore area, eastern Flinders

Ranges. B.Sc. Honours thesis, Univ. Adelaide (unpubl.).

Gehling, J.G., 1971. The geology of the Reaphook Hill area. B.Sc. Honours

thesis, Univ. Adelaide (unpubl.).

Ginsburg, R,N., 1956. Environmental relationships of grain size, and con-
stituent particles of some south Florida carbonate sediments.

Bull. Am. Assoc. Petrol. Geol., 40, 2384-2427.

Ginsburg, R.N., 1975. Tidal Deposits : a Casebook of Recent Examples and

Fossil Counterparts. Springer-Verlag. New York. 428pp.

Glaessner, M.F., 1952. A Cambrian fauna from Kangaroo Island, South Australia.

Dept. Mines, S. Aust. (unpubl.).

Glaessner, M.F. and Daily, B., 1959. The geology of the late Precambrian
fauna of the Ediacara Fossil Reserve. Rec. S. Aust. Mus., 13

369-401.




356.
REFERENCES (cont'd)

Glaessner, M.F. and Parkin, L.W., 1958. Geology of South Australia.
J. geol. Soc. BAust., 5, 1-163.

Glaessner, M.F., Raggatt, H.G., Teichert, €. and Thomas, D.E., 1948.

Stratigraphical nomenclature in Australia. Aust. J. Sci., 11

7l =9

Goddard, E.N., 1951. (Chairman). Rock-Colour Chart. Geol. Soc. Am.,

New York.

Grasso, R., 1963. Emu No. 1 well. Final well report for Exoil Pty. Ltd.

(unpubl.).

Guy, H.P., Simons, D.B. and Richardson, E.V., 1966. Summary of alluvial
channel data from flume experiments, 1956-61. U.S. geol.

Surv. Prof. Paper, 462-1.

Gvirtzman, G. and Buchbinder, B., 1978. Recent and Pleistocene coral reefs

and coastal sediments in the Gulf of Elat. Postcongress

Guidebook, Int. Geol. Sedim., Jerusalem, 161-191.

Ham, W.E., 1960. Middle Permian evaporites in southwestern Oklahoma.

Intern. Geol. Congr., 2lst, Copenhagen, 1960. Rept. Sess. 12,

138-151.

Handford, C.R. and Moore, C.H.Jr., 1976. Diagenetic implications of calcite
pseudomorphs after halite from the Joachim Dolomite (Middle

ordovician), Arkansas. J. Sediment. Petrol., 46, 387-392.

Héntzschel, W., 1939. Brandungswdlle, Rippeln und Fleissfiguren am Strande

von Wangeroog. Natur und Volk, 69, 40-48.

Harbaugh, J.W. and Bonham-Carter, G., 1970. Computer Simulation in Geology-

Wiley-Interscience, New York. 575pp.

Harding, N. and Geyer, R.A., 1963. Birdsville-Lake Frome gravity and mag-
netic survey, Lake Frome area, South Australia, for Geophysical

Services International. S. Aust. Mines Dept. Open file Env.

335 (unpubl.).

Harms, J.C., 1969. Hydraulic significance of some sand ripples. Bull. geol.

Soc. Am., 80, 363-395.

Harms, J.C. and Fahnestock, R.K., 1965. Stratification, bed forms, and flow
phenomena (with an example from the Rio Grande) , p.84-115, in

Middleton, G.V. (ed.), Primary sedimentary structures and their

hydrodynamic interpretation. Soc. Econ. Palaeontologists and

Mineralogists Spec. Publ., 12, 265pp.



357.

REFERENCES (cont'd)

Harms, J.C., Southard, J.B., Spearing, D.R. and Walker, R.G., 1975.

Depositional Environments as Interpreted from Primary Sedi-

mentary Structures and Stratification Sequences. S.E.P.M. Short

Course No. 2. Soc. Econ. Palaeontologists and Mineralogists,

Tulsa, Oklahoma, 160pp.

Haslett, P.G., 1969. The Cambrian geology north of the Wirrealpa diapir.

B.Sc. Honours thesis, Univ. Adelaide (unpubl.).

Hatcher, M.I., 1970. The geology of the Mt. Chambers Mine region, northern

Flinders Ranges, S.A. B.Sc. Honours thesis, Univ. Adelaide

(unpubl.).

High, L.R. Jr. and Picard, M.D., 1969. Stratigraphic relations within Upper

Chugwater Group (Triassic), Wyoming. Bull. Am. Assoc. Petrol.

Geol., 53, 1091-1104.

Hill, H.M., Srinivasan, V.S. and Unny, T.E. Jr., 1969. Instability of flat
bed in alluvial channels. Proc. Am. Soc. Civil Eng. J. Hydraul.

Div., 95, 1545-1558.

Hobday, D.K. and Eriksson, K.A., 1977. Tidal sedimentation, with particular

reference to South African examples. Sediment. Geol., 18,

1-287.

Hobday, D.K. and Horne, J.C., 1977. Tidally influenced barrier island and
estuarine sedimentation in the upper Carboniferous of southern

West Virginia. Sediment. Geol., 18, 97-122.

Horwitz, R.C., 1961. ARROWIE map sheet, Geological Atlas of South Australia

1:63,360 series. Geol. Surv. S. Aust.

Horwitz, R.C. and Daily, B., 1958. Yorke Peninsula, p.46-60, in Glaessner, M.R.

and Parkin, L. (eds.), Geology of South Australia. Jour. geol.

Soc. Aust., 5. 163pp.

Houbolt, J.J.H.C., 1968. Recent sediments in the southern North Sea. Geol.
Mijnbouw, 47, 245-273.

Howard, J.D. and Reineck, H.E., 1972. Georgia coastal region, Sapelo Island,
U.S.A. - sedimentary and biology, IV: Physical and biogenic
sedimentary structures of the nearshore shelf. Senckenberg.

marit., 4, 81-123.

Howchin, W., 1897. On the occurrence of Lower Cambrian fossils in the Mount

Lofty Ranges. Trans. R. Soc. S. Aust., 21, 74-86.




358.

REFERENCES (cont'd)

Howchin, W., 1898. ©Notes on the geology of Kangaroo Island, with special
reference to evidences of extinct glacial action. Trans.

R. Soc. S. Aust., 23, 198-207.

Howchin, W., 1903. Further notes on the geology of Kangaroo Island.
Trahs. R. Soc. S. Aust., 27, 75-90.

Howchin, W., 1904. The geology of the Mount Lofty Ranges, Pt. I. Trans. R.
Soc. S. Aust., 28, 253-280.

Howchin, W., 1906. The geology of the Mount Lofty Ranges, Pt. II. Trans. R.
Soc. S. Aust., 30, 227-262.

Howchin, W., 1907. A general description of the Cambrian Series of South

Australia. Australas. Assoc. Adv. Sci., 11, 414-422.

Howchin, W., 1914. Geology and physiography. 36pp. in Howchin, W. (Ed.),

Handbook of South Australia. Govt. Pr., Adelaide.

Howchin, W., 1916. The geology of Mount Remarkable. Trans. R. Soc. S. Aust.,

40, 545-584.

Howchin, W., 1918. The geology of South Australia. Adelaide, Education Dept.,

543pp.

Howchin, W., 1920. Autoclastic, intraformational, enterolithic, and desicca-
tion breccias and conglomerates, with reference to some South

Australian occurrences. Trans. R. Soc. S. Aust., 44, 300-321.

Howchin, W., 1922. A geological traverse of the Flinders Ranges from the

Parachilna Gorge to the Lake Frome Plains. Trans. R. Soc.

S. Aust., 46, 46-82.

Howchin, W., 1924. The Sturtian Tillite in the Willouran Ranges, near Marree
(Hergott), and in the north-eastern portions of the Flinders

Ranges. BAustralas. Ass. Adv. Sci., 17, 67-76.

Howchin, W., 1925. The geographical distribution of fossiliferous rocks of
Cambrian age in South Australia, with geological notes and

references. Trans. R. Soc. S. Aust., 49, 1-26.

Howchin, W., 1927. Sturtian tillite in the neighbourhood of Eden, and in the
Hundreds of Kapunda, Neales and English, South Australia.

Trans. R. Soc. S. Aust., 51, 330-349.

Howchin, W., 1928. The Sturtian Tillite and associated beds on the western

scarps of the Southern Flinders Ranges. Trans. R. Soc.

S. Aust., 52, 82-94.



359.

REFERENCES (cont'd)

Howchin, W., 1929a. On the probable occurrence of the Sturtian tillite near

Nairne and Mount Barker. Trans. R. Soc. S. Aust., 53, 27-32.

Howchin, W., 1929b. The geology of South Australia, with notes on the chief

geological systems and occurrences in the other Australian

states. Gillingham & Co. Ltd., Adelaide, 320pp.

Howchin, W., 1930. Geology of Orroroo and district. Trans. R. Soc. S. Aust.,

54, 159-176.

Hubert, J.F. and Reed, A.A., 1978. Red-bed diagenesis in the East Berline
Formation, Newark Group, Connecticut Valley. J. Sediment.

Petrol., 48, 175-184.

Illing, 1963. Discussion of Recent anhydrite, gypsum, dolomite, and halite
from the coastal flats of the Arabian shore of the Persian

Gulf. Proc. geol. Soc. Lond., 1607, 64-65.

Ireland, R.J., Pollard, J.E., Steel, R.J. and Thompson, D.B., 1978.
Intertidal sediments and trace fossils from the Waterstone

(Scythian-Anisian?) at Daresburg, Cheshire. Proc. Yorks. geol.

Soc., 41, 399-436.

Irwin, M.L., 1965. General theory of epeiric clear water sedimentation.

Bull. Am. Assoc. Petrol. Geol., 49, 445-459.

Jarre, G.A., 1972. Final report SML 596 (Lake Callabonna). Mines Administra-

tion Pty. Ltd. S. Aust. Mines Dept. Open file Env. 1800

(unpubl.).

Johns, R.K., 1968. Geology and mineral resources of the Andamoocka-Torrens

area. Bull. geol. Surv. S. Aust., 41, 103p.

Johnson, A.M., 1970. Physical Processes in Geology. Freeman, San Francisco.

Johnson, M.A. and Belderson, R.H., 1969. The tidal origin of some vertical
sedimentary changes in epicontinental seas. J. Geol., 77,

353-357.

Kaufman, G.F. and MacPhail, M.R., 1948. Co-ordination of geological and
geophysical data from southwest portion of the Great Artesian
Basin, Australia, for Frome-Broken Hill Company Ltd.

S. Aust. Mines Dept. Open file report (unpubl.).

Kelling, G., 1969. The environmental significance of cross-stratification
parameters in an upper Carboniferous fluvial basin.

J. Sediment. Petrol., 39, 857-875.




360.
REFERENCES (cont'd)

Kenyon, N.H. and Stride, A.H., 1970. The tide-swept continental shelf sedi-
ments between the Shetland Isles and France. Sedimentology,

14, 159-175.

Ker, D.S., 1966. The hydrology of the Frome Embayment in South Australia.

Rep. Invest. geol. Surv. S. Aust., 27, 98pp.

Keulegan, G.H. and Krumbein, W.C., 1949. Stable configuration of bottom
slope in a shallow sea and its bearing on geological processes.

Am. Geophys. Union Trans., 30, 855-861.

. . 2+ . .
Kinsman, D.J.J., 1969. Interpretation of Sr concentrations in carbonate

minerals and rocks. J. Sediment. Petrol., 39, 486-508.

Kinsman, D.J.J., 1976. Evaporites : relative humidity control of primary

mineral facies. J. Sediment. Petrol., 46, 273-279.

@

Klein, G. deV., 1967. Paleocurrent analysis in relation to modern marine

sediment disperal patterns. Bull. Am. Assoc. Petrol. Geol.,

51, 366-382.

Klein, G. deV., 1970a. Tidal origin of a Precambrian quartzite - the Lower
Fine-grained Quartzite (Middle Dalradian) of Islay, Scotland.
J. Sediment. Petrol., 40, 973-985.

Klein, G. deV., 1970b. Depositional and dispersal dynamics of intertidal
sand bars. J. Sediment. Petrol., 40, 1095-1127.

Klein, G. deV. 1971. A sedimentary model for determining paleotidal range.

Bull. geol. Soc. Am., 82, 2585-2592.

Klein, G. deV., 1975a. Tidalites in the Eureka Quartzite (Ordovician),
Eastern California and Nevada, p. 145-152, in Ginsburg, R.N.

(ed.), Tidal deposits : a casebook of Recent examples and

fossil counterparts. Springer-Verlag, New York. 428pp.

Klein, G. deV., 1975b. Paleotidal range sequences, Middle Member, Wood
Canyon Formation (Late Precambrian), Eastern California and
Western Nevada, p.171-177, in Ginsburg, R.N. (ed.), Tidal

deposits : a casebook of Recent examples and fossil counter-—

parts. Springer-Verlag, New York. 428pp.

Klein, G. deV., 1975c. Tidal sedimentation : some remaining problems,

p.407-410, in Ginsburg, R.N. (ed.), Tidal deposits : a case-

book of Recent examples and fossil counterparts.

Springer-Verlag, New York. 428pp.



30l.
REFERENCES (cont'd)

Klein, G. deV., 1977a. Tidal circulation model for deposition of clastic
sediment in epeiric and mioclinal shelf seas, p.1-12, in

Hobday, D.K. and Eriksson, K.A. (eds.), Tidal sedimentation,

with particular reference to South African examples.

Sediment. Geol., 18, 287pp.

Klein, G. deV., 1977b. Epilogne, p.283-287, in Hobday, D.K. and Eriksson,

K.A. (eds.), Tidal sedimentation, with particular reference to

South African examples. Sediment. Geol., 18, 287pp.

Klein, G. deV. and Ryder, T.A., 1978. Tidal circulation patterns in Precam-
brian, Paleozoic and Cretaceous epeiric and mioclinal shelf

seas. Bull. geol. Soc. Am., 89, 1050-1058.

