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SUMMARY .

The Coorong is a flat, low-lying area, separated from
the Southern Ocean by a range of Recent sand dunes and
bordered along its landward margin by a compesite range of
Pleistocene dunes. This interdunal depression is occupied
by mud-flats, numerous ephemeral lakes and & long lagoon,
the Coorong Lagoon. At the present time c¢alcium and
magnesium carbonates are being deposited in parts of the
Coorong. Several assemblages of these minerals have been
described in the course of the previous investigations
summarized by Skinner (1963), Alderman (in press) and
von der Borch (1962 and in press). These investigations
were mainly concerned with the lskes and the southern-
most part of the lagoon. The present investigation has
been directed at ascertaining the nature of the sediment-
ation proceeding within the lagoon, which extends north-
westwards beyond the previously described areas,

The Coorong Lagoon is a coastal lsgoon occupying the
northern-most two-thirds of the Coorong. The deep~water
section of the lagoon is divided into a number of basin-
and trough-shaped depressions, most of which are inter-
comnected by passages of deep water. The lagoon is divided
into two major divisions, the Northern Lagoon and the
Southern Lagoon. These are Joined by a narrow channel,
which is very shallow in places.

The waters of the lagoon are derived from two principal

sources, the River Murray and the Southern Ocean, Water



from both these sources enters the lagoon at its northern
end and the lagoon is completely separated from the ocean
except for a single connection through the mouth of the
river., At the present time no other streams run into the
lagoon. There is a marked seasonal oscillation of both
water level and water compositions and during the period
of low water level the Northern and Southern Lagoon are
virtually separsted from each other. The Northern Lagoon
shows alternating periods of brackich and hypersaline
conditions, while the Southern Lagoon, which is more
isolated from the effects of the River MHurray, is permanently
hypersaline. The dissolved salts in the lagoon water have
been derived mainly from the ccean, s¢ that the waters of
the Southern Lagoon are essentially sea-water which has
been concentrated by evaporation,

Sand-sized sediments have been derived from the
Pleistocene and Recent dunes and from shell remains of
lagoonal organisms. Muds have accumulated mainly in the
deeper central portions of the lagoon, where they attain
a thickness of at least 11 feet, Those of the Northern
Legoon are mainly arglllaceous clays of detrital origin.
The surface muds of the Southern Lagoon contain between
40% and 90% ealcium cerbonate, in the form of mixed
aragonite and magnesian calcite. Subsurfece muds have a
lower carbonate content composed almost entirely of
magnesian calclte,

It is considered that the aragonite and magnesian



caleite have been precipitated by the evaporation of
lagoon waters. Summer chlorosities exceed 50%. in the
Southern Legoon while the average summer temperatures are
about 20°C, The pH is maintained at a moderately high
level, between 8.25 and 8.50, by algal and other plant
activity.

Vertical changes in the distribution of arasgonite
and changes in the organic remains of the lagoon have been
used to outline two meparate phases of lagoonal
sedimentation and the existence of an sarlier phase of
sheltered marine sedimentation throughout the Coorong.
These changes in the lagconal enviromment refleet an
increasing degree of isolation between the lagoon and the
ocean during the development of the present conditions,
and are associatecd with the sgplitting of the Coorong inte
the present lagoon, lakes and mud-~flats,.
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1. T TTIN

A range of coastal sand dunes extends along the NI
shoreline of the Southern Ocesn for a distance of 100 miles
north of Kingston, in the Upper South HZast District of
South Australia. The dunes are separated from the mainland
by an elongate low-lying area known as the Coorong, which
consists of a permanently immndated lagoon, sbout 60 miles
in length, and a series of ephemeral lakes, separated by
swampy mud-flats. Within the Coorong, the regional
geomorphology, ¢limate and Recent geological history, have
created mumerous sites in which caleareous muds are forming
and being deposited.

Earlier investigations of the southern half of the
Coorong have revealed the nature of the sediments and the
depositional environments in the lake areas and the southern-
most part of the lagoon. The present investigation was
directed at ascaortalning the nature of the sedimentation in
the lagoon snd its relationship with the sedimentation in
the z=djoining arcas.

Mawson (1929) discovered that dolomite was present in
muds within the Coorong, and considered that this mineral
was forming from laks waters, Later investigations by
Alderman, Skinner, and von der Borch, (see Reference List),
have revealed that a variety of carbonat:z minerals are
present in muds of the Coorong and that these minerals have
formed or are forming in the depositionsl eites. Systematic
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investigations of the mumercus lakes in the region end the
pouthornnost part of the legoon have shown that the
carbonate minerals occur singly or in pairs within the
depoeitionul sites - sec Alderman and Skimmer (1957),
Skinner (1963), von der Boreh (1962 snd in press) and
Alderman (in press). The minerals present ere dolomite,
magnesian calcite, aragonite, magnesite and hydromsiymesite.
Padiometric daitinge reported by Skimner and others (1963)
and von der Boreh and others (1964 ) show that the dolomitie
and caleitie muds are forming at present, and the psame is
probably true of the other carbonate ninersls.

The depositional siies investigated by these workers
are all ephemeral. The lskes contain shallow water for
only part of each year, when the water is generally less
than 3 feet deep. They contain a reletively thin scguonce
of sediments, generally less than 3 feet thiek. Relevant
elimatic factors are relatively uniform throughout the
Coorong. The water in the lakes is largely derived from
local groundwuicr and reinfell over the lakes; and there
ip very little surface run-off from the sdjasent mud flats,
In the waters of the lakes an& the lagoon, the lonic ratios
of the more sbuniant elemenis are generally similar to those
of sea water, bui the rclative shundance of caleium shows
some variation. von der Boreh (1962 and in press) showed
that the prinecipal factors eontrolling the genesis of the
different carbonate minerals were the pH and caleium to
magneeiun rotio of the lake waters, and tho composition of



3.
the loecal ground waters.

The area cxemined during thoe present investization
differs in meny respecte from the areas deseribed above,

The lagoon is a large body of water, permanently imundated
over much of its extent, snd both the depth of water and

the thickness of sediments are greater than in the lake
areas. The presence of a single connestion to the ocean
and that of a large river, the River Murray, st the northern
end of the lagoon have imposed environmentel sontrols not
found in the lake areas.

The Coorong Lagoon is the northern part of s transitional
region which has both marine and non-merine environmental
sharacteristies, VWithin the legoon, the envirommental
factors which produced the region of carbonate mud
deposition, {chiefly en absence of detrital sedimentation
and favorsble water compositiens), graduslly change, and the
character of the sedimentatlon changes markedly. Forthward
along the lagoon, the region of carbonate doposition grades
into e region in which detrital sedimentation is the
predominant processa.

Thieg investigation im a contribution to a larger
investigation of the sedimentation in the Coorong., In this
respect, the aims of this investigation have been

(1) to outline the northern limit of the regional

extent and the environmental controls of the

carbonste depesition in the Cocrong, and

(2) %o rolate the rocord of Recent environmental
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changes preserved in the lagoonal sediments to
the development of the Coorong and its diverse
carbonate depositing environments.

In its own right, the lagoon is sn interesting, snd,
perhaps, an importsnt environment. Variocus writers have
postulated environments similar to that of the Coorong
Lagoon in the stratigraphic record. A further sim of this
investigation has been to outline the depositional processes
that have procceded within the lagoon, and to relate these
proeesses to the sedimentary record preserved therein.
Becsuse of the size of the lagoon and the limited time
availeble, this investigation was largsly confined to the
southern half of the lagoon, which encompsssed the primery
aims. The northern half was briefly exemined, and a broad
ascesement of the whole lagoon obtained.

EREVIQUS INVESTIGATIONS,

The introductory remarie above outlinc the extent of
investigations vwhich have been specifically directed at the
study of the sediments and depositional conditions in the
Coorong, The forthcoming papers of Alderman and von der
Boreh contain complete summaries of these investigations,
Hore recently, Peterson and von der Doreh (1ﬁ,press) have
reported the ocourrence of modern inorgenic chert in somé
of the Ccorong lakes,

Investigations of the sdjecent areas have yielded some
information on the Coorong region., Robertson (1929)
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reported & rice in the pH of lagoon waters from 8.2 near the
mouth of the River Murray to 8.8 near Seven Hile Point in
the northern half of the lsgoon. Physiographical and
geclogical features of the Coorong and of the sdjacent sreas
have been described and interpreted by several authors,
notably Tindale (1933, 1947 and 1959), Ward (1941), Crocker
and Cotton (1946), Crocker (1946), Hossfeld (1950), Sprigg
(1952 & and b, 1959), de Yooy (1959 -), Correll and Lange
(1963) and Blackburn and others (1965).
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METHODS.

Field operations on the lagoon were sarried out from a
small dinghy. Semple locations were determined by compass
bearings from lsndmarks. Because of the absence of hydro-
graphic charts and detailed maps of the shorsline, a base
map was drewn up from aerial photographs, but there ie no
lateral control on this map. The topograply of the lagoon
fleor was determined from soundings made with a graduated
wooden pole along predetermined traverses, VWater levels
guoted, other than those specifically relsted to high water
level and those quoted in disscussions of water samples, are
referred to low weter level of the lagoon. The oscillations
in lagoon water level are secsonal and thers is no
perceptible tidel variation along most of the lagoon.

Gwing to the presence of wind-induced variations, which

may produce water level differences slong the lagoon,
references to this datum involve & possible error of ¥ 6
inches. An arbiirary zero level was sclected at 7 feet
below the top of an iron pole located close to the low water
strandline st a2 lending site due north of Stony Well Islend.

Hediment ssmples were collected with =2 small elam~shell
grab sampler and with a mamially opersted piston coring
device, which consists of a wuoden pole to which plastic
tubes of 1% inches internal dismeter, were fitted.

Vater sagmples were collected with a weighted bottle,
fitted with & osp which could be relemsed at any desired

depth. Temperatures were recorded at the time of
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ssmpling. pH wae measured by a pHl eleetrometer, at theltime
of collection or after returning to the shore, depending on
weather conditicns.

In the lsboratory, cores were split after extrusion.
Af'ter a controlled perioérﬁnying, they were photographed,
and examined under a binocular microscope. Samples from
selected intervals were treated with hydregen peroxide, and
washed through a 20 mesh P88 sieve, The cosrse fractions
were subjected to further micrcscopic exemination., Sand
sediments were treated with hydrogen peroxide when necessary,
end the grain sigze distribution determined by sieving
through 2 set of BES sieves.

fe«rgy powder diffraction photographs of the fine
fraction from seclected samples were used to determine the
mineralogy of the muds. A camera with diameter 57.3 mm and
€1 ther Cuxﬁ or Gn%ﬁ radiation were used. A fow samples
were examined with en electron mieroscope, and electron -
photomicerographs obtained. The total carbonate content of
the fine fraction of selected samples wae determined by
finely grinding obout 0.5 gm, and adding 2 known quantity of
standerdised O.%1 N hydrochloric ccid, The excess mcid wase
determined by titration against ptandardised sodium
carbonate solution.

The chloride ion content of the lagoon woters was
determined by the ¥ohr titration method, ond is expressed
throughout as chloresity. Calcium and magnesium contents

were determined by compleximetric titration with EDTA,
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using ammonium purpurate and "Eriochrome Blsck T" as
indicators, as described in "Standard Methods for the
Examination of Water, Sewage, and Industrial Wastes."
American Publie Health Association, New York, - The content
of sulphate ion was determined gravimetrically as barium
sulphate.

The magnesium content of the caleite in lagoonal muds
was estimated by using a graph of d4(112) spacing vs.
mol % ca003 in the calcite, as described by Goldsmith,
Graf and Joensuu (1955). As the d(112) spaeings have
been determined from powder photographs, the estimations
are of limited accuracy and have been used only to broadly

outline variations in calcite composition.
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The Coorong is situated along portion of the present
western margin of an extensive plain forming the land surface
of the Murray Baein, which contains a thick sequence of
“esozoic and Tertiary sediments. The Coorong is located in
a section of the basin called the Fadthawny Horst or the
Padthaway Ridge - see Sprigg (1952 a) and 2'Drisecoll (1960) =~
formed mainly of granitic rocks of Palaeozoic (?) age.

These ars found cuteropping in a number sf localiities,
inciuding one within the Coorong near its southern end, and
ene on the nearby ocsan beach. Boulder clays, considered
to bz Permian glaecial deposits, have been snoountered in a
number of bores sbove the basement rocks close to the
Goorong ~ see Sprigg (1952 a) and 9'Drisecll {(1960).

Af'ter ths regression of the Tertiary seas, much of the
surface of the Murrey Basin formed 2 brosd plain rising
gently inland. During the Pleisiocens, the western parts
of thia plain were subjented to & series of marine trang-
gressions and regressions, generally regarded szs a result of
world-wide eustatic changes in sea level. To the south and
east of Xingston there is a remarkable sequence of long sand
dune "ranges”, separated by broad and rather lovw-lying
interdunal depressions or interdune corridors {ses Fig. 1).
The dune ranges are found up to about 50 miles inland,
aligned approximately parallel to the prosent coastline,

The ranges have been rogarded ss strandline sccumulations

marking the extent of Pleistocene trancgressions. The
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chrenological order of their formstion andl the correlation
of ‘the transgressions with the climatic and sea level
fluetuations in other parts of the world have been variously
interpreted by Tindale (1933 and 1947), Hessfeld (1950),
Sprizg (1952 a and b) and others.

Te the north and north-cast of Kingston, the dune
ranges tend to coalesce, for there hes been a northward
downwarping during their deposition, see Hossfeld {1950)
end Sprigg (1952 a). Esst of the Coorong, there are dune
ronges scparated by clearly defined interaﬁnal depressions,
but the correlation of these features with those further to
the south-east is uncertain, The ranges are probably
combinations of the ranges named in the Scuth Fast by
Hosefeld (1950) and Sprigg (1952 a). Along the shoree of
the Coorong and on islands within the lagoon,the Fleistocens
dunes form outorops of lightly cemented oalcarcous sandstone
or seolianite, showing a prominant weathering profile which
includes a layer of kunker or caliche,

A belt of largely non-indurated sand dunes, from one
guarter of & mile to one mile wide, forme 2 range a2long the
present coastline of the Southern Ucean between Cape Jaffa
anéd Port Blliot, (583u§g§é£§%a These dwies have probably
accumulated within the Recent, marking the maximum extent in
thic area of the post-Pleistocens world-wide custatic rise
in sea level. The only bresk in the continuity of thic
range is near 1ts northern end, at the mouth of the River

Marray. South of the river mouth, the Aunes form a long
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peninsula esiled Younghusband Peninpsula, which is separated
from the mainland over a distance of about 50 miles by the
Ceorong Lagoon. South of the lagoom, the Recent dunes ere
sepsrated from the Pleistocene dunes by an omerged interdunal
corridor, occupied by earbonote mud-flots snd numerous playa-
iike lekes, which forms the southern hslf of the Coorong.

The term "Coorong" is generally a-plied %o the lagoon
and the adjecent lakes, but some have used it as & regional
name, insorporating elso the adjacent sond dunes end the
nearby ocean beachs The word Cocrong ic derived from sn
Averiginal word meaning a place of shallow water (Tindale,
personal communication), In this investigation, it wiil de
used to cover the lagoon, the lakes end the swampy mud-flate
separating these bodies of water, within the interdunsl
depreasion between the Recent dune range snd the mainland.
The Coorong is considered to stireteh south from Pelican
Point to Kingston. The lageon will be referred %o as "the
Ccoreng Lageon™ or simply "the lagoon®.

Along the esstern side of Younghusband Peninsula,
between Needlen Islend and Watsleera Bay, (see Fig.l7 ),
e series of disconnected kunkarized dunee, similer to those
of ths mainlond, are found in a narrow belt which resches
sbout 1600 feot in width, These outerops, and others
within the lagoon, indicate that the Decent dune range and
the lagoon are situnted, at least in pareé; on & site

formerly ceccupicd by Pleistosene dunes.
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The averaze anmuel rainfall in the Coorong area is
about 20 inches, most of which falls between YMay and October,
inclusive. Around Leke Alexandrina there is an evaporation
rate of over 3€ inches per annum, with an evaporation of
2h inohes between November and February, inelusive (MeIntosh
(1948)).  The average winter temperature ie about 10° ¢
ond the average surmmer temperature sbout 2§° GCs The
provailing wind direetion is from the svuth-west, which is
normal to the alignment of the coastline and the lagoon.

Before the sonstruction of an artificial drainage
gystem in the area pouth and east of Kingston, surface
water from that region used to flow novth-westwards along
the interdunal depressions. ifuch of this water cventually
flowed into the Coorong, mostly through 2alt Creek. A
series of stopbanke were constructed to stop the norih-
westward passase of water, and dreins were cut through the
dune rangee tc carry the water direetly to the sea. The
stopbanke and draine constructed about 1920 probably stopped
an annual discharge through £alt Creek, but in years of high
rainfell water still escaped along this route. Purther
construction end enlargement of draine, particularly during
the 1950's, have made it most unlikely that water will flow
from Salt Oreek sgain, Fecanne of the sendy terrain east

of the lagoon, there are no other streams entering the
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Coorong.

At 1ts northsrn end, the Coorong Lagoon Joins the
outiet channcis from Lake Alexandrina, throughwhich the
River lurrsy flows to the Bea, This river im the largest
in Australia and its catchment ares covers a large portion
of the sontinent, During summer and sutumn months, the
rate of river flow is very low, A high reie of flow
Tollows winter raine in the catehment srec and the melting
of enows in the Great Dividing Renge, Ploed peaks may
develop , ueually reashing the mouth of the river in spring
or early summer,

A series of barrages have been constructed to the north
of Pelican Point znd further upstresm in order te maintain a
relatively stable water level during the peried of low river
flow. These doc not grestly affect the timing or duration
of strong river flow. Reservoirs snd other similar
constructions upatrean have szltered the intensity of floods
and strong river flow. They may therefore have led to
change in the amount of river water which enters the Coorong
Lagoon, but the extent of this change is not known. As
will be shown later, the entry of river water into the
lagoon is greetly controlied by the lageon's morphology and
its own water level oseillation, so that these changes nay
be of relatively small extent.






PLATE, 4

Recent sand dunee slong the western shore cf the lagoon,
near Dodd's Lesnding Point, in the Northern Lagoon,

A. Broad, rounded Arifts.

B. 4An slongate steeply peaked ridge, tronding Siv~KE,






1. POCRAPHY

South of a point sbout 20 miles ncrth of Xingeton,
the Recent dunss fora a regular series of low sub-porallel
ridges, sbout 40 Peet high - see Sprigy (1952 a). Adjscent
to the lagocn, the dunes forn 2 more discordered array of
higher rounded hillocks,; 50 to 100 feet high, mostly covered
by vegetation and traversed by moving sand drifts, which chow
an alignment along a SW 40 NE direction. The drifte nay be
smoothly rounded and Brosd (up to one mile wide), with
gentle windward slopec snd stcep slip fames, or they may bdbe
in the form of narrow, stceply pesked ridges, (sse Plate 1).
#ost of the drifts have their origins in deflated aress closc
te the western simreline. As thay move to the north - cast,
they smother vegetation in their paths and widen intoc broad
fan-shaped snd tongue~like forme.

2. CONPONERT HMATERTA )

The dune sands are well o very well sorted and are
predominantly of medium snd £©ine sand size, (see Pig. 1h and

Table 3). They have a eream colour, due to the presence of
yellow-brown calearecus grains. Calcareous grains
constitute 35 to 607 of tho graine in the samples collocted
{see Table 3). Sprigz (1952 2) reported & slight northward
increase in the cartonaic content é;zad the mean grain size of
the sands aleng the ocean beach, but a systematic ponpling
of the beach and dune ssnde was mot aitompted in the



Midden deposits, composed almost entirely of shells of
EFlebidopax deltoldes. Scale is 24 in. long.
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present inveatigation, The esleareocus grains are rounded
to well rounded shell fragments. In the medium and coarse
sand fractions the calearecus grains are tobular, but those
in finer fractions are gensraily equant. The grain
surfaces are moderately polished, but covered by a scattered,
light frosting. The quartz greins are most abundant in the
fine and very fine sand fractions, and cre of equant shape,
¥edium and coarse quartz greine are rounded ond gubrounded,
while those of finer size arc subrounded te subangular.
The grain surfzees are fairly smooth and Slosesy, with a
scattersd and very light frosting.

The dune sands show very well developed etratification,
with laminase outlined by variations in grain size. In
laminae containing an abundance of tebular grains, the
graine show a strong tendeney to be horizoentally oriented.
Large scale cross-~bedding is revesled in doflated areas, and
the steeply dipping slip fnces show etrongly inelined
stratification., The stratification in dune sends shows
faulting in some areas where theve has been subsidence of
the sub-stratum {see Fig.!| ond page178).

3 7 _DEPOBITS

Accumulations of focd shells left by Aborigines form
midden deposits which may cover large arsas of the Hecent
dune surfece, (see Plate 2), The middens are found at both
nigh and low ¢levations, generally on or very cloese to the
surface. They arc readily differentisted from the emerged
beach deposite which will be diseussed in the following pages,
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for they are almost exclusively composcd of teste of the
(Lamsrek 1818) and very
rerely contain the most ebundant specics of beach deposits,
acons (Lamarek 1818). They also lack the
variety of emell gastropods found sbundantly in the beach

deposlis, Some middens contain small groups of fire-

lamellibranch Zlebidonsax deltcides

blackened limestone boulders, charcosl, pieces of flaked
fiint, and rare pleces of granite.

Middens are found along both shorcs of the Coorong
Lagoon, and in & few places the deposits are being eroded
by the lagoon waters: A few shells of P, deltoides
found in lagoon sediments, mainly lying on the surface, but
cceasionally mixed into beds ¢f lasgoonal chell material,
i‘hea@ have probsbly been transported from the ocean beach

by Aboriginee, for other charseteristic remains of the ocean
beach fauna have not been found and P, deltcides is a
lamellibranch characteristic of cpen osean beaches. A few
midden depositis along the esstern shoreline of the peninsula
near Tatunda Boy are composcd of remeins of Jytilus

g (Lamorek 1819), one of the larze lamellibranchs
found in the lagoon, but other lagoonal shells have not been

seen in midden deposita.
L

The Recent dunes have been extensively covered by

vegetsilon in the past. The large drifts now observed
appear o be of fairly recent origin, and sre sctively

deatroying the cover of vegetation over lerge areas,



ELAIE 5,

Secondary calecareous deposits in the Recent dunes of
Younghusband Peninsula.

A« Rhizoeretions. Enife is 6 in, long.

B. Lightly cemented aeolian sands, showing localisation
of calcareous cement along a& joint plans whiech
cuts the near-horizontal lamination of the Iriable
aeolianite.
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A black, sandy soil i‘oms a layer up to 18 inches thick
in some areas where deflation has revealed the internal
structure of the dunes. In a few areas this soil horizon
has been covered by a later deposit of sand, which has been
stabilized by vegetation, but on which no soil horizon has
developed. Many of the vegetated Zunes do not show a soil
horizon, and it is poseible that thers is a dichotomy in
the ages of the vegetated dune surfaces.

The surface sands of the dunes are not cemented, but
deflation has revealed that caloareous cement has been
deposited well below the surfacs in some dunes, producing a
lightly cemented sandstone. In many deflated areas, rod-
like and tubuler structures form a rootlike network, or
projest verticelly zbove the deflated surfase in groups of
isolated rode, (see Plate 3). These are similar to the
rhizooretions deseribed by Xindie (1923 and 1925), and
the presence of plant material within a few of the structures
suggests that they may have been formed by the localization
of’ carbonate deposition around plant roots. The
rhizoeretions are found on dome~shaped and undulating
surfacesz, often at high elevations. The shape of the
surface, which they now partially protect from deflation,
suggests that it reflects the outline of the pre-~deflation
dune surface, and that they were formed close to the older

surface. Rhizoeretions are commonly found concentrated

in slightly deflated areas which surround or are adjacent to
remnant patches of dlack soil. This, too, suggests that
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they were formed ¢lose to the dune surfece and that they
were formed in aress above whilah vegetation existed for a
relatively long period.

In areas which have been more sxtensively deflated,
sommonly to within a few feet of pea level, more widespread
cementailon of dung interiors has been revealed. Outeropn
of lightly cemented sandetone are found, in places extending
over several aeres., The cement haa been localized along
particular bedding planes, snd differential crosion has
produced strongly etched outerops, (see Plate 3) In a
few places, the deposition of cement has been leealigzed along
Joint planes whigh cut the bedding plsnes at high engles,
(eee Plate 3).

The expoeure of dune interiors in vhich there hos been
widespread sementation is far more common slong the seaward
side of the northern half of the poninesuls than in the
southern half, In the north, the ocean iz sctively eneroach-
ing on the dunes (see later) snd the shoreline has moved
eastward. Older partis of the Reeent dunes are now in the
near-shore areas, where deflation by on-shore winds is most
intense, so that large aress of the interiors of these older
dunes have been exposed. In the southern half, the shore-
line has not moved cestwards {see below). Thers, the
deflation of nenr-shore sites lg taking place in areas where
the dunes arg probavly of mors reecent age, so that the
developnment of widespread gementation hiss not yet ocourred,
and the deflated sites reveal largely unconsolidated sands.
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Emerged ocean beach ridge of Recent age along the
western side of Younghusband Peninsula, south of
Wataleera Bay.

Ae A shell-gsovered ares with one prominent ridge,
east of the ecastal dune-ridge.

B. Coquina of rounded shell fragments, mainly
Mactra rufesoens with some Plebidonax deltoides.
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gre indications that the location of the cecean shoreline has
changed. Along the northern half of the peninsula, north
from near Hell's Gate, the whole of ths shoreline appesrs to
be moving eastwards, South of Hell's Gate, the shoreline
appears to be stationary at present, but there is evidence
that it has moved wesiwards in the past.

The shoreline south of Hell's Gate is lined by a
sontinuouz low dune ridge, stabilized by a thin cover of
vegoetation. South of 8 point scross the peninsuls fron
Yataleera Bay, & series of parallel beach rvidges 1s found to
the east of this dune ridge, (see Plate 4 and Fig.!7 ),
indicating that there has bheen a regression in this area,
The ridges are composed of sand overlain by a cspping,a few
inchesz thick, consisting of close-packed snd lubricated shell
materinl, This coquina is eimilar in sppesrance t¢ the
shell acoumulations of the present ocean besch, and contains
the same fomuns. ‘The ridges are gconfined o a discontinuous
belt, 500 to 800 feet wide, droken at intervals by low dunes,
which are, in part, extensions of the soeastal dune ridge,
The ridges show no deflection as thoy arproach the dla-
contimaities, indicating that the beach ridges =re overlain
by, and pre~date the duncs.

It is considered that the beach ridgss were formed in

repid succession during a regression of the shoreline, and

that the regression was sufficiently rapid to prevent the



Erocded dune facing the Southern Ocean, due south of
Dodd's Lending Point. The ocean has truncated 2
midden-covered surface and exposed lightly cemented
aeclianitz (marked by arrow).
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development of a continuous ¢oastal dune ridge until the
present locatlon of the shoreline was reached. Along the
present shoreline, a sontinuous dune ridgs heos accumulated
ebove the beach. It shows no indication that it is being
sroded from the vest, and shows little tendenoy to move
inland,

Along the ocean beach north from the vieinity of Hell's
Cate, the coastal dunes have been eroded to form steep banks
several feet high, (see Plate 5). There ere numerous
localities where the sea water washes into low swales at
times of storm tideg snd the higher swales appear as hanging
valleys in the erpded dunes sbove the beach, Guterops of n
lightly cemented sandstone, identisal with that cccurring in
the interiors of doflated dunes, wers found in one loeality
on the ocean beach, indicating that the present shoreline 1s
glitunted on 2 sitc which was previously covered by 2 dunc,
This outerop, and the extensive exposures of the interiors
of older dunes close to the western side ¢f the peninsula,
indicate that ths sastward movement of the shoreling in the
northern half of the peninpula has been in progress over a
considerable period of time end that the presence of eroded
dunes along the beach 1s not just a temporary result of
winter storms,

These zdjustments to the position of the coastline
indicate that changes have occurred in the factors which

sontrol the position of the shoreline whiek wili be in
equilibrium with the Southern Oscean in thies region., The
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changes may have been simultaneously initilated reeponses to
the same environmental change, ui they may have been
initiated at different times and by different causes. The
fact that the progess of shoreline releocation does not
appear to be in progress at the present time in the scuthernm
arza does not nzcessarily ncgate the first of these
prosaibilitien. It 15 possible that ths relocations were
simultanecusly initiated, zand that the restoration of the
coastline to a position in equilibrium with the new conditions
was more repidly achieved in the southern ares, by acceretion,
than in the northern area, whers erosion wus nosessary.

The following are poseible caupes for the changes in
the locaition of the coastline:

(1) the shoreline has been gently tiltcd downwards
to the north, in response to movement of the
unferlying basement rocks;

{11) there have been changes in the physieal
characteristiaos of thes adjacent ccean, e.g. 2
¢hange in the direction from which waves most
commonly spproach the shoreg

(111) there has been a change in the rate of supply
of sediment to different parts of the beach:

(iv) there have lately been eustatic changes in sea
level.

There is no direot cvidemse to indicate the correct
e¢xplanation, but the regional geology suggests that tilting
of the coastline is the moot likely explanation, ot least



22,
for the transgressive nature of the northern part of the
coastline, Hosafeld (1950) and Sprigg (1952 a ond 1959)
gonsluded that during the Pleistocene thers wes fairly
continuous relative downwarping, northward from the vicinity
of Mount Cambier towards the lMount Lofty Ranges (sec Fig. 1).
This movement may have continued inte the Reeent, and if eo,
it would affect the present ocean coastline. The emerged
beach ridges, if due to this procees, would indicate that
thers was differentisl movement relative to sea level in
the vieinity of the Coorong Lagoon. The presence of
emerged lagoonal deposite along the shorelines of the lagoon
(see later) suggests that the emerged vceen beach deposits
were formed 'y a change in sea level relative to the land,
48 dlscussed in 2 later sectlion oconsidering thas evolution
of the lagoon, it is considered that the most likely
explanation of these deposits 1s that there has been &
slight marine regression due to tectonic uplift of the area
along the southern half of the lagoon.
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1, ZOPOGRAPHY

The Pleilstocene dunes along the marging of the Coorong
show a topogrephy similar to that of the Eecent dunes, but
with a more subdued relief, Some areas show & well
developed pattern of parallel dune ridgee, aligned
approximately SE to MV, similar in asppesrance tc the Recent
dune ridges north of Kingston, Hoat areas, however, do
not show any ordered arrangement of the dunes, other than
some short ridges aligned slong a direction from 3V to NE,
similer in asppesrance to the dune drifte on Younghusband
Penincula, The dunes were formerly covered by a thick
growth of scrub, but they have been clesred over wide areas
and sown to pasture,

The surface undulations are subdued when compared with
those of the Recent dunes. Along much of the lagoon
shoreline, snd, in some areas, up to one half of a mile to
the cast of the lagoon, the surface shows only very gentle
relief, Further inland the surfacc is highar and shows a
more asccentuated relief, and, ss outlined below, it is
likely that thore are at least two superimposed dune ranges
in the ares eact of the lagoon,

The outlins of the present surfacs of the Pleistocene
dunes is due to the widespresd control of the topography by
2 hard layer of kunkar, which acts as a base level to

erosion, and has been rarely bresched away from the lagoon
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shoreline. The kunkar reflects the original dune surfsoes,
but in a subdued fashion, probedly as o result of factora
which controlled its development. Removal of much of the
material whieh originally covered the kunker has led to the
development of & land surface whieh, over wide aveas,

follows the gently undulating kunker layer,

2 "RUGTUR

The regional distribution pattern of ihe Pleistcoene
dunes in the South Fast distriot of Scuth Australis suggeste
that the range bordering the Joorong may be n combinaticn
of two or more of the ranges which ore separated further to
the south cast: The topography of the arce adjacent to the
Coorong alse suggests this, and during the courss of thie
investigation, remnants of en emerged cecon shoreline were
found within the Pleistocene dunes. This shoreline can be
related to the subdivision of the near<Uccrons @unes
suggested by de Mooy (1962).

topography in the Pleistocene dunes east of the Ephemcral
Legoon, and on this basis he divided the dunes along the
Cooreng into twe units., He grouped the dunes immediately
eant of the Iphemersl Lagoon into a unit designoted as
"Unit 3", vhich is “typified by a topography of beach ridges
parallel to the coastline", Jle congidered that these Junes
were terminated by the lagoon near Salt Croek. Clightly to
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the east 1s a higher "undulating renge with no special
trend”, whieh he designated as "Unit L™, This unit
continues northward through the vieinity of Magrath Flat,
and ultimately becomes part of the "Bonney dune landscape”,
which he econsidors grew northward in threc stages from
#agrath Flat tc Pelican Point.

The aligned dune ridges of de Mooy's Unit 3 can readily
be traced along the eastern side of the Iphemeral Lagoon ap
far north sg the "Hydromagnesite Lake", (mee Fige J. In
the ridged arce, von der Boreh (1962) deseribed elongate
ephemeral lakes, aligned in the interdunsl depressions.

But in the ares immediately to the scuth-east of Salt Creck
Point, the topogrephy is very gently undulating, snd shows
no ordered sriangement, Three large lakes in this area
show no particular orientation. This sres is similar in
appearance to the areas of low and subdued relief adjacent
to the lagoon in areas such ss that arocund Trevarrow's Point
and in the sressof Pleistocene dunes on Younghusband
Peninsula, It i considered that the ridges of de Yooy's
Unit 3 grade into an area of very subdued and disordered
relief in the vielinity of the Hydromagnesite Lake and that
this group of dunes extends northward inte the z2res now
coccupied by the lagoon. Here, 1t has been dissected, znd
only remnants are now found on each side of the lagoon and
on the mid-lagoen islands.

(b)




The emerged ocean beach of Pleistocene ags upstream
from the road-bridge over Salt Creek. The base of the
coquina is outlined and dips westwards above cross—
bedded aseclianite. To the right, the coquina is
overlain by off-shore deposite of laminated sande
stone and coguina (a).
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A.

B.

C.

BLATE 7,

The Salt Creek Pleistocene beach.

The basal coguina, showing large shell fragmnents
and rounded pebbles of seclisnite, resting on fine
grained aeclisnite. Seale is 12 in. long.

Coquina of close-packed and sorted, rounded shell
fragments. Scale is 6 in. long.

Coquina of un-worn shell material at the top of the
off-shore sequence, The surface capping is kunkar.
Scale is 12 in. long.
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falt Creek, the benke and the bed of the ereek contain a
well exposed cross-section of an emerged ocean beach deposit,
which lies unconformably above cross-bedded acolianite,
The basal contact of the emerged seotion dips westwards and
marks a marine transgression whieh led to the deposition of
an onlapping sequence sbove ithe seolianite, {(see Plates 6
and 7).

The basal parts of the seguence consist of & coquine
formed of large, rounded shell fragments, containing
boulders and pebbles of the underlying asolianite, This
portion of the sequence is ovidently an ocoan shoreline
accumulation of abraded and sorted materisl., It is
conformebly overlein by a succession of laminated sandstones
and coquina containing only unworm shells, which are
generally not fragmented, This portion of the sequence is
¢onsidered to be an sccumilation of marine sediments
deposited in shallow water seaward of the ocean shoreline
of' that time.

North of Salt Creek, coquina and shelly sandstones are
found as isolated outerops within the Pleistocene dune area
(see Fig.|7 ). Although the outerops are small and widely
separated, they are asll located along a line which passes
through the emerged shoreline at Salt Creck and it is con-
sidered that they outline s single Pleistocene transgression,
The line of emerged deposite can be traoced as far north as
& locality slightly north of %ood's Well homestead, but it
appcars to be approaching the lagoon shoreline, snd may be
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The emerged FPleistocene ocean beach at the Seven dile
100’&11@':

A, Laminsted calearecus sandstones dipping westwards.

B, Very coarsc and fine grained calcarecus sandstones,
showing rill (?) marks on the surfacs of the fine
sandstone
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cut by the letier for no outerops were found further north.

The high dunes of de Mooy's (1962) Unit 4 in the
reglon between Weod's Well and Salt Creek may have
accumilated at the time of the transgyression which produced
the emerged shoreline, for they are mostly found to the
east of the shoreline, The areas of lower and more subdued
relief, which appear to be northward continumetions of
de YHooy's Unit 3, iie tc the west of the cmerged shoreline,
end may be of younger age. However, thisz is not gertain,
begouse there are no exposures which show the relationships
between the shoreline dsposits snd the dunes to the west.

There are two localities in which besch-rock of emerged
ocean shorelines is well exposed alonz the sastern chore of
the legoon, (see Fig.!7 ). These expéeuraa, which are about
20 miles apart, ere far removed from the emerged shoreline
deseribed above, so that the relationship between these
three deposits is uneertain, Cne is a mile long exposurse
on the lagoon shore to the senth of the Seven Yile, (sce
Plate 8), and the other stretches south of Pelican Point.
The beach-roclk at the Seven ¥ile locality ie sovered at its
northern end by & layer of kunkar. The enclosed lamelli-
branch fauna is similar to thet of the Salt Creek emerged
ltoiden, vhich iz sbundant along

the modern ocean beach, ie sbsent. The Seven Mile sequence

ocean beach,

is probakly of Fleistocens age, bubt whether it csn be
ecorrelated with the Salt Creek sequence is not known. The

emerged deposits at Peliean Point may be of more recent age,



ELATE D,

Fleistocene dunes,

4. Orose-bedding in un-weathered aeolianite, 1 mile
north-west of Wood's Well.

B. Undulating surface layer of laminated kunksr,

% mile northe-west of Wood's VWell.

C. Kunkar as blocks and laminae, with vein-like
projections extending into the underlying pink
sand. 1 mile north-west of Wood's Well.
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for they contain a fauna similsr to that of the modern ocean

beach along the western side of Younghusband Peninsula.

The Pleistoosne dunes have been extensively altered by
weathering, particularly south of Magrath Flat. Erosion
along the lagoon shoreline has exposed the unaltered dune
interiors thus contributing fresh detritus toc the lagoon
sediments. The unweathsred rock is an indurated caleareous
sandstone or aeolianite, comented by sparry caleite, which
forms an interstitial mosaie of clear orystals up to 0.05 mm
across, The seolianite is commoniy laminated, and often
shows large-scale sross-bedding, (ses Plate 9).

The sands are of similar composition to the Recent dune
sands, but contain a slightly lower proportion of caleareous
grains, (20% to 40%). The ealoarcous grains have been
partly recrystallized, for many show patches of sparry
¢alelte replecing the original organie structure.

In a few oliff-line exposures, the aeolianite is
strongly indurated at the exposed faces, but is friable in
road suttings o few yards away, indicating that there has
been case hardening of nafural exposures;

Veathering of the Plsistocens deolianite has led to
large-geale reorganization and redistribution of its

caleareous components and has produced a westhering profile
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which shows an ordered sequence of distinctive units. This
sequence has been modified in many secticns by the removal
of 1ts uppermost paris, duplication of part or wholes of the
preofile, or by the omission of one or more unite. The
productis of the weathering process have been eroded from
wide areas, and some of the removed materisl has becn
deposited in the lagoon, whers it has strongly influenced
the composition ¢f some of the lagoonal sediments. The
nature of the weathering profile has contrelled much of the
topegrephy of the lagoon floor as wcell as some of the
sedimentary processes within the lagoon,

In many localities, partioularly in the areas of
subdued relief near the lagoon, the highest unit shown in
the weathered seguence is & layer of kunzar, Parts of the
kunkar are covered by a few inches of dark grey, sandy soil,
but this is considered to be s wind-blown deopoelt whieh has
accumilated af'ter the kunkar was cxposed. In most
localities, the kunkar is overlain by e bed of sillceous
sand. In places these ssnde have been redistributed dy
wind action @nd it is possidble that they are entirely an
aeolian doposit not related to the kunkasr, However, the
widespread occurrence of siliecous mands above the kunkar,
their presence in the solution pipes which penetrate deep
inte the weathering profile, and their pressnce above the
Jowermost kunkar horizon in sectlions showing duplicated
profiles suggeet that they are an integral part of the
weathering profils of the aeolianite. Figure 2 1llustrates
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what 1s considered to be the basic weathering profile in the
aeolianite along the shores of the Coorong.
(1) Siliceoous Send Unit.

The topmost unit of the segquence consists of yellow
to white, and occasionally red, silicecus ssnds, which
generally contain less than 1% calsarecus grains,
feldspar, ilmenite and other accessory minersls. The
grains are pradominantly of fine and very fine sand size,
(see Table 3 ). Towards the base of the unit, the
proportion of finer material inereases and clay-sized
calcite is found. Between 607 and 807 of the quartsz
grainc are anguler to subangular, with pitted surfaces
and irregular outlines, while the remainder are sub-
rounded to rounded, with slightly frosied surfaces.

The sande show no stratification other than that
shown at the top of vegetation-uovered sections, whore
a dark grey soll forme a layer s few inches thick above
a zone of white sand. A few ssetions show a buried
soil layer, indlecsting that the sands have been
reworked by wind action. The thickness of the siliecous
sand unit ranges up to about 20 feet, but, owing to the
possibllity of reworking, its original thickness, which
wage prodably variable, is nolt known.

The basal contact between the siliceous sand unit
and the underlying kunkar is sharply defined, but is

commonly of irregular outline, following undulations of
the kunkar surface. Vhere solution pipes are present
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in the profile, they are filled with siliccecous sand,
whieh has a high eontent of olay {up to 30% - Bee
Table 3). By means of these pipes the silicecus sand
unit extends below the kunkar layer inte the pink sand
unit, (éea Pig. 2
(11) FKunker Unit.

Below the siliceous sand unit is & layer of
indurated to chalky kunkar, a form of limestone also
known ae caliehe, itravertine, travertine kunkar,
celerete, surface limestons and ceveral other names.
Ths kunkar in the Coorong region varies from chally
sands to hardi limestone, and is colored white, pale
brown or pale pink., The hard form is found as nodules,
small boulders, or as extensive sheets and commonly
showe 3 finely cremalated lemination of alternmating
white and pale brown leminse, (see Plates 9 and 10).
The nodular masses show some lamination, but they de
not show the extensively developed conecentric lamination
found in kuniars elsewhers in South Mstralia, The
kunkar lsyer is mainly a few inches thisk, but it may
be up to two feet thick, while in some moctions 1t
appeare only as a dissentimious iamina lesp than one
half an inch thick,

X-pay enalyses snd thin ssctions of indurated
kunksar show that the predeminant constituent is mioritic
ealecite; whieh has 2 clouded aprearence in thin seetion.

Diserete erystals or grains ecould not be resolved with
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¢certainty., The lamination, which ie sharply defined
at low megnifications but poorly outlined under high
magnifications, is ecsused by 2 pale brown eloudlness,
of unidentified origin, localized in thin laminae,

Detrital grains of guartz ond scacssory caloite,
feldspar, biotite, mumcovite, ilmenite and hornblende,
are found seattered through the micritic matrix in
widely warying proportions, In the chalky kunkars,
the content of detritasl grains exeeeds 507, dut in the
harder ferms, they are far less sbundant, Host
laminated kunkars eontain only 1 or 2% detrital grains.
in the laminated kunkar, the detriial greins are
ocomronly mncantmted into small pods and laminee,
parallel to the lamineticn of the mierite, in which tho
grains locally constitue 5 to 20% of the rock, floating
in the micritic matriz. Detritnl caleoite iz exceedingly
rare in the kunkar, and when found, the interiors of the
grains show @ complete recrystallization to mieritie
caleite.

The contasts between most guartz graine and the
matrix show smell-scale irregulerities, which acid-
insoluble residuee show to be due to etehing of the
grain purfaces. HMost of the sectlons sxamined show a
few quartz and feldspar grains which have been
extensively cished, and in whieh the greins appesred to
have been largely replaced by the mieritic matrix.
These textural features are shown gbundsntly in the
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Solution pipes.,

A. Kunkar layer and solution pipes on the castern
glde of a small island due sast of Cattle Island.
The pole is 5 feet long.

B. A solution pipe showing a lining of kunkar which
is continuous with the surfacs kunker layer. + mile

north-west of Wood's Well.

C. A solution pipe filled with clayey siliceous sand
and containing oriented kunkar pedbbles. In a road-
cutting near Wood's Well,
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underlying weathered sedimemts, snd it is not known
how mush corroeion has taken place within the kunkar
layer itselr,

The top of the kunkar unit ig generally sharply
def'ined, eommonly by the upper surfsce of s contimous
layer of laminated kunkar, uwp to three inches thick,

In most localities, the upper sartace of the unit shows
undulations and irregularities such as the dome-like
projections shown in Plate 9. The cress-eoctions
revealed in ¢liffs and road suttings eommonly show that
the hunkar horizon is interrupted by solution pipes,
which extend three or four feet belovw the top of the

i into the underlying parts of the profile, (sesc
Plate 40). The laminated surface layer of the kunkar
drspes into the pipes in msny capes, snd extends partuvay
¢own the pipe a8 8 narginal lining with dsereasing
thickness, The pipes are filled with red, e¢layey
siliceous sands. They mey contain pedblsez of kunkar
vhich are sometimes aligned parallel e the walls of the
pipe, {see Plats 10). This suggests that the infilling
material has zlowly settled into the pipes from over-
lying parts of the ssquenns, probably a: the pipe
develor:zd. The relatively hish: eentent of clay-zized
material is probably the result of illuviation by
waters percolaiing dewnwaprds through the overlying
porous sands,

The lower boundary of the kunkar layer is generally
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gradational, with soft, chalky kunkar grading down to
the underlying pink sand unit. In many sections, the
poeition of the lower boundary is rendered even more
indefinite by the presence of veins and rods of casleite,
which extend from the kunkar layer into the top feot
or go of the pink sand.

(41i) The Pink Sand Unit.

Underliying the kunkar is e chalky sand, whieh
forms 2 promincn? pink coloursd unit in most e¢liff o
sections, slthough in some it is coloursd white, or
rayrely, yellow. The piniz sand is gernerally not
indurated, but it possesses o moderate degree of
coherense sad forms vertical {uces in the cliff sooe
tions, Towards the top of ths unit there iz sone
induration, for it is occasionally quite herd. The
thieiness of the unit is mostly between one and four
feet, but it may e as mugh =8 ten feet,

The pink sand shows = bimodal grain sige
distribution, consisting mainly of s sand-sized fraction
and @antain:mg a high proportion of clay - siged
colearzous material (see Table 3). The sand fraction
is postly quartz, with = grain sise distribution and
grain properties similar to those of the siliceous ssné
unit. There is a varisble proportion of up to 407
chalky grains of sand size, but the nature of most of
these is uncertain. The shape of some indicates that
they are probably shell fragments, but meny could be
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Pink sand showing a variety of rod-shaped and laminar
segregations of galeite, near Wood's Well,



Plate 17
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aggregates of mieritic caleite that have formed within
the sand. The fine fraction consists of a little silt
sized quartz, and caleite. The X-ray patterns of the
caleite are shorply defined, show high angle reflections
and the d-spacings indicate that there is no replace~
ment of' the caleium by magnesiunm,

In most exposures, the uppermcst part of the pink
sand unit shows meny thin veins and rods of calcite,
whieh extend down from the kunkar layer, (see Plate 41).
The veins become thinner as they descend, and eventually
disappear. Some sections show a network of rods of
indurated to chalky ealeite, which are predominantly
near-vertical, but sometimes branching, and commonly
Joined by thin sheets of calcite. These rods are
simlilar in sppearance to the rhizoeretions in the
Recent dune sands, and in some sections appear to be
cut by the base of the kunkar, so they may be older
than the kunkar. White chalky nodules up to three
inches in diameter form a third type of caleite
segregetion in the pink sand. These segregatlons are
all generally confined to the uppermost onec or two
feet of the unit, which ies relatively coherent.

Below the zone of salcite scgregations, the pink
sand 1s homogenecus, and quite soft. Towards its
base, reccognissble shell fregments become progressively
more common and they may outline a vaguely defined
stratificstion. The base of the unit is poorly



defined, with the pink sond grading down to partially
weéathered seolianite,
(iv) Pertially Weathered Acolianite.

The sof't sands below the pink sends have more of
the characteristics of the parent acolisnite than of
the weathered material in the overlying perts of the
profile, and are considered to be zeslianite which hss
undergone relatively slight modificstion. Below the
base of the pink sand, th2 content of shell fragments
increases rapidly, and the content of white, chalky
caleite decreasses, As the content of shell fragments
inerenses, the coarse fragments show a progressive
ineresse in the ordering ef thelr orientation. This
is accompanied by a ochange in the nature of
stratificetion from vaguely defined beds, ocutlined
solely by changes in the content of oosrse shell
fragments, to sharply defined laminae vhich are outlined
by small c¢hanges in grain sige and by the orientation
of taebular shell fragments. Gradually the partislly
weathered asolianite passss down into unaltered
asolianite,

The weathering profiles in many scotions are more
complicated than the sequence described ebove, for commonly
there are two layers of kunkar present, The upper layer

is generally the thicker and in some sections it appears to
trmaneste the lower, or to merge with it in sueh a manner as



PLATE 12

Duplicated weathering profilez in the Pleistocene dunes,.

B.

fialt Creek Point section. Note the twe kunikear
layers, (Ez,g and kab, each underlain by a pink sand
unit (p, and pz)r. The upver pink pand iz under-
lain by laminated aeolianite (a). This un-
conformably rests on pockets of the siliccous sand
unit (s,) or on the kunkar of the lower weathering
srofilz. The ¢liff is sbout 12 feet high,

A buried kurkar layer outlining a dunec surface
covered by a later zaeolian deposit, which ls

capped by a later-formed kunkasr layer. 5 milen

south~east of Peliean Point.
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to suggeat thet thoe upper layer is the younger. The upper
layer is underlain by a pink ssnd unit which may overlie
either a siliececus sand unit or the lower kunkar lsyer,
This suggests that there has been s pericd of erceion betwsan
the time of development of the lower weathering profile and
the deposition of material in which the upper profile was
developed., This is clearly shown in the esetion exposed in
the cliff face along the north-west side of Salt Creek
Point, (see Plate 12), In this section, & thin kunkar
layer lying zbove a seqguence of pink sand is overlain in low
pockets by yellow siliceous sands, Above the yellow sand,
and directly above the kunksar surface in higher parts of the
undulating layer, rests a thin sequence of laminated
aeclianite. This gradea upwarde inte a second pink sand
unit; beneath on upper layer of kunkar, whieh forms the
surface. In the ¢liffs at n point sbout 5 milee south of
Pelicen Point, 2 buried weathering profile distinetly out-
lines an undulsting dune surface beneath many feet of
aeolianite, (see Plate 12)., The upper acolianits is capped
by a layer of kunkar, which forms part of a sccond weathering
profile of later age than the lower profile.

It is considered that the development of duplicate
weathering profiles followed a second period of sand
deposition, which led to a new sccumulstion of calearecus
sands above the earlier weathered surface. The younger
sands were of varying thickness, so that when they were
subsequently weathered, the younger weathering profile
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wae superimposed on the earlier profile iun many places,
Duplicated profiles are found along most of the length of
the lagoon, but it is not known whether the second period
of pand deposition was related to the two phases of dune
building which are indicated by the duns topography and the
emerged chorelins within the dune range east of the lagoon.