Knight, R.J. and Dalrymple, R.W., 1975. Intertidal sediments from the south
shore of Cobequid Bay, Bay of Fundy, Nova Scotia, Canada,

p.47-55, in Tidal deposits : a casebook of Recent examples

and fossil counterparts. Springer-Verlag, New York. 428pp.

Komar, P.D., 1974.  Oscillatory ripple marks and the evaluation of ancient

wave conditions and environments. J. Sediment. Petrol., 44,

169-180.

Komar, P.D. and Miller, M.C., 1973. The threshold of sediment movement under

oscillatory water waves. J. Sediment. Petrology, 43,

1101-1110.

Kreig, G., 1969. Geological developments in the eastern Officer Basin of

South Australia. J. Aust. Petrol. Exp. Assoc., 2, 8-13.

Kruse, P.D., 1977. New Archaeocyatha from the Early Cambrian of the
Mt. Wright area, New South Wales. Alcheringa, 2, 27-47.

Krynine, P.D., 1949. The origin of red beds. Trans. New York Acad. Sci.

11, 60-68.

Kumar, D.R. and Sanders, J.E., 1974. Inlet sequence : a vertical succession
of sedimentary structures and textures created by the lateral

migration of tidal inlets. Sedimentology, 21, 491-532.

Laws, R.A. and Heisler, H.H., 1967. Stansbury Town No. 1 Well - well

completion report. Beach Petroleum N.L. S. Aust. Mines Dept.

Open File, 784.

Leeson, B., 1967. BALCANOONA map sheet, Geological Atlas of South Australia
1:63,360 series. Geol. Surv. S. Aust.




362.

REFERENCES {cont'd)

Logan, B.W., Davies, G.R., Read, J.F., and Cebulski, D.E. (eds.), 1970.
Carbonate sedimentation and environments, Shark Bay,

Western Australia. Am. Assoc. Petrol. Geol. Memoir, 13.

Lowe, D.R., 1975. Water escape structures in coarse grained sediments.

Sedimentology, 22, 157-204.

Lucia, F.J., 1972. Recognition of evaporite-carbonate shoreline sedimentation,
p.160-191, in Rigby, J.K. and Hamblin, W.K. (eds.), Recognition

of ancient sedimentary environments. Soc. Econ. Palaeontolog-

ists and Mineralogists Spec. Publ., 16.

Ludbrook, N.H., 1962. Material from the southern margin of the Great Artesian

Basin and the Frome Embayment. S. Aust. Mines Dept. RB.55/33

(unpubl.).

Ludbrook, N.H., 1965. Minlaton and Stanbury stratigraphic bores. Subsurface
stratigraphy and micropalaeontology, p.83-95, in Crawford, A.R.,

The Geology of Yorke Peninsula. Bull. geol. Surv. S. Aust. 39.

Ludbrook, N.H., 1966. Cretaceous biostratigraphy of the Great Artesian Basin

in South Australia. Bull. geol. Surv. S. BAust., 40.

McGowen, J.H., 1971. Gum Hollow fan delta, Nueces Bay, Texas. Bur. Econ.

Geol. Rep. Invest., 69.

McGowen, J.H. and Scott, A.J., 1974. TFan—-delta deposition : processes, facies

and stratigraphic analogous (abstr.) A.A.P.G. and S.E.P.M.

Ann. Meeting. San Antonio, Texas, 1, 60.

McKee, E.D., 1954. Stratigraphy and history of the Moenkopi Formation of
Triassic age. Geol. Soc. Am. Memoir, 61, 133pp.

McKee, E.D., Crosby, E.J. and Berryhill, H.L., 1967. Flood deposits, Bijou
Creek, Colorado. J. Sediment. Petrol., 37, 829-851.

Madigan, C.T., 1928. Preliminary notes of new evidence as to the age of
formations on the north coast of Kangaroo Island. Trans.

R. Soc. S. Aust., §2J 210-216.

Mantz, P.A., 1978. Bedforms produced by fine, cohesionless, granular and

flakey sediments under subcritical water flows. Sedimentology,

25, 83-103.

Mawson, D., 1912. Geological investigations in the Broken Hill area. Mem.

R. Soc. S. Aust., 2, 211-319.




Mawson,

Mawson,

Mawson,

Mawson,

Mawson,

Mawson,

Mawson,

Mawson,

Mawson,

Mawson,

Mawson,

Mawson,

Mawson,

Mawson,

Mawson,

D.

D.

363.

REFERENCES (cont'd)

1925. - Evidence and indications of algal contributions in the
Cambrian and Pre-cambrian Limestones of South Australia.

Trans. R. Soc. S. Aust., 49, 186-190.

1926. The Wooltana basic igneous belt. Trans. R. Soc. S. Aust.,
50, 192-200.

1927. Geological notes on an area along the north-eastern margin
of the north-eastern portion of the Willouran Range. Trans.

R. Soc. S. Aust., 51, 386-390.

1934. The Munyallina Beds. A Late-Proterozoic formation.

Trans. R. Soc. S. Aust., 58, 187-196.

1936. Centenary Address No. 7 : Progress in knowledge of the

geology of South Australia. Trans. R. Soc. S. Aust.,

60, lvi-lxv.

1937. The most northerly occurrence of fossiliferous Cambrian

strata yet recorded in South Australia. Trans. R. Soc.

S. Aust., 61, 181-186.

1938a. Cambrian and sub-Cambrian formations at Parachilna Gorge.

Trans. R. Soc. S. Aust., 62, 255-262.

1938b. The Mount Caernarvon Series of Proterozoic age. Trans.

R. Soc. S. Aust., 62, 347-351.

1939a. The Cambrian sequence in the .Wirrealpa Basin. Trans.

R. Soc. S. Aust., 63, 331-347.

1939b. The Late Proterozoic sediments of South Australia.

Trans. Australas. Assoc. Adv. Sci., 24, 79-88.

1940. The Adelaide Series. Aust. J. Sci., 3, 25-27.

1941a. The Wilpena Pound Formation and underlying Proterozoic

sediments. Trans. R. Soc. S. Aust., 65, 295-303.

1941b. Middle Proterozoic sediments in the neighbourhood of
Copley. Trans. R. Soc. S. Aust., 65, 304-311.

1942. The structural character of the Flinders Ranges. Trans.

R. Soc. S. Aust., 66, 262-272.

1947. The Adelaide Series as developed along the western margin

of the Flinders Ranges. Trans. R. Soc. S. Aust., 71, 259-280.




364.

REFERENCES (cont'd)

Mawson, D., 1948. The Late Precambrian ice-age and glacial record of the

Bibliando Dome. J. Proc. R. Soc. N.S.W., 82, 150-174.

Mawson, D., 1949. The Elatina Glaciation : a third recurrence of glaciation
evidenced in the Adelaide System. Trans. R. Soc. S. Aust.,

73, 117-121.

Mawson, D. and Segnit, E.R., 1949. Purple slates of the Adelaide System.
Trans. R. Soc. S. Aust., 72, 276-280.

Mawson, D. and Sprigg, R.C., 1950. Subdivision of the Adelaide System.
Aust. J. Sci., 13, 69-72.

Mazzullo, S.J., 1978. Early Ordovician tidal flat sedimentation, western

margin of Proto-Atlantic Ocean. J. Sediment. Petrol., 48,

49-62.

Mazzullo, S.J. and Freidman, G.M., 1975. Conceptual model of tidally in-
fluenced deposition on margins of epeiric seas : Lower
Ordovician (Canadian) of eastern New York and southwestern

Vermont. Bull. Am. Assoc. Petrol. Geol., 59, 2123-2141.

Meckel, L.D., 1975. Holocene sand bodies in the Colorado delta area, northern
Gulf of california, p.239-265, in Broussard, M.L. (ed.),

Deltas, models for exploration. Houston geol. Soc. 555pp.

Miall, A.D., 1970. Continental marine transition in the Devonian of Prince
of Wales Island, Northwest Territories. Can. J. Earth Sci., 7,

125-144.

Miall, A.D., 1973. Markov chain analysis applied to an ancient alluvial plain

succession. Sedimentology, 20, 347-364.

Miall, A.D., 1976. Proterozoic and Palaeozoic geology of Banks Island,

Arctic Canada. Bull. geol. Surv. Canada, 258.

Miall, A.D., 1977. A review of the braided-river depositional environment.

Earth-Sci. Rev., 13, 1-62.

Miall, A.D., 1978. Fluvial sedimentology. Can. Soc. Petrol. Geol. Mem., 5.

Middleton, G.V. (ed.), 1965. Primary sedimentary structures and their hydro-

dynamic interpretation. Soc. Econ. Paleontologists and

Mineralogists Spec. Publ., 12, 265pp.

Middleton, G.V., 1977. Introduction - progress in hydraulic interpretation of
sedimentary structures, p.1l-15, in Middleton, G.V. (ed.),

Sedimentary processes : hydraulic interpretation of primary sedi-

mentary structures. Soc. Econ. Palaeontologists and Mineralo-

gists Reprint Series, 3.



365.
REFERENCES {(cont'd)

Middleton, T.W., 1974a. Report on the area relinquished from EL 34,
Lake Elder area, South Australia. Tricentral (Aust.) Pty. Ltd.

S. Aust. Mines Dept. Open file Env. 2392 (unpubl.).

Middleton, T.W., 1974b. Lake Coonarbine EL 127. Quarterly report for period
ending 31/8/74. Tricentral (Aust.) Pty. Ltd. S. Aust. Mines

Dept. Open file Env. 2432 (unpubl.).

Miller, J.A., 1975. Facies characteristics of Laguna Madre wind-tidal flats,

p.67-73, in Ginsburg, R.N. (ed.), Tidal deposits : a casebook

of Recent examples and fossil counterparts. Springer-Verlag,

Berlin. 428pp.

Milnes, A.R., Compston, W. and Daily, B., 1977. Pre- to syn-tectonic emplace-
ment of early Palaeozoic granites in southeastern South

Australia. J. geol. Soc. Aust., 24, 87-106.

Milsom, J.S., 1965. Interpretation of the contract aeromagnetic survey,

Kopperamanna-Frome 1963. Bur. Miner. Resour. geol. Geophys.

Aust. Rec. 1965/1 (unpubl.).

Moore, D.G. and Scruton, P.C., 1957. Minor internal structures of some

recent unconsolidated sediments. Bull. Am. Assoc. Petrol.

Geol. 41, 2723-2751.

Moore, P.S., 1979. Stratigraphy of the Early Cambrian Edeowie Limestone
" Member, Flinders Ranges, South Australia. Trans. R. Soc.

s. Aust., 103, 101-111.

Moore, P.S., in press. Stratigraphy and depositional environments of the
Billy Creek Formation (Cambrian), central and northern

Flinders Ranges, South Australia. Trans. R. Soc. S. Aust., 104.

Morgan, P.J., 1973. Final report EL 40. Quinyambie Prospect, S. BAust.

Chevron Exploration Corp. Pty. Ltd. §S. BAust. Mines Dept.

Open file Env. 2257 (unpubl.).

Mount, T.D., 1970. Geology of the Mount Chambers Gorge region. B.Sc. Honours

thesis, Univ. Adelaide (unpubl.).

Niino, H. and Emery, K.O., 1961. Sediments of shallow portions of East China

Sea and South China Sea. Bull. geol. Soc. Am., 72, 731-762.

Neef, G. and Tuckwell, K.D., 1978. Late Precambrian-Palaeozoic sequences in
northwest New South Wales (field conference, June 3-5, 1978).

Robinson University College, Broken Hill (unpubl.).




366.

REFERENCES (cont'd)

Off, T., 1963. Rhythmic linear sand bodies caused by tidal currents. Bull.
Am. Assoc. Petrol. Geol., 47, 324-341.

Opik, A.A., 1968. The Ordian stage of the Cambrian and its Australian Meta-

doxididae. Bull. Bur. Miner. Resour. Geol. Geophys. Aust., 92,

133-168.

Opik, A.A., 1976. Cymbric Vale fauna of New South Wales and Early Cambrian

biostratigraphy. Bull. Bur. Miner. Resour. Geol. Geophys.

Aust., 159, 1-74.

Osborne, N., 1945. Report on oil and gas possibilities of the Frome Embayment,
New South Wales and South Australia, for Zinc. Corp. Ltd.

S. Dust. Mines Dept. Open file report (unpubl.).

parker, A.J., 1973. Explanatory notes of the state 1:1,000,000 Depth to

Magnetic Basement map. S. Aust. Mines Dept. RB. 73/78

(unpubl.) .

Parkin, L.W., 1969. (Ed.), Handbook of South Australian Geology. Geol. Surv.

S. Aust., 268pp.

Parkin, L.W. and King, D., 1952. COPLEY map sheet, Geological Atlas of South

Australia 1:63,360 series. Geol. Surv. S. Aust.

Pearson, E.F. and Hanley, J.H., 1974. Significance of thin carbonates in
interpreting the depositional environment of thick clastic

sequences. Contrib. Geol., 13, 63-68.

Pettijohn, F.J., 1975. Sedimentary Rocks. Harper and Row, New York. 628pp.

Pettijohn, F.J., Potter, P.E. and Siever, R., 1973. Sand and Sandstone.

Springer-Verlag, New York. 618pp.

Picard, M.D., 1964. Paleomagnetic correlation of units within Chugwater

(Triassic) Formation, west-central Wyoming. Bull. Am. Assoc.

Petrol. Geol., 48, 269-291.

Picard, M.D., 1965. Iron oxides and fine-grained rocks of Red Peak and
Crow Mountain Sandstone Members, Clugwater (Triassic) Formation,

Wyoming. J. Sediment. Petrol., 35, 464-479.

Picard, M.D., 1966. Petrography of Red Peak Member, Chugwater Formation

(Triassic), west—central Wyoming. J. Sediment. Petrology, 36,

904-926.



Picard,

Picard,

Picard,

Picard,

Picard,

Picard,

Picard,

Pierce,

Pocock,

Pocock,

Pocock,

M.D.,

M.D.,

M.D.,

P.R.,

X.J.,

XK.J.,

X.J.,

367.

REFERENCES (cont'd)

1967a. Paleocurrents and shoreline orientations in Green
River Formation (Eocene), Raven Ridge and Red Wash areas,

northeastern Uinta Basin, Utah. Bull. Am. Assoc. Petrol.

Geol., 51, 383-392.

1967b. Paleocurrents and shoreline orientations in Green
River Formation (Eocene), Raven Ridge and Red Wash areas,
northeastern Uinta Basin, Utah : reply to discussion by

R.A. Davis Jr. Bull. Am. Assoc. Petrol. Geol., 51, 2471-2475. !

1967c. Stratigraphy and depositional environments of the
Red Peak Member of the Chugwater Formation (Triassic), west-

central Wyoming. Wyoming Univ. Contr. Geology, 6, 39-67.

and High, L.R. Jr., 1968. Shallow marine currents on the
Early(?) Triassic Wyoming Shelf. J. Sediment. Petrol., 38,
411-423.

and High, L.R. Jr., 1972. Criteria for recognising lacustrine

rocks, p.108-145, in Rigby, J.K. and Hamblin, Wm.K. (eds.),

Recognition of Ancient Sedimentary Environments. Soc. Econ.

i

Paleontology and Mineralogy, Spec. Publ. 16, 340pp.

and High, L.R. Jr., 1973. Sedimentary structures of ephemeral

streams. Developments in Sedimentology, 17. Elsevier,

Amsterdam. 223pp.

and Wellman, S$.S., 1965. Persistence of variegated claystone
in Red Peak Member, Chugwater (Triassic) Formation, Big horn

Basin, Wyoming. Wyoming Univ. Contr. geology, 4, 69-73.

1969. Cambrian geology south of the Wirrealpa diapir, Flinders

Ranges; South Australia. B.Sc. Honours thesis, Univ. Adelaide

(unpubl.).

1964. Estaingia, a new trilobite genus from the Lower Cambrian

of South Australia. Palaeontology, 7, 458-471.

1967. The stratigraphy and palaeontology of the Emu Bay Shales.
Ph.D. thesis, Univ. Adelaide (unpubl.).

1970. The Emuellidae, a new family of trilobites from the

Lower Cambrian of South Australia. Palaeontology, 13, 522-562.




368.

REFERENCES (cont'd)

Potter, P.E. and Pettijohn, F.J., 1978. Palaeocurrents and Basin Analysis.

Springer-Verlag, Berlin. 296pp.

Powers, M.C., 1953. A new roundness scale for sedimentary particles.

J. Sediment. Petrol., 23, 117-119.

Pratt, C.J., 1973. Bagnold app;oach and bed-form development. Proc. Am.
Soc. Civil Eng., J. Hydraul. Div., 99, 121-137.

Pratt, C.J. and Smith, K.V.H., 1972. Ripple and dune phases in a narrowly
graded sand. Proc. Am. Soc. Civil Eng., J. Hydraul. Div., 98
859-874.

Preiss, W.V., 1971. The biostratigraphy and palaeoecology of South Australian

Precambrian Stromatolites. Ph.D. thesis, Univ. of Adelaide

(unpubl.) .

Randell, R.N., 1973. Report on EL's 5 and 6 near Lake Frome, South Australia.
Union Corp. (Aust.) Pty. Ltd. S. Aust. Mines Dept. Open File
Env. 2338 (unpubl.).

Redfield, A.C., 1958. The influence of the continental shelf on the tides of
the Atlantic Coast of the United States. J. Mar. Res., 17,
432-448.

Rees, A.I., 1966. Some flume experiments witha fine silt. Sedimentology, 6,

209-240.

Reeside, J.B. Jr., 1929. Triassic-Jurassic "red-beds" of the Rocky Mountain

region : a discussion. J. Geol., 37, 47-63.

Reineck, H.E., 1967. Layered sediments of tidal flats, beaches and shelf
bottoms of the North Sea, p.191-206, in Lauff, G.H. (ed.),

Estuaries. Am. Assoc. Advance. Sci. Publ. 83.

Reineck, H.E. and’' Singh, I.B., 1972. Genesis of laminated sand and graded
rhythmites in storm-sand layers of shelf mud. Sedimentology,

18, 123-128.

Reineck, H.E. and Singh, I.B., 1975. Depositional Sedimentary Environments

with Reference to Terrigenous Clastics. Springer-Verlag,

New York. 43%9pp.

.

Reineck, H.E. and Wunderlich, F., 1968. Classification and origin of flaser

and lenticular bedding. Sedimentology., 11, 99-104.




369.

REFERENCES (cont'd)

Retallack, G.J., 1976. Triassic palaeosols in the Upper Narabeen Group of
New South Wales. Part I : features of the palaeosols.

J. geol. Soc. Aust., 23, 383-400.

Retallack, G.J., 1977. Triassic palaeosols in the Upper Narabeen Group
of New South Wales. Part II : classification and reconstruc-

tion. J. geol. Soc. Aust., 24, 19-36.

Rudd, E.A. Pty. Ltd., 1970. Report on investigations, Lake Frome Embayment,
S.A. SML's 267 and 268. S. Aust. Mines Dept. Open file

Envs. 1109, 1110 (unpubl.).

Rust, B.R., 1972. Structure and process in a braided river. Sedimentology,

18, 221-246.

Rust, B.R., 1975. Fabric and structure in glaciofluvial gravels, p.238-248,

in Jopling, A.V. and McDonald, B.C. (eds.), Glaciofluvial and

glaciolacustrine sedimentation. Soc. Econ. Palaeontologists

and Mineralogists Spec. Publ., 23.

Rust, B.R., 1978. Depositional models for braided alluvium, p.605-625, in

Miall, A.D. (ed.), Fluvial sedimentology, Can. Soc. Petrol.

Geol., Memoir 5.

Ryan, D.J., 1969. Final report SML 218, Mt. Painter area, for Ker McGee Aust.
Ltd. S. Aust. Mines Dept. Open file Env. 986 (unpubl.).

Ryder, J.M., 1971. The stratigraphy and morphology of para-glacial alluvial

fans in south-central British Columbia. Can. J. Earth Sci., 8,

279-298.

Scheibner, E., 1972. A plate tectonic model of the Palaeozoic history of
New South Wales. J. geol. Soc. Aust., 20, 405-426.

Schindlmayr, W.E., 1970. Central Pacific Minerals N.L. SML 240, Lake Frome,
South Australia. Report on the scout drilling programme for
Central Pacific Minerals N.L. and Magellan Petroleum (N.T.)

Pty. Ltd. S. Aust. Mines Dept. Open file Env. 1408 (unpubl.).

Schluger, P.R., 1976. Petrology and origin of the red beds of the Perry
Formation New Brunswick, Canada, and Maine, U.S.A. J. Sediment.

Petrol., 46, 22-37.

Schumm, S.A., 1968. Speculations concerning palaeohydrological controls of

terrestrial sedimentation. Bull. geol. Soc. Am., 79, 1573-1588.

——



370.

REFERENCES (cont'd)

Selley, R.C., 1970. Ancient Sedimentary Environments. Chapman and Hall,

Lond. 237pp.

Sellwood, B.W., 1972. Tidal-flat sedimentation in the Lowei Jurassic of
Bornholm, Renmark. Palaeogeog., Palaeoclim., Palaeoecol.,

11, 93-106.

Shaw, A.B., 1964. Time in Stratigraphy. McGraw-Hill, New York. 365pp.

Shepard, F.P. and Moore, D.G., 1955. Central Texas Coast sedimentation
characteristics of sedimentary environment, recent history,

and diagenesis. Bull. Am. Assoc. Petrol. Geol., 39, 1463-1593.

shinn, E.A., Ginsburg, R.N. and Lloyd, R.M., 1965. Recent supratidal dolomite
from Andros Island, Bahamas, p.112-123, in Pray, L.C. and

Murray, R.C. (eds.), Dolomitization and limestone diagenesis

a symposium. Soc. Econ. Palaeontologists and Mineralogists
Spec. Publ., 13.

Shinn, E.A., Lloyd, R.M. and Ginsburg, R.N., 1969. Anatomy of a modern
carbonate tidal flat, Andros Island, Bahamas. J. Sediment.

Petrol., 39, 1202-1228.

Simons, D.B., Richardson, E.V. and Nordin, C.F. Jr., 1965. Sedimentary
structures formed by flow in alluvial channels, p.34-52, in

Middleton, G.V. (ed.),Primary sedimentary structures and their

hydrodynamic interpretation. Soc. Econ. Palaeontologists and

Mineralogists. Spec. Publ., 12.

Singh, I.B. and Kumar, S., 1974. Mega- and giant ripples in the Ganga,

Yamuna, and Son Rivers, Uttar Pradesh, India. Sediment. Geol.,

12, 53-66.

Smith, D.B. 1971. Possible displacive halite in the Permian Upper Evaporite

Group of northeast Yorkshire. Sedimentology, 17, 221-232.

Smith, N.D., 1970. The braided stream depositional environment : comparison
of the Platte River with some Silurian clastic rocks, north-

central Appalachians. Bull. geol. Soc. Am., 81, 2993-3014.

Smith, N.D., 197la. Transverse bars and braiding in the lower Platte River,

Nebraska. Bull. geol. Soc. Am., 82, 3407-3420.

Smith, N.D., 1971b. Pseudo-planar stratification produced by very low ampli-

tude sand waves. J. Sediment. Petrol., 41, 69-73.




371.

REFERENCES (cont'd)

Smith, N.D., 1972. Some sedimentological aspects of planar cross—-strati-
fication in a sandy braided river. J. Sediment. Petrol., 42,

624-634.

Smith, R. and Kamerling, P., 1969. Geological framework of the Great

Australian Bight. J. Aust. Petrol. Exp. Assoc., 9, 60-66.

Sneed, E.D. and Folk, R.L., 1958. Pebbles in the lower Colorado River,
Texas : a study in particle morphogenesis. J. Geol., 66,

114-150.

Southard, J.B. and Harms, J.C., 1972. Sequence of bedform and stratification
in silts, based on flume experiments (abs.) Bull. Am. Assoc.

Petrol. Geol., 56, 654-655.

Sprigg, R.C., 1952. Sedimentation in the Adelaide Geosyncline and the forma-

tion of the continental terrace. Sir Douglas Mawson Anniv.

Vol., Univ. of Adelaide, pp. 153-159.

Sprigg, R.C., 1955. The Point Marsden Cambrian beds, Kangaroo Island,

South Australia. Trans. R. Soc. S. Aust., 78, 165-168.

Sprigg, R.C., Campana, B. and King, D., 1954. KINGSCOTE map sheet, Geological
Atlas of South Australia 1:253,440 series. Geol. Surv. S. Aust.

Steel, R.J., Maehle, S., Nilsen, H., Roe, S.L. and Spinnargr, 2., 1977.
Coarsening-upward cycles in the alluvium of Hornelen Basin
(Devonian) Norway : Sedimentary response to tectonic events.

Bull. geol. Soc. Am., 88, 1124-1134.

Stein, R.A., 1965. Laboratory studies of total load and apparent bed load.
J. Geophys. Res., 70, 1831-1842.

Sternberg, R.W. and McManus, D.A., 1972. Implications of sediment dispersal
from long-term, bottom-current measurements on the continental
shelf off Washington, p.181-194, in Swift, D.J.P., Onane, D.B.
and Pilkey, O.H. (eds.), Shelf Sediment transport. Dowden,

Hutchinson and Ross, Strondsburg.

Stock, E.C., 1974. The clay mineralogy, petrology and environments of deposi-
tion of the Cambrian Lake Frome Group, Flinders Ranges,

South Australia. M.Sc. thesis, Univ. Adelaide (unpubl.).

Stokes, W.L., 1953. Primary sedimentary trend indicators as applied to ore
finding in the Carrizo Mountains, Arizona and New Mexico.

U.S. Atomic Energy Comm. RME-3043, pt. 1.




372.

REFERENCES (cont'd)

Stride, A.H., 1963. Current-swept sea floors near the southern half of

Great Britain. OQuart. J. geol. Soc. London, 119, 175-199.

Stride, A.H., 1970. Shape and size trends for sand waves in a depositional

zone of the North Sea. Geol. Mag., 107, 469-477.

Stuart, W.J. and Johnson, J.E., 1970. Final report on the geology of

Kangaroo Island, O.E.L. 24, South Australia. Beach Petroleum

N.L. (unpubl.).

Stuart, W.J. and von Sanden, A.T., 1972. Palaeozoic history of the St. Vincent

Gulf region, South Australia. J. Aust. Petrol. Exp. Assoc.,

12, 9-le.

swift, D.J.P., 1970. Quaternary shelves and the return to grade. Mar. Geol.,
8, 5-30.

swift, D.J.P., Stanley, D.J. and Curray, J.R., 197l. Relict sediments on con-—

tinental shelves : a reconsideration. J. Geol., 79, 322-346.

Tankard, A.J. and Hobday, D.K., 1977. Tide-dominated back-barrier sedimenta-
tion, Early Ordovician Cape Basin, Cape Peninsula, South Africa.

Sediment. Geol., 18, 135-159.

Tanner, W.F., 1967. Ripple mark indicies and their uses. Sedimentology, 9,

89-104.

Tanner, W.F., 1971. Numerical estimates of ancient waves, water depth and

fetch. Sedimentology, 16, 71-88.

Tate, R., 1883. The botany of Kangaroo Island, prefaced by a historical
sketch of its discovery and settlement and by notes on its

geology. Trans. R. Soc. S. Aust., 6, 116-171.

Taylor, T.G., 1910. The Archaeocyathinae from the Cambrian of South Australia
with an account of the morphology and affinities of the whole

class. Mem. R. Soc. S. Aust., 2, 55-188.