(a)

In some outerope ¢xposed in the ncar-shore parts of the

lagoon, kunl:arl iec found in direet contact with asolienite
which has been little sltered by weathering, Although
these exposures 42 not show the typieal weathering prdfile,
they afford an opportunity to examine the rolaticnehip
between the kunkar and underlying material in thin section.
This gives some information about the mode of developmant of
the kunkar ond of stromatelite-like structures found along
the lagoon shoreline, i

The eontact between acolianite and kunksr ie sharply
defined, but of irregular outline, and vein-like projections
of kunkar may extend several centimetres inte the aeolianite.
The asolianite consists of guartz and about 25% well rounded
galearsous shell Tragments, cemented by interstitial sparry
caleite, with the detrital grains in grain-to~grain contact,
The kunkar consists predominantly of mieritic caleite, and
generally eontains only 41 or &Zi fleoating quartz grains, with
practically no detrital caleareous grains,

In the aeclianite, both calcareous grains and scement
show partial replacement by cloudy mierite, and the
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replacement becomes mors widespread within a few centimetres
of the kunkar contact. It i thought that this conversion
to mierite is achieved by recrystallisation of the eriginal
caleareous components, The initial stage of replacement is
the development of small sloudy patehes of miorite within
unsltered shell fragments or clear sparry cement, The
replaced patches enlarge and svalesce, and eventually epreed
over complete grains and patches of cement, Reerystallisie
tion has been intense in some pstches within the aeolianits,
and hac completely dssiroyed the distinction between grains
and cement, forming a uniform mieritic metrix between
detrital quartz grsains,

At the kunkar-seolianite sontact, the boundaries of
some celeareous graine have merged with the kunkar., A few
large shell fragments were observed to extend across the
boundary decp into the kunkar. The marginal zones of the
ends immersed in the kuniar heve completely merged with the
miorite of the kuniktar, and only remnants of the internal
organic structure along the axes of the grains have been
lef't to indicate-the former extent of the fragments,

Reerystallisation destroye the distinetion between
caleareous grains and cement, thus producing a uniform
matrix of micritic caleite, The process commences within
the aeolianite, and it is possible that some of the pmaller
velns of kunkar have been formed entirely by recrystallisation
of pateches of detrital calcareous grains and cement. In the

larger veins and the mein bodies of kunkar, roorystallisation
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explains the sabsence of detrital eslearcous grains, but it
doecs not account for the low centont of detrital quartz
grains or the presence of mush of the caleite.

Quartz grains on both sides of the acolianite-kunkar
contact show etehed surfaces, and there is no pronounced
increase in the extent of ztehing szt the contact or within
the kunkar layer. It is considered, thersefore, that
corrosion plays no great part in the removal of quartz
grains from the site occupicd by the kunkar,

The veins of kunkar within the seolianite are commonly
very irregulsr in cutline, and ensloss, either partly or
completely, small lenses and pockets containing an abundance
of detrital grains. The shape of the veins is commonly so
irregular that it ie very unlikely that they were formed by
the infilling of open fissures, They sugssst that
srystallisation of the mierite has forced the seolianite
apart, and has detached small groups of detrital grains sway
from the main rock mass., ¥Within many of the detached and
seni~detached groupe, it appears that the detrital graine
within the groups have been forced apart, fur the grains
become more widely separated than in the uneltered seolianite,
and in some groups, most of the grains are so widely
separated that they could not be in grain-to-grain contact.

Further evidence indicating that disruptive forees are
generated by the development of the kunkar ie shown in a
few localities where laminme containing an abundance of
tzbular shell fragments are cut by kanksr. Pithin a few



PLATE 1

Stromatolite~like masses of laminated calcite,

A, Columnar messes near the mouth of Salt Creek.

B, A gingle column lined by indurated seolianite
at Trevarrow's point.
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millimetres of ths contact, the orientation of the grains is
diaturbed, end individuel greins may be rotated by as much as
90°. In ons thin~section, & iamina of aligned grains was
seen to be ¢ut by o vein of kunkar, and as the lamina
approaches the contect, the alignment of the grains is
gradually deflected so that the alignment spproaches the
direction of the vein.

These kunkar-aeclianite contacts show two major points,
The first is that the calearecus compongnts of the aeolianite
are reerystallised snd converted to mieritic caleite. This
mierite iz supplemented by additional caleite in certain
clearly defined sltem, snd & layer or a vein of kunkar
developesn, The second point is that the kunkar layers can
grow by cxpansion within the aeolianite, snd the expanding
layers force most detrital grains out of the gites of
micrite dcposition.s Below the kunkar surface, the effects
of the expelling forces are limited to a narrow gzone, and
it is thought that the main growth of the larger masses of
kunkar take place on the upper surfages ¢f the layers, so
that the layers expand upwards.

(e)

In the ghallow water areas of the lageoon scuth of

Hograth Flat, laminated mosses of mieritic caleite form
extensive sheets and isolated strustures projecting sbove
the lagoon-floor, Many of the isolated strustures are
diseshaped, elubshaped cr cylindrical, and are similar to

sone organic stromatolites. Cross-~gections of these
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B.

I5 4

Dish-shaped laminated masses of caleite,

Leminated masses within the kunkar layer at

Trevarrow®s Peint. Seale is 12 in. long.

A eross-~section of a laminated mass, chowing the
main part of the laminated mass resting above a

sand-~filled pipe, outlined by laminated kunkar.

From Treverrow's Point. The scale is in mm.

and cm.
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bodies show dish and congshaned arrangements of finely
cremilated laminae, which are concave dovnwards (see
Plate 1h4).

Although these masses may be surrounded or covered by
algal mate, it 1s considered that the slgae have played no
role in theformation of the laminated structures. The
algal mats are composed of algal fibres derived from the
deeper parts of the lagoon, which have been concentrated
along the shoreline at times of strong winds. They are
commonly left stranded at times of normal weter level, and
eventually dry out., They trap very little detrital
material, and appear to have no ability to bind trapped
sediment to the underling sand or rock. The fibres do not
adhere tc the leminated mssses, nor are there any traces of
slgal fibres in the latter.

In thin seection, the laminasted material is identiecal
with laminated kunkar, Xe-ray anaslyses show that the fine
matrix is caleite which contains ns magnesium, whereas the
lagoonal muds contain cslcite which generally has a
significant magnesium content.

These laminated masses are always apsociated with an
ercded kunkar layer extending from the shoreline out into
the lagoon. Unfilled cylindrical bodies similar te
solution pipes are commonly found with the solid bodies and
the laminated sheets. In texture and composition the

laminated masses are identical with the laminsted kunkars
deseribed earlicr. They show no iniernel evidence to



L3,
relate the finec caleite with the muds of the lagoon, or to
support an algal origin. I{ ie coneluded that these
leminated sheets and isolated étmetuma slong the shores
of the lagoon are a form of kunkar,

It 1s considered that the isclated otructures are
masses of kunizar which have besn rendered resistant to
erosion by = deep zone of comentation by miorite, so that
when adjescent kunkar fms undernined by the removal of
underlying sandstone or sande, these strustures were left
isolated,

The method by which the laminated micrite was localized
in the form of the cone-and dish-shaped strustures i not
Inown. They are rarely found away from the lagoon, but
this may refleet the greater degree of crosion and exposure
of the kunker slong the lagoon. It is thought that the
structures were formed by the deposition of micrite within
solution pipes, perhaps by the infilling of solution pipes
in an eariier formed kunkar horizon during the development
of a later kunkar layer,

(£) ..of the Xuniar

The kunkar layer within the aeolianite is & horizon

which is enriched in caleiun caevbonate, in the form of
mioritiec calsite. The nature of the weathering profile
suggests that the main source of the caleite hes been from
the overlying sands, which are now largely leached of
calearecus material. The ealeite wes probably transported
downwerds in solution asnd by 1lluviation during wet secasons,
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leaving a leached siliceous sand cbove. The gentle
undulations of the kunkar layer suggest that this downward
movement was arrested near the top of the ground water
table, and the oanlcareous material redeposited as micritic
caleite, The conversion of sparry calcite cement and
detrital calcareous grains to micrite within the seolianite
suggests that the pink sand unit is a weathered aeolianite
in whieh the caleareous components have been converted to
mierite, but not redistributed to any great extent. It is
likely thet the pink sand was largely located below the
ground water table, so that it was not subjected to effective
leaching by downward percoleting waterse. The development
of the kunkar layer would largely protect the pink sand from
leaching subseguent to any fall in the level of the ground
water teble,

The processes which led to the organization of the
caleite in its present form within the zone of caleiunm
carbonate enrichment are not fully known. It appears that
deposition of the caleite took place within well defined
layers, from which detrital grasins were progressively
expelled., The most feasible manner in which this could
take place would be by aceretion of ecalcite on the uppermost
surface of the layer, with the micrite pushing detrital
grains upwards ae it was deposited. The regular arrangement
of laminations suggeets that this typc of accretion has
taken place. There may have been some growth within the
mierite layers, for some detached groups of detrital graings
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suggest that the grains have been separated within ths group.

The development of solution pipes is thought to have
resulted from downward movement of waters ¢aspable of
dissolving the calcareous constituents of the underlying
imunkar and pink sands. They are most likely to have formed
after a fall in the level of the ground water table, for this
would allow waters percolating down through the leached
siliceous sand unit to pass through and to enlarge cracks
in the kunkar, thus developing well-defined channelways.
£8 the caloite below the channelwseys was removed, the over-
lying siliceous sands and remnant blocks of kunkar settied
into the pipes.

The laminated layer of kunkar around the¢ margins of the
pipes, which iz often contimuous with the surrounding kunkar
sheet, shows that lime-bearing solutions were actively
depositing calcite some time after the formation of the pipes.
The laminated lining may have been formed by periodie
dqpoé;tion of caleite derived from evaporating interstitial
waters at times when avaporation wes confined to the contset
with the siliceocus ssnd unit, It is likely that the
siliceous sand unit would besome relatively dry during dry
ssasone, besause its low clay content would lesd to a high
permeability. The chalky and indurated kunkar would heve &
lower permeasbility and could he expected to retain inter-
stitial waters for longer pericds. Interstitial water

escaping from these two unite would abruptly meet s relatively
dry send end evaporate, Over o considerable portion of the
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dry season this svaporaticn would be localised at the base
of the giliceous sand, causing a layer of calelte to
sccumulate,. A similar process probsbly operates at the
top of the kunkar layer, for the lining «f the solution
pipe and the main kunker layer are contimuous in many
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ITY SUMMARY .

The Coorong Lagoon occupies the northern portion of a
long interdunal depression between a Recent dune range and
a compound range of Pleistocene dunes. #ithin portion of
the lagoon, eroded remnants of the Pleistocens dunes extend
westwards to the edge of the Recent dunes, indicating that
part of the present interdunsl depression is superimposed on
an older dune~govered land surface.

Caleareous sasnds of both the Recent and the Pleistocene
dunes have been subjected to post-depositional alteration.
These changes have only slightly modified the Recent dunes,
and have not influenced the type of detritus whieh is
derived from them by the lsgoon. The Pleistocene dunes
have heen more extensively altered and they show a well
developed weathering profile. This includes an indurated
kunkar lgyer, which is resistant to erosion and has thus
influenced both erosional and depositional processes within
the lagoon. VWeathering of the Plelistocene acolianites has
rroduced a cover of loose siliceous sands on the dune
surfaces. Much of this sand wae probebly preeent in the
area now inmundsted by the lsgoon and formed a ready source

cf casily reworked detritus,
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In this secticen the gensral morphological features of
the Coorong Lsgoon are discusmed. A more detailed aceount
of these features will be presented in subsequent sections
discussing the sediments and the depositionsl environmenta
of the different parts of the lagoon.

1 LAGOON MARGINS,

The lagoon cecupies the greater part of an interdunsl
depression between low kunkarized dunes of the eastern main-
land, snd Reoent unconsolidated dunes of Younghusband
Poninsula, In some places, the lagoon ig separated from
those merginal confines by low-lying sand and mud flats,
now located sbove the normal reach of the lagoonal waters
end covered by plant growth,

Hueh of the castern shoreline sonsists of low eliffe
and steep slopes rising to about 50 feet oy less above the
lagoon level, with & narrow beach of sands and shell
asgumilations marking the high water atrendline., 1In a fow
localities, low dunes up to about 20 feet high heve been
constructed from lagoonal sediments along the castern
shoreline,

Moot of the western shoreline is bordered by the Recent
unconsolidated dunes of Younghusband Peninsula, In part
they are fixed by a cover of vegetation, but large porticns
conpist of send drifts moving northecastwards into ths

lagoon. Along paris of the western shoreline in the
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in the southern half of the lagoon, a disconnected series
of kunkarized Pleistocenc duns outerops separates the
lagoon from the Recent dunec.

Both extremities of the lagoon are gradstional. At
the northern end, the lagoon joins a ehanmel which Torms
one of the outlets of Lake Alexandrine at Peliean Point.
This ehannel extends northwards to the mouth of the River
furray and thus conneets the Oosrong to the Southern Ocean.
This comnsotion iz the only route by which sen water can
enter the lagoon, as cverywhere elss the dune systen of
Younghusband Peninsula forms a complete barrier at all
timesn,

At its southern end the lagoon becomes very shallow,
and over a length of about seven miles it is only periodically
inmindated, Mud fluzts, slightly above the level of the
lagoon floor, snd covered by Bemphire and other low plant
growth, confine the southward spread of the lagoon waters
in normal seasens to a point about 10 miles mouth of £alt
Creek Point. This loeality is taken as the zouthern end
of the lagoon. Further to the south, stretches a
continuation of the interdunal depression, sceupied by a
shain of playa-like lakes which are surrounded by low lying
mid flatz, covered by low plant growth, At timee of
exceptionally high water level, the lazoon extends south-
wards into the northern parts of the lake area, but this

event took place only onee in the eourse of the present
investigation.
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Hidway along its length, westward projections of the
kunkarized dunes of the mainlsnd end a few islands narrow
the lagoon considerably. The constricted section is sbout
7z miles long, and over much of its length the lagoon is
very shallow. The constricted area separates the lagoon
into two divieions, end has led te the development of marked
differences in the nature of the wsters ond the sediments
in these aivisians, In this investigation, the two
divisions have beon Sermed "The Northern Lagoon” and "The
Southern Legoon", and ths constristed comnnection hes been
called "The Hell's Gate Pascage". Eaeh of these divisions

will be discussed in later sections.

There are no published charts or topographic maps of
the Coorong. Eystematic mapping of the laguon floor was
confined to the Southern Lagoon during the course of the
surrent investigation. The map, Fig.!6 , was compiled
from soundings made with a graduated poles, taken along
traverse lines between points located by compass bearings
and on aerial photographs. Scattered recordings and
observations in the Northern Lagoon were gathered during
the collection of water snd sediment samples,

Along most of its castern side, the flcor of the lagoon
slopes very gently to the west and forms a nearly flat lying
platform, the widih of whish varies and ranges up to 4,000

feet., The surface of mest of the rlatforn lies e¢lose to
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the low water level, and a large part of it lies slightly
above that level, so that extonsive areass sre sxposed
contimiously throughout the sumner months. The outermost
parts of the platform may be as much as 5 feet below the low
wvater level. In most localities, the platform is terminated
by a steep slcpe at its outer edge, where the lagoon floor
drops suddenly through a depth of a fev feet,

Beyond the marginal slope of the castern platform, the
lagoon floor formes a depressed srea cccupying the eentral
part of the lagoon, The flcoor of the depression 1s smocoth
and flat or very gently sloping. The width of the central
depression varies, btut it generally occupies more than one
half of the width of the lagoon. In a2 few localitles it
is greatly constricted by extensione of the shallow marginal
platforme, but it mainteins ite contimiity, except at Salt
Creek Point, near the southern end, and in the Hell's CGate
Passage, The cemtral depréssion is generally less sharply
dcfined siong its weetern side. The lagoon floor greaedually
slopes up %o the shoreline at varying angles, and graduslly
flattens to form a western platform ares covered by shallow
water,

The shallow areas of the western olde of the lagoon are
af two types. One consists of a piatform asimilar to that
of the castern side, with outerops of kunkar showing that
an aroded dune topography forms the framewerk of the platform.
The sscond typo may also show extensive, flat lying areas,
but thess are entirely depositional structures which have



524

been formed by the redistribution of sands derived from the
Recent dunes. A steep slip face is found at the outer edge
of some of these deposits. In order tc distinguish these
two topographic features in this text, the term "platform"
has been used to designaste the flat lying areas which show
evidence of an erosional framework, and the term "shelf" has
been used to designate the flat areas of purely depositional
origin.

Parts of the channel through the Hell's Gate Passage
are up to ten feet deep at times of low water level, and the
sastern sides of these deep seetions ars partly formed by
neay vertical faces cut in the ascolianite of the adjacent
duness The channels in the constricted ssctions of the
éentral depressicn of the Southern Lagoon are very narrow

and deep, and confined by steeply sloping sides, Although
these narrow cho

els may have been formed entirely by
current action in the lagoon, it is considered to be more
likely that they were excavated by Salt Oreek at a time when
sea level was lower than at present, Along its present
course the ¢rsck spreads into wide swampe and lakes in the
interdunal depressions, and the overflow from these has out
5 well defined courze in the form of 2 narrow valley across
the Pleistocene dunes in such localitles as the area up-
stream from the present mouth. PFPrior to the imundation
which produeed the lagoon, the ¢reek prebably flowed into
the low-lying interdunsl depression between the Plelstocene
dunes of the mainland and those along the eastern slde of
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Younghusband Feninsula, and ¢ul a way aeross areas of higher
ground which segmonted this depression. After the inundation
of thie low-lylng area during Recent times, the lagoon has
drovned this part of the creek’s course., Water movements
within the lagoon have meintained the stream-cut channels

through the barriers which segmented the interdunsl
depression.
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HYDROLOGY.

The investigatione of Alderman and Skimmer (1957),
Skinner (1963}, and von der Bereh (1962 and in press) showed
that the waters of the Coorong Lagoon have azn ionic
composition very clese to thet of normal sea water., During
the current investigation, an ¢xamination was made of the
seasonal and spatial variations in the ealinity of the
isgoon waters, mainly in the Southern Legcon. Although
the composition of the salt content of the lagoon waters
is very similar to that of normal ses water, at least one
ion, ealeium, shows a slight, syatematic variation with
inereasing eoncontration. It was therefore decided to use
ehloresity, rather than salinity, as the main parameter in
following the varistions in composition of the waters.

Along most of its length, the lagoon shows no perceptlible
tidal changes in water level. Near Pelican Point, at the
northern end, the water level was observed to fall s feow
inches in about three hours on a éalm day, and it 1s very
1ikely that there is a moderate degree of tidal variation
in this area. But along the remainder of the lagoon,
obgerved changes in water level were related to wind activity
or to seasonal changes. Changes of a fow inches in the
water level can be csused by winds blowing along the length
af the lagoon. At the southern end of the legoon these
effects are amplified, znd even moderatc winds mey lead to
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variaiions of about two feet in a few hourse An
investigation of water level oscillations, with particular
reforence to the development of seches, is being carried cuid
by members of the Depariment of Mathematies im the |
University of Adelaide.

The lagoon water level shows an snnual oscillation with
an amplitude of sbout four feet (see Fig, 3). The lowest
point ig reached towards the end of summer, During sutumn
the water level rises, slowly at first, bui later more
rapidly. During winter, the water level is normally sbout
4 feet above the low level of summer, but during storms it
may rize s fuarther 1 or 2 fect, and then ﬁrnpé as the
weathey zbates, Late in the winter the water level falls,
and a fairly rapid &eclin@_@onxinuea during the spring
monthe, until the low level of summer is reached,

During the greater part of ths year, the rate of flovw
in the River Murray is relatively low, 4 aystem of barrages
hag been constructed north from Pelican Point and st
localities further upstream to maintain a stsble water
level. At guch times, the river has liittls or ns influcnce
on the Coorong Lagoon., The river flows strongly after
winter raing in the catchment area, and in some years is
subjected tc floods, These strong flows generally arrive in
the lower reaches after the commencement of the anwmsal rise
in lagoon water level, and even after the lagoon has

attained ite highest level. Defore ths river floods, the
barreges are opened to varying degrees,; depending on the
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expected rete of flow, and this slightly modifies the
alffects of s sirvong flow on the lagoon. Fasically the
ef'fects of the river on the lagoon have not been greatly
‘eltered by the sonstruction of the barrspes, for the timing
of the strong flow le only elightly altered.

The lagwon may {111 before the sirong river flow
reasches the river mouth, so the river is not the prineipal
cause of the annual rise in water level., The river ean
nodify the anmual oscillation, particulerly at times uf
large floods., A great flood in 1956 led teo an exeeptionally
high water level in the lagoon, and this high level was
naintained during part of the summer of 1956«57. Late in
1964, = moderatc flood peak rsached the mouth of the river
after the lageon level had begun to drop., This caused the
water level to rise again, and the level remained high well
into the summer of 196485, (sce Fig. 3).

It is unlikely thaet eveporation iz the mein cause of
the anmal decline in water level, aslthough it may be a
najor contributer to the later stages of the decline. Hueh
of the desline takes place in the relatively ccol spring
months, before the lagoon waters show a graat increase in
salinity.

Thus the main cause of the annual ospiliation in water
level is to be found outside the lagoon. The water
composl tions discussed in followling pages show that mueh of
the inflowing water is sea water. Although the mechanism
of the cause is not kunown, it appears that seasonal
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variatione in the waters of Encounter Bay, outside the
mouth of the River Murray, csuse the bulld up and the decline
in lagoen water level.

The wateras of the lageosn show o fairly uniform
digtribution of temperature during the cooler months of late
autumn to earliy spring. There may be a smell variation
during the day, and on warm, sunny daye the temperature
riges by nearly 19 C. Differences betwesn surface snd
bottom temperatures sre generally confined to early morning,
when the surface tsmperature may be 0..5@ ¢ lower than the
bottom temperature.

During the wermer monthe of the year; shallow waters
may be more then 5° C warmer than adjoining surface waters
in deeper areas. Thers is commonly & difference between
surface snd bottom temperatures. Zarly in the morning the
surface waters may be 0.5° O cooler then the bottom waters,
but during the day this difference is reversed, and surfoce
temperatures are often 1 or 2® ¢ higher thon bottom
temperatures, /s the day progresses both surface and bottom
temperatures rise by 2% ¢ to 4° @,

There 1p & marked seasonal variation of water
temperature, reflecting the chonge in air temperatures,
Average winter temperatures cobserved were hetween 9° C and
14° ¢, while those of summer were between 20° O ana 25° @,
(sce Fig. L).
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3. pH.

The pH of lagoon waters was mainly in the range 8.25
to 8,50, (sce Fig. 5 ), which is slightly in cxcess of the
renge 8.1 to 8.3 given by Svedrup and othera (1942) for see
water in equilibrium with the atmosphere. This excess may
be due to the extensive growth of filamentous algae and
aguatie plante in the lagoon. Exceptionally high values
between 8.6 and 9.2 were obtasined from water within
concentrations of slgal debris at the shoreline,

There wae no systematic difference between the pH of
surface and bottom waters, and thess two vaslues wers commonly
in ¢lose agreement. No reguloar pattern was cbserved in the
aresl distribution of pll values. It took three or four days
to z2ollect a set of water samples and the varistions shown
were probably due to the interaction of a munmber of
varisbles, insluding loecality, time of the day and
temperature, The only systematic variation of pH with
tine was noted in the Bul Bul Baesin, where s lowering of
the pE was noted during the low water period of 1963, (see
Fize 5 )» This was at a time when the basin was almost
geparated from the remainder of the lagoon, and it is
likely that very high temperatures (25° ) snd the very
high salinity (ochlorosity = about 50%.) had greatly
inhibited the growth of squatie plants which are normally
quite prolific in the basgin.



Chloride ion concentrations of surface and bottom
waters at any one locality were often in close agreement,
difforing by less than 1%, This indicates good vertical
mixing of the weters at most times., IHowever differences
of 1%. or 2%. are common, =nd even larger differences were
observed on a number of occasions, These differences
aprear teo bhe related to widesprosd movements of surface
woter. They were gencrally recorded at times when water of
low asalinity wes moving into the lagoon at the northern end,
ecausing displacement of the surface waters over a wide area.

Semples collected from near Stony Well Island in Hay
1963, {see Pig. 19 ahowed water with a chlorosity near that
of sea water moving southward gbove hypersaline waters,

The surface waters showed a chlorosity about 30%. lower, snd
a temperaturc sbout 1° C lower, than 4i4 the bottom watersa.
his flow probebly marked the beginning of the seasonal rise
in water level for that year., lLater in the winter of the
same year, thers was n pocket of water in the deep area
north of Salt COreek Point which showed amususlly high
chlorosity, (sec Fig. 15). Ohlorosity values of the bottom
water, then about 14 feet below the surface, were sbout 8%
higher than thoss of the surface water, This indicates
that in thie deep part of the lagoon veritiesl mixing of
waters may be relatively slow. Other differences in the
chlorosities of surface and boitom waters are shown in Pig.lS .
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The legoon waters show a marked salinity gradient
throughout the yesr, but the direction and the intensity of
the gradient shows o seasonal variation, At times of
relatively little water movement, samples tuken slong ercss

seotions of the lagoon show closely agreeing chlorosity

values, and iscchlor lines ave approximately normal to the
long axis of the lagoon., Isochlors whieh are strongly
inclined to the axis of the lagoon are shown in some areas
et cortain times (see Mig.!5 ). In meny csses these dis-
Plascments are accompenied by differences in the chlorosity
of surface and bottom waters, and it is considered that they
indicate movement of the surfece waters, zainly under the
influence of wind.

The distribution patterns of winter months (see Fig.!5 )
show a progressive increase in chlorosity between Pelican
Point and the southern end of the lagoon. The Northern
Lagoon shows verying degrees of influence by the River
Hurray, and either braskish or merine waters may be found
in this section. The Southern Lagoon im entirely hyper-
saline, and chows an inerease in chloresity from about 237
at Hack Point to about 30%. at Salt Creck Point, end there
may be a slight increase in the area further to the scuth.

During spring months, the water in the Northern Lagoon
shows an inerease in consentration to normal marine
compositions, One of the causes of this is the ountflow of
slightly hypersaline waters from the Jouthern Legoon during
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the spring. In the Southern Lagoon, the chlorosity is
similer to that of the winter. In the ares near Salt
Oreek Point, the chlorosity may drop slightly, as mixing of
waters along the length of the lagoon contimues so long as
the water level is relatively high.