Terwindt, J.H.J., 1971. Litho-facies of inshore estuarine and tidal-inlet

deposits. Geol. en Mijnb., 50, 515-526.

Terwindt, J.H.J. and Breusers, H.N.C., 1972. Experiments on the origin of
flaser, lenticular and sand clay alternating bedding.

Sedimentology, 19, 85-98.

Thompson, R.W., 1968. Tidal flat sedimentation on the Colorado River delta,

northwestern Gulf of California. Geol. Soc. Am. Memoir, 107.




373.

REFERENCES (cont'd)

Thompson, R.W., 1975. Tidal-flat sediments of the Colorado River delta,
northwestern Gulf of California, p.57-65, in Ginsburg, R.N.

(ed.), Tidal deposits : a casebook of Recent examples and

fossil counterparts. Springer-Verlag, New York. 428pp.

Thomson, B.P., 1969a. Precambrian crystalline basement; in Parkin, L.W.

(ed.), Handbook of South Australian Geology. Geol. Surv.

S. Aust., pp.21-48.

Thomson, B.P., 1969b. The Kanmantoo Group and early Palaeozoic tectonics,

p.97-108, in Parkin, L.W. (ed.), Handbook of South Australian

Geology. Geol. Surv. S. Aust. 268pp.

Thomson, B.P., 1970. A review of the Late Precambrian and Lower Palaeozoic

tectonics of South Australia. Trans. R. Soc. S. Aust., 94,

193-221.

Thomson, B.P., Daily, B., Coats, R.P. and Forbes, B.G., 1976. Late Precam-
brian and Cambrian geology of the Adelaide 'Geosyncline' and
Stuart Shelf, South Australia. 25th I.G.C., Excursion Guide

No. 33A., bé6pp.

Tucker, D.H. and Brown, F.W., 1973. Reconnaissance helicopter gravity survey
in the Flinders Ranges, South Australia, 1970. Bur. Miner.

Resour. geol. Geophys. Aust., Rec. 1973/12 (unpubl.).

Tucker, M.E., 1976a. Quartz replacing anhydrite nodules ('Bristol Diamonds').

From the Triassic of the Bristol district. Geol. Mag., 113,

569-574.

Tucker, M.E., 1976b. Replaced evaporites from the Late Precambrian of

Finnmark, Arctic Norway. Sedimentary Geol., 16, 193-204.

Uchupi, E., 1968. Atlantic continental shelf and slope of the United States -

physiography. U.S. Geol. Surv. Prof. Paper, 529-c. 30pp.

Van Houten, F.B., 196l. Climatic significance of red beds, in Nairne, A.E.M.

(ed.), Descriptive Palaeoclimatology. Interscience Publ.

Inc. N.Y., 380p.

Van Houten, F.B., 1964. Origin of red beds - some unsolved problems, p.647-

661, in Nairne, A.E.M. (ed.), Problems in palaeoclimatology.

Proc. NATO Palaeoclimates Conf., 1963. Interscience Publ.

Inc., N.Y. 705p.



374.

REFERENCES (cont'd)

Van Houten, F.B., 1968. Iron oxides in red beds. Bull. geol. Soc. am., 79,
399-416.

Van Houten, F.B., 1973. Origin of red beds. A review - 1961-1972. Ann.

Review Earth and Planetary Sciences, 1, 39-6l.

Van Straaten, L.M.J.U., 1954. Sedimentology of Recent tidal flat deposits
and the Psammites du Condroz (Devonian). Geol. Mijnbouw, 16,

25-47.

Van Straaten, L.M.J.U., 1959. Minor structures of some Recent littoral and

neritic sediments. Geol. Mijnbouw, 21, 197-216.

Van Straaten, L.M.J.U. and Kuenen, Ph. H., 1957. Accumulation of fine
grained sediments in the Dutch Wadden Sea. Geol. Mijnbouw, 19,

329-354.

Van Straaten, L.M.J.U. and Kuenen, Ph.H., 1958. Tidal action as a cause of

clay accumulation. J. Sediment. Petrol., 28, 406-413.

Visher, G.S., Ekebafe, S.B. and Rennison, J., 1975. The Coffeyville format
(Pennsylvanian) of Northern Oklahoma, a model for an epeiric
sea delta, p.381-397, in Broussard, M.L. (ed.), Deltas,

Models for Exploration. Houston geol. Soc., 555pp.

Voisey, A.H., 1959. Australian geosynclines. Aust. J. Sci., 22, 188-198.

Von der Borch, C.C., 1965. The distribution and preliminary geochemistry of

modern carbonate sediments of the Coorong area, South Aus-

tralia. Geochem. et Cosmochim. Acta, 29, 781-799.

Walker, R.G., 1971. Nondeltaic depositional environments in the Catskill
clastic wedge (Upper Devonian) of central Pennsylvania.

Bull. Geol. Soc. Am., 82, 1305-1326.

Walker, R.G. and Harms, J.C., 1971. The "Catskill Delta" : a prograding

muddy shoreline in Central Pennsylvania. J. Geol., 79, 381-399.

Walker, R.G. and Harms, J.C., 1975. Shorelines of weak tidal activity
Upper Devonian Catskill Formation, Central Pennsylvania,

p.103-108, in Ginsburg, R.N. (ed.), Tidal deposits : a case-

hook of Recent examples and fossil counterparts. Springer-

Verlag, New York. 428pp.

Walker, T.R., 1963. 1In situ formation of red beds in an arid to semi-arid

climate. Geol. Soc. Amer. Spec. Paper, 76, 174-175.




375.

REFERENCES (cont'd)

Walker, T.R., 1967a. Formation of red beds in modern and ancient deserts.

Bull. geol. Soc. Am., 78, 353-368.

Walker, T.R., 1967b. Colour of Recent sediments in tropical Mexico : a

contribution to the origin of red beds. Bull. geol. Soc. Am.,

78, 917-920.

Walker, T.R., 1974. Formation of red beds in moist tropical climates : a

hypothesis. Bull. geol. Soc. Am., 85, 633-638.

Walker, T.R. and Honea, R.M., 1969. Iron content of modern deposits in the
Sonoran Desert : a contribution to the origin of red beds.

Bull. geol. Soc. Am., 80, 535-544.

Walker, T.R., Ribbs, P.H. and Honea, R.M., 1967. Geochemistry of hornblende
alteration of Pliocene rocks of the Baja California. Bull.

geol. Soc. Am., 78, 1055-1060.

Walter, M.R., 1965. Archaeocyatha and the biostratigraphy of the Hawker

Group near Wirrealpa, South Australia. B.Sc. Honours thesis.

Univ. Adelaide (unpubl.).

Walter, M.R., 1967. Archaeocyatha and the biostratigraphy of the Lower

Cambrian Hawker Group, South Australia. J. geol. Soc. Aust.,

14, 139-152.

Warris, B.J.S., 1967. The Stratigraphy and Palaeontology of North Western
New South Wales. Ph.D. thesis, Univ. Sydney (unpubl.).

Watts, T.R. and Gausden, J., 1966. Stansbury West No. 1 Well - well completion
report. Beach Petroleum N.L. S. Aust. Mines Dept. Open File,

656.

Wellman, P.W., 1971. The age and palaeomagnetism of the Australian Cainozoic

volcanic rocks. Ph.D. thesis, Aust. Nat. Univ. (unpubl.).

Wells, A.J., 1962. Recent dolomite in the Persian Gulf. Nature, 194,
274-275.

West, I.M., Brandon, A. and Smith, M., 1968. A tidal flat evaporitic facies

in the Viséan of Ireland. J. Sediment. Petrol., 38, 1079-1093.

Westhoff, J.B., 1968. Regional geophysical interpretation Lake Frome area,

South Australia. B.Sc. Honours thesis, Univ. Adelaide (unpubl.).




376.

REFERENCES (cont'd)

Whittington, H.B., 1971. The Burgess Shale : History of research and

preservation of fossils, p.1170-1201, in Extraordinary fossils.

Symp. North Amer. Paleont. Conv. 1969, Pt. 1.

Wigglesworth, K.F., 1970. The geology of the Mount Frome region, Flinders

Ranges, South Australia. B.Sc. Honours thesis, Univ. Adelaide

(unpubl.) .

Williams, G.E., 1971. Flood deposits of the sand-bed ephemeral streams of

central Australia. Sedimentology, 17, 1-40.

Williams, G.P., 1967. Flume experiments on the transport of a coarse sand.

U.S. Geol. Survey Prof. Paper, 562-B.

Williams, G.P., 1970. Flume width and water depth effects in sediment-

transport experiments. U.S. Geol. Survey Prof. Paper,

562-H.

Williams, H., Turner, F.J. and Gilbert, C.M., 1954. Petrography. An

Introduction to the Study of Rocks in Thin Sections.

Freeman & Co., San Francisco. 406p.

Williams, P.F. and Rust, B.R., 1969. The sedimentology of a braided river.
J. Sediment. Petrol., 39, 649-679.

willis, J.C., Coleman, N.L., and Ellis, W.M., 1972. Laboratory study of

transport of fine sand. Proc. Am. Soc. Civil Eng.,

J. Hydraul. Div., 98, 489-501.

Wopfner, H., 1966. Cambro-Ordovician sediments from the north-eastern margin
of the Frome Embayment (Mt. Arrowsmith, N.S.W.). J. & Proc.
R. Soc. N.S.W., 100, 163-177.

Wopfner, H., 1969a. The Cambrian Period; p.84-97, in Parkin, L.W. (ed.),

Handbook of South Australian geology. Geol. Surv. S. Aust.,

268pp.

Wopfner, H., 1969b. Depositional history and tectonics of South Australian

sedimentary basins. ECAFE, 4th Symp. Devel. Petroleum Res.

Asia and Far East, Canberra., ECAFE Document I & NR/PR4/57,
28pp.

Wopfner, H., 1969c. Lithology and distribution of the Observatory Hill Beds,

eastern Officer Basin. Trans. R. Soc. S. Aust., 93, 171-183.

Wopfner, H., 1970a. Early Cambrian palaeogeography, Frome Embayment, South
Australia. Bull. Am. Ass. Petrol. Geol., 54, 2395-2409.




377.

REFERENCES (cont'd)

Wopfner, H., 1970b. Lithofacies evaluation of Lower Cambrian sediments of

the Flinders Ranges - a preliminary study. Mineral Resour.

Rev. S. Aust., 129, 11-24.

Wopfner, H., 1972. Depositional history and tectonics of South Australian
sedimentary basins. Mineral Resour. Rev., S. Aust., 133,

32-50.

Wunderlich, F., 1970. Genesis and environment of the "Nellenkopfchenschichten"
(Lower Emsian, Rheinian Devon) at Locus Typicus in comparison
with modern coastal environment of the German Bay.

J. Sediment. Petrol., 40, 102-130.

Young, G.M., 1974. Stratigraphy, palaeocurrents and stromatolites of
Hadrynian (Upper Precambrian) rocks of Victoria Island,

Arctic Archipelago, Canada. Precambrian Res., 1, 13-41.

Young, G.M. and Jefferson, C.W., 1975. Late Precambrian shallow water de-
posits, Banks and Victoria Islands, Arctic Archipelago.

Can. J. Earth Sci., 12, 1734-1748.

Youngs, B.C., 1977. Mudguard 1 and Yalkalpo 2 - well completion reports.
S. Aust. Mines Dept. RB.77/66 (unpubl.).

Youngs, B.C., 1978a. The sedimentology of the Cambrian Wirrealpa and Aroona

Creek Limestones. Bull. geol. Surv. S. Aust., 47, 73p.

Youngs, B.C., 1978b. The petrology and depositional enviromments of the
Middle Cambrian Wirrealpa and Aroona Creek Limestones (South

Australia). J. Sediment. Petrol., 48, 63-74.

Youngs, B.C., 1978¢c. Stratigraphic drilling in the eastern Arrowie Basin,

1975-1976. Quart. geol. Notes, Geol. Surv. S. Aust., 66,

16-20.

Youngs, B.C., 1979. Bumbarlow 1 well completion report. S. Aust. Mines Dept.

(unpubl.).






Moore, P. S. (1979). Stratigraphy of the early Cambrian Edeowie limestone
member, Flinders Ranges, South Australia. Transactions of the Royal Society
of South Australia, 103(4), 101-111.

NOTE:

This publication is included in the print copy
of the thesis held in the University of Adelaide Library.




APPENDIX B

Estimates of Ancient Waves, Water Depth

and Fetch during Nildottie Sedimentation



BI1.

APPENDIX B

Estimates of Ancient Waves, Water Depth and Fetch

During Nildottie Sedimentation

The following calculations are based on the work of Tanner (1971),
with supplementary data derived from Harms (1969) , Komar (1974), and
Bretschneider (1966).

Symmetrical Ripples

From Table 5-1 (Chapter 5):

s = mean ripple spacing = 2.53cm

s = 4.5cm
max

s ., = 0.9cm
min

RSI = 1.0

g = average grainsize = 60um

In g = 4.1

Step 1l:
0.97s - 3.72 ln g = -12.8
From Figure 1 of Tanner (1971), we get the following limits:
(a) water depth h 2 15cm (average value 40-50cm)
(b) fetch £ = 3-500km (average value about 200km)

(c) wave height H = 7-17cm (average value 15cm)
Step 2:
On the basis of s < 5cm, we can assume that deposition occurred in a

small, shallow body of water. An abundance of desiccation features supports

this view.

Step 3:

Water wave height H 38.52 + 1.89s -~ 7.11 In g

14.2cm

Step 4:

Water depth: 1n h

22.74 + 0.97s - 3.72 In g - 0.41H
4.1201



APPENDIX B (cont'd)

Step 4: (cont'd)

Water depth h = 62cm

Step 5:
A recheck with Tanner's Figure 1 shows that the above values are

hydrodynamically acceptable.