Late in the spring snd during the swmmer, eveporation
leads to an increase in salinity throughout the lagoon.

At the same time, becsuse the water level is low, the
lagoon is divided into three largely independent parts s
tenuguely comnected by shallow stretches of water, In the
Northern Lagocn, there is a large southward increase in
salinity. At the northern end, the shlorosity is closge to
thet of sea water, except when the barragcs have been
opened (see Pig,!5 ), At such times, brackish waters sre
produced as the frash water moves into the lagoon and mixes
with lagoon waters. As the flow of river water is generally
low in the summer, brackish conditions are less common than
marine conditions in this part of the Northern Lagoon. In
the southern half of the Northern Lagoon, hypersaline
conditions are found throughout the summer. The chloresity
reaches sbout 4O¥. near Needles Island, and yﬁmgreasively
decreases to the north,

The water of the Southern Lagoon is more highly eon-
centrated during this periocd, snd there is s difference of
between 15 and 20%. in the chlorosity values chown
immediately to the north and the south of the Hell's Cate
Pagsage. Thiz indicates that the shinllow arcas in the
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passage prevent significant exchange between the two major
divisions of the lagoon while the water level is low,
Because of this separation from the open end of the lagoon,
the Southern Lagoon shows higher salinities than the Yorthern
wagoon. A galinity gradient develope in the diresction
epposite to that shown in winter. The waters show a south-
ward decrease in chlorosity of sbout 5% between Hack Point
and Salt Creek Point, reflecting the southward inerease in
the water depth from about 4 Pfect to gbout 10 feet, In the
shallower northern areas, evaporation produces a higher rate
of inereass in nalt concentration than in the deeper asouthern
aress. The compazvative narrowncze of the lagoon and the
presence of constrieted seotions at Gattle Island, Pelicen
Island snd Watalecra Bay prevent resdy longitudinal
eirculation of the waters, and sllows the concentration
differense to dbuild up during the period of low water level.

The water in Bul Bul Besin is only cbout 3 feet deep at
this time and oveporation leads to a faster rate of increase
in ealinity than in the adjoining Salt Creek Basin., The
sand bar across the lagoon at Salt Creek Point prevents
ready exchange of water between the two basins, and at times
the connection may be completely severed. A large
difference in salinity develops asg the suamer progresses,
and water in Bul Bul Basin resches ehlorosity values which
are about 157%. higher than those in the Salt Creck Besin.

At the southern ond of the lagoon, the Hphemeral Lagoon
becomes completely dry during the early summer, Its water
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drains to the north as the water level drops, and most is
gone before high salinities can develop. Ag the water
level falis, some isolated paiches of water are left in the
emerged areas exposed along the margins of the lagoen.
These are mostly of smell extent, and the water soakse into
the drying sends before they begin to preecipitate halite.
Two larger bodlies of water are annuslly lef't isolated near
Trevarrow's Point., One is in the large inlet to the north
of the point, tha other is on the platform area to the east
of the point. Each of these retains large,; shallow sheets
of water, which may persist for most of the summer. They
attain high salinitles and eventually preecipitete halite,
The halite deposits ars dissolved sgain during the follewing
period of high water level; and extensive sirculation of
water prevents any tendency for the rediscolved salt to
rermain in the areas.

During the autumn, the water level rises throughout the
iggoon and there is an influx of less saline waters into the
areas of hypersaline sonditions., The incoming water is of
marine composition at firat, but may later he bdrackish.

The risz in water level overcomes the two major barriera to
water movement, and the lagoon agsin bshaves as a single
elongated body of water. Dilution of the waters at the
northern ¢nd of the Southern Lagoon leads to the revorsal of
the summer selinity gradient (see Figds ) ond the rise in
level produces uniform compositions sorcss the bar at Salt

Oreslk Point,. As the higher water level ensblces better
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longitudinal cireulation slong the length of the lagoon,
the summer distribution pattern is destroycd and the
distribution pattern of winter months begins to develop.

The concantrations of these ions show a wide seasonal
variation whiczh followe that shown by the chloride ion cver
the range of gonsentrations shown by the nmain mass of lagoon
water. However; in greatly diluted waters the river waters
influence the relative concentrations of these ions, while
at high concentrations the esleium and sulphate ions do not
show incresses strietly proporitional to those of the chloride
ion,

In brackish waters of very low comgentrations, the
Ca® : 017 ratio is in excese of that in normal sea water,
refleeting the higher ratio found in River Murray waters,
(sce Fig. 6). Above a chlorosity of about 6%., the
ca*™ : C1” ratic approaches that of normal sen water, as the
salt zontent of the river water ic very low. Thus, in
most brackish water in the lagcon, all but a2 very small
rroportion of the celeium has been derived from sea water.

In lagoon waters showing a chiorssity close to that of
asea water, the caleium content is the same as that of sea
water, As the chlorosity rises into the hypersaline range,

the ealcium ¢ontent showe s lincar inerease, but the rate of

inerease is lower than that of the chlorosity, and the

Ca*™ : C1” ratio steadily decreases, (see Fig, 7). Thus,
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as the lagoon waters evaporate, caleiun is contimally being
removed from solution, and is probably being deposited as
caleclum esarbonate.

In amall isclated bodies of lagoon water, the salinity
rises much higher than in ths main mass of lagoeon waters.
The linear inoresse in ealeium content gontinues up to
¢hlorosity about 90/., sbove which the rate of increase falls,
and sbove chloruvsities of about 100 #e, tho caleium content
desreases rapidly as the chlorosity rises, sce Fig. 7.

At normel marine chlorosities, the 3(;,? : C1° ratio
is the same as that of sea water. The consentration of
sulphate lon riges at the same rate as the #hloroslity over
the range of consentrations found in the main body of
lagoon water. Above a ochloresity of cbout 907%. the rate
of increase falls over a short interval, (sce Fig. 7).

This suggests that the sudden decrense in ssloium content
at about the ssme chloresity is due to the dcposition of
&ypsun. The chlorosity of the main body of lagoon water
does not rise sufficiently high during susner to induce the
deposition of gypeum, 20 the loss of ealcium from the
evaporating waters there is mors likely to be the result of
deposition of ealeiun carbonate.

The magnesium content of brackioh water shows a similar
pattern to that of caleium (pee Fig. 6), reflecting the high
Hg*™ : C17 ratiec of river waters. In lageon waters with a
ehloresity elone to that of ses water, the concentration of

magnesium is sinmilar to that of sea water. 48 the chlorosity
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rises, the concentration of magnesium rises at the same rate
as the shlorveity, I(Bee Pig. 7), over the range of con-
centration found in the main body of lagoon water.

There are five possible scurces from which the lagocn
water could have been derived, These are:-

(a) Eeeps along the chores of the legoon:

(b) Rainfall over tie lagoon, and rein water run-off

from the adjecent areas:

(e) Salit Oreck:

(@) The River Murray:

(e) The occemn, via the mouth of the river.

Fater runs into the lagoon contimuously Prom many seeps
along the western side of the lagoon, and along the eastern
side after winter rains. The ratec of flow iz very small,
and no perceptivle lowering of salinity has been detocted
near the known seeps. _

Rain fall over the lagoon is siightly less than 20
inches per anmum. Most of this falls during the winter
months, 8o a significant proportion of the dilution of the
lagoon waters must be due to rein water, Surface run-off
from the Pleistocenc dunes ie very low, Over larger
tracts of exposed kunkar, small streems form while the rain
is falling, but they run only as far as low lying aress nosr
the lagoon shoreline, where the water soscks into the sand,

or forms small swampy leke'a. Rain water runs off the mud

I's
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flats =t the southern end o the iagoon, but the main flow
is commonly at times of high water level and strong wind
agitation, and no dilution of lagoon waters has been
detected. The catohment sres for this flow is small, snd
it is considersd that the quaniity of weter whioh enters
the lagoon this way is insignificant.

Balt Creek has not run since 1948, and locel residents
g8y that this flow was the firet for 7 years., The flow of
water through Salt Creek bLefore the @mtmation of drpins
in the South Eset distriot near Xingston and further to the
south~east probebly played an important vole in the lagoonsal
environment, but at present this ercek does not contribute
water to the lagoon,

The compogition of the lagoon water and the nature of
the seasonsl rise in water level suggest that the greater
part of the lagoon water has been derdived from the sea and
nature of the fauna supporis this. The widepgpresd
sgourrence of brackish water in the Torthern Lagoon during
times of high river flow shows that the River Murray is &
major contributor of water to thim part of the lagoon at
times of strong river flow. However, muoh of this water
probably leaves the lagoon during the fall in water level.
River water does not sffect the lonie composition of the
lagoon waters ic any great extent, and the sea iz the
predominent sourcs of the dissolved salt sontent of the
lagoon water, The main effect of the river appearn to de
in ailuting the highly coneentrated waters from time to tine,
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end in this way to prevent & repid nccumulation of Aissolved
galte from year to year.

The narrow confines of the Hell's (Gate Passage sot as an
effective barrier to the southward spread of brackish weters.
Although none wes detected during the present investigation,
somz fresh to brackish water occasionally enters the Southern
lLagoen. In the winter of 1963, a2 local resident tasted
water at the shore east of Hack Point and found it relatively
fraph. The chlorosity values during that winter were lower
than in the previous winter throughout the Houthern Lagoon
(Bee Pig. 5 ) and it appears that a greater proportion of
river water came through the Hell's Cate Passage than in

previous years.

(Alderman and Skimmer (1957) end Skinner (1963)); and in
1960 (von der Doreh (1962)), at threec loealities alonz the
lagoon shoreline, These samples were collested mainly at
times of high water level, and at loecations wheore the neare
shore waters are velatively deep, sc they can be expected to
e representative of the conditions in the deeper parts of
the lagnon at those localities., Thes¢ analyses have been
plotted ,with thoce enncetaﬁ from the same arcas during the
present investigation in Fig. 8. Altheugh the sampling was
discontinuous, it covers five perieds of low salinity Tfronm
1957 to 1964 znd shows two important points.
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The first ic that in the winter of 1957, tha Southorn
Lagoon was occupied by hypersaline waters. This was only &
few months after the 1956 flood of the River Murray, which
was the greatest on record, It caused an exceptionally
high water level throughout the lagocn, and the water level
remained high well into the summer of 195G-57, In spite
of this high water level, the legoon waters were not greatly
diluted when compared with the salinities prior to the
flood, and there was no differcnce in the composition of the
dissolved salts. This indicates that even in exceptional
eircunstances, the influence of the River Hurray on the
composition of the waters in the Scuthern Lagoon is slight.

The second point shown in Fig. 8 is thet there was @
progressive increese in the chlorosity shown by easch of the
winter periode between 1957 and 1962, This indicates that
there is a tendensy for the Bouthern Lagoon to act as a
berred basin in which the salt ocontent inereases from year
to year. This tendenocy weas interrupted in ihe winter of
1963 by an influx of water in which the proportion of river
waler was oxeceptionally high.

8 « SUMMARY.

The agqueous environment of the lagvon is characterized
by 2 wide range of conditions along the length of the lagoon,
and by wide sessonnl fluotuations. The ecomposition of the
salt content of lagoon watere is the same za that of sea
water. Conditions in the Southern Lagocn sre hyperssline
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throughout the year, and the greater proportion of ths water
in this seotion has probably been derived from the ses,
The Northern Legoon shows some estuarine characteristics,
for slthough the River Wurray does not flow through the
lagoon, its waters lead to the development of brackish
conditions at times of strong river flow., At otheor times,
the Horthern Lapoon shows merine to hypersaline conditions.
Seasonal varistions lead to the doubling of the salinity and
the temperature of the lagoon waters during the summer, and
at the same time there is a reducetion of longitudinal
eiroulstion through the lagoon,

These characteristics have developed begause the
elongate shape of the lagoon sand internal topographic
features have seovercly limited the amount of longitudinal
circulation of lagoon waters. Cirounlation has dbeen further
impaired by the pbasence of connections between the lagoon
and the ocean south of the river mouth, and by the aebsence
of atreams running into the lagoon from the mainland.

Fresh weter ocutflow from Salt Creek may have influenced the
iagoonal environment prior to artificial alterations of the
natural drainage system south of the Cooreng about 19520,
There are no records of the composlitions of lagoon water
befors those ecollected by Alderman in 1955 se the effects
of the creek Tlow can only be inferred fvon the lagoonal

sedinents, and will be discussed in o later section,



The forsgoing discussion on the compoaition of the
lagoon waters and the brief cutline of the morpholozy of the
lagoon have indlosted that there are a mumber of different
deposlitional environments within the lsgoonal evea. In
this section i1t is intended to descride and to relate the
sedimeni® and the environmental conditions in the different
parts of the lsgoon. For this purposs, the discussion has
been divided into threc parts, cach dealing with ons of the
major divisions of the lagoon. The disoussion of the
Southern Lagoon, which was examined in grenter detail than
were the other divisions, is further divided into three
parte covering arses which show s degree of natural
separation. Thege are:

The Ephemeral Lagoon, o long streteh of the lagoon
which is completely dry during
part of the year;

The Bul Bul Basin, 2 small depression which is in
part permanently imundated, but
which 1s virtually lsolated from
the remsinder of the lagoon
during part of the year;

The MajJor Basin Area, oconeistinz of the remainder of
the Southern Lagoon, whieh is a
sontimicus body of water bordered

by periodieally imundated
narginzl arecn.



The southernmost portion of the lagoon is a flate
lying expanse of sand and mud, covered by shallow water in
the winter and carly spring, bt completely dry during the
remainder of the year. Thie area has been called the
"Iphemeral Coorong” by Alderwen (in press). It is a
transitional arsa, for it has some of the characteristics
of the mal:s leaguon, into whish it mevges to the north,
vhile it chows some similarity to the plays-like lakes
further to the sputh-east, which have been deseridbed by
Alderman, Skimmer end von der Borch (pee Reference List).

1« X n Outlines

The southern end of the lagoon is considered to be
lonsted at g point about 10 miles south of falt Creek Point.
Here, a slightly eleveied area, lying up to one foot above
the mdjscent lagoon floor and sovered by low vegetation,
predoninantly Samphire plants, forms & natural dbarrier to
the southward extemsion of lagoon waters during wost winter
secgons. This point marks sn izportant change in the
ninoralogy of the mud sediments, The mude in the Fphemersl
Lagoon to the north are a mixture of aragonite and magnesian
ealoite. Those on the elevated mud flat to the south are

magneeian oaleite alone. von der Boroh (1962) showed a
repid decrease in aragonite sontent southward across the mud
flat which forms the southera boundery of the lagoon,
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Aragonite is not found in the muds further south, even in
the lake sediments, whigh are composed of magnesian calcite
end dolomite mixtures (von der Boreh (1962)).

The Samphire-mud flat is continuous arcund the southern
end of the lagoun, and extends northward slong the western
side of the Ephemeral Lagoon, forming a clearly defined
western margin in most pleces. In a few plsces the Samphire
growth appears to be extending out cnto ths lagoon floor,
and is forming projeections similar in cutline to ssymetrical
cuspate epits, in thag_f@ areas,; the western sdge of the
lagoon is rather vagual"y' defined, and there is a gradational
shange between vegetated and non vegetated sreas. The
Samphire-mud flat separates the lagoon from the Recent dunes
of Younghusband Peninsula, which are thickly covered by
vegetation in this area, and are nei encroaching the lagoon.

Apart from a few small sections of Samphire-covered
mad £fi2t, mainly at the southern end, the eastern margin is
formed by loose cand and shell asocumulations, whieh have been
bullt into 2 series of low dunes in some seotions ond
covered by thick serub. A few ispolated outerops of
kunkarized sandstone form flat rocky areas and patehes of
engular pebbles and boulders at, or slightly chove,; the
lagoon floor along the castern side (see Map, Fig.!7 ).

The lagoon floor in very gently sloping, and the oute
lines of standing water at times when the area in partly
imindated indicate that the central portions are a few
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inches below the near-shore regien, A gentle, but steeper,
slope is shown at the margin, where the lagoon floor rises
about one foot across a distance of o few feet to grade into
the adjacent elovated mud fiat. There is also a very gentle
dovnward gradient to the north, for the lagoon floor is et a
lovel of zbout 18 inohes above thelow weisr level at the
southern end, and coincides with that level at the northern
end,

Minor topographic 1mgt:x1ar1tias, with a relief of a
few inches, are found at the southern end and in the bays
along the western side. These arz cmused by wind-and water-
laid deposits of sand, shell and mud, The only major
topographiic feature in this pection of the lagoon is a short
chennel which connects the -southermmost portion of the
lagoon tc the remainder at o point where the Samphire-mud
flats extend almost across the lagoon (see Map Pig.|7 ).

At its narrowest polint, the channel is 40 Peet wide, and ite
Tloor 1lles about 4 feet below the nearby lagoon floer. To
the north and the south, it rapidly beoomes wider and
shallower and gradually disappeara.

The Ephemeral Lagoon is filled with water &during late
Yay or early Juns, and normslly the centre is covered by up
te 3 feet of water. As discussed previsusly, the
compoeition of this water is similer to that of the Salt
Oreek Point aree during times of high water level, Some

water enters the southern end of the lagoon as surface yan-
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off from the adjacent swampy areas, but the catchment area
is small, and the supply of water is low and intermittent.
Fo lowering of the salinity by rain water run off has been
detected, and it is considered that most of the water in the
Ephemeral Lagoon is derived from the lagoon to the north.
%ater which enters the Ephemeral Lagoon has & chloresity of
about 355., but the ohlorosity decreases to about 30%.
during the winter, following the general trend shown by the
whole lagoon. Evaporation during the spring leads to
concentration of the waters, and the chleorosity rises to
sbout LOY. before the water fiows out of the Ephemeral
Lagoon in response to the seasonal fall in water level
throughout the lagoon.

The whole of the Coorong Lagoon is susceptible to wind-
induced water movements, particularly when strong winds blow
along its length, These movements are seeentuated in the
Ephemeral Iagoon and large srsas normally sovered by shallow
water can be exposed by southerly winds., Tortherly winds
lead to & rapid rise in water level and during storms the
water level may rise to 2 or 3 feet above the normal level.
During the winter of 1964, the water level rose sufficiently
high for the weter to spill over the southern end of the
imgoon into the lakes as far south as Canterra Homestead,
gbout 3 miles to the south-east, Simllar extensione to the
lagoon may have taken plsce in the past, but it eppeara that
they are cxceptionsl, and the sbove instanse was the first
since the widespreasd flooding that asccompanied the 1956



76.
flcod of the River Hurray.
o

{a) Sedimente end their distribution.

The floor of the Ephemersl lagoon iz mainly a flat
expanse of pale grey sand, on parts of which s thin venesr
of white ealecarsoue mud has been deposited, The hicheet
muad content ls found in the southernmost ond of the legoon,
in & amell section which is simost comploiely severed from
the remainder of the lsgoon., This aree in leygely covered
by muddy sends eontaining up to 25° eslosvecus mud, but in
tie marginal sone the sud content rises to sbove 80K,

These muddy sediments foria u thin venser o few inches thiek
nhove grey sands which contain only sbout 57 smd. In the
regainder of the Iphemeral jagoon, muidy ascdinents sre
sonf'ined to a marginal zoneo aleng the western side of ihe
lagoon and along paris of the eastern =ide., Arease of
Samphire growth along the western sido show a mud content of
about 507, but awsy from the growths the mud content is less
than 25/,

Concentrations of small gestropod tests and mets of
ccarse algal Cibres form st the strandiines furing periods
of inundation,s During the pummer, the mats of algal fibres
descicate ond disintegrate. Much of the shell material
blows: acrose the lagoon $¢ the easiern shoreline, vhere it
is added to low dunaes, whieh gentain a high rroportion of
lagoonal shell material. Along the wesi¢rn shoreline, some

of the shells form permansnt accumilations e¢iose to the
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ghoryg, where they are in the sheltsr of the bushes aleng
the shoreline, or in sheltered smbayments and arsas of
&amphim growth,
(v) Composition.
(1) Sands,

The sands of the Sphemeral Lagoon are well sorted
and moderntely well sorted, and predominantly of fine
and medium grain size, (see Table 4 aznd Mg. 4 ).

They contain between 4OF and 60% of caleareous grains,
which are of two varieties. The predominant variety
consisto of well rounded shell fragments similar to
.those of the Recent dune sands. The second variety
consists of angular to subrounded I'ragments, meny of
which are recognizable as fragments of lagoonal shells,
The quartz grains asrs also of twe varieties. Between
one half and two thirds of the grains sre subangular te
subrounded, with smooth glassy surfacees, and appear
similar to the quartz graing of the Recent duns csands,
The remaining quartz grains are more commonly angular,
and have a pugary surface texture which is similar to
that found in the corroded greins from the weathered
Pleistocene dunes, The high proportions of the glessy
quartz grains snd of c~aleareous grains similar to those
of the Recent dunes. show that the Recent dunes have
been the sourece of the greater pert of the sand in the
Ephemeral Lagoon. Other sand sized material has been
Aerived from the weathered Flelstocene dunes and by
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fragmentation of the lagoonsl shell material, but the

high ineldence of indeterminate grains did not allow

quantitative asscesments of the relative importance of
the three sources.
(11) Muds,

The muds of the Ephemeral Legcon are highly
salecareous; snd contain hetween 807 and 90% calciunm
carbonate. The remainder consists of 5ilt sized
quartz and & fine brown residuec which gives no Xersy
pattern, but which msay possibly be organic detritus,
The caleareous component is a mixture of aragonite snd
magnesian caleite, with areponite the more sbundant.
The magnesium content ol the caleite, determined by
meesurenent of the a(112) speeing in Yeray powder
photographs, has an averpge value of 6.0 mol ¥ :sgc%,
(ses Table 2), which is elose to the average
nagnesiun content of surfece oaleite in the Bul Bul
Basin to the north,

(¢) Sedimentary struetures.

The sediments containing sand and mud mixtures show
some well developed stratification, due to slternations of
laminae which show differences in mud content. The laminac
are clearly shown, but their boundaries are gradstional.
Castropod snd lamellibranch tests, and tabular shell fragnents
are of'ten oriented parallel toc the laminstion. In the more
mddy sediments under the aress of Samphire growth, mud-
cracks, root caviiies snd burrows sre common, and the



T3

lamination is destroyed, In the sand sediments, the only
structures shown are the horizontal orientation of large
shells snd fragments, and some poorly defined shelly beds,

At the southern end s the lagoon, green-brown colored
algal growths form small rounded mounds & few centimeters
in diameter and one or tws millimeters high. The margins
are undulating, and the tops flattened. The algae form 2
very loose mat,! or 2 mm thick, permeating the underlying
sediment with thin fibres less then 0.5 mm long, Below the
surface there is n sequence of laminated sandy mude similar
to the laminated sediments in the remsinder of the lagoon
floor, in which the compositional lamination has been
accentuated by dark brown laminae econtaining dessicated
algal fibres., The algas have evidently been active during
the acoumulation of thie sediment, but they only outline a
zompositional lamination similar to that awsy from the algal-
covered areas, It is unlikely that the algse caused this
lamination to develap.

Bae .

The sediments of the Ephemeral Lagoon sontain abundant

organic remainas derived from ths Recent dune sands, but

these are regarded as being of detrital origin, and will not
be further discussed, The remains of organisms which lived
in the lagoon ares can be divided inte two groupz. The
validity of this grouping and the stratigraphic relationships
between the two groupe is dest seen in the areas to the north
of the Ephemeral Lagoon, and the consititution and slignificance



TABLE 1,
Large Lamellibranchse Charscterigtic of Fauna 1.

Notospieula irizopells Lemarck 1818,
Flavomals sonscloides Reeve 1857.
Mytilus plepulatug Lemarck 1819.
Katelysin spps Romer 1856.

Eumarcin fumigata Sowerby 1853.
Yenerupis gp. Lamarck 1818.
Mecopons deltoidalig Lamarck 1818,

Ostrea gsipusta Lamarck 1819,
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of the groups will be discussed more fully in a later
sections, The two groups have been termed Fsuns 4 and
Fguna 2.

Feuna 1, in the Ephemeral Lagoon, coneists of the
organisme listed in Teble! . The shells of many of these
spécles are much larger then those of Feuna 2, and belong
to species that live today in normal or near-normal marine
environments., None are at preeent found alive in the
Southern Lagoon. Although many of the shells are moderately
to strongly sbraded, many others show no signs of sbrasion,
and complete shells are widespread and oceasionally abundant,
Shells of one variety, Katylesia gp, have been found in the
sands of the Ephemeral Lagoon in their position of growth.
It is therefore considered that the shells are the remains
of' organisms which grew in the lagoon, and that they were
not transported from localities outside the lagoon area.

The organisms of Fauna 2 are characteristic of a later
phase in the development of the lagoonal environment. They
indicate a different range of water compositions, varying
from brackish to hypersaline, In the Ephemeral Lagoon, the
most sbundant members of this group are the small gastropod
Soxlella confusg (Smith, 1894 ) and the emall lamellibranch
a yerpicolor (Tate, 1886), doth of which are

known to be euryhaline. Ostracod test: are common in some

samples, particularly thosc contalning 2 high proportion of

Speci
mud, and most belong to the species descridbed as 40 Aon

page |25, The foraminifera Ammonis becearii (Linne, 1758)
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is common and oogonlia of the aguatic plant Chara Spp.
occur rarely in the sediments along with the above members
of Fauna 2,

In the Ephemeral Lagoon, shells of both feunal groups
are found together in abundance. Those of Fauna 2 are
found in the sequence of muddy sands and sandy muds, but
tests of Feuna 1 are very rare in those pediments., In the
gentral sandy areas, tests of both groups are found together
in the topmost on2 or twe inches, but below this depth, the
tests of Fauna 2 are very rare to absent, vhereas the members
of Fauns 1 are found down to a depth of at least 24 inches.
This distribution suggests that the Faunn 2 post-dates
Fauna 1, and this relationship is clearly shown in other
parts of the lagoon.