Step 6:

Wave fetch: 1n £ 2.2968 1In H - 0.583 1In h - 0.731

= 2.96

Wave fetch f

19.3km

Additional calculations:

From Komar (1974),

E = horizontal particle displacement d
max o
= (ripple spacing) /0.8
= 3.16cm
and E A

max  Sinh (27 h/L)

For H = 14.2cm and h = 62cm,
Wave length L = 3.99m
Also from Komar (1974), and Komar and Miller (1973),
5
L = Lg|tanh (27 h/Ly) |

L

(o]

2 2m g g
and T = Ly - where G = acceleration due to gravity

4.85m (deep water wave length).

Wave period T 1.76 secs
N.B. This is a very short period oscillation. Based on shallow water
empirical tables (Fig. IV-B of Bretschneider, 1966) water depth of less

than about 1lm should be expected. Even allowing for winds of up to

50km/hr., waves should rarely exceed 30cm in height.

B2.
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Near-Symmetrical Ripples

From Table 5-3 (Chapter 5):

s = mean ripple spacing = 2.25cm

s = 4.0cm
max

s . = 1l.3cm
min

RSI = 1.5

g = average grainsize = 60um

in g = 4.1

Step 1:

0.97s - 3.72 1ln g = -13.1

From Figure 1 of Tanner (1971), we get the following limits:
(a) water depth h 2 15cm (average value 40cm)
(b) fetch £ = 2 - 500km (average value 150-200km)

(c) wave height H = 7-17cm (average value 15cm)

Step 2:

On the basis of s < 5cm, we can assume that deposition occurred in a
small, shallow body of water. An abundance of desiccation features supports

this view.

Step 3:

a s
Il

Water wave height 38.52 + 1.89s - 7.11 In g

13.6cm

Step 4:

Water depth: 1ln h = 22.74 + 0.97s - 3.72 In g - 0.41H
= 4.0945

60cm

Il

Water depth h

Step 5:
A recheck with Tanner's Figure 1 shows that the above values are

hydrodynamically acceptable.
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Step 6:

Wave fetch: 1n £ 2.2968 In H - 0.583 1n h - 0.731

Wave fetch f 17 .8km

Additional calculations:

From Komar (1974),

horizontal particle displacement do

max
= (ripple spacing) /0.8
= 2.8lcm
-H
and B ax = Sinh(2r h/L)

For H = 13.6cm and h = 60cm,
Wave Length L = 3.80m
Also from Komar (1974), and Komar and Miller (1973),

L

Leo| tanh (21 h/Le) | 2

Lo

4.58m (deep water wave length)

2 2m . .
and T = Lg-* I where G = acceleration due to gravity

Wave period T = 1l.7lsecs
N.B. This is a very short period oscillation. Based on shallow water
empirical tables (Fig. IV-B of Bretschneider, 1966) water depth of less
than about 1m should be expected. Even allowing for winds of up to 50km/hr,

waves should rarely exceed 30cm in height.
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APPENDIX C

Petrographic Data, Billy Creek Formation

THIN SECTION LISTING

Four lithological associations are recognised in the Billy Creek

Formation (Chapter 10). They are:

(a) Association 1: Red and minor green shales, siltstones and sand-

stones all of which are rich in feldspars and micas.

(b) Association 2: Red, brown and green shales, siltstones and sand-

stones characterized by a paucity of feldspars and micas, and con-
taining a very mature heavy mineral suite.

(c) Association 3: Carbonates.

(d) Association 4: Tuffs and tuffaceous sediments.

In the course of this study, nearly 1000 thin sections were prepared and
the various rock-types identified. Thin-section listings are presented below,
and are grouped into the four major lithological associations. Identification
numbers on the thin sections follow the format 530-X-Y17, where:
530 is the author's identification number in the collections of the
Geology Department at the University of Adelaide.
X is the locality prefix. Localities referred to are:

BC Wirrealpa Basin (Mt. Billy Creek - Balcoracana Ck.)

BU - Bunyeroo

BR - Brachina

MS - Mount Scott Range

MF - Mount Frome

CG - Chambers éorge

RH - Reaphook Hill

ILF1l - Delhi-Santos Lake Frome No. 1 Stratigraphic Well

LF2 - Delhi-Santos Lake Frome No. 2 Stratigraphic Well



c2.

Y12 - S.A.M.D. Yalkalpo No. 2 Stratigraphic Well
Y17 is the sample number. For example, generally Y17 refers to the
seventeenth sample collected in Section Y.

In the following listing, the author's identification number (530) is
omitted (ie. X-Y17 not 530-%X-Y17), since it is invariable. Sample heights
are given in brackets: the height refers to the stratigraphic distance in
metres above the base of the relevant member. Exceptions are noted in the
text.

For borecore samples, the code number is either:

(a) YL2-X meaning Yalkalpo 2 borecore, X metres below ground level;

or (b) LF1-X, meaning Lake Frome No. 1 borecore, X feet below ground
level. These figures are given in feet for quick anq easy access
to the original borecore which was logged in feet and inches.

There are several additional symbols:

* calcareous

+ anhydrite present
ss sandy

s shaly
vs very shaly

d dolomitic

ds domal stromatolites (generally dolomitic).

LITHOLOGICAL ASSOCIATION 1

Red Sandstones

Nildottie Siltstone Member

Mount Scott Range: Section MS-B

MS-B11l (1m), MS-B1l2 (8m).

Mount Frome: Section MF-A

MF-A16 (101m)

Chambers Gorge: Section CG-B

CG-B5* (5m), CG-B6*(27m), CG-B7*(44m), CG-BG*(75m),



Red Sandstones (cont'd)

Eregunda Sandstone Member

Wirrealpa Basin: Section BC-B (Type Section)

BC-E13 (1m), BC-12 (2m), BC-L3 (6m).

Wirrealpa Basin: Section BC-K (Ten Mile Creek Section)

Om is the base of Unit C of the Eregunda Sandstone Member
BC-K1 (17m), BC-K2 (18m), BC-K3 (19m), BC-K6 (23m),

BC-K7 (23m), BC-K8 (31m), BC-K9 (33m), BC~-K10 (34m),
BC-K11 (38m), BC-K13 (38m), BC-K14 (39m), BC-K15 (40m),

BC-K16 (41m), BC-K17 (42m).

Wirrealpa Basin: Section BC-Q (Balcoracana Creek Section)

BC-Q4 (Om), BC-Q9 (15m), BC-Q1l4 (37m), BC-Q15 (37m),
BC-Ql8a (45m), BC-Q18b (45m).

Heysen Range: Section BR-A

BR-A21 (1m), BR-A23 (8m), BR-A25 (12m), BR-A26 (80m),
BR-2A27 (92m).

Mount Scott Range: Section MS-B

MS-B28 (2m), MS-B37 (42m).

Mount Frome: Section MF-A

MF-A26 (26m), MF-A27 (27m), MF-A28 (29m),

MF-A30 (31m).

Erudina Siltstone Member

Reaphook Hill: Section RH-C

RH-C33 (Unit C, 30m).

Billy Creek Formation (sensu stricto) - Yalkalpo 2 borecore

YI2-512, YL2-333%, YL2-334.

Red Siltstones

Warragee Member

Wirrealpa Basin: Section BC-B (Type Section)

BC-Cl1l2 (254m).

C3s



Red Siltstones (cont'd)

Warragee Member (cont'd)

Wirrealpa Basin: Section BC-R

BC-R5 (68m), BC-R6 (87m).

Mount Scott Range: Section MS-B

MS-B9 (34m), MS-B10 (34m).

Heysen Range: Section BR-A

BR-A10 (54m).

Nildottie Siltstone Member

Wirrealpa Basin: Section BC-B (Type Section)

BC-D13 (73m), BC-D14 (74m), BC-D15 (76m), BC-D1l6 (96m),
BC-D17 (80m), BC-D18 (87m), BC-D19 (97m), BC-E3 (134m),
BC-E4 (196m), BC-E5 (221m), BC-E6 (222m), BC-E7 (265m),
BC-E9 (313m), BC-E10 (365m), BC-E1ll (443m), BC-E12 (455m).

Wirrealpa Basin: Section BC-L

BC-L10 (98m).

Wirrealpa Basin: Section BC-N

BC-N1 (11llm), BC-N5 (131m), BC-P3a (154m), BC-Zl1 (144m), BC-Z2 (220m),
BC-Z3 (270m).

Wirrealpa Basin: Section BC-Q (Balcoracana Creek Section)

Om is the base of the Eregunda Sandstone Member.
BC-Q2 (-66m), BC-Q2a (-66m), BC-Q2b (-66m), BC-Q3 (-19m),
BC-Q5a (-0.2m), BC-Q5b (-0.2m), BC-Q5c (=0.2m).

Wirrealpa Basin: Section BC-R

BC-T14 (238m), BC-T15 (239m), BC-T21 (269m), BC-T22 (277m),
BC-T23a (279m).

Heysen Range: Section BR-A

BR-Al5 (89m), BR-Al6 (93m), BR-Al7 (170m), BR-Al8 (177m),

BR-A19 (228m), BR-A24 (341m).

C4.



Red Siltstones (cont'd)

Nildottie Siltstone Member (cont'd)

Mount Scott Range: Section MS-B

MS-B11 (2m), MS-B1l4 (82m), MS-B15 (99m), MS-B16 (100m), MS-B17 (10lm),
MS-B19 (118m), MS-B20 (118m), MS-B21 (122m), MS-B23 (136m),
MS-B24 (141m), MS-B25 (148m), MS-B26 (176m).

Mount Frome: Section MF-A

MF-A10*(19m) , MF-Al2 (80m), MF-Al3 (100m),
MF-Al15 (100m), MF-Al6 (229m),
MF-A18% (268m) .

Chambers Gorge: Section CG-B

CG-B8* (55m) , CG-B10*(78m), CG-Bll*(l36m),

CG-B12 (150m), CG-B13 (185m).

Eregunda Sandstone Member

Wirrealpa Basin: Section BC-K (Ten Mile Creek Section)

BC-K4 (19m), BC-K5 (20m), BC-K22 (54m).

Wirrealpa Basin: Sectioh BC-Q (Balcoracana Creek Section)

BC-Qlla (16m), BC-Q17 (41lm).

Heysen Range: Section BR-A

BR-A24 (9m).

Mount Frome: Section MF-A

MF-A24 (3m).

Erudina Siltstone Member

Reaphook Hill: Section RH-A

RH-A28* (Unit B, 90m).

Reaphook Hill: Section RH-C

RH-C27* (Unit B, 4lm), RH-C31*(Unit C, 122m), RH-C32*(Unit C, 131m),
RH-C34 (Unit C, 152m), RH-C35 (Unit C, 162m), RH-C36* (Unit D, 203m),

RH-C39%* (Unit D, 214m), RH-C42 (Unit D, 264m).
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Red Siltstones (cont'd)

Billy Creek Formation (sensu stricto) - Lake Frome No. 2 borecore

LF2-2407. LF2-2515"

Billy Creek Formation (sensu stricto) - Yalkalpo 2 borecore

YL2-519, YL2-440, YL2-428, YL2-414.

Red Shales

Warragee Member

Wirrealpa Basin: Section BC-R

BC-R4 (39m)

Heysen Range: Section BR-A

BR-A1ll (138m)

Mount Scott Range: Section MS-B

MS-B4 (1lm).

Nildottie Siltstone Member

Wirrealpa Basin: Section BC-B (Type Section)

BC-D12 (71m).

Wirrealpa Basin: Section BC-N

BC-N6a (132m), BC-N6b (132m).

Eregunda Sandstone Member

Wirrealpa Basin: Section BC-K (Ten Mile Creek Section)

Oom is the base of Unit C of the Eregunda Sandstone Member.

BC-K20 (53m), BC-K21 (53m), BC-K22 (54m).

Erudina Siltstone Member

Reaphook Hill: Section RH-A

RH-A27* (Unit A, 28m).

ce.

——
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Interlaminated Red Shale and Siltstone

Nildottie Siltstone Member

Wirrealpa Basin: Section BC-N

BC-N2a (118m), BC-N2c¢ (118m), BC-N4a (114m), BC-N4b (114m),
BC-N10b (148m), BC-N10Oc¢ (148m), BC-P2a (150m), BC-P2b (150m),

BC-P2¢ (150m).

Erudina Siltstone Member

Reaphook Hill: Section RH-C

RH-C37 (Unit D, 213m), RH-C4l1 (Unit D, 262m), RH-C43 (Unit D, 266m).

Billy Creek Formation (sensu stricto) - Lake Frome Nos. 1 & 2 borecore

LF1-2560"

IF2-2088, LF2-2523"

Billy Creek Formation (sensu stricto) - Yalkalpo 2 borecore

YL2-327

Variegated Shales and Siltstones

Warragee Member

Wirrealpa Basin: Section BC-B (Type Section)

BC-D9 (301m).

Wirrealpa Basin: Section BC-R

BC-T4 (202m).

Billy Creek Formation (sensu stricto) - Lake Frome No. 1 borecore

+
1F1-14947, Tr1-1663"

Billy Creek Formation (sensu stricto) - Yalkalpo 2 borecore

YI2-391, YL2-289.
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Green Sandstones

Eregunda Sandstone Member

Wirrealpa Basin: Section BC-K (Ten Mile Creek Section)

Om is the base of Unit C of the Eregunda Sandstone Member.
BC-K11 (38m), BC-K13 (38m).

Wirrealpa Basin: Section BC-Q (Balcoracana Creek Section)

BC-Q13 (36m)

Mount Scott Range: Section MS-B

MS-B27%* (Om)

Mount Frome: Section MF-A

MF-A23 (1m).

Billy Creek Formation (sensu stricto) - Yalkalpo 2 borecore

YL2-499.

Green Siltstones

Warragee Member

Wirrealpa Basin: Section BC-B (Type Section)

BC-D11 (320m)

Chambers Gorge: Section CG-B

CG-B1*(18m) .

Nildottie Siltstone Member

Chambers Gorge: Section CG-B

CG-B14*(189m)

Eregunda Sandstone Member

Wirrealpa Basin: Section BC-Q (Balcoracana Creek Section)

BC-04 (Om), BC-09 (15m), BC-Qllb (16m), BC-Qllc (16m) .