6. Sediments s

The persistence of gougings mede by swans while feeding
in the Ephemeral Lagoon during periods of inundation, and of

wheel marks left by vehicles during periods of emergence,
indicate that there is little transportation and deposition
of sand sized material in this area by cither wind or water.
¥Wind dlown sands pase over the area during the summer, but
most of the sand appears to be blown ascross to the low dunss
along the eastern shoreline. The rate of deflation of the
lagoon floor is low, for the sands are firmly bound together
by interstitial salt deposite after they have dried. The
shell material forms a slightly concentrated lag deposit on
the lagoon floor, ani the shells are often broken and
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corroded. The pleces are angular, and their breakdown
appears to be the result of chemical leaching, growth of
salt orystals, or some other result of exposure to the
atmospherz and the sun, rather than the mechanical effects
of wind or water.

Water cireulation during the periods of imindation
plays an important role in the deposition of the muddy
sediments, Wind and waves aglitate the waters of the
permsnently inmundated areas to the north, and drive sediment
leden waters south into the Ephemerel Lagoon. Here, part
of the suspended mud settles before the water flows baeck to
the north. Mud orscks have been observed to f£ill with
floccules of mud which was left as the waters receded.
CGenerally the incoming waters are agltated by high winds,
end the water level does not drop until the velocity of the
wind falls, or its direction chenges. In either case the
cutflow is accompanied by a lesser degree of bottom sgitation,
for the winde will pass over a smaller fetch of water in the
case of = chenge in wind direction, and some of the material
which settled out of suspensicn is left behind a8 the waters
recede, There is, therefore, z tendensy for mud to be
transported southwards into the Ephemersl Lagoon, and to
permanently sccumilate there.

The sand areain the centre of the IEphemeral Lagoon is
kept relatively free of permanent mud accumulations by wave
sction and water circulation, and this is largely a non-
depositionzl area. The muds tend to accumulste in sheltered
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areas, and in the very shallow marginal areas, where
agitation and eirculation of ths waters 1s consideradbly
lesnsened, The most sheltered areas are the very shallow
areas under the shelter of the western shoreline, for this
part of the lagoon is sheltered from the direction of the
prevailing winde. Even at timez of mortherly winds this
part of thz lagoon is moderately calm, for o wide expanse
of very shallow water at the shoreline dampens wave sction
and prevenis the stirring of the bottome muds. The
permanent accurmlation of muds in the marginal areas 1s
assisted by the periodic emergence, for dessication compacts
the mud left esch winter, snd the dried mud retains much of
its ccherence during subsequent imundation.

7 . Summery.

The Ephemersl Lagoon is characterized by alternating
periods of imundation with hypersaline waters, and periods
of completc emergence and dessication., During the period
of inundastion, the waters arse shallow and subjected to wave
agitation and water circulation caused by the action of winds
on the lagoon waters. The agitation is not sufficlently
intense to cause muoh movement of sand sized material. but is
sufficient to kee; most of this part of the lagoon free of
permanent mud asccumilations. Permanent deposits of mud are
forming only in the more sheltered marginzl snd terminsl
aress., The rate of deposition is slow and the deposits
formed are very thin when compared with the mud sequence in

the areas to the north. The genersl gppearance of the sand
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end mad nixtures of this section of the lagoon is similar
to that of the sediments in the lakes south of the lagoon.
The composition of the lagoonel muds is similsr to that of
the muds in the Bul Bul Basin to the north, but they have a
slightly higher ¢alecareous content than the latter. It is
gonsidered that much of the mmd deposited in the Ephemeral
Lagoon has been dorived from the southerr part of the
perasnently inundated lagoon, and wors transported southwards
in suspension at times of very high water level. The
waters of the Ephemeral Lagoon are not subjected to & long
period of evaporation, and there is very iittle algal or
other agquatic plent life over the greater part of the
lagoon floor in this section., These two factors probably
limit the amount of physico-chemically or blochemicslly
deposited caleium carbonsie that forms in this part of the
lagoon,
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(B) THE BUT, BUL BASIN,

Near the Bul Bul seep, the lagocn floor slopes gently
under permanent water to form a small shallow basin, clearly
defined on three sides and grading into the Ephemeral Lagoon
on the southern side. The basin, in this discussion called
" the Bul Pul Basin, is about two and a half miles long, one
mile wide and, at its deepest part, the basin floor lies
about four fecet below the low water datum.

1. Margin Sutlines.

Ite northérn limit is defined by a sand bar, sbout half
a mile wide, extending completely soross the lagoon westward
from Salt Creek Point. The central half of the bar lies
close to ths low water datum and its surface slopes gently
to a depth of one foot towards itis southern edge, where 1t
drops more steeply to meet the almost flat-lying basin floor
at a depth of sbout 3 feet below the low water level,

During the summer, a thin lsyer of a few inches of water
connects the Bul Bul Baein te the Salt Creck Basin to the
north, but at times of very low water level, the connection
may be completely severed.

The low, unconsolidated sand dunes along the eastern
side of the Ephemeral Lagoon contimue along the shore of the
basin to a point cast of Bul Bul, where they give way to
partly lithified and kunkarized Plelstocene sand dunes.

The coastline north of thie point is roeky, with low ¢liffs
and steep slopes rising up to about twenty feet high. At
their base is aon erosional platform up to two hundred fect
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wide, composed of arcuate rocky projections surrocunded by
grey sands. The development of this type of zosstline is
diecussed in a later section.

The western coastline consists of a series of smoothly
rounded projections and embayments, formed by the
unconsolidated Recent dunes of Younghusband Peninsula,
wvhich are actively advancing inte the basin along much of
this shoreline. Host ar'the western shore is a sandy beach,
but in two areas there are expanses of lagoonal muds which
have been uplifted by the advancing dunes, 28 described on
page |77,

2. Topegrephy of the o

The lagoon floor slopes inwards on all four sides,
towards a fairly flat central floor (see Fig.!8 ). The

flcor is smooth, exeept in one aren on the eastern side,
where three outerops of kunkar form a semicircle with a
dimmeter of 250 feet, outlining an eroded duns. The out-
crope rise almost vertically up to four feet above the
surrounding sediment, with a few sections rising to one foot
above the low water level.

3. Hydrolomy.

The waters of the basin reflect the ecycliec variation
of water level and water composition deseribed previously.
The anhual water level oseclllation influences water
composition in this dbasin more than in the remaining basins.
During the high water period, the samnd bar at Salt Creek
Point is covered by three or four feet of water, and the
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water composition of the Bul Bul Basin is not narkedly
different from that of the Salt Creck Basin. As the water
level drope and evaporstion lsads to an inereasing salinity
throughout the lagoon, the salinity of weter in the Bul Bul
Basin inereuses at a fester rate, beesuse of the more
shallow dopth of water present, This differentistion is
not destroyed by interchange of water; and the difference
in shlorosity betwaen the two adjacent basing rises to as
high as 15%.., This lack of water exchange indicates that
at times of low water level the sand bar forms an effective
barrier, as a result of its width and shallow nature. This
eompositional difference persistis until the lagoon water
level starts to rise in sutumn, when diluticn by incoming
water, and increased case of water exchange, lower the
concentration of water to the gouth of the sand bar.
Throughout the year, the water of this besin is hypersaline,
showing chlorosity values ranging from about 30 to 35%,
in winter to about 60 to 65/, in summer.

4. Sediments.

The sedimentz of the basin can be divided into two
groups with dietinetive lithologies and distribution
patterns, The first consiste of coarse maierial, sand snd
shell deposits, the surface deposits of which are largely
confined to the margins of the basin. The second group
consists chiefly of finer sediments and light crganic
detritus which ars mainly found in the deeper central
portion of the basin,
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(a) Marginal Sediments.

On all four sides, the marginal sediments are
predominantly send and shell. Two distinet types of sand
are recognisable.

Along the northern, castern and southern margins, the
sands arz moderately, :sorted, fine to coarse grained, with
a widely varying carbonate content, These sands are
sinilar to those of the platform areas described in the
Tollowing seetion, Along the western margin a second type
of sand is found. These are well sorted, fine to very fine
sands, with a more uniform éarbonate content, (50 to 60%).
They are deing ectively eroded from the modorn dunes of
Younghusband Peninsula, snd locally redeposited by water and
wind action along the western shore of the basin.

(v) Central Sediments.

The central portion of the basin shows a seguence of
calcareous mude and interbedded layers of concentrated algal
and ostracod remains, with a few shell and sand layers. The
sequence is three feet thick in the eastern part of the
section shown in Fig.!8 , but in the remainder of the basein,
the cores show a sequence of muds sbout five feet thick
without revealing its base.

The muds are black or dark grey when first collected,
down to a depth of about six inches. Below this they
rapidly grade to pale grey and white, with a few dark grey
and green~grey bands. The osiracod layers are commonly
grey, but a few are coloured dark green by & greasy green
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piément on the cxterior of the tests. The algal Tidres
are either dark green or pale yellow-groon, snd often show
elternating layers of these two colours. A1l these¢ colours
ere destroyed by the oxidising sction of hydrogen peroxide,
leaving the ostracods transperent, and the mud and fibres
white. This suggests thet the colouration is due entiroly
to organic pigments or to iron sulphides of a very fine
grained form.

The ostrecod loyers consist of laminae and thin laminae,
generally less than 1 em thick, but ranging up to 5 om thiek.
‘They seldom contein interstitisl mud motrix, but may contain
a small percentege of gramlar mud aggregates up to 0.3 mm
in diameter and some shell fregmente. The {iests are loosely
packed and some leminse show & predominance of horizontally
oriented testas., The tests sre very thin and transparent,
and sppear to belong tc one speeies, (Specics A, see page [25).

AILAL FIBRE LAYERS,

Algal Pibres are consentrated in layers up to 10 em thick,
vhish are nade up of mat-liks laminse of interlocking fidres,
approximately G.2 mm long and 0,01 mm in dismeter. The
laminne are from 1 to 10 mm thick end ars olearly
differentiated, often by striking colour shanges, with
alternations of dark and pale groen, and yallow laainse.

Tha mate contain little or no interstitiel mud, but they nay
be interlaminated with clearly defined laminac of mud or
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ostracod tests. The fibres sve horizontslly orionted and
intorlocking, forning s moderately eoherent mot,
SAND.

Sonds occur in some cores in the central portion of
the basin, as shown in Fig, |18 . A prominent send and shell
horizeon delineates the base of the mud soguonce in much of
Section A , and other cores show a surfoce layer of a few
inches of sand cbove the muds. Isolated send horizons in
ocores .9, C.10 and C,13 have probably been derived from
around the nearby kunkar outorop deseribed on page 86.

These sands probebly represent intertonpuing of the marginal
sends and the central sedimenis at various times during the
£illing of the dasins.

HICROCOAUIRA,

Laminae and thin laminase composed of soncentrated
remains of AREOT '

some cores. They are loosely packed, and aontaln very
1ittle md, but they may eontain a high pesrcentage of sand.
HODB,

Calecareous muds form the bulk of the cemiral basin
gedinoents,

(11) ZIexture.

Host of the muds show a gramilar texture, with medium
sand-sized aggrogates in the topmost few inches and fine to
very fins sand-sigzed aggregates in the remsinder. In the
sarface mads tho aggregates are loosely packed, with open



gl! é g:é; 4 5

Sediments of the central depression of the Bul Bul Basin.

A. Core no. C.8, showing ordered sequences of
sediment types.
a. Ostracod lamins,
b. Gramlar mud,
¢, Homogeneous mud,

a. Laminated fibre, with some mud laminae.
Seale is in inches,.

Bre #fud beds and lasminated fibre beds exposed in the
folded sediments at Bul Bul Seep. The scale is
8 inches long.
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intergranular pere spsce, but below o depth of six to
twelve inches the degree of compaction insrenses, and the
aggregates tend to merge, destroying the intergramilar poTe
space,

Pelletal muds form only a small portion of the Bequence.
A few scattered pelleis are found in most cores, but in
three cores there are muds which show widespread pelletiz-
ation, forming & subsurfacz bed of pelletizei and slightly
pelletized md in the north western corner of the basin,
{see Cores C.12, C.14, and C.2¢ in Pig.18 ),

Leminated mud is less common on this desin than in the
Salt OreeXx Basin to the north. There are a few thin leyers
of laminated mud in the cores; but most sre less than 5 enm
thick. Only cores C,2, C.6 and C.14 shov layers of
leminated muds cxceeding 5 om in thiekmess. The leminatton
is the result o bdoth textural variationz and alignment of
soattered algul fibres, (see Plate |5 ),

(111) Composition.

Table & zhowe a summary of the minerslogical
corposition of the lagoonal wmuds in the Bul Bul Basin.
Ths muds are predominantly zalsareous; but inolude some
8iit sizcd gquartz erd organic matter. No argillaceous
clays were detestsd in the Y-ray diffraction phbotogrephs of
semples of the ecomplete mud fraction, but feint iraces were
deicoted in photographs of z0id residue material., The
sarbonate content of samples from core C.2 was ranged fron
76% to €9% of the dry weight. The remaining meterial wes
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predominantly silt-sized quartz and s little argilleceous
clay. There vas no systematic varistion in the vertical
distribution of carbonate content in thie core.

The calearecus component of the surface muds consists
of a mixture of acragonite and magnesian ealcite, see
Teble © . The relative intensitics of the X-ray patterns
of these two minorsls show that aragonite is the more
abundant, i‘hg:fm%]iame&un content of the calieite in surface
sanples is 7.3 mol % MgCGO,. This is slightly higher then
the magnesium content of saleite in the Ephemeral Lagoon,
but the difference is not statistically significant.

Below the sediment surfase, there is some vardiation in
the ecomposition of the calesrcous component of the muds. In
the two cores investigated, the aragonite : caleite ratic
decreaces below 2 depth of sbout 20 inches. The arsgonite
eontent remains releatively low down to a depth of about IO
inches, below which dapth the aragonite : caleite ratio
incresses - soe Table 6 .  Subsurfuce zaleite shows &
magnesium content which is markedly higher then the megnesium
content of the surface calecite - see Table 6 ,

(iv) Sedimentor:

The sediment sequence in the central portion of the
basin chows a weil developed but unevenly diastridbuted
stratification - see Plate |15, The stratification is
caused by marked lithologieal variations, lamination within

Fibre beds and, to a lesser extent, by textursl and colour
variations in the muds,
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Some cores show a rhythmic successicn of ordered
lithological and textural variations, in part similar to
graded bedding - see Plate |5 . Theee successions are best
shown in cores along the western sids of the basin, but in
some of the other cores there are less clearly developed
arrangements which are probably imperfect rocflections of the
sane features. A typiecal ordered seguence shows three
distinet parts, a basal ostracod layer, o central mud layer,
and an upper laminated unit.

The basal cstracod unit is commonly 1 to 10 mm thick.
It rarely contains mud matrix and shows & sharply defined
lower contact above ths underlying sediment. The top is
distinctly gradational over a distance of 1 to 5 mm, showing
a decreasing content of ostracod tests and un inereesing mud
content as the oniracod layer grades inte the overlying mud
unit,

The eentrel mud unit chows a graded sequence of mud
aggregates. The lowermost part of the unit is composed of
gramlar mud, in which the aggregetes are 0.2 to 0.3 mm in
diameter. They are loosely packed, leaving an unfilled
network of intergranular pore spaces. This gremilar mud
grades upwards into more finely eramular mud in which the
aggregates become progressively smallor, ranging from 0,05
to 0.1 mm in diameter. At the same time, the aggregatoes
become less eohersat end tend to merge, destroying the inter-
gramlar porosity. The gremlar mud grades upwards inte
homogeneous mud in which there is no recognisasble texturc.
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Accompanying this textural change within the mud unit, there
is commonly a gradusl decresse in the content of ostraccd
tests. They are generally common to sbundent in the lower
parts of the unit, end grade to rore or sboeat in the
homogeneous part of the unit. The thickness of the complete
mid unit varies between 1 em end 8 em, with the lowermost
one-half to two~thirds showing a recognisabls gramalar
texture,

Above the mud unit is a leminated unit, which consists
moet commonly of laminated algel Tibres, bui sometimes of
laminated mud. The eontact with the underlying mud unit
is either an sbrupt transition, or shows s transitional zone
of alterzating mud- and fidre~ laminae popsing upwards into
lsminated fibre along. The laminated unit wvaries from 1 to
14 em. in thickness, but is most often lese than 5 em. thick.
Its upper surface is marked by a sharply defined break, sbove
which is found an ostracod layer or a bed of gramilar mud,
conmenly marking the base of z similar sequense.

Incomplete seguences occur in which the basal ostracod
lamina is missing, dbut the overall appearsn:se of these does
not greatly 4iffer from that of the normal sequence., It is
likely that the presence and the thickness of this basal unit
are easily influenced by slight water movements so that its
absence has no real significance. Other ordered snd partially
ordered sequenses show a basal ostracod ismina, which grades
upwards into a graded sequence of gramilar mud with a gradusl
decrease in ostracod content. There is no laminated unit



95.
and there may b¢ no homogenecus mud at the top of the mud
unit. These may be partially developed seguences which are
lacking part of the succession either besause that portion
was removed after ite deposition, or because the depositional
conditions did not allow its formation.

5. ORGANIC REMAINS,

The part of the basin floor which is permsnently
inundated is partly covered by patches of green Pilamentous
algae in which the fibres are several cm long and about
0.02 mm thick. In the past, similar patches may have been
the soures of the conecentrated algal Tibres in the sediment
segquence, bui no similar accumalations ere forming on the
iagoon floor at the present time. Algal fidbres form mats
along the preseni shoreline, where the fibres are concentrated
by wave action at times of atrong winds. These deposits
ars not likely o be incorporated into a succession of mués
snd ars not regarded as anologues of the laminated fibre
beda in the mud sequence.

Living specimens of the aguatic plant m were collected
from the basin floor and the plant is common throughout the
Southern Lagoon. The oogonia of this plant are widespread
but :'m threughout the mud sequence in the Bul Bul Basin.

Catracod tesis are the most abundant type of organie
remeins pregerved in the mud zequence of the basin. They
pradominantly belong to an unidsntifisd syprid species,
designated as “Species A" and deseribed on: page 125 ,

Remains of other organisms of Feuna 2, Coxiella gonfusa,



pmonis becearij, are abundant
in the mud sequence, and are often concentrated in laminse
of mierccoquina, Their ghells are common te¢ sbundant in the
surface sends along the northern, esctern snd southern sides
of the basin. in pleces they are concontrated by wave
action, particularly along the high water strandline.

The large lamellibranchs of Fguna 1 are cbundant in the
lowermost parts of the sands below the mud sequence and in
sone of the spurfece mands around the northern, eastern end
southern sides of the basin. The sands along the western
side of the baein are lergely derived from the Pecent dunes,
and contain very few lagoonsl shell remains. The bulk of
their organic content consisie of rounded frogmente and
eomplete small tents of organisms which sre iypical of the
occan beach.

6. Depoeitional

The laguonal eands form a marginal belt around three
sides of the basin, and extend westwards under the mud

sequence as far cs the centre of the basin, (sce the map

Fig. 47 and the croes sections in Fig. ;g ). Probing at the
southern and norihern ends shows that the marginal sands
plunge steeply under the overlapping muds. This relationchip
suggests that these sands form @ basin like Promework within
w.xdieh the central mude and sssoeisted sediments have
sceuaalated. The sscumulation of muds in the deeper parts
of the basin is probably a response to & lower intensity of
bottom agitation in the deeper water. Petehes of algsl
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growth on the mud surface have probably aldcd the deposition
of the lighter nediments.

The marginel areas have a low mud content, as wave zetion
can periodiecally remove most of the mud that settles there.
There is now little movement of sends over most of the
marginal areas, exeept in those parts which are close to
either the high or the low level. At the high water level,
sand ridges and steep beaches have been cunatmcted by wave
action. Below this level, the sand is compseted, and forms
a relatively flat surface. Generally, Fauns 2 shells ape
found only elose to the surface, indicating that there is
little agitation, transportation and re~-dcpesition of the
sands over the greater part of the platformm surface thers.
Thus, most of the marginal ares is similar %o the Ephemeral
Lagoon, Delng an ares which is subjected tc very little
erosion or deposition at the present time. Close to the
low water level, there is wméma of some transportation
and deposition of annds. The crocs-sections shown in
Fig. |8 revenl a thin layer of sand extending out into the
gantral portion of the basin over the mud seguence,
indicating that in parts of the basin, laterzl spreading of
the sands is toking place. The isolated sands in cores
Cs9s C.10 8nd C.13 were probsbly formed by ihe redistribution:
of sands surrounding the dune remmant which rises from the
basin floor nearby. This remnant is surrounded dy a belt

of lsgoonal sand, which has npow been coverad by a layer of
mid, a few inches thick.
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Along the wastern shoreline, extensive novement of sand
is taking place at the base of the encroasching sand dunes,
Vaves attack the locse sands and cut into the dunes,
spreading laorge quantities in the form of wide sand shelves
in front of the dunes, (see Plete 17 ).

Leminated fibre beds are mainly confined to the western
side of the basin, which is the side of the basin most
sheltered from wave action. As discussed earlier, there
are no analogous deposits forming on the present baein
floor, so that their origin is uncertain. It is likely
thet thoy were concentrated by the action of water, and, as
the fibres float at the surfacs or remsin in suspension,
they could have become concentrated in relotively sheltered
areas and there settled to form mat like dcposits. Their
relationship with the underlying muds precludes a concentra-
tion by wave action as takes place aslong the shorelines.
Whether the concentrations are the result solely of a
mechanieal procees, or are parily the result of & prolific
development of algae under some climatic or hydrological
control, is not known.

The rhythmic and ordered scquences deseribed earlier
are best shown in the same parts of the lagoon as the
optimum development of the fidbre beds, and the processes
responsible for one sre probably closely linked to those
responsible for the other. The repetition of an ordered

sequence of sedimont types indicates some form of cyclie
variation in the depositional environment., The nature of
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the environmental feature controlling this type of
deposition are not known, but it seems thet 2 mechenical
control of soms type is partly responsible. The sharply
defined lower contact of most units strongly suggests that
there was a brief period of erosion at the commencement of
each cycle. This was followed by a period of depositicon,
with gradational changes in the nature of the sediment being
desposited. The basal portions of each cycle sare probably
a result of mechanical sorting. The ostrscod laminse
probably formed scon after the asgitation responsidle for the
erosional break and their concentration achicved by water
which moved sufficiently to keep mud in suspension. The
graded puccession of gramilar mud was probobly a respanse
to a contimuing deerease in the intensity of water movement,
and it is poesible that the complete mud unit of each cyecle
reflects sueh a gradational decrease. Alternatively, the
upper part of the mud may have been deposited long after
the completion of the episode responsible for the erosion,
and subsequent deposition of the ostracod lamina and the
bassal part of the granular mud, It 1s likely that the
erosion, and deposition of the lowermost pari of the cycle
took plece in a period of, say, days or even hours, but the
period of time vepresented by the remainder of the cycle is
not known, It seems more probeble that it took a period
measurable in years, following some sudden event which
caused the basal dlaconcordance.
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The Bul Bul Paesin forms & topographienlly distinet
portion of the lagoon at the sourthern end of the permanently
imindated section. Because of its virtual isolation from
the remainder of the lagoon at times of low water level and
its shallower depth, summer selinities are higher than in the
remainder of the lagoon. The broad features of this basin
are similar to those of the basin areas further to the north,
which will be dcscridbed in the following section. However,
there are some minor differences in the nature of ithe
sediments which have accumuloted in the Bul Bul Basin.

The surfecc sediments are similar to those of the
adjoining Sslt Creck Basin. The subpurfoces muds in the
known portion of the sediment sequence ere all highly
coleareous, as are the uppermost 5 feet of the made in the
Salt Creek Basin. The decreasc in aragonite content in the
Bul Bul Basin seguence is not accompanied by or close to a
merked change 1n total eslcium carbonate content ae it is in
the £alt Creek Dasin, Further, in the Bul Bul Besin, the
proportion of aragonite increascs towards the end of the
known asequence.

The development of rhythmie sycles of sedimentation is
confined to the Bul Bul Baein, as is the develophment of
relatively thick laminated leyers of slgal fibrea. In the
lagoon te the north, laminac composed entiraly of algal
fibres form o very minor part of the sediment sequence,
although fibres may be abundanily scattered through bede
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fNorth of falt Creek Point, the width of the Coorong
abruptly inoreasses and ite outline becomes highly irregulsr.
Thz area socupied by the lagoon has two topographically
@istinet parts -~ shallow margingl platform aress on either
sids, and a deeper central depression. This differentistion
was briefly outlined in the previsus sestion on the Bul Bul
Dasin, but as it is more olesrly developed in this ssction of
the lagoon, it will be dezsrided in more dstall in the
following pagees., In three localities, e¢xtensions of the
platform areas from toth sides of the lagoon have narrowed
the sentral depression and divided it into four intor-
conneoted basin-like seetions. These have been named the
Salt Creck, Policemsn's Point, Cattle Island, and the Stony
Tiell Baains. These basing are gomsetied by narrow passages
of daen water, whersas the Bul Bul Basin is a topographically
isnlated depression at their southern enf.
(a) b
Between Sald Oreek Point and Wood's Well homeostead, the

{

eastern shoreline of the lagoon is very irregular, consisting
of = series of lers: headlands sand embaymente upon which
munerous amaller promontories and baye have been superimposed.
The irregularities reflest variasble resistance to erosion by
the partially indurated sand dunss which form ths adjacent
land surface. Thc degres of resistance variee as s result
of changes in the degree of kunkar formatien within the dunee,



Platform area along the eastern shore of the lagoon to
the east of Stony Well Island, TNote the semi-circular
and simuous traces of the truncated kunkar of the eroded

dunes.
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or, more rarely, is controlled by the prosence of largely
unweathered snd well cemented seollanite., Forth of %ood's
Yall, majJor headlands are sbsent, and the shoreline shows
numerous amall seale irregularities alons an almost atraight
coastline,

Low ¢1iffe and steep slopes vise Lo aboul 50 foet above
the shoreline where dunes have been cut open by erocion,

The inierdunal swales form sand~Pilled beys, inlszd frem
which smooth surfaees gently sleope upwardse, following the
nor-aroded dune itopogrsphy., Large houiders and haaps of
kunizar mubble lie at the base of the 0liff in many places,
while in many eothers sorae-l;ke glopes of sand have Tormed
by ucathoéﬁng of the elirf face, Host of the eliff-line
is separated from the normal high water level by a beach
deposit of sand and shell.