Mount Frome : Section MF-A

MF-A19 (1lm), MF-A20 (1m).



Green Siltstones (cont'd)

Billy Creek Formation (sensu stricto) - Lake Frome No. 1 borecore

LFl—l664+

Billy Creek Formation -(sensu stricto) - Yalkalpo 2 borecore

-+
YL2-459, YL2-442 , YL2—317+.

Green Shales

Warragee Member

Wirrealpa Basin: Section BC-B (Type Section)

BC-D4 (302m).

Wirrealpa Basin: Section BC-R

BC-R1 (23m), BC-R10 (197m), BC-T6 (222m).

Mount Scott Range: Section MS-B

MS-B6 (23m), MS-B7 (24m).

Billy Creek Formation (sensu stricto) - Lake Frome No. 2 borecore

LF2-2408.

Billy Creek Formation (sensu stricto) - Yalkalpo 2 borecore

YL2-472, YL2-447.

LITHOLOGICAL ASSOCIATION 2

Sandstones without Carbonate Grains or Appreciable Carbonate Cement

Coads Hill Member

Reaphook Hill: Section RH-A

RH-A6 (Unit B, 10m), RH-A7 (Unit B, 25m),
RH-A12 (Unit D, 70m).

Reaphook Hill: Section RH-F

RH-F6 (Unit B, 30m).

co.
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Sandstones without Carbonate Grains or Appreciable Carbonate Cement (cont'd)

Coads Hill Member (cont'd)

Reaphook Hill: Section RH-G

RH-G4 (Unit C, 31m), RH-G5 (Unit C, 34m), RH-G6 (Unit C, 58m),
RH-G7 (Unit D, 65m), RH-G8 (Unit D, 72m), RH-G9 (Unit D, 72m).

Reaphook Hill: Section RH-J

RH-J6 (Unit F, 20m), RH-J7 (Unit F, 22m).

Reaphook Hill: Locality RH-K

RH-K1 (Unit B, 9m).

Calcarenitic Sandstones

Coads Hill Member

Reaphook Hill: Section RH-A

RH-A3 (Unit B, Om), RH-Ad4a (Unit B, Om), RH-A4b (Unit B, Om),
RH-A5 (Unit B, 2m), RH-Al1l7 (Unit F, 90m).

Reaphook Hill: Section RH-B

RH-B3 (Unit B, 4m), RH-B5 (Unit C, 20m),
RH-B15 (Unit F, 88m).

Reaphook Hill: Section RH-C (Type Section)

RH-C2 (Unit B, 6m), RH-C3 (Unit B, 9m), RH-C9 (Unit D, 5%9m),
RH-C11 (Unit F, 77m), RH-Cl2a (Unit F, 78m), RH-C12b (Unit F, 78m).

Reaphook Hill: Section RH-F

RH-F3 (Unit B, 8m), RH-F4 (Unit B, 18m), RH-F5 (Unit B, 19m),
RH-F7 (Unit F, 57m), RH-F8 (Unit F, 62m), RH-F9 (Unit F, 72m),
RH-F10 (Unit F, 78m).

Reaphook Hill: Section RH-G

RH-G1 (Unit B, 18m), RH-G2 (Unit C, 25m), RH-G3 (Unit C, 25m).

Reaphook Hill: Section RH-J

RH-J1 (Unit B, Om), RH-J2 (Unit B, 2m), RH-J3 (Unit B, 3m),

RH-J5 (Unit F, 15m), RH-J9 (Unit F, 27m), RH-J10 (Unit F, 32m).
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Calcarenitic Sandstones (cont'd)

Coads Hill Member (cont'd)

Reaphook Hill: Locality RH-K

RH-K3 (Unit B, 10m), RH-K4 (Unit B, 15m).

Calcarenitic Siltstones

Coads Hill Member

Reaphook Hill: Section RH-A

RH-A18 (Unit F, 103m)

Immature (slightly clayey) Sandstone

Coads Hill Member

Reaphook Hill: Section RH-A

RH-A13 (Unit D, 70m), RH-Al6 (Unit E, 81m).

Reaphook Hill: Section RH-G

RH-G10 (Unit F, 79m), RH-Gll (Unit F, 8lm), RH-G13 (Unit F, 100m),

RH-G14 (Unit F, 10lm).

Very Immature (clayey) Sandstone

Coads Hill Member

Reaphook Hill: Section RH-B

RH-B6 (Unit C, 25m)

Reaphook Hill: Section RH-C (Type Section)

RH-C4 (Unit C, 43m), RH-C5 (Unit C, 43m), RH-C6 (Unit C, 45m),
RH-C7 (Unit C, 47m), RH-CS8 (Unit C, 48m).

Reaphook Hill: Section RH-G (Type Section)

RH-G12 (Unit F, 98m).



Cl2.

LITHOLOGICAL ASSOCIATION 3

Carbonate Mudstones

Warragee Member

Wirrealpa Basin: Section BC-B (Type Section)
S s d d
BC-C14~ (275m), BC-C15~ (298m), BC-Cl6 (298m), BC-Cl7 (299m),
d
BC-D1~ (300m).

Wirrealéa Basin: Section BC-R

BC-T8a° (236m), BC-T8b" (236m).

Mount Frome: Section MF-A

MF-A7° (95m)

Coads Hill Member

Reaphook Hill: Section RH-A

RH-A24 (Unit H, 190m)

Reaphook Hill: Section RH-C

rE-C185% (Unit H, 186m), RH-C20°° (Unit H, 189m), RH-C21°° (Unit H, 191m).

Calcisiltites

Warragee Member

Mount Frome: Section MF-A

MF-A5 (6m), MF-A6 (8m).

Coads Hill Member

Reaphook Hill: Section RH-A

RH-Al4 (Unit D, 66m)

Reaphook Hill: Section RH-B

RH-B16 (Unit F, 85m)

Reaphook Hill: Section RH-F

RH-F12 (Unit G, 110m).



C13.

Calcisiltites (cont'd)

Erudina Siltstone Member

Reaphook Hill: Section RH-A

RH-A26 (Unit A, 21m)

Wackestones

Warragee Member

Wirrealpa Basin: Section BC-B (Type Section)

BC-C2 (13m), BC-Cll (251m).

Coads Hill Member

Reaphook Hill: Section RH-A

RE-A15"° (Unit E, 80m), RH-A22'° (Unit G, 158m), RH-A23 " (Unit G, 187m).

Reaphook Hill: Section RH-B

rE-B8YS (Unit C, 49m), RH-B9'® (Unit E, 52m), RH-B10'° (Unit D, 56m).

Reaphook Hill: Section RH-C

ri-c107S (Unit E, 67m), RE-C14% (Unit G, 150m), RH-C15C (Unit H, 175m).

Reaphook Hill: Section RH-F

RE-F14Y° (Unit G, 133m), RH-F16'~ (Unit H, 144m).

Erudina Siltstone Member

Reaphook Hill: Section RH-C

el . .
RH-C23  (Unit A, 8m), RH—CZ6ad (Unit A, 38m), RH—C26bd (Unit A, 38m).
Packestones

Warragee Member

Chambers Gorge : Section CG-B

CG-B2A (23m).

Coads Hill Member

Reaphook Hill: Section RH-A

RH-A25 (Unit H, 196m).
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Grainstones

Coads Hill Member

Reaphook Hill: Section RH-C (Type Section)

RH-C22 (Unit J, 191m).

Reaphook Hill: Section RH-F

RH-F19 (Unit J, 150m).
Boundstones

Warragee Member

Wirrealpa Basin: Section BC-B (Type Section)

po-c3%5 (27m), Bc-ca® (28m), BC-c5%S (32m), BC-c6%° (52m),

BC-C9 (247m), BC-Cl0 (251m).

Coads Hill Member

Reaphook Hill: Section RH-C (Type Section)

a
RE-C192a%° (Unit H, 188m), RH-C19b°° (Unit H, 188m).

Reaphook Hill: Section RH-F

Om is the base of the Coads Hill Member.

rRE-F15°° (Unit H, 142m), RHE-F17 (Unit H, 148m).

Billy Creek Formation (sensu stricto) - Lake Frome No. 1 borecore

1F1-16729°

LITHOLOGICAL ASSOCIATION 4

Crystal Tuffs

Warragee Member

Wirrealpa Basin: Section BC-B (Type Section)

BC-C8 (l47m), BC-D7 (306m), BC-D8 (306m).

Wirrealpa Basin: Section BC-R

BC-R2 (22m), BC-R8 (152m), BC-T1 (199m), BC-T2 (200m),

BC-T3 (200m).



Crystal Tuffs (cont'd)

Nildottie Siltstone Member

Mount Frome: Section MF-A

MF-Al1ll (21 m).

Coads Hill Member

Reaphook Hill: Section RH-A

RH-A20 (Unit G, 143m), RH-A21 (Unit G, 157m).

Reaphook Hill: Section RH-C

RH-C13 (Unit G, 149m), RH-C16 (Unit H, 177m).

Erudina Siltstone Member

Reaphook Hill: Section RH-C (Type Section)

RH~C30 (Unit B, 67m), RH-C40 (Unit D, 252m).

Billy Creek Formation (sensu stricto) - Lake Frome No. 1 borecore

IF1-2561"

Billy Creek Formation (sensu stricto) - Yalkalpo 2 borecore

YIL.2-524, YL2-443, YL2-436.
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Table Cl. Modal Analyses, Lithological Association 1 Red Sandstones
BC-K1" BC-K2" BC-K3" BC-K6" BC-K7'
Modal Component (E.Sst.Mbr.) (E.Sst.Mbr.) (E.Sst.Mbr.) (E.Sst.Mbr.) (E.Sst.Mbr.)
Pt. Count % Pt. Count % Pt. Count % Pt. Count % Pt. Count %
Quartz 39.8 39.8 42.8 53.4 46.0
m Orthoclase 18.2 19.2 20.6 26.0 19.8
E Microcline 0.2 0.6 0.4 0.2 0.2
§ Perthite - 0.8 0.4 - 0.6
£ Plagioclase 1.0 4.0 3.0 2.6 4.6
Muscovite 1.8 2.8 1.8 2.0 1.0
Biotite 1.0 1.2 0.8 1.0 1.2
Heavy Minerals 0.8 0.8 3.2 2.0 2.2
Sedimentary 0.8 1.0 0.2 0.8 0.8
Rock Igneous - &= - - -
fragments Metamorphic 0.6 0.6 0.4 = 0.4
Indeterminate 1.0 0.8 0.4 0.2 0.2
Overgrowths 9.2 8.2 10.6 5.8 8.6
Iron cement 12.4 15.4 10.0 5.2 11.6
Carbonate cement & matrix == = = - =
Indeterminate matrix 13.2 4.8 5.4 0.8 2.8
Q: F: R 65 : 31 : 4 60 : 37 4 63 : 36 : 1 64 : 35 : 1 63 : 35 : 2
Clan name arkose arkose arkose arkose arkose

+
500 point counts.
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Table Cl. (cont'd) Modal Analyses, Lithological Association 1, Red Sandstones

Feldspars

BC—K8+ Eg:gg% BC—KlO+ BC—Kl4+ BC—K15+
Modal Component (E.Sst.Mbr.) (E.Sst.Mbr.) (E.Sst.Mbr.) (E.Sst.Mbr.) (E.Sst.Mbr.)
Pt. Count % Pt. Count % Pt. Count % Pt. Count % Pt. Count %
Quartz 47.0 35.8 37.0 42.4 38.6
Orthoclase 22.2 30.8 27.8 21.4 26.6
Microcline - 0.2 0.6 0.2 0.2
Perthite - 1.0 0.8 - 0.4
Plagioclase 4.2 3.0 3.4 2.0 3.2
Muscovite 2.2 1.0 1.8 0.2 1.8
Biotite 2.8 0.4 0.4 - 1.0
Heavy Minerals 2.2 - 1.6 2.6 1.4
Sedimentary 1.0 0.2 0.6 2.2 1.8
Rock Igneous - = = = -
fragments Metamorphic 0.4 0.4 1.0 0.4 0.8
Indeterminate 0.4 0.4 0.6 0.6 0.4
Overgrowths 5.2 11.4 5.8 11.4 10.6
Iron cement 8.4 13.6 14.8 10.6 11.0
Carbonate cement & matrix - - - - -
Indeterminate matrix 4.0 1.8 3.8 6.0 2.2
Q : F : R 63 : 29 : 2 50 : 49 : 1 52 : 45 : 3 6l : 34 : 5 54 : 42 : 4
Clan name arkose arkose arkose arkose arkose

500 point counts.
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Table Cl. (cont'd)

Modal Analyses, Lithological Association 1, Red Sandstones

BC-K16 BC-K17 " BR-A23" BR-A27" MS-B27
Modal Component (E.Sst.Mbr.) (E.Sst.Mbr.) (E.Sst.Mbr.) (E.Sst.Mbr.) (E.Sst.Mbr.)
Pt. Count % Pt. Count % Pt. Count % Pt. Count % Pt. Count %
Quartz 47.2 42.0 35.2 40.0 44.0
" Orthoclase 24.0 32.2 23.2 16.0 8.0
§4 Microcline 0.2 0.4 - = -
0
3 Perthite s = 0.4 0.8 =
&  Plagioclase 4.6 1.4 5.6 1.6 0.8
Muscovite 2.0 1.6 1.2 1.6 3.6
Biotite 4.0 1.2 0.8 1.6 1.2
Heavy Minerals 0.8 0.2 - - 0.8
Sedimentary 0.2 0.2 - - -
Rock Igneous - - - - -
fragments Metamorphic - 0.8 0.4 1.2 0.4
Indeterminate 0.4 0.6 - 0.4 -
Overgrowths 5.8 8.6 17.2 10.0 12.0
Iron cement 10.0 7.6 13.6 21.6 8.0
Carbonate cement & matrix = - - - 5.2
Indeterminate matrix 0.8 3.2 2.4 5.2 16.0
Q :F : R 62 : 38 : 1 54 44 2 54 45 67 31 : 3 83 17 = 1
Clan name arkose arkose arkose arkose subarkose
*500 point counts.
*250 point counts.
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Table Cl1 (cont'd) Modal Analyses, Lithological Association 1, Red Sandstones

Ms-B28* MF-A27* MF-A30 * RH-C33%* YL2-512*
Modal Component (E.Sst.Mbr.) (E.Sst.Mbr.) (E.Sst.Mbr.) (E.Sst.Mbr.) (B.Ck.Fm.)
Pt. Count % Pt. Count % Pt. Count % Pt. Count % Pt. Count %
Quartz 49.6 40.8 40.4 42.8 43.2
Orthoclase 13.2 9.2 15.6 6.0 20.0
% Microcline - - = = =
rg Perthite - - 0.4 0.8 1.6
E Plagioclase 1.2 3.6 3.6 3.2 4.0
Muscovite 1.6 2.4 3.0 4.0 0.8
Biotite - 1.2 2.0 3.2 0.8
Heavy Minerals 2.8 0.4 - - -
Sedimentary - 1.6 - = 4.8
Rock Igneous N = - - -
fragments Metamorphic - - - - 2.4
Indeterminate . = = 0.8 2.4
Overgrowths 14.4 18.4 20.0 16.0 10.0
Iron cement 9.6 14.4 6.8 20.4 6.0
Carbonate cement & matrix 4.4 0.8 4.0 - =
Indeterminate matrix 3.2 7.2 4.4 2.8 4.0
Q : F: R 78 : 22 : O 74 : 23 : 3 67 : 33 : O 80 : 19 : 1 55 : 33 : 12
Clan name subarkose arkose arkose subarkose arkose

*¥250 point counts.
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Table C2. Modal Analyses, Lithological Association 1, Green Sandstones

BC-K11' BC-K13" MF—A20* MF-A23% YI,2-499*
Modal Component (E.Sst.Mbr.) (E.Sst.Mbr.) (E.Sst.Mbr.) (E.Sst.Mbr.) (B.Ck.Fm)
Pt. Count % Pt. Count % Pt. Count % Pt. Count % Pt. Count %
Quartz 41.6 41.4 46.8 56.8 43,2
m Orthoclase 20.6 27.8 8.4 7.2 16.0
E Microcline - - - - -
%i Perthite = - 0.8 - 0.4
2  plagioclase 1.8 3.0 0.4 3.2 4.4
Muscovite 3.0 2.4 2.8 0.8
Biotite ) 3.6 -2 -
Heavy Minerals 1.8 1.6 = 1.6 -
Sedimentary 1.0 0.8 0.8 - 12.8
Rock Igneous - - - - -
fragments Metamorphic 0.2 = - - =
Indeterminate 0.6 0.2 - = 3.2
Overgrowths 16.06 16.4 19.6 10.8 5.6
Iron cement 0.8 0.4 1.6 3.6 0.8
Carbonate cement & matrix - - 1.2 0.8 11.2
Indeterminate matrix 8.0 2.4 5.6 11.2 1.6
Q : F: R 63 : 34 : 3 57 = 42 : 1 82 : 17 : 1 85 15 : 0 54 :+ 26 : 20
Clan name arkose arkose subarkose subarkose lithic arkose
+

500 point counts.
*250 point counts.
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Table C3. Modal Analyses, Lithological Association 2. Sandstones without appreciable carbonate

Feldspars

RH-A7 * RH-A12 * RH-G5* RH-G8* RH-J7*
Model Component (Coads Hill Mbr.) (Coads Hill Mbr.) (Coads Hill Mbr.) (Coads Hill Mbr.) (Coads Hill Mbr.)
Pt. Count % Pt. Count % Pt. Count % Pt. Count % Pt. Count %
Quartz 73.2 69.6 76.0 73.6 56.8
Orthoclase 3.6 2.4 0.4 7.2 4.8
Microcline 2.8 2.0 0.4 1.6 1.6
Perthite 2.4 - - 0.8 1.6
Plagioclase 2.8 2.8 0.8 0.8 2.4
Muscovite N - = - -
Biotite - - - - =
Heavy Minerals - 0.8 0.8 - 0.8
Sedimentary - 0.8 = 2.4 -
Rock Igneous - - - . -
fragments Metamorphic - - . - -
Indeterminate - N - - =
Overgrowths 12.0 13.6 20.4 12.8 15.2
Iron cement - = = - -
Carbonate cement & matrix - - = - 12.8
Indeterminate matrix 3.2 8.0 1.2 0.8 4.0
Q :F :R 86 : 14 : O 20 : 2 : 1 98 : 2 : O 85 : 12 : 3 84 : 15 : 1
Clan name subarkose subarkose quartzarenite subarkose subarkose

*250 point counts.
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Table C.4. Modal Analyses, Lithological Association 2. Calcarenitic Sandstones

Feldspars

BC-W21* BC-W22* BC-W24* BC-X8* BC-X9#*
Modal Component (Warragee Mbr.) (Warragee Mbr.) (Warragee Mbr.) (Warragee Mbr.) (Warragee Mbr.)
Pt. Count % Pt. Count % Pt. Count % Pt. Count % Pt. Count %
Quartz 66.8 67.6 69.6 58.4 66.4
Orthoclase - 0.4 0.4 0.8 0.8
Microcline 0.8 1.6 1.6 1.6 1.2
Perthite 0.4 - = - -
Plagioclase 0.4 0.4 - 0.8 2.0
Muscovite - - 0.4 = =
Biotite - - - - -
Heavy Minerals = 0.8 0.8 0.4 -
Sedimentary 3.2 2.8 1.2 0.4 2.8
Rock Igneous - - - - =
fragments Metamorphic - - ] - 0.4
Indeterminate = - = = -
Overgrowths 13.6 7.2 11.6 0.8 13.2
Iron cement - - - = =
Carbonate matrix & cement 14.4 18.4 14.4 37.4 12.8
Indeterminate matrix 0.4 0.8 = 0.8 0.4
Q0 :F : R 93 : 2 : 4 93 : 3 : 4 96 : 3 : 2 94 : 5 :1 90 : 5 : 4
Clan name sublitharenite sublitharenite quartzarenite subarkose subarkose

*250 point counts.
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Table C.4. (cont'd) Modal Analyses, Lithological Association 2. Calcarenitic Sandstones

Feldspars

Re-c3* RE-CO* Ri-c11” RH-F4" RH-F9"
Modal Component (Coads Hill Mbr.) (Coads Hill Mbr.) (Coads Hill Mbr.) (Coads Hill Mbr.) (Coads Hill Mbr.)
Pt. Count % Pt. Count % Pt. Count % Pt. Count % Pt. Count %
Quartz 63.2 67.2 54.4 63.6 54.8
Orthoclase 1.2 1.2 0.8 5.2 2.8
Microcline 2.0 - - 0.8 0.8
Perthite - 0.8 - - -
Plagioclase - 0.4 0.8 2.4 0.8
Muscovite - = = - -
Biotite - - - . -
Heavy Minerals - 0.8 0.4 0.8 0.4
Sedimentary 2.4 4.8 11.6 2.0 6.8
Rock Igneous - = . = -
fragments Metamorphic - - - = -
Indeterminate - - - - -
Overgrowths 14.0 7.2 3.6 9.2 9.6
Iron cement = = = - -
Carbonate cement & matrix 16.4 16.4 26.0 11.6 16.4
Indeterminate matrix 0.8 1.2 2.4 4.4 7.6
Q0 : F : R 92 : 5 : 3 90 : 3 : 6 80 : 2 : 17 86 : 11 : 3 83 : 7 : 10
Clan name subarkose sublitharenite sublitharenite subarkose sublitharenite

*250 point counts.
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Table C.5. Modal Analyses, Lithological Association 2. Slightly immagure (clayey) sandstones

Feldspars

RH-A8* RH-A16* RH-G11*
Modal Component (Coads Hill Mbr.) (Coads Hill Mbr.) (Coads Hill Mbr.)
Pt. Count % Pt. Count % Pt. Count %
Quartz 62.8 56.0 64.0
Orthoclase 1.6 0.8 1.6
Microcline 1.2 2.0 0.8
Perthite 0.8 0.4 -
Plagioclase 2.4 0.8 -
Muscovite - - =
Biotite - - =
Heavy Minerals 0.8 0.8 0.8
Sedimentary = 1.6 -
Rock Igneous - - -
fragments Metamorphic - - -
Indeterminate = - =
Overgrowths 8.8 7.2 2.0
Iron cement 8.0 - =
Carbonate cement & matrix - . -
Clay & silt matrix 13.6 30.4 30.8
Q :F : R 91 : 9 : O 91 : 6 : 3 96 : 4 : O
Clan name subarkose subarkose quartzarenite

*#250 point counts.
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Table C.6. Modal Analyses, Lithological Association 2. TImmature (very clayey) sandstones
Modal Component (Coads Hill Mbr.) (Coads Hill Mbr.) (Coads Hill Mbr.)
Pt. Count % Pt. Count % Pt. Count %

Quartz 40.8 40.4 52.8

. Orthoclase 0.8 0.8 1.6

E Microcline 2.4 = 0.8

§ Perthite 0.8 0.8 =

g Plagioclase - 1.2 =

Muscovite - = 0.4

Biotite - - -

Heavy Minerals 0.4 = =

Sedimentary 9.2 4.4 0.4
Rock Igneous = - =
fragments Metamorphic = - =
Indeterminate = = =

Overgrowths 2.0 = 7.2

Iron cement = - =

Carbonate cement & matrix 4.4 1.6 5.6

Indeterminate matrix 39.2 50.8 31.2

Q : F: R 76 7 : 17 84 : 6 : 9 95 : 4 : 1

Clan name sublitharenite sublitharenite quartzarenite

*250 point counts.
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APPENDIX D

Petrographic Data,

Kangaroo Island



Table DIl.

Modal Analyses, Conglomerate Facies Association Sandstones

KI-BR-5* KI-wp-1* KI-F1-1* KI-F1-2* KI-FL-3*
Modal Component White Pt. Cgl. White Pt. Cgl. White Pt. Cgl. White Pt. Cgl. White Pt. Cgl.
Pt. Count % Pt. Count % Pt. Count % Pt. Count % Pt. Count %
Quartz 29.2 37.6 52.0 46.8 42.8
" Orthoclase 1.6 3.2 3.2 1.6 3.2
§ Microcline 0.8 0.8 3.2 0.8 1.6
§* Perthite - = - 2.0 1.2
E Plagioclase = 2.8 - 1.6 0.8
Muscovite 1.6 - - - 0.8
Biotite 0.4 - = = =
Heavy Minerals 7.2 1.2 1.2 - =
Sedimentary 20.0 16.8 10.0 14.4 15.2
Rock Igneous - = - = -
fragments Metamorphic - - - - -
Indeterminate = - - - -
Overgrowths - 4.4 1.6 2.0 2.8
Iron cement 1.2 1.2 - = =
Carbonate cement & matrix 36.4 29.6 28.8 30.8 31.6
Indeterminate matrix 1.6 2.4 - . -
Q: F: R 57 : 5 : 39 6l 11 27 76 : 9 : 15 70 = 9 : 21 66 : 10 : 23
clan nane sevitharenive  FSMTIE | ounitharenite ANt

*250 point counts.



Table D1. (cont'd)

Modal Analyses, Conglomerate Facies Association Sandstones

Modal Component

KI-FL-5%
Boxing Bay Fm.
Pt. Count %

KI-PM-1%*
Boxing Bay Fm.
Pt. Count %

KI-PM-2%
Boxing Bay Fm.
Pt. Count %

KI-CE-1%
Boxing Bay Fm.
Pt. Count %

KI-CE-2%*
Boxing Bay Fm.
Pt. Count %

Quartz
" Orthoclase
a Microcline
§ Perthite
g Plagioclase
Muscovite
Biotite

Heavy Minerals

Sedimentary
Rock Igneous
fragments Metamorphic
Indeterminate
Overgrowths

Iron cement
Carbonate cement & matrix
Indeterminate matrix

Q :F : R

Clan name

47.6
0.8
2.4
0.8
0.4

85 : 8 : 7

subarkose

34.2
1.2
1.2
1.6
0.4
0.8
0.8

32.0

2.4
0.8
17.6
4.4

48 : 6 : 47

sedlitharenite

46.4
7.2
4.4
0.4
1.6
0.8

14.0
5.2
68 : 20 : 12

lithic arkose

32.8
4.0
1.6
2.0
0.4
1.6
0.4
5.6

16.8

26.4
1.6
57 : 14 : 29

feldspathic
litharenite

41.8
10.8

4.8
2.8
22.8
8.0

71 : 24 : 5

arkose

*250 point counts.



Table D2. Modal Analyses, Sandstone Facies Association Sandstones

Feldspars

KI-BR-1* KI-Wp-4* KI-FL-4* KI-FL-7* KI-FL-8*
Modal Component White Pt. Cgl. White Pt. Cqgl. White Pt. Cgl. White Pt. Cgl. White Pt. Cgl.
Pt. Count % Pt. Count % Pt. Count % Pt. Count % Pt. Count %
Quartz 41.6 38.4 55.2 35.6 38.8
Orthoclase 8.0 14.4 11.2 11.6 14.0
Microcline 2.0 - 1.6 0.4 =
Perthite 1.2 1.2 1.6 0.8 0.8
Plagioclase 4.8 3.6 7.6 4.0 3.2
Muscovite 3.2 1.2 0.8 3.6 4.0
Biotite = 0.8 = 0.8 -
Heavy Minerals 1.2 1.2 0.4 4.0 2.0
Sedimentary - - 0.8 = =
Rock Igneous - - - = -
fragments Metamorphic - - - - -
Indeterminate 0.4 = = - -
Overgrowths 8.0 4.0 8.4 6.0 6.0
Iron cement 0.8 29.2 4.6 7.6 14.4
Carbonate cement & matrix 19.6 1.6 - = =
Indeterminate matrix 9.2 4.4 7.6 25.6 16.8
Q : F : R 72 : 28 : O 67 : 33 : 0 71 : 28 : 1 68 - 32 : O 68 : 32 : O
Clan name arkose arkose arkose arkose arkose

*250 point counts.