Beyond the shoreline, and slmest flat platform of send
and rock extends into the lagoon. Ionz simious %o arcuate
outerops of kunizsr Torm the framework of the platform,
showing a maximum elevation of twe 4o five Teel above the
low water datum - see Plate |6, Loose grey send surrounds
the cuterops, and sonstitutes the greater part of the plat-
form surface in most locaelities, The smooth sandy surfesce
slopes gently downward swey from the shore. The platfom
varies greatly in width from about 100 to 00O feet, but it
is present in zome form slong the vhole of the sastern side
of thie ﬁeoﬁiéne It extends westwoerds and envelopes most of
islendsn and meny of the reefs within the lsgoon, so that
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they form a part of the eaptern platform. Hany of these
reefs and islands are joined to the eastern shore by dry
lend during periods of low weter level.

The outer limit of the eastern platform i marked by a
break in the slope of the lagoon floer. The surface gently
slepes down to & level sbout 2 to 5 feet below the low water
level, then drops more suddenly, the steepnsse and duration
of the decline depending on the level of the nearby basin
floor. In many perts of the Salt Creek snd Policeman's
Foint Basins the lagoon floor drops steeply from about 5 feet
to about 11 fest below the low water level over a distance
of 200 to 40O feut, see Cross-~zection €  in Pig,.i8
EGverywhere in these two basins there is o olearly defined
marginal clope at th® outer edge of the eastern platform,
although in some places (e.z. near th: mouth of S8alt Oreek)
the slope is more gentla., The sand bar at Salt Creek
Peint is a ocontinuation of the eastern piatform, but at its
western end it is largely sovered by = shset of reworked
durnz sand extending castwards from & sand drift on Young-
husband Peninsula,

In the Cattls Island Basin, the cestern platform is
similarly defined by a steep merginal slope, but the sleping
surface doecs not deascend as fsr as in the two basine to the
south. TFurther t¢ the north, in the Stony Well Basin, the
differencs in Ggpih beiween the platform ond the adjscent
basin floor beccmes even less, and the marginsl slope is
poerly defined or sbsent altogether,



Shelf of sands reworked from the Recent dunes, along
the western shore of the lagoon at locality F3, near

Salt Creek Point. Note the folded muds st the base
of the advancing dune.



Plate 17
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#Within wider siretches of the platfori, there are a few
dsprecsed areas where the surfece lies up to two feet below
the genersl surfece level., Hany of these depressions are
continually connceted to the main water body, but a few
isolated patchga of water are loft on the platform by the
sezsonal drop in water level, These scon dipappear as the
water cvaporates or soaks inte the sani, but one large
deprzesion due cast of Trevarrow's ?oint'ra%ains an isolated
shest of water throughout the summer,

(v) The Usetern Marging.

Two types af shoreline are found along tha weatern side
e¢f the lagecon.

The Pirst forme the western shoreline of the greater
part of the Salt Oreek Basin, snd iz the same a8 the western
shoreline of the Bul Bul Basin, I¢ shnows exiensive ereas
where Recent ssnd dunee ar:s noving easitwards into the lagoon,
peparated by & few streiches vhere the dunes are fixed by
vegstation, Farrow send shelves are formed by the erosion
of the loose dune gand, and extend intc ithe lagoon, of'ten
with steep slip faces at their edges, (see Plate 17).
Northwards from e point morons the lagoon from Trevarrow's
Point, moving ssnd drifts which reach the lagoon are rare,
and Reocent dunes firxed by vegetation border theé shoreline
over a short interval.

Torth of Watalesra Day the sharscter of the shoreline
changez and low ¢liff's, eut in%ts kunkarized Pleistocens
dunes, border the lagoon. The western shoreiine there
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has en appearance similar to that of the eantern shoreline.
It shows an irregulsr outline, with a platform of sand and
rock extending castwards inte the lagocn. The western
platform includes some of the mid-lagoon islande end reefs
not snveloped in the western platform. Thse platforn
surface slopes zently downwsrds towards the floor of the
basin and gensrally there is only a vaguely delined break
in slope at the outer edge. The kunkarized dunes along the
western side of the lagoon are discontimous (see Fig. |7 )
and beiween the outorops Rescenti dunes border the lagoon.
These are generslly fixed by vegetation and are spllling
send onto the platform in only e few localities. The
sastern and western platforms join in the vieinity of Haeeck
Point, but sverywhers slse they ars separated by the
relatively deep water: of the central depression.

{(e) The Cepteal Depression

e AN

(1) The SBalt Creek Basin.

In this areo the marginal slope of the esstern pletform
sbruptly terminntes at a depth of dbout 41 feet below the
low water level, where the lagoon fleor flattens out to form
the basin floor. The basin floor is smooth and gently
slopes downward:s towards the =ast, so that the deepest parts
of the basin are at the foot of the marginel slope.

Towards Younghusband Peninsula the basin floor rises gently
to about six feet below the low water lLevel, then riees more

steeply to meet the western shelf. The greater part of the
basin floor lics in excess of eight feet below low water
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level, ond sboui one half of it lice below the ten foot
contour, (mec Fig.!6 ). Near Trsvarrow's Peint, a reef
cf kuzkar rock preojects above the low water level end is
surrounded by a Lelt of send rising sbout four feet above the
surrounding besin floor, This upraiscd ares forms an
isoclated extension of the eastern platform,

Close to Wataleera Bay the sentral depression is
constrieted between outward projuctions of the two marginal
piletformz. & broed #ill-like Bank rising to sbout thres
feet abeve the esdjaceont basin flcors oxtends across the
conatrietion, mariing the boundary between the Halt COreek
and the Polieeman®s Point Basins,

(11) The Policeman's Point Basin,

The Policzman's Point Basin is 2 group of interconnected
cireular and 2longate depressions, partly 4divided by
rrojections of the sastern platform, Away from the
marzinal slopes, the basin floer is smooth and almost
horigontal, but the expanse of flat-lying flcor is
considerably limited by the confining platfomm arean.

Most of the fleoor lies between £ and 11 feet below the low
water level. Tongues of sand extend seronz the dbasin,
alightly sbove the goneral surface level, forming low
ridges as shown in Cress-geetion E  in Fig, |18 between
C. €9 and 8.7,

Vest of Peliczn Island, & trough chaped portion of the
basin extends northward with deercesing depth; and beosomes

a elearly defined channel between the two platforme, This
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constriction maris the separation of the Policeman's Foint
and the Sattle Island Basins. The ehannel affords the only
deep water connecticn between the two bamins, DTuring ths
sumner months the connestion is shout 1,000 feet wide and
sbout six Peet deep.
(111) The Oattle Island Pasin.

The floor of this Dasin is smooth and slopes gently
downwaris to the east. This basin is not se deep as the two
previoualy described baseins. At its despest part it ie
- slightly over six feet below low water level and mozt of the
basin floor lies between 4 mnd 6 feet below low water level,
A fow omall reei's of kunkar intermupt the smooth floor,
projecting above the low water level, The central depression
nerrowe to the west of OCattle Island, where the western
platform extends to within 400 feet of the eastern platfem,
separating this basin from the Stony Well Basin to the north.
The zonnecting channel between the twe baslins is zbout 400 |
foet wide and ite floor lies sbout € Ffeet bHelow the low
watér level.

(iv) The Stony Well Basin.

The Stony Well Besin ig s long shallow depression,
clearly defin:sd by & marzinal platform on the southern and
most of the eastern szlfes, but often poorly defined on the
northern and western sides, The btasin flocr is smooth end
slopes gently downwards to the east snd to the zouth. Its
deepest parte are in the south-oastern sormer, vhere tha

basin floor lies sbout 6 feet below low water level, tut
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only about one guarter of the floor lies below the five foot
eontour, ond most lies between the two foot and the five
foot contours, A number of kunkar reefs and one lsrge
island projeet ebove the smooth basin floor. Most are
surroundeod by a slightly uprsised belt of sand. The northern
end is divided by ths peninsuls leading te Hask Point and a
string of islands to the south., The sastern arm forme a
cul=de-gae in which the lagoon ficor slopes wpwards ¢ the
north. West of Hack Point ths western arm narrows abruptly
to form a shallow channel flsnked on either side by sande
flate. This constriction ig regardcd as the northern limit
of the Stony ¥ell Basin and of the Southern Lagoon, The
lapoon immediately te the north is part of the lHell'e Gate
Passage,

The area between Salt Crsek Point and llack Point shows
the anmuml cysle of water level and compesitional changes
desoribed previousiy. During winter the wnter level is
about our feet higher than in summer., The chlorosity
changes from velues between 21%. snd 30%. in winter to
between 45%. and 55% in summer,

Daring the period of high water level, the marginal
ghelf aresas and the Hell's Gats Passags are covered by water
& few feet desp, and the concitrieted areas do not have a
grent effeat on th: exchange of water between the various
parta of the lagoon., A fairly uniform trend in water
c¢omposition ia maintained, with the chlorozity inereaszing
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southwards a2long the whole length of the lagoon,.

During the period of low water level, the meximum depth
of water in:‘*:l;; Hell's Gats Passege is only 2 few inches,
and the exchange of water between the Northern Lagoon and
Southern Legoon is practically eliminated, The Southern
Lagoon behaves ag if it were an isolated body of water, and
in no way doec it appear to reflect the presenes of less
gonsentrated water in the Nerthern Lagoon, The Southern
Lagoon develops a pattern of chloride ion concentration
controlled by its own topography; with 2 norithward inerease
in esonoentraticn, the reverse of that shown at the samo time
in the Northern Lagoon, (see Fig.!5 ). At its southern
énd, the Bul Bul Basin becomez isolated from the other basin
areas, and behoves as a third indspendant water body.

%hen the weter level begine to rise in sutumn, the
effocts of the constricted areas on water movement are
progressively lessened and the lagoon again behaves as a
single body of water,

Within the Pouthern fection, water movement is generally
slow. Slow ocurrents, moving at the rate of 10 or 20 fect
per mimats, have been observed just south of Hack Point at
times of northerly winds, and in ths inter-basin chammelis
a2t times of low water level, when the wind indused water
movements are zonfined to narrow channsls. Very slow
currents are indicated zt times by the bovwing of long fishing
nets, or are revealed by the displacement of surface isochlor
lines in maps showing the distribution ¢f weter composition -
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see Fig.!5 .

3. Sediments,

Two dbroad groups of sediments are feound in the lagoon
between Salt Crock Point end Hack Point, These reflect
the topographie differentistion of the lagson into basin and
platform areasc in a fashion similar to thnt deeerided for the
Bul Bul Besin.

(a) Platforme end Las

(1) Component Haterials.

The sediments of the platforms snd sand chelvea are
predominantly sand snd shell deposits with 2 lcw mud content.

In some ghallow depressions within the platforms, mude fornm
a thin ecver sbove the normal coarse grainsd sediments.

Tw#o compononts are reccgnisable in the ocoarse grained
sediments - a detrital frasztion, composed of quarts snd
caloareous grains, and s non<detrital fraction, composed of
shsll material derived from argenisms which lived within the
lagoon area,

Calcareous graine ¢f detrital origin can be recognised
in some eases by thic degree of rounding, or by e compariscn
of their grain shape cnd mize with the shape end sige of
fragments of the lagoonal fauna. The detrital grainsg are
of"ten detter rounded than the fragments of the lagoonal
ehells, but in the fine and very fine sand-zige claesses, the
degree of rounding is less distinetive. The combination of

grein size, grein shape snd the degree of rounding is such
that many medium ssnd-sized and larger groins sould not have
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been derived from the shelis of lagocnal organisms which
pongess highly curved and thinly walled shella., The
preasence of thick prismatic and lamellar orystalline layers
in meny grains indicates that they were derived from shells
moye rotust then those whloch tho lagoonal organisms pPOBSEdS.
Teste of foraminifera, fragments of eshinoid spines and
other orgenic fragmente foreign to the lagoonal fauna are
found smong the caloareous greins, In the fine sand-size
clags ond finer material, these distinguishing characteristics
are lost, and the vroportion of indeterminate grains
inoreases, so that it is not poseible to determine the
relative proportions of the two types of carbonate grains,

(1i) Composition.

There is a wide variation in the composition of the
platform scdiments and changes are often sbrupt or transitional
over & short distonce, The variation ig principally a
result of ehanges in the proportion of non-detritel shell
material, but is partly a result of variation in the content
of sslcareous grains in the detrital fraction:. The lack of
eriteria for distinguishing the detrital and non-detrital
naturs of some caloarsous grains indieated that & detalled
investigation of the compositional variations would dbe of
limited valuc.

The sontent of total celcium carbonmte in platform
sedimente is mostly bdetween 20% and 40X, but extreme values
are common. The oalcium carbenets content ¢xeoeds 90% in

pope strandline concentrations of shell materizl snd in some
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shell ascoumilations on the cuter parts of the platforn
areas or on the marginel slepes, At the other ¢xtreme,
less than 5% caleium carbonate iz conteincd by come fine
grained sands in which detritel ealearscus grains are absent
and which contain only 2 few broken lasgecnal shells,

Bands adjacent to the Resont duns drifizs along the
western eids of the lagoon show o more unifors composition
similer te that of the dune sands, with LOE to 50% eelearsecus
grains., The calearsecus graine sy almost exclusively
detrital and lagoonal shell material is very rarely found,

The calearscus grains of non-detrital origin are eithor
ealoite or avapgonite, wit: the latter the more common, for
most of the lagoonal organisms possess an aroginitic teet
(see Table 17 )s Detrital calearsous grains are caleits,
arsgonite or mixtures of these two minerals, The none
calosreous detrital grains ere predominantly quartz, with
1 er 2% microcline and potash-feldaspar, and scoossory
ilmenits, hornblende, garnst, biotite end mussovite.

(111) arain Bige and Sorting.

Thess two properties vary widely in regsponse to
changes in the proporiions of the two component materials,
Typical platform sediments show a wide runge of grain siges,
with up to 10% s5ilt and mud sized material, end generally

Fig.!4 ). The mean grain eime, the Oraphis ilsan "M "

(Folk, in Folk and Ward, 1957), of most samples lies within
the medium and fine sand-gize claspes, but in sheil-rich
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sediments 1t mey lie in the coarae sand-size class {mee
Tsbis 4 ). The scdiments are most often poorly sorted
(using the elssaificstion of Folk, dased on the determinaticn
of hiz Inclusive Graphic Standard Deviation (S;). Whare
the sontent of the non-detrital material is very low, the
degree of sorting is greater snd some samples are well
sorted {sce Tabie 4 ),

Yost of the non-detrital greins are larger than 0,25 ne
in grain size, but fow of the detrital grains exceed this
Bize; most of ths detritel material is Letween 0.25 and
0,125 mm in grain sige. The presence of & high proportion
of sash of the twe components is responeible for the wide
renge of grein sives and ths low degreo of gorting in aversge
platferm se&iﬁenta. Changes in the @m;;cmmns of the two
components are responsible for the wide varistion of the
mean grain siges and of the degree of sorting.

Samdis along the western side of the lagoon adjacent to
the Resent dune drifis show a restricted renge of grain
sizcs and a higher degres of sorting, being st least
moderately well sorted. In these rempects they are similar
%o the detrital freetion of ths platiorm sedinents,

{iv) Orain Bhape and Surfsce Texture,

The non~detrital fraction shows little evidence of
sbrasion over most of the platform sreas, Complete and
pertly troksn teets of the small Feuna 2 crganiems form the
greater part of the non-detrital maiterisl in moast arees.
Fragments larger %han 0,25 mm in sige are sirengly surved,
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refleeting the shape of the originsl organism end show
gharsly brokten cdges., Smaller Pragrents are more cquant,
with engular or subangulayr edges, Only in the strandline
deposite along the high water level is there significant
rounding of the graine; here most of the grains are rounded
to subroundei. Fragments of lerge lemellibranch tesiz are
¢ebular and may have subrounded to subanguler edges. The
small fragmente of these larger species are gguant, with
subangular to angulsr edges.
In the deirital fraotion, the cslearscus graine are
tabular snd rounded to well rounded when of medium sand-slze
or lergsr, btut besome squant and subangular in the finer
pize slassss, Sumarts grains are nostly subrounded, with
some rounded and well rounded grains in the coarser
fraoctions. The degree of rounding decreases with decreasing
grain size to cubangular to angular in the fine and very fine
sand-gize classes.
Calearecus grains show two typee of surface texture.
One type is sharscterigzed by o olean natural appearance, with
smooth shining surfaces along broken faces snd on parts of
ths exterior surfesces, This texture, similar to that ehown
by freesh shell materisl, ie commonly founi on tests and
fragments of Sgxiella sonfuss, Digphoromegtr

nis bescarili. dbut is rare on most other calcarecus
grains, The second type is characterized by 2 éull chalky

appeerence, often accompanied by small seals pitting end
fmeﬂng@ Such grains appesr to dbe smoothed and wern, but
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the preasence of thin and angular corners and adges indicates
that a mechanical origin is unlikely. It is most likely
that this surface texture has been formed by corrosion
through either chenmieal or bicchemical processesn. This
surface texture is common on the shells of the three species
listed on page 115 and they show gradational stages in its
development. It is the most common texture on shells and
fragments of the older Fauna 1 remains and on the ¢aleareous
grains derived from the Pleistocene dunes. Those derived
froem the Recent dunes have polished surfaces, bearing a
light, scattered frosting.

Two varieties of quartz grains can be recognised, mainly
on the basis of the texture shown by the graln surfaces.
One variety shows falrly smooth, glassy faces with minor
re-entrant areas, This is similar to the texture shown by
the quartz grains of the Recent dunes and by most of those of
the unweathered Pleistocene aeolisnites. Those of the second
variety have a more irregular outline, although many of the
corners and edges may be rounded, The surface is pitted and
of rough appearance, with relatively deep re-entrant areas
producing the irregular grain outlines. Frosting may be
pregent, and as this extends into deeply recessed areas, it
is unlikely to have been ceaused by mechanical means, This
faet and the irregular grain shapes suggest that the grains
which sre of rough appearance have been subjected to some

form of corrosion. Quartz graine with a similar appearance
are found abundantly in the weathered zone within the
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Pleistocene aeolianite, and lsss commonly in the unweathered
aeolianite, whers they appear to be due to aorrosion of
guartz grains by the caloitic matrix. Between 507 and 75%
of guartz grains on the platform areas are of the irregular
variety in areas away from the Resent dunes of the western
side, suggesting that the platform sands are largely derived
fror weathered Plei#tacm&: azolianite,

(v) BSedimentary Structures.

Platform scdimenis generally lack elearly defined
sedimontary structures, but pocoriy defincd stratifieation
is indicated in a few cores by shelly or slightly muddy
horizons. Horizontal orientation of lapger shells or
fragments is common, Stratification is commonly developed
in strandlins depasits, where z well developzd lemination im
sutlined by varistions in grain size and shell sontent of
adjacent laminee, Low beach ridges slong the strandline
sonetimes show medium~-soale orozes-bedding. The sediments
exposed during the period of low water level are moderatley
compasted and a moderately firm eruct fevelops at the
surface as the send dries. The development of ripple marks
on thie surfacs is very rare snd confined to the immediate
vicinity of the high water level.

The low lying basin areas sare partly filled by a
Boguence of fine grained mud end 1ight organic detritus.

The sequence was shown Ly probing to exceed 411 feet in
thickness in the Salt Creek Basin, but the deepest material
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collected was at 2 depth of nearly ¢ feet in the Stony Vell
Bosin. The moximum thicknees of the sesquense in the
eentral perts of the basine is not know, for most of the
cores penetrated only the uppermost 5 feet of the sequence,

(1) Colour and Fh.

Surface muds are black or derk grey when freshly
collected. Eh measurements of surface and near-surface muds
from a few localities showed values between 0,30 and 0,35
volts., There im s smell of hydrogen sulphide from freshly
cut sores, and fvom the lagoon at times when the muds arc
stirred by wind sction. Below a depth of 2 feew inches,
the colour varics Irom medium or pale zrey to green-brown,
in part reflecting compositional schanges. After trcatment
with hydrogs:n peroxide, the colour of completely oxidised
éamplee refiects compositional changes more closely. BSurface
znd subsurface muds from the Salt Creock Basin are white or
very pele grey after oxidation in bydmgﬁn peroxide,
reflecting a high contont of caleareous mud, IPelow a
depth of thres to four feet in the nequence, the oxidised
mude are pale groey to grey-brewn, reflecting a higher sontent
of argiileceocus material. Further to the north the thiok-
ness of aud showing very pale colourz deoreases and in the
Cattle Isiand and Stony Well Basing, even the surface muds
are grey after oxldation. This parallels the northwaerd
decreass in the caleareous content of surface muds described

on page 120,
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(11) Texture,

Gramlar mude are most commonly found in the Policeman's
Point and Salt Creek Basing, where finely sramaler mads . in
which the aggregates are 0,05 to 0.10 mm in diameter and
often diffusely dofined, predominate in the topmost 2 or 4
feet of the ssguence., The lower part of the sequonce shows
more homogeneous pud than granular mud. in the Cattle
Island Besin both these texturses are common, but in the
Stony Well Basin the muds are mostly homogeneous.

Oveid pellets about 0.,2% zm long and 0.1 mn thick are
found in 81l four basins. They ocour seattered through
beds of gramular mud, or in beds which are largely or
sompletely pelletized, The surface layer over a2 large
portion of the Salt Oreeck Pasin oconsists of pelletal mud
(aee Fig,18 ). Bub-purface heds of pelletal mad ocour in
most cores, and in some cases individual beds may be
correlated between a number of cores, (see Fig,i8 ).

(111) Sedimentary Strustures.

BEtratification 13 well develeoped in this part of the
lagoon, although the larger seale bedding ia not as obvious
s in the Bul Bul Basin. Pedding is mainly outlined dby
chenges in mud texture. Sharply defined mierocoquina
leyera slso outline bedding, paﬂimalarly in the lower
parts of the sequensce,

Laminetion is very well developed in the Salt Creek and
Foliceman's Basins, where a few horizons of thinly laminated
md ceour in most cores, The lamination iz cutlined by
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textural varintions or the slignment of cetracod testa and
disseminated algal fidres, Some of the laminated beds
sre laterally persistent (see Fig, |8 ), and one prominent
heorizon probably extends through the Salt Oreek Basin intc
the Policeman'’s Point Basin as far ac core G.785.

Ko cleariy defined rhythmie or eyelie sequence of
sediment types and textures were observed., Ostracod
laminae with sharply defined basal contacts and gradational
upper surfaces are common, and some gramalar muds grade
upwards into homogeneous mude, tut thers isg no cleer
indieation of the sequence shown in ths Bui Bul Basin.

In & fow localities along the western margin of the
Salt Creek Basin, encroaching dune sands have deformed the
lagoonal muds, forming @ series of mud-folds, which will be
diseussed on pags | 76.

{iv) Composition,

The composition of mud sediments from the Central
depression is sumnarized in Tables /-13. These determinations
were carried out on material which passed through a 240 mesh
(B.8.8,) sieve (aperture size 0,066 mm).

The surface muds are highly ealeareous, but they show
e northward decrease in the cslsium carbonate content,
cantinuigg a trend which commences in the Nphemeral Lagoon
(ses Tadle 2 ). The propsrtion of caleium carbonate falls
progrecsively from above 607 near f-ialt.creek Foint to
elightly less than 50% near Stony Well Izland.
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Below the sediment surface, the calecilum carbonate
eontent fluctuates, but shoews at least one sharply defined
decrease in most cores. In the Salt Creek Basin the
carbonate content fluctuates between 58% and 72% down to a
depth of about 52 inches. At this level, the percentage
decreases by over 10% in close or adjoining intervals, and
in lower intervals the values fluctuate between 37% and 51%.
There 1s a less pronounced decrease from values above 50%
to less then 43% in the Policeman's Point Basin, but here
the change is found closer to the sediment surface, at
depths of sgbout 24 to 30 inches., In the Cattle Island snd
the Stony Well Basins, the higher surface values show even
less vertical persistence. Below the uppermost few inches
the percentage decreases abruptly to less than 4O%, then
continues to decrease downwards, with scme fluctuation. In
the Stony Well Basin, the carbonate content maintains a
fairly constant value between 16% and 22% in the lower part
of the sequence. Thie lower limit is reached at about 50
inches below the surface in cores south of Stony Well
Igland, and at about 25 inchee below the surface north of
the island. Two subsurfacs samples from core C.99 near
Hack Point contained no detectable calcium carbonate, see
Table [3.

Mineralogy.
The non-calcareous portion of the mud fraction consists

of two c¢lay minerals, one belonging to the chlorite group,
the other to the mica group, and a little silt-sized quartz.
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The calearcous portion consisis of either magnesian
caleits =nd araponite or magnesisn caleite nlonc, In all
surface samples both minerale zre present, mnd the relative
intensities of X-ray patterns of the two minerale indicate
that aragonite is the more sbundant, Felsw the sediment
surface, the rslative proporiions of the two minerals remsins
fairly constant; with the ratic of intensities of the
arsgonite and ealeite paticrne bHetween 2:1 and 331, down to
a depth at whieh thersz is a marked change., At this level
the relative proportion of arsgonite deercases abruptly over
an interval of up to 15 inches thick, (sce ¥ig., 9 and
Tables 7-13}s In samples from below this transitional intervael,
aragonite leavee only & trace on the Xepray patterns or may
be completely sbeent,

This mineraiogical change occcurs within a few inches
of the level at which the total carbonate sontent chows a
marked changs. Time, the mud sequence oam be divided into
two parts. In the higher part of the secuonse, aragonite
ig the dominant mineral in the carbonete fraction of the mud,
The muds are moderately to highly ealcareous, containing
above 50% caleium carbonate, except in the northern-most
part of this section of the lagoon. In ths lower part of
the sequenee, the caleareous component of the muds is
predominantly composed of magnesian caleitc. The mude in
this part of the scquense have a markedly lower carbonate

content, dbeing moderately to siightly caleareous. The
thickness of the aragonite-rich part of the saeguence
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dcereases from about 5 fect near Salt Creek Point to leons
than 1 feot near Hock Point.