Table D2. (cont'd) Modal Analyses, Sandstone Facies Association Sandstones

KI-FL-6*
Boxing Bay Fm.

KI-PM-5*
Boxing Bay Fm.

KI-WP-14%*
Boxing Bay Fm.

KI-WP-16% KI-Wp-17%*

Modal Component Boxing Bay Fm. Boxing Bay Fm.

Pt. Count % Pt. Count % Pt. Count % Pt. Count % Pt. Count %
Quartz 41.2 43.2 42.4 34.8 41.6

ﬂ Orthoclase 21.2 21.6 21.6 22.4 23.2
(% Microcline 0.4 0.8 2.4 1.6 0.8

% Perthite 1.2 0.8 - - -

B plagioclase 7.2 4.6 7.2 10.0 6.8
Muscovite 4.8 0.4 2.4 1.6 2.0
Biotite 2.0 0.8 1.2 1.6 -
Heavy Minerals 3.6 1.2 - - 0.8

Sedimentary - - - - -
Rock Igneous - - - - -
fragments Metamorphic - 0.8 - - -
Indeterminate - - - . -
Overgrowths 13.2 14.0 18.0 21.6 11.6
Iron cement 2.0 7.6 3.6 2.8 7.4
Carbonate cement & matrix - - - - -
Indeterminate matrix 3.2 4.0 1.2 3.6 5.6
Q : F :R 58 : 42 : 0 60 : 39 42 51 : 49 0 57 : 43 0
Clan name feldsarenite feldsarenite feldsarenite feldsarenite feldsarenite

*250 point counts.



Plate 130:

Plate 131:

Plate 132:

Lower, silty portion of the Carrickalinga Head Formation
as exposed on the northeast coast of Kangaroo Island,
approximately 2km east of Hummocky Point. This interval
corresponds with the Blowhole Creek Siltstone Member of the
formation, as defined by Daily and Milnes (1971) on

Fleurieu Peninsula.

General view of the northeast coast Kangaroo Island out-
crops, looking west, with Hummocky Beach in the foreground.
The first headland comprises the upper portion of the
Carrickalinga Head Formation (Campana Creek Member equi-
valent), and the succeeding headland comprises the con-—

formably overlying Stokes Bay Sandstone.

Major sandy interval in the upper portion of the
Carrickalinga Head Formation, with channels and multiple
intersecting sets of trough cross-stratification. The
sandstone content of the seguence increases markedly from
this point onwards, and indicates a well-defined transi-
tion into the conformably overlying Stokes Bay Sandstone.
Channel is approximately 1.2m deep. Location: approximately

l1km west of Hummocky Beach.
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Plate 133:

Plate 134:

Plate 135:

ILenticular bedding (middle of photo) and sand-streaked
green shales. Pen: l4cm long. Location: middle portion

of the Carrickalinga Head Formation at Hummocky Beach.

Plan view of large burrows. Lenscap: 54mm diameter.
Location: Blowhole Creek Siltstone Member equivalent in
the Carrickalinga Head Formation, 2km east of Hummocky

Point.

Sand infilled retrusive burrows indicative of rapid
sedimentation. Lenscap: 54mm diameter. Location: Blow-
hole Creek Siltstone Member equivalent in the Carrickalinga

Head Formation, 2km east of Hummocky Point.






Plate 136: Cross section of curved, sand-infilled burrow in poorly
developed lenticular-bedded facies. Scale: 29mm diameter.
Location: middle portion of the Carrickalinga Head Forma-

tion on the western leadland of Hummocky Beach.

Plate 137: Sub-horizontal worm burrows in lenticular bedded facies.
Lenscap: 54mm diameter. Location: middle portion of the

Carrickalinga Head Formation west of Hummocky Beach.

Plate 138: Plan view of sinuous crawling tracks attributed to trilo-
bites. Location: middle portion of the Carrickalinga Head

Formation west of Hummocky Point.






Plate 139: Cross—-section of linsen-bedded facies, comprising
reddish brown rippled sandstone lenses intercalated
with greyish green mudstone. Outcrop height is
approximately 0.8m. Location: middle portion of the

Carrickalinga Head Formation west of Hummocky Beach.

Plate 140: General Yiew of predominantly linsen-bedded facies
showing abundance of lingnoid current ripples preserved
on bedding plane surfaces. Outcrop width is appro-
ximately 5.5m. Location: middle portion of the

Carrickalinga Head Formation west of Hummocky Beach.






Plate 141:

Plate 142:

Plate 143:

Lingnoid current ripples in the linsen bedded facies.
Current from left to right. Lenscap: 54mm diameter.
Location: middle portion of the Carrickalinga Head

Formation west of Hummocky Beach.

Double crested ripples indicative of falling water level
during sedimentation. Lenscap: 54mm diameter.
Location: middle portion of the Carrickalinga Head Forma-

tion west of Hummocky Beach.

Cross—section of continuously rippled sandstone facies.
Cross—laminae have curved basal surfaces and foresets

dip in a variety of orientations. Commonly, the internal
orientation of laminae bears no resemblance to the ex-
ternal ripple form. These criteria are considered to
provide good evidence of wave-generation. Lenscap: 54mm
diameter. Location: upper portion of the Carrickalinga

Head Formation west of Hummocky Point.






Plate 144: Trough cross-stratified reddish brown sandstone, formed
by the migration of megaripples on the seafloor.
Hammer: 3lcm long. Location: upper portion of the

Carrickalinga Head Formation west of Hummocky Point.

Plate 145: Trough cross-stratified reddish brown sandstone.
Hammer: 3lcm long. Location: upper portion of the

Carrickalinga Head Formation west of Hummocky Point.

Plate 146: Trough cross—stratified and minor planar-tabular
cross-stratified calcareous sandstone, containing
abundant carbonate ooliths. Hammer: 29cm long.
Location: middle portion of the Carrickalinga

Head Formation west of Hummocky Point.
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Plate 147: General view of the lower portion of Stokes Bay Sandstone
near Stokes Bay. Reddish-brown medium-grained arkoses in

the foreground are trough cross-stratified.

Plate 148: Contorted bedding in medium-grained, red-brown arkose.
Hammer: 3lcm long. Location: upper portion of the

Stokes Bay Sandstone east of Dashwood Bay (Fig. 13-2).

Plate 149: Contorted bedding in medium-grained reddish brown arkose.
‘Hammer : 3lcm long. Location: upper portion of the

Stokes Bay Sandstone east of Dashwood Bay.






Plate 150:

Plate 151:

Plate 152:

Large polygonal sand-infilled desiccation cracks in
red shale. Hammer length: 3lcm. Location: lower
portion of the Smith Bay Shale immediately to the east

of Smith Bay (Fig. 13-2).

Large exhumed polygonal desiccation crack and in-
fillings in red shale. Hammer length: 3lcm.
Location: lower portion of the Smith Bay Shale

immediately to the east of Smith Bay.

Sand-infilled worm burrows on the sole of a thin
sandstone bed. Lenscap: 54mm diameter. Location:

upper portion of the Smith Bay Shale east of Bald Rock.






Plate 153:

Plate 154:

Plate 155:

Contorted, reddish brown, medium-grained arkose.
Hammer: 3lcm long. Location: basal portion of the

Smith Bay Shale east of Smith Bay.

Small load structures at the base of evenly bedded
reddish brown arkose overlying greyish red shale.
Location: lower portion of the Smith Bay Shale on

the eastern side of Smith Bay.

Cross-stratified, medium-grained, pale brown oolitic
grainstone (light coloured unit in cliff), approximately
1.5m in thickness. Location: uppermost portion of the

Smith Bay Shale east of Bald Rock.






Plate 156: Bedding surface of polymictic boulder conglomerate. Note
the abundance of carbonate clasts (light coloured).
Location: "The Ledge", middle portion of the White Point

Conglomerate west of Cape D'Estaing.

Plate 157: Red shales with thin pebbly interbeds. Location:

uppermost portion of the White Point Conglomerate

west of Cape D'Estaing.

Plate 158: Evenly laminated and contorted reddish brown arkosic
sandstones, overlying 2m thick unit of cobble to boulder
conglomerate. Location: middle portion of the White Point

Conglomerate west of Cape D'Estaing.






Plate 159: Interbedded greyish green shale and evenly bedded, ripple
laminated and slumped reddish brown arkose. Hammer: 3lcm

long. Location: middle portion of the Emu Bay Shale east

of The Big Gully.

Plate 160: Lenticular, cobble conglomerate, with loaded and
channeled base. Hammer: 31lcm long. Location: middle

portion of the Emu Bay Shale east of The Big Gully.

Plate 161: Tracks attributed to trilobite in greyish red siltstone
(plan view). Pen: 15cm long. Location: upper portion

of the Emu Bay Shale east of The Big Gully.
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Plate 162: Contorted bedding in reddish brown, medium-grained
arkose. Arkosic sandstones are the dominant lithology
in the Boxing Bay Formation. Hammer: 31 cm long.
Location: Boxing Bay Formation immediately west of White

Point.

Plate 163: Lenticular granule to cobble conglomerate beds with
channeled bases eroding red shale and siltstone.
Hammer: 29cm long. Location: Boxing Bay Formation at

White Point.

Plate 164: Trough cross—stratified and channeled pebble to cobble
conglomerates and associated greyish green coarse cal-
careous sandstones. Hammer: 3lcm long. Location: Boxing

Bay Formation at Pt. Marsden.






Plate 165: Horizontally bedded coarse (cobble to boulder) conglomerate.
Hammer : 3lcm long. Location: middle portion of the White

Point Conglomerate east of Hawk Nest.

Plate 166: Trough cross—-stratified fine (pebble to cobble) con-
glomerate with associated coarse grey calcareous sand-
stone. Hammer: 3lcm long. Location: Boxing Bay

Formation at Pt. Marsden.

Plate 167: Subangular to subrounded clasts of limestone and dolomite,
showing pressure solution effects at the clast contacts.
Lenscap: 54mm diameter. Location: middle portion of the

White Point Conglomerate just east of Hawk Nest.






Plate 168: Imbricate clasts in horizontally bedded coarse con-
glomerate, indicating frow from left to right. Hammer:
31lcm long. Location: middle portion of the White Point

Conglomerate just east of Hawk Nest.

Plate 169: Edge of large, conglomerate—infilled channel cut into
reddish brown arkosic sandstone. Hammer: 3lcm long.

ILocation: Boxing Bay Formation at Pt. Marsden.

Plate 170: Trough cross—-stratified fine (granule) conglomerate.
Location: middle portion of the White Point Conglomerate

west of Cape D'Estaing.






Plate 171: Trough cross-stratified reddish brown arkosic sandstone,
capped with a thin unit of horizontally laminated sand-
stone. Hammer: 3lcm long. Location: middle portion of

the White Point Conglomerate west of Cape D'Estaing.

Plate 172: Interbedded units of trough cross-stratified and horizon-
tally laminated reddish brown arkose. Hammer: 3lcm long.

Location: Boxing Bay Formation west of Pt. Marsden.

Plate 173: Trough cross—-stratified and contorted reddish brown to
greyish brown arkose. Hammer: 3lcm long. Location:
lower portion of the Boxing Bay Formation east of The Big

Gully.






Plate 174: Contorted reddish brown medium-grained arkose. Hammer:
3lcm long. Location: Boxing Bay Formation west of

Pt. Marsden.

Plate 175: Current lineations in reddish brown medium-grained arkose.
Location: basal portion of the Boxing Bay Formation east

of The Big Gully.

Plate 176: Cross-section of ripple laminated reddish brown micaceous
arkose. Location: middle portion of the White Point

Conglomerate west of Cape D'Estaing.






Plate 177: Lenticular bedding in greyish green sandy siltstone.
Lenscap: 54mm diameter. Location: middle portion of

the Emu Bay Shale east of The Big Gully.

Plate 178: Continuously rippled greyish brown very fine sand-
stone. Lenscap: 54mm diameter. Location: upper portion

of the Emu Bay Shale east of The Big Gully.

Plate 179: Symmetrical ripples in coarse red siltstone. Note
superimposed molluscan trail (top left), faint trilobite
tracks (bottom left) and worm burrows (right).

Scale: 1l2cm long. Location: middle portion of the

White Point Conglomerate east of Hawk Nest.
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Plate 180: BAbundant small tracks and scratch marks attributed
to trilobites, on the sole of a greyish brown very
fine sandstone bed. Lenscap: 54mm diameter.
Location: wupper portion of the Emu Bay Shale east

of The Big Gully.

Plate 181: Cobble conglomerate with coarse sandstone matrix
infilling desiccation crack (just to the right of
the hammer handle) in underlying red silty shale.
Hammer: 3lcm long. Location: Boxing Bay Formation

just west of White Point.

Plate 182: Burrow-mottled grey argillaceous limestone.
Hammer: 31lcm long. Location: upper portion of the

White Point Conglomerate, west of Cape D'Estaing.
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Plate 183: Massive, reverse-graded conglomerate with dispersed
megaclast fabric (Fig. 16-8B). Location: Boxing Bay

Formation on the foreshore of White Point.

Plate 184: Shoreward-facing megaripple interbedded in a sequence of
red shales and siltstones. The megaripple comprises trough
cross—~stratified medium-grained arkose. Hammer: 3lcm

long. Location: Boxing Bay Formation west of White Point.

Plate 185: Plane laminated, current-lineated reddish brown arkose
overlying limestone-rich cobble conglomerate. Hammer:

3lom long. Location: Boxing Bay Formation at Cape D'Estaing.