The average magnesium content of the ealoite in surface
mude of the Salt Oreek Basin (7.0 mol © %3&'303) doea not
differ significantly from the average surfsee values of the
Dul Bul Basin or the Frhemeral Lagoon (sce Table 2). The
average surface values of the remaining basine are lower,
but the accuracy of the determinations is such that no
statistical significancs can be given to the differences
between sdjacent basins., The differcnce botween the
average values for the Salt Ureck and Stony Vell Basins
is statistically significant snd supggests that there may be
a ulight northward deorease in themagnesiun content of sur-
face caloite between Salt Orcck Point and Haok Point.

In subsurfscc samples dowm to a dept: of sbout 10 to
20 inches the ssleite shows o magnesium content olose to
that of the surface ssmples. DBelow this depth there is &
proncunced increase in the magnesium conteni of caleite.

In the 2alt Croex and Policemsn'’s Point Basins, the magnesium
content increasce to between 10 and 16 mal ¥, and remains in
this range through the knowm soguenca. This is similar to
the pattern found in the Bul Bul Pasin, In the Cattle
Island and Stony Yell Basins, the subsurfacec increace is

less marked and less consistently

sheowri, The magnesium
content inorensos to between 8 end 13 mol ¥, but these higher
values are only shown over an interval of gbeut 30 inches,
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below which the values are close to those »f the spurface
Bamples.,
4.
(1) Plent vemains.
Algal fidbres, small plant stems snd cogonia of Chara
are rare to sbundant in the sediments of the eentval

depression. They ars rarely preserved in the sediments of
the platform areas. Small caloareous tubes up to 6 mm
long and 0.8 mm in external Aimmeter are rare in meny
intervals of the mud sequence and foim s large proportion of
tii¢ coarse fraction in washed samples in a few intervals.
They have = thin wall of caleite about 0.05 mm thick,
This has a smooth initerior and a gramuiar exterior, covered
by small lumps up to 0.05 mm in diameter, in two instancos,
the interior ol tubes was occupied by plent material
suggesting that the tubes formed as cnorustaiions around
plant stems or algal fidres. Consentrations of the tubes
were often associated with consentrations of oogonis of
Chara, oo that it is poseible that the tubss were formed
arcund stems of that plant.

(11) Driatoms.

Small diso-shaped diatom valves, poesibly belonging to
a single speciesn, are found in the sediments of the sentral
depression, They are rere in the Bul Bul Basin sequence and
in wost surface and near surface muds of the main bascins,

Below o depth of 2 to 3 feet they asre far mors mmnersus,
of'ten forming a large proportion of the coarse fraction in
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washed ssmples.
(111) Bryozoa.

Pragnented bryozosn colonies ars a rars scceasory
throughout the pud sequences They are gommon in parts of
the platfori arsas snd in some laminae of mierocoquina in
the sentral depression. The fregments are usually in the
form of thin sheets and chains & few mm serosse, which have
probably Leen depived from the large solonises found encrusting
rocks in the platform areas, (gee pages (53), 4 few thin
tubular colonies with dimensions similar to those of the
calearecus tubes Jdesoridbed sbove, have probebly formed as
ensrustations around plant stems,

{iv) Ostrazods.

Ostracod tests are mumercus in the sediments of the
zentral depression, but ave generally zare in the sand and
ghell deposits of the merginal reas, The munber of species
present is small, dbut they show an important distridbution
pattern within ths central depression,

The most mamerous ostraced species has bean~ahaped
valvee atout 0.5 mm long and 0.3 mm wide, {ses Plate 18},
The valves are usually clear but are cccasionally milky.

The hinge is simple snd lacke teeth. The nature of the
masele scars and the hinge lins indicate that this epecies
belongs tec the Pamily Oypridiae, Iudbrook (1956) described
a sainilar ostraccd from the Pleistocens to Regent deposits
et Lake Tyre in South Australia, and identified it as
Pontosyprip attemuata (Brady). 4As it is uncertain whether




PLATE 18.

Ostracod Species A, B and C, left and right valves
and dorssl view,

GPRCIES A,

SPEOIES B.

SPROIES C.



0.5 mm
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thins Coorong ocetracod belongs to that gpasics, it has been
designatad a8 "Specles A" in thies discussion.

& larger member of the sume family is found associated
with @pecies A, Tents of this speecies are transiueent io
milky. They are elongated ond possess an seutoly angled
posterior. This estracodé possibly delonga to the gems
Paracyprig (SBars), ©pecimens range up %o 2 mm long and 4 mm
wide. They are extremely fragile and are moetly found
fragmented, This species is common in most samples son-
taining Speeies £; but never forms more than about 5% of
the ostracod remains in weshed samples. Tosts of at least
ong other unidentiiied oyprid species are rarely found
associated ﬂtﬁ fpecien A,

Two eother estracod specics are moderately common in
the sediments of the sentral depression and the platform
areas. Tents of both show & vertical row of four muscle
sears, with two others towards the anterior end, and both
belong to the Family Cytheridae, As further classification
was uncertain, the twe varietiecs have been designated as
"Species B" and "Speecies C¥,

 Bpeeies B, (See Plate 18),
These tests are semi-transparent and whites

They are ovel-shaped and up %o 1 nm long, 0.5 am wide

and 0.5 mm thiock. The outer surface is smooth and

finely punstate, The hinge is slightly curved and
ecomplex,
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fneeies &, (See Plute 18).

The tests of this speoles arc generally trange
lucent and white, but are rarely opague or colourless
and tronsporent. They are oblong, with s rounded
outline, snd of th: same aize ag those of Opecles B,
The outer surface bears sn irregulsy pattern of
polygons, sutlined by nazrrovw ridges: The hinge line
of the right hend velve iz straight ond is composed of
two narrow; sremilated tecth, separated by a finely
eremilated ghallow groove. The hinge line of the left
hand velve iz complemen iory.

Tests of Speeies A occur in all surface snd near surface
samples in the sentral depression, often asonstituting over
90% of ths coarse fraetion in weshed samples. This
abundenoe iz maintained down throusgh the ssguence, excapt
in the few shelly 2nd sandy lamninae, to o depth ef 2 o 3
feet below the surface, lere, theiy abundanpe docresses,
end they form only & minor portion of the spavrse fraction
over a chort interval, then virtually disapposr from the

Par: and Epecies P ghow & similar
vertisal Aistribution, (see Fig. 19 ), but both are relstively
rare,

Tests of Speciees C are generally absent sver most of
the range of thes above mpesies; 1in a8 few surface and near
surfece sampies one or two valves acre found. ‘Towards the

botton of the Speeies A range, tests of Spesies U zre found
te be rare in mout washed samples, Iz the known part of the
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sequence below the renge of Species A, tenis of Species U
are found in mopt intervels exenined, They gencrally vary
from very rerg to cbundant dbut are shsent in o fov intervals.
They ds not aticin the sbundance chovn by Bpeeles & In the
overiying sediments, and never Corm more than sbout 5% of
the coarse fraction of wanhed samples., In spits of their
comparative rerity and thelir occasional shbsence, this specles
ghows & recognisshle vertieal range ir the pegquence of the
centrel dspression. This range only partly overlaps the
ronge shown by Opeciocs A, and oxtends helow the latter to
the despest known parts of the sequence.

(v) Foraminifora.

Unidentified ¥1liolid and Elnhidiuy species are found
in most samples from the pletforr areas and the central
depreseion, but they are generslly very rare. The most
sbundant forsminifera ic Ammoniz beseapril: which ia found in
both plaiform mmd central depression sediments., It formo

2 major proporitisn of microcoguina beds in both enviromments.
7ithin the central depression, teste of this srgenien are
gensrally rare in the topmont sediments, but become abundant
in thz lowermost parts of the ssquence, Here many thin
laminae and pods may be composed entirely of these testis,

The level at which A rii shows on inerease in abundiance

is usually within & few inches of the interval in which the
ostraccd feuna shows the change desaribed sbove, (ses Pig.
197,
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(vi) Mellusca.

The two groups of mollusca outlined in the discussion
of the Ephemersal Lagoon snd the Bul Bul Basin sare found in
the cediments of the main basin arens, The larger lemelli-
branchs are mainly confined to the platfora a@s and to
sand and shell deposits whioh interfinger wiith cr underlie
the mud sequence of the sentral depression, Flavomels
donsgioides is found in mud beds within the lower parts of
Bsome @ores, Host of the melluscan remains of the ecentral
depreseion consiet of shells of Coxislls gonfuse and
Disphoromsctirs versleglors These are genovelly rare in the
uppermost parts of the ssquencs, but show sn inorcase of
abundance in the lower parts of the sequence, whers they
form many misrocoquina laminee, (ver parts of the platfomm
aress, they fomrm bed: of nmierceaquins, contsining a high
proporiion of A

aril tests, They aré generally abnent
below o depth of shout & fcot from the platfure ourface.
(vis) Distridution,

Az meniioncd vraviousliy; the mellusesn remsins have
been used zm the chief eriterion for 4ividing the organie
renains of the lagoonal sedimentis into two assemblages.
This division has an important bearing on the interpretatiocn
o the history of the lagoon,

Feune 1.
. Feuna 1 is charaoterized by relatively large lameili-
branchs (pee Teble | ), with the most abundsnt being
Flayomeln dopacicidep, Jetesplsule trdgonells and Katylesia
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Spus The members of this group ore smsrine srgenisms found
alive along perte of the South Australisn ecastiine,
Aocording to Cotton (1961), thess speeios are found within
or slightly below the intertidal ranze in relatively
sheltered marine and estuarine sand or mud flate, Living

: : iiz have been observed in a
few luoalities in the Northern Lagoon. The remaining
gpecies are probably extinet throughout the lagoon, whilet
in the Southern Lagoon sll sre sxtinot, Thelr tests sre
occasionally found in the position of grawth in ths platform
sands and tests of Ve 2 s heve boen cbeerved in situ
in small cavities within the sofi¢ aeolisnites slong the

castern shoreline,
Fauna 2.

Fauna 2 is characteriged by sub-mieroscopic and
microscopic remainz of the mollusea O, gonfugs snd D, versi-
golor, the foraminifera A, beccarii. and the ostracods
describes previousiy. The three speciecs nzmed above are
known to be euryhaline and to flourish in marginal marine
environments which show brackish or hypersalins conditions,
A, bzocarii is found, but lese abundenily, in sediments
containing only members of Founa 41, a2nd it is the presence
of this organiem Jn sbundange which characterizes Fauna 2.

Hembers of the two faunae ars found intermixed over

mest of the platfora curfase, bBul Feuna 2 im confined to the
topmost foot or mu in most plsces. In 4he outer parts of
the platform and on the marginal slope., sceumulations
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compored almost entirely of Fruna 2 teats form 2 cover &
few inches thick sbove sends containing both founss, These
may be in turn underlain by sends containing only Fauna 1.
In the gentral depression the mud sequence ig charsoterized
by Fauns 2. ‘here the base of the goquencs has been
penetrated, the underlying shell beds mey show o downwerd
gradation from Fauna 2 to Founz 1,

- This relationship between the two founss indicstes that
Feuna 1 charnctceriges an sarliicr phase of depositior within
the lagoon than that charasterizei by FPeuns 2, On the
platfornm areas; the cediments of the carlier phase have only
been partly covered by later deposits, snd remaine of
Pauna 1 arc therefors widespread in the surface sediments,
This suggests that the rate of sediment sccumulstion over
most of the platform areas has been very lovw sinee the
sxtinstion of Fauna 1, In the central deprossion., sediments
of the earlier nhase of deposition have been eovered by a
thiek cover of mud, charscterized by the presence of Fauna 2
alone,

Within the sediment sequence of the sontral depression,
the organisme of Fauns 2 show & stratigraphle division into
two parts. The chief basis of this separation is the
variation in the vertical distridution of oetraced specics
ae dcsoribed on page 127, Other organiems show a change in
sbundance 21052 3o the changs of the ontrscod fauna, The
changes which lead to this differentistion seldem coinvide,
8o that the chango is regerded as ocourring over an interval
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of transition which may be up te 20 inehes thieks The
two groupe are dssignated as "Faumule A" mnd "Feumale BY,
Faumile A,

The upper Faumlsz, Feumule A, is cherscterized by an

gbundance of the catracod Species A, with leosser :mmbers of

ril are widespreoad but genorally rare,

Apsociated with this faumile, algal fibres are sbundant in

some samples., Diatome are gonerally very rare, and seldom

form a large part of the coarse fraction of washed zamples,
Feaumle B,

The lower assemblage, Faumule B, is characteoriged by
the presence ¢f the ostracod Speeies U end the virtual
chacnoce of Opeecles A and assoclated speeics. (. gonfurca,

ior, and A, besgardi are sbundant, being dominent
in the ccarse fraction of meat washed semplez, Over the

range of this fasumule, diatoms are often aburdant, and some-
times form the greater part of the coarse fraction, Algal
fibres are generally rare in the range of this faumle,

In the Bul Bul Tasing the cores have penstrated the tou
of the faunal trensition, but do not anpesyr to have revealed
the full exteni of the interval, In the baesing te the north,
the transiticnal interval iz found slizhtly closer to tho
surfees, {pee Pig, 9 ), ssourring between 2 and 4 feet below
the surface., In two oores the depth of the interval is
ancmaloue (cores .65 end C.83)., Foth are located cloase to
inter-baein channels, and may isherefors have been collected
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from localitics in whieh the depcsitional rete differed from
that in the remaindsyr of the depresscicon frow tiune te time.

Thers is no strict coincidence between the interval of
the faunal transition and changes in pud composition
deseribed previcusly, (see Piz. 9 ). In the Bul Bul Basin
snd Balt Creek Besins, the faunal transition is located well
below the level at which the compositional changes take
plage. In the Policeman's Poinit and Cattle Island Basins
the ¢twe levels coincide, but in the Stony ¥ell Resin the

compositional ¢honges are found sbove the faunsl chenge.
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(D) SUMMARY.

The Southern Lagoon iz that half of the Coorong Lagoon
which is most removed from the mouth of the River Murray,
the lagoon's only connection to the Southern Ocean., It is
separated from the Northern Lagoon by the shallow confines
of the Hell's Gate Passage, which greatly restrict the
eirculation of water along the length of the lagoon., This
restriction hes greatly reduced the ability of elither sea
or river waters to moderate the highly hyperssliine conditions
generated by evaperation during each summer. £8 a result,
the waters of the Southern Laegoon remain hypersaline through-
out the yesr.

The waters of the Southern Lagoon show o merked annual
cycle in changes of physical snd chemical properties. The
winter conditions are charascterized by a relatively high
water level, which sllows a moderate degrec of water
eirculation along the length of ;he lsgocn. Dilution of
the waters of the Southern Lagoon by sea, raln and river
woters produces slightly byperssline conditions, with
ehlorosities between 22%. and 30%.. Yater temperatures are
between 9°C and 14°C. Susmer conditions are characterized
by & water level which is about 4 feet lewer than in Winter,
This greatly reduces longitudinal water eirculstion and
virtually isolates the Southern Lagoon from the Forthern

Lagoon. Water temperatures are high (20°¢ to 25°C), and

the waters become highly hypersaline, with chlorosities
about 55%. .
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The Southern Lagoon shows 2 number of depositional
environments in which the topogresphy of the lagoon floor has
been the main factor controlling differences in the nature
of gediments deposited. The southernmost portion of the
Southern Lagoon iec the Ephemersl Lagoon, an slongate ares
subjected to alternsting long periode of imundation and
emergence. At the present tins, sedimentation is largely
sonfined to the marginal and extromal portions, where sandy
muds are being deposited, The muds are predominantly a
mixture of aragonite and magnesian caleiis, with aragonite
the more sbhundant. These deposite form o thin vencer above
shell-bearing sende which extend into the ceniral portion of
the Fphcmeral Lagcen, forming the surface sodiments there.
The fauna of these sands indicates that they were largely
deposited during an earlier depoeitlional phasc under more
normnl marine conditions. This area is now an erea of very
slow or no deposition.

At ite northern end, the X¥phemersl Lagoon grades inte
the main part of ihes Southern lLagoon. Thie econsists of a
geries of permanently imundsted basin-like depressions
bordered by higher platform aress, large paris of which are
periodically exposed by the annusl fall of water level. All
but the southernmest of the basins are interconnected by
permanent passages of water up to 9 feet deep at times of
low water level.

The topograrhy of this part of the lagoon floor hes
been gontrolled by Pleistocens dunes which were present in
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the erea at the time when the lsgoon fireot formed. Dunes
within the submerged area have been extensively itruncated
close to the water level and the eroded remmants hove formed
the fromework within which lagoonal sediments have been
depoeited, Sends deposited arcund the dune remnants have
formed a dDroad pletform bordering & central depression.
Y¥ore recently, sedimentaticn over the platform aress hae
been confined toc the deposition of a relatively thin and
disecontinuous cover of lagoonel shell material. Along
parts of the western side of the lagoon, Recent ssnd dunes
pre moving into the lagoon and are being eroded by the
lagoon waters. The reworked dune sands ar¢ beling deposited
os sand shelves extending zcross older platform sediments
and, in come cases, across the lagoonal mude of the central
deprassion.

The centralldeprﬁssian of the Seuthern Lagoon forme the
main site of lagoonal sedimentation under the present
environmental conditions, Tha basin areas contain a
seguence, seversl feet in thickness, of muds interbedded
with thin beds of microcoquins and soncentrated a;gal and
ostracod remains. As this sequence acourmlated it
progressively overlapped the marginal eslopes of the platforms.
In the Bul Bul, Stony "ell and Cattle Island Basins, the mud
sequencs has largely filled the central depression and ie
spreading soross parts of the platform areas. In the

Policemon's Point and falt Creeck Basins, the steep marginal
glopes of the central depreneion sre still largely
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uncovered, snd there iz a sharply defined diffTerentistion of
the platform and central depression aress,

The sediment sequence of the centrel depression
generally shows o moderately well developed stratification,
outlined by textural changes in the wud beds or by inter-
bedded lsyers of concentrated organic remains. In the Salt
Oreck and Policeman's Point Besins beds of laminated mud sre
occmmon, whilet in the Bul Bul Basin beds of laminated elgml
fibre are a common feature., Huch of the md chows scme
form of sggregotion, DBeds of pellets and lese regularly
shaped gramilar asggregates form the greoater part of the
sequence down to & depth of 3 or &4 feet below the surfacs.

There are three important compositional shanges in the
mud sequences

(1) Total carbonate centent.

The surfece mude are highly calearecus over most of the
Southern Lagoon. The carbonnte content insreases from a
little below 507 near Hack Point to sbove 807 at the southern-
most end of the Iphemeral Lagvon, Eelow the surface, the
carbonate content of the mud fluctuates, but in the four
besine north of Salt Creek Point there is o definite sub-
surface interval in which the carbonate content deereases
suddenly by 10 to 20%. The depth at whish this changs
tokes place dcoreases from about 4 feet below the surfase
in the Salt Creek Baein te within the topmost one foot in
the Stony Well Basin. The carbonate content generally falls
to between 307 and 507 below the level of the pronounced



IABLE 2.

Average a(112) spacings of casleite and average
total carbonate (as 63503) in sarface myis of
the Southern Leagoon.

Tetal
Losation Average d4(112) mel % Carbonnte

(3) MgCoy %
Ephemeral Lagoon. 3.019 & 88
Bul Bul Basin. 3.015 7 73
Salt Creek Basin. 3,016 7 59
Policeman's Point 3.022 5 55

Besine.

Cattle Island Besin. 3,027 3 52

Stony Well Basin. 3.026 L 45
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change. In the Stony Well Basin there is & further decline
to values between 167 and 227% at depths of 2 to 4 feet below
the surface.

(11) Carborate minerslogy.

The second compositional change involves a change in the
mineralogy of the calecareous component, This change
generally occurs close to or coincides with the pronounced
chenge in total carbonate content. In the uppermost muds
aragonite is more abundant than nagnesian casleite. Lower
in the sequence the arsgonite content shows a sudden decrease
over a short interval, Below this level, aragonits is
present in only small quantities or i1s completely absent, and
magnesien caleite becomes the predominant caleareous mineral
present.

(1ii) ¥agnesium content of caleite,

The third compositional change involves the magnesium
content of the caleite., Although there is a suggestion of
a northward inerease in this wvalue in the surface muds of
main basin areas, the accuracy of determination of the
a(112) spaeings is relatively low, JAverage values along
the whole of the Scuthern Lagoon (see Table 2 ) show that it
is more likely that the magnesium content of surface calcite
is uniform throughout. Sub-gurface samples below a depth
of 10 to 20 inches show & marked increase to values two
te three times thoes in the overlying muds. However, in

the Stony Well and Cattle Island Basins, the higher values
are shown only over intervals of asbout 30 inches, below which
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the magnesium content reverte to values close to thope of
the surface,

The orgsnic romains of the Southern Legoon form two
distinet groups,of different ages and characterizing
different depositional environments. The younger of these
groups can be subdivided into twe parts.

Foung 1.

Fauna 1, theo older group is charscterizcd by sn
assemblage of moderately large lamellibranshs, membere of
which are indicative of a sheltered marine anvirenment
which prevailed during an early stage in tho development of
the lagoon,

Fauna 2, the younger group, is charascterized by smaller
organisme which are euryhaline. Their presence records the
development of a wider sesmsonal verdstion in water
composition within the lagoon. In the sediments of the
contral deprescion this group c¢an be subdivided into two
faumles.

Fpumle B.

The lower faumile in the sequence, Faunule B, is
characterized by the presence of a aytherid ostracod,
Ypeeles C, and on ebundence of Coxlella gonfups, Disphoromsctra
Diatoms are sbundantly
assoclated with the members of this faumle,
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depression in Feumale A, This 1s eharscterized by an
abundance of an unidentified cyprid ostracocd, Species A,
and two less comumon specics. g confusa, D, versicolor snd
Ay becoerili sre members of this fsumile, but are less
abundant than in aumle B, Digtome are rarcly present in
association with Psumule A,

Faunule & ie charscteristic of the present conditions
in the Southern Lapgoon, whereas Faumile B ig indicative of
conditions similar to those of the Fortherm Lagoon, as will

be discussed in a later section.
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TE ARLLYE GATE

I1

PASSACE

Betwcen Hack Point snd Needle's Islond, the Pleistocene
dunes of the mainlend form two projections of land, up to
50 fect above the lagoon level; which extend towards Young-
husband Penineula. The two peninsulas znd ¢ few small
islande restrict the lagoon to o narrow paesage of irreguler
outline (éee Yz, 17 )o At its narrowest point, near HHell's
Gate, the low lying area between the tws dune aystems 1is
only 500 feet wide., The lsgeon there forms s chennel 350
to 00 feet wide, bordered by lew lying swampy areas,

2. ITopopravhy of the logceon 1i00D.

In the Hell's Gote Passage, the lagocn floor is mostly
s psend-flat lying close to the low water level, and much of
it is slightly sbove that level, A fow low islends of
kunkar and Samphire-covered mud rise sbove the high water
level, A continucus channel betweer 250 fect and 800 feet
wide extends from Hack Point to Bluff Islsnd, Hear Hell's
Gate, and at twe other locslitiem between there and Iack
Peint, the flow of water hses been greatly cvonlined by rock
outorops, snd the channel floor is up to 10 feet below the
low water level., Put these deprossions are exceptional, and
the channel is generslly less well defined, with its floor
only sbout one foot below the adjacent sand-flat, (ses
Fig.16 ). In one cection slightly north of Hack Point, the



142,

complete width of the channel lies only & feow inches belew
the low water level, so that the continuity of the lagoon is
almost severed during periods of low water level.

¥orth of Bluff Island the channel disappears as the
lagoon widens for a short distance. This srea wae not
investigated, but serial photographs show that the lagoon
floor ie at a shallow depth. in the vieinity of Meedle's
Island, the lagoon is again constricted and becomee very
shallow. To the east, south and south-west of the island,
the lagoon floor lies a few inches below the low water level
gerocs the compleote width of the legeon. This area and the
shallow areaz near lack Po;nt practically stop the flow of
water through the pessage during the period of low water
level, and are the principal barriers to the exchange of
water between the Northern Lagson and the Southern Lagoon

at such times.

3. Xydrolopy.

During the period of high water level; the passage 1s
filled to a gonernl depth of four or five teet, with greater
depths in the more deeply scourcd parts of the channel,

Water flows baok and forth under the influcnce of winds and
the rate of flow is relatively high, particularly through
the more restricted parts, Exchange of water between the
two prineipal sections of the lagoon may l¢ad to similar
water compositions in the areas immedliately tc the north and
gouth of the passage. Some limitation is imposed by the
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passage for it hos been observed to separate waters of
different compositions on some sccasions during the period
of high water level, (see Fig,!5 ). Beoause of ite lenygth
and relative narrowness, the passage probebly acts as a
partial barrier to the southward movement of less saline
waters when the lagoon is full or nearly full.

%hen the lagoon water level falls, the effectivencss of
the sonnection through the passsge decreases, and the
Southern Lagoon becomes progressively more Iindependent of
the Northern Lagoon, until s virtual separation developa.

The portion of the passege immediately to the north of
Heok Point is ocoupies by a sequence of at lcast 5 feet of
interbedded :shell, shelly muds and mude, which extend north-
wards from the Many ¥ell Basin to near the loeality of
core 0.101i, TNorth of thie point, the vassage sediments are
sand and shell mixtures, with a little interbedded mud.

A sequence of at leasst 5 feet of dark grey and black muds
is found in the channel near Hell's Gate. These sediments

were not analysed, but sppear to be simllar to those shown
in the Forthern Lsgoon and in core CG,100 near iisek Point.

tests, with some scatterad tests of the large lamellibranchs

of Fauna 1.



11T

sufficient sediment and water samples were collected to chow
’the general outline of the pedimente and the depositioneal
environment of thie area.

e Hepredn Outlines.

Huch of' the Forthern Lagoon is only sbout one hslf as
wide as most of' the Southern Lagoon. The western shoreline
is sinilar to that of the section between Wataleera Bay and
Bul Bul seep, with Resent dunes of Younghusband Peninsuls
bordering the lagoon along the whole of thic side, Forth
of the point acrouss the lagoon from ths Soven Hile,
extensive duns drifts resch the lagoon azlong most of the
shoreline,

The eastorn shoreline i1s similar in aspearance to that
of the Southern Lagoon, with stretches of e¢liffs cut into
the Pleistocens dunes, sepsrated by some low-lylng areas
vhere low mounds and dunes of lagoonal san? border the
lagoon. The eliffs differ slightiy from thoce in the south,
for there is little development of serce slopes at the base
of the olirfe, (see Plate 12). The eliff ssctions show
that the Pleistocene dunes are here lese weathersed, for they
show a relatively thin kunkay profile shove unweathered
aeolianits. The acclianite is moderately indurated, and is
therefore less easily eroded and more sble to maintain a
stoep face without slumping then the weathered seolianites
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in the south. The capacity of the lagocn waters tc remcve
snd redistribute the material eroded from the dunes is
avidently sufficient to keep pace with the rste of supply,
and so maintain a eteep cliff profile.

24 foposraphy of the Lagoon Floor.

A eclearly defined sand platform extends out from the
eagiern shoreline; with a moderately flat surfece, ranging
from elightly sbove the lew water level to three or four feet
belew that level:. Unlike the platform of the Southern
Lagoon, it doee not show remnants of ereded kunkar outorops,
but it is traversed by linear bichermal structures, composed
of serpulid worm tubes, These structurcs show arcuate snd
sinuous patterns similar to those of the kunker outcrops on
the platforms of the Southern Lagoons The lines of the
bioherms do not extend right up to the shoreline, but at
their landward onde they are alipgned with kunkar profiles in
the oliff feca, (see Plate 22), The foundation of the main
serpulid masses could not be determined, ‘iowever, their
sonfiguration and the spatial relationships with the adjacent
kunkar profiles in the ¢liff line indicate that their
logalieation has been controlled by outoreps of kunkar which
onse axtended onto the platform. These are now completely
covered by serpulid tubés, and are possibly below the
adjasent platform surfase,

The outer limite of the platform are marked by a clearly
defined marginal slope, over which the lagoon floor descends
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to o depth of 6§ ¢o 9 feet below the low water level, At
the foot of the marginel slope; there is » centrsl depression
sinilar to that «f the Southern Lagoon. The greatest denth
recoried wac 9 fect below low water level; bLut in the region
gouth of Boundory Bluff the lageon floor does not exceed
seven feet below low water level, The floor of the
depression slopes gently upwarde to the west, and near the

western shoreline, the nlope steepens to veryving degrees,

The waters of the Northern Lsgocn show an anmual eyelic
change of compositions ranging from breackish to hypersaline,
(sece Fig. 5 ). During the period of high water level, part
or sll of thie sestion of the lagoon ghows hrackish conditions,
for fresh waters from the River Hurray dilute the marine and
hypersaline waters found at othor times., Vith the cessation
of strong river flow during the summer months, the lagoon is
again in contact with the ocesn waters, end normal marine
conditions may be found throughout the seotion for a short
reriod. ILater, evaporation leads to the development of
hyporsaline condlitions at the southern ond of the Northern
Lagoon, but normal marine compositions sre maintained et the
nerthern end by tidal movemonts., Blight variastions in
water level observed in the Seven Hile regicon are probably
counged by wind induced movemenis rather than tidal
oseillations. The sbsence of significont tidal influence

at the southern ond ond restrictions on longitudinel water
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eirculation imposed by the narrownees of the lagoon allow
the development of hypersaline compositicns zs avaporation
procesds. Uutflow from the Southern Lagoon during the
spring and sarly summer months probably contributes to the
inerease in salinity, at lemst in the Seven ¥ile area.

12 B A A R

The sedimente of the platform area in the Northern

Lagoon have a more uniform composition sand grain size
distribution than those in the Southern Lagocn. Mierossopic
examination of ssmples from the Seven Mile and Pelican Point
areas, and size anelyses of four of theso, show that the
platform sediments are well sorted and mederstely well
corted ssnds, predominantly of fine send size (see Fig, 14
and Table 4 ),

The sonds are highly siliceous, generally with only
1 or 2%, or rorely up te about 207, ealoarccus greins, meinly
28 coarse angulsr ghell fragments. The querts svrains in the
modal elass are sub-angular, but those in the coarse and
very coarse size fractions, which constitute only 1 opr 20
of the whole, are rounded or well rounded. The grains are
of regulay appesorance and are esouant in shape., They have
elightly frosted surfaces,

(») Centrsl Depression.

The centrel depression shows g gucecscion of dark

ccloured muds with interbedded layeore of micrococuina and
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shelly sand. They were cored to o denth of neorly 5 feot
without reaching the base, The muds arc black down to o
depth of sbout 7 inches, below which they are dark grey or
greeny grey.

Host of the mud shows a homogencous texture, but thin
bonds of pelletnl mud were found in scme coren, mainly cloase
to the surfsee., The gramular texturcs found in the
Southern Lagoon were not seen in the cores collezted. “he
seruence ig more poorly stratified then that in the Southern
Lagoon, and there are no beds of laminated mud. Variastiens
in the content of sand, she'l and mud, ond some colour
variations, cutline the bedding, mainly in units 2 cm or
mors in thicknese, but the boundsries are commonly vague
or transitional.

Northern Lagoon muds nre composed predominantly of none
enlearecus material. The caloium sarbonate content of the

s8ilt plus clay sized fraction of six sampleos tested lay
between 7 and 157, (sez Tsdlel4 ), The non-esleareous
fraction contains the same minerals sz are found in the
Southern Lagoon - quartz, a mica-type clay mineral, and a
chlorite~type clay mineral, The ealearcous component is
entirely ealeite, with no detestable asragenite.

(o)

Along its western side, the central depression is
bordered by a higher delt of send, which in places has a
broad end flat-lying surface o few inches below the low water
level. At least two tongue chaped extensions eof this
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marginal deposit project nearly to the gentre of the lagoon
near the Seven Mile, but the detailed outlines of the
deposit are not known.

The ssnds of this side of the lsgeoon are of two types,
One is predominsntly siliceous snd similar te the platform
sands of the eaatern side, the other contains sbout 30%
detrital ecaleareous grains, and is similar i{o the ssnds of
the nearby Recent dunes.

Deformation of lagoonal muds has followed the advance
of dunes into aress occupied by muddy sedimsnts in two places
near Pelican Poini whers parallel anticlines and synelines
have been formed st the base of the advencing dunes, (sec
page 176),

The lamellibranch Flavomala donacioides ies found alive
in the vieinity of Boundary Biluff and further to the north,
It occurs buricd slightly below the sand surface in some
parts of the eastern platform which are nermenently sube-
merged. Shells of this species, Not uia trisonells cond

e

aiue are the most common ghelis of the plate
form areas. Toets of Coxiells gonfuga. Diaphoromsctra
Yersicolor, Ammenia begcerii, Elphidium spo,
foraminifera are generally rare, but may be concentrated in
some strandliine sccumulations. Diatoums, cogonie of Chapa

and tests of ithe ostracod Species O are very rare or sbeent
in the samples examined. Serpulid worms have formed
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extensive biohermal deposits on the platform, and fragments
of their tubes are common to sbundmnt in some pilatform sands,
The serpulid maeses south of Boundary Blu’f econtained no
living animals when exsmined, and were partly infilled ty
mad, Living serpulids are found to the north of Boundary
Bluff, The worms have lived in the southern area recently,
for some of the poles stuek into the lagoon flocr by figher-
men show an snerusting coller of the tuboe oclese to the low
water level,

In the central depression near the Seven Yile,
N, irizonells inhabits the near surfoce muds, snd paired snd
single valves are sbundent in the topmest 12 inchee or so of
the sequence. Jther shelly beds in the eentral part of the

legoun are composed predominantly of D, verslee

= snd other foraminifers ere commen in the washed

coarse frecticn of ssmples at sll depths. Optracod teste
of Species C sre very rare to common throughout the sequence,
but no tests belong to the Spesles A assceiation of the
Zouthern Lagcon were found, Diatoms are gbundant throughout
the mude of the central depression.

The macro~faune ef the region around Pelican Point is
the same as that in the vieinity of the Seven Mile, but ihe
micro-fauna is mcrs varied, with a greater variety of
foraminifers and n large number of sponge spieules. The
Hottled Shore~crsb Ppragrepsus galmardii (M. Yawards) ie
common throughzut the Northern lLagoon, bHut is not found in
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the Southern Lagoon, Fragments of the cxo-skeleton of this
erzbh are sbundsnt in some strandline secumulstions and are
found elong the shoreline of the Nell's Cate Passage.

The orgenic remains of the Northern Lagoon are mainly
found in strendline deposits or in the scdiments of the
eentral deprescion. In the strandline deposite, shells of
Fsuna 1 organiems, most of which are now oxtinet in thie
area, are intermixed with remsins of Faune 2 orgenisms, ns
takes place in the Southern Lagnon. in the central
depression of the Northern Lagonon, the shellis, with the
exception of those of N, triconella, beionz to Faumile 3,
Thus, the present environment of the Forihern Lagoon is
charscterized by the presense of Faumule T ond an sbundance
of dlatom remsins. This essceisiion iz found in the sub-
surface sediments of the central deprecsion in the Seuthern
Lagoon, suggesting that there was = pericd when the
environmental conditions there werc similar to those of the

present Northern Lagoon.
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Zrosional features of the kunkar on the platform area,

1 mile north-west of Trevarrow's Point.

A.  Runkar truncated slightly sbove the high water
level to form an erosional surface (a), Note
also the indurated bryozoan encrustations (b)
around the outorops from below the high water
lovel. The scale is 24 in. long.

B. Honeycomb weathering of the kunkar at the water's
edge., The seale is 12 in. long.

Ce Algal encrustation {a) on lunkar (b). The seale
is 6 in. long.
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ERGSION AND RNORUSTATION OF ROCK GUTCROPS,

1.

The framework of the marginal platform areas conelsts
of kunkar outerops which outline the shepus of eroded
Fleintocene dunes. Throughout moat of the Scuthern Lageon,
the kunzaor and seollanite have been eroded to form erosional
platforms et twe levels. One it at sn elevation between
the high water level and about twe feet above that level.
The uppermost surfeces cf outereps form & discontimicus sub-
horizontal plotform along parts of the esstern and western
shorelines, and around some islends, {sce Plate 19). The
other is slightly esbove the low water level. It is shown
in outerops further out en the marginal nlatform and most of
the mid-legoccn reefs have been eroded to this level,

Duterops exposed to wave splash nesy the high water
level have been extensively corroded, and varicus stages of
heneyeomdb westhering have developed, (sce Plate 19). The
intensity of the corrosion is greatest elose to the water on
outerone which face deep water. Fuéther’frnm the water
edge, the corrssion becomss less intenese, and only small,

shallow pits ave developed on the rock surfucec.

2e Encruptotions.
Roek cuterops at the edses of the lagoon and on the mide
iagoon islends end reefs have formed the foundations for e

variety of enerusting calecerecus depomits, some of which
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have formed extensive biohermal masses,

(2) Algal enerustations.

In the Qouthern Lagoon, kunkar which is submerged or
wet for long peéricds is commonly covered by a very thin
green film of mioroseopic algee, In several localities
this s2lgal £ilm impregnates s thin layer of white mierite,
lese than 2 mm thick, which covers areas several square
centimetere in extent. The enerustaticns sre moderately
herd, with an irregular surface, (see Plate |19). They ave
bound to the underlying roel, but c¢an be flaked sway by a
sharp instrument. Xeray snailysis of the enerusting
material showe that it is compomed of masnseium caleite
end aragonite (sce Table |7), whereas the underlying kunkar
is composed of znleite alonz, It i not known whether the
algne cause the miorite to be deposited from the waters
adjacent o the emsrustation, or merely trep and bind
lagoonal mud which settles on the algae,

South of Policeman's Peint, enerusting messes of
bryozoans are found at or slightly above the high water
level. They have formed around isolated roek stacks and
have filled scome orosional eavities, The eolenies no
longer contain living individuals, but the zoecis are
frieble and sre not infilled with mud or seeondary calcarecus
deposits,

Between the scuthern end of the BEnl Pul Basin and
Gattle Island, indurated calearecus cneructations are very



PLATE 20,

Indurated dbryozoan ensrustations.

A. Layered encrustations (a) surrounding kumkar (b).
Scale is 12 in. long. 4 mile north-west of
Trevarrow's Point,

Be Oross-section of an encrustation chowing the
porous nature of the encrusting mass and the

presence of goscia. Secale is in em. and mm.



Plate 20
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cocmmon from slightly below the high water level to the low
watey level, They Torm dulbous projections sround the
margins of hlgh cuterops, and completely envelop luw rock
rzasses to formm dome-shaped biohermal accumulstions, which
ney expand lsterally and coalesce, (sce Plates 19 nnd 20).
The rock is erudely laminanted and £1lls eroded cavitics in
the substrate in a menner similar to that of the friable
bryozoen encrustations.

Thin seccetions of the roek show that i1t 1s composed of
sheets of bryozoan zoeclia which have been infilled by two
types of secondary deposits and cut by seeondary cavities.

The goeecia ars often completely or partly filled by a
deposit of sparmry caleite. Secondary cavitles and zoecis
not completely filled by sparry caleite have been partly cr
wholly infilled by ¢leudy micrite, Within larger secondary
cavities, the micritic 11l inciudes meny complete snd
frogmented shell remeins, mainly Coxielisn,

in and ostracod shells, and some quartz grains,

The secondery cavities are often severs! mm. in widtn
snd many om. in iength, cutting aercczs the layers of the
goscia. Those whicl: are not completely fiiled by secondsry
depcelits are conmonly lined by a layer of mierlitie materisl
up te 0.5 mm thick, The weails of the sccondary cavities,
and some shell and guartz graeins, have been covered by a
single laycr of zoecia in some places.

Tt is coneldered that these encrustations were initially
foermed as nommel bryezoans encrustations similar to the
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frinble encrustetions described nreviously. After the
extinction of the bryozoan orgenisme, the deposits were
subjected to modification. During this process, there were
temporary returnes to conditions favorable for the re-
estoblishment of bryozoan activity,.

¥ormally, bryozoans flourish only in watcrs of normel
or near-normsl marine composition, sc it io likely that ihe
solonies were formed nt a time when the lagoon waters did
not show seasonal compositionsl fluetuations as wide as those
ghown 2t present, Ii is unlikely that the orgeniems could
tolerste periode of emergence as long as those which ave
impoeed on the encrustations at present, ‘Thue, it is
likely that the eriginsl encrustations were formed at &
time when the lagoen was more sffectively commeeted to the
ocean than at present. The restricted veritieal distribution
of the bryozosn encrustations supggeste that their
distribution was subjeoted to control by tidal osclllations
of the lagoon's water level,

The presence of suryhaline shells in the sesondary
deposits within the encrustations sugrests that the later
modifization of the colonies followed the development of
more widely variable water compositions in the lagoon.

This ehange in the nature of the lagoon water may have been
one of the factors responsible for the extinetion of the
bryozcan Organisng,.

The seconisry cavities have probably roesulted from the
dcvelopment of an annuel cyele of weter level osellletions
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invelving long perieds of emergence in the vieinity of the
colonics. Thic would heve exposed the encrustations to
corrosicn by wave splash and rain water. The lithificeation
e’ the secondary deposits may slsc have resultes from long
periods of smergence, During such timesny interstitial water
could evaporate and deposit calelum carbonate as a cement,
binding mude and coarser detritus traopped within the
oclonies. The restriction of the secondary lithifieation
te bryczeen cncrustaticns which are largely within the
present range of water level cseillations suggests that
slternating long perliods of inundetion and emergence played
a major rele in the formation of this tyve of roei, Thus,
the secondary lithification of the bryogzosn enerustations
probably folilowed o change from normal shorteterm tidal
eseillations in water level to long term oessonal
oseillationz, This change may have been another factor
contribvuting to the extinctlion of the dbryogecan crganisme,

There are no permanent colonies of living dbryogoans in
theé lagoon south of Boundary Lluff, but some may exist in
the lagoon further to the north. During the apring of
1963, numerous small solonies were found established on
rocks, pebbles snd shells slighitly below the high watey
level along the shores of the island chain zouth of Mack
Point., These ¢norustations were up to 4 ¢r in diameter,
snd conglsted of a2 single layer of gzoecin, It is thought
that larveec hed been washed mouthwards with the annusl

Tilling of the lagoon, and that the environmentel conditions



PLATE 24

Serpulid encrustations in the Southern Lagoon to the
north of Cattle Island,

A« Rounded encrustations, partially and completely
enveloping kunkar outerops (k). MNete the
truncation of the kunksr close to the low water
level, and the fibrous algal growth on the

surfacoes of the encrustations.

B.  Serpulld~kunker contact. Secale is 2 in. long.
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. hnd been temporarily suitable for thelr sumwival and growth,

{e)
in the Secuthern Lagcon nerth of Catile Island, kunkar

suterops below the high wster level are comsonly encrustod
by serpulid worm tubes, whick form a depogcit up to two feot
thick. This cover can extend down to about five Peet below
the low water level, tut it ie not known whether the
enorustation is very extensive at thesc depthe, as the deep
colonies could only be located by probing. On outercps
which do not project far above the low weter level, the
worns have completely enveloped the underlying roek, and
have formed biohermal messes seversl feet across, (see
Plate 21), Serpulid worme ere no longer living in these
encrustations, The tubes are largely £11lecd with soft mud,
znédl the open ends are covered by growthe of long filamentous
alzae, The perpulid colonics in the Southern Lagoon are
restricted to areas in which kunksr or asolianite outerops
and the outerope siriotly control the distribution and the
shapes of the eclonies. Large rounded bodies develop
arcund large auﬁa?ﬂga of roei, but therce is ne tendenoy to
ferm colonies like, large isolated bodies oy small colonien
such as are found in the MNorthern Lagoon.

In the Northern Lagocn, the dlstributicn of serpulid
coloniee 1s loss strietly controlled by reok cuterons.
Large atoll-like end sinuous roefs on the ssstern plaiforn

arca suggest that kunkar ocuterops controlled the initial
steges in the development of the colonies, (see Plate 22).



BLAIE 22,

Serpulid encrustations o the Northern Lagoon,

k-4

Lincar bioherm extending towards the eroded kunkar
in the cliff-line at Seven Mile Point. The
hammer is 12 in. high.

B. An isclated bicherm near Dodd's Lending Point.
The asnchor is about 15 in. across.
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Later, the serpullds completely covered Lhe kun&ar foundntlion,
and fermed bloherms vhich epreand laterally while still
retaining the general outline of the foundation. The present
bicherms are compozed of ¢lopely cpaced end ceoaleseing hemi-
epherieal messee which are generally less ihan 2 feet in
diometer, Towards the edge which faces out ints the lagoon,
the degree of ceoalesconce increases and the ocuter edge of
the bioherme may form & continuous dband a few inchee higher
than the inner massca. V¥ithin the ehelitered water on the lzs
glde of the mein masees, small isolated colonies & few inches
in diameter lic scaitered over the sandy platform floor.
The small masses have formed arcund fragments of kunkar,
shells, or Tragnents dbroken from larger colonies.

On the zostern platform of the Noxrthern Lagoon,

eiroulsyr biohernms, several fect in diameter; extend wp from
tho sand floor to the low water level, (see Plate 22),
These colonice may oceur far sway fronm the nearest elongate
reef's, and 4o not appear to be related to them. The nature
of thelr foundntion is not known, ond there does not appear
0 be a regular pattern in their distribution.

The serpulid colonies in the Sevon Mile region contained
no living erganiems when examined., The open ends of the
tubee weres portly cleogged by mwd, but there was no algal
growth acrono the spenings, snd the tubes hod 2 fresh
sppearance, The tubes are found ensrusting fishermen's
poles in the area, so the serpulids hsve evidently been alive

recently. Petween Boundary Bluff and Felliean Peint, living
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s@rpullds are sbundant in the colonies. 4 few isolated
worms were observed alive on rocks clomse 1o Stony Well Islund
in the Southern Logoon during the spring of 1963. This was
after a relatively large inflow of breckish water, ond
probably signified only a temporsry return to conditions
which the worms could tolerate. The gencral appearance cf
the colonies inm the Southern Lagoon supsests that they were
vacated many years ago, snd it ic considered thet there has
been no significsnt colonial growth for o considerable time.
There has, however, been extensive growth of the worm
colonies zinee the srea wes settled, for an old stene jetty
on the shoreline of Younghueband Penineula south of Stoney
#ell Ieland hes been firmly bound together by serpulids.

(a)

These two type: of encrustation show different ranges

of distribution along the length of the leagcon. South of
Cattle Island, the lithified bryozoan solonies constitute
211 major ¢moruststions and are everywhere found in direct
contact with the underlying rosk. Serpulid tubes ere found
gingly or in small groups, but do not foerm thick snorusta-
tions. KNorth of Cattle Island serpulid tubes form the
cutermost one or two feet of all enerusitations and the tubes
are commonly in direct contact with the rock foundation.
Netween Cattle Island and Stony Well Island there is an area
of overlep, for in & few lscalities in that ragion, serpulid

encrustations are separated from underiying roek by a layer
of lithified bryeczosn remeins, frem 6 to 12 inches thick,
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Theee cuterops indicate that the formation of the dryezoan
encrustations and part of their subsequent induration took
place before the development of extensive serpulid
enerustations,

The present distribution of serpulids arpcars to be
controlled by the meximum salinity developed in eummer
monthe. The cclonles do not at present thrive permanently
south of Boundary Bluff. Tho worms can tolersic water
compositions varying between broekish and hypersaline, but
they do not survive in the areas in which the chloroeity
riscs in excess of about 307. in summer,

It is considered that the lerge bryorosn colonles were
formed at times when the lagoon was more esffectively
ecnnected to the osean and the lagoon woter wae charascterised
by good elreulation, with near-normal marine salinities for
most of the yesr. There may have been periods of slightly
brackish conditions, for the RNiver Murray snd falt Creek
probobly exerted come influence on the envircnment at timos
vhen each flowed etrongly. Leter; the nature of the lagoon
water changed, probebly becsuse of increasing limitations on
ite conneetion with the ocean. In the Southern Lagoon,
water eirculation became more restricted so that the lagoon
began to show wide seasonal varistions in water level end
water compositicn. These changes were nrobably responsible,
at lesst in part, for the extinetion of the bryozoan

organisms snd for the subeequent lithification of the
bryozoan encrustations.
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The northern half of the Southern lazeon was probably
similsr to the present Worthern Lagoon ot the time when
serpulid colonies flourished north of Uattic Island. The
lack of large serpulid coloniec socuth of the iglend suzrests
thet this ares wos characterised in pumrmer by waters in which
ths ehloroslity rose above 30/., Some time after the
building of the small stone jetty south of Stony Well Islsnd,
the colonies in the Southern Lagoon died out, and the tubes
have been largely filled by mud end overgrown by algae.
S5t111 more recently, ths colonies in the %even ¥ile region
dled out. Thesc changes in the distribution of serpulid
colonies suzrest that there have been inervenses in the
maximum salinites atteined during summer. These environ-
mental changes probadly reflect on inoreasing degree of
restriciion on longitudinal water cireulstion within the
lagoon, which would lead to less efficient dilution of

waters concentrated by summer evaporation.



An emerged embayment on the essitern shorelins of the
lagoon immediately to the north of Seven Mile Point.
Thie shows the cliff-line of the present shoreline

extending inland and merging with a non-ercded dune
surface,
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EREROED LAQCORAY, SUDIMENT

In many places on both sides of the lagocn, there arc
indications that the lagocon wns once sore extensive than at
present. Deposite of send, shell snd mud sye found up to
ong half of g mile inland from the present schoreline, Hdost
of the emerged deposits are locnted in depressions within
the Plelstocens dune system, marking former cmbayments in the
lagoon shoreline. Some of these embaymentis could possibly
have been infilled by the lageon while at its present water
level, but there are a few localities in which the emerged
deposits ars loanted on elevited kunker surfeces which are
up to a height of about five feet sbove the present high
water level, with the emerged depositse seversl hundred feet
inland from the present shoreiire, Such localities
indicate that a relative lowering of water level has taken
place since the development of lagbonal condltions, The
nature of the sediment sequence indicates t{hat the emerged

deposits were all formed at the ssme time.

Host of the emerged smediments are found in a dige
continmous @erieatof small deposits, bordersd by the lagoon
shore on one side, snd by kunkarized dunes on the landward
elds. The lendward margine sre continuamtions of the present
shoreline cliffs, which show & progressive decresse in the
degree of erosion inland, grading into non-eroded slopes at

the far ends of ihe emerged areas, (sce Plate 23)., The
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samphire mud-flat to the west of the Fphemersl Logoon is mn
emerged lagoonal area; this and s few smaller ecmerged areas
along the western side of the lagoon ars bounded by none
eroded slopes of the Recent dunes,

The emerged areas forn very gently sloping sand and mudw
flats, lying only one foot or so above the high water line
near the shora, and gently risinz to nbout five feet above
that level at the landward extremities. In a few arean.
particulsrly in the vieinity of Sal% Creek, a low dune of
sand and shell has accumulated st the present shorelinec.

A vaguely defined series of parellel moundis are found
slightly inlend; these are probably low shoreline dunes,
marking progresaive stages in a regression of the shoreline.
Along the landward margins of some emerged areas, a similar
low dune ridze is found adjecent to the highest shell
deposits, marking the maximum extent of the former imundation,

In some sreas, notably in the vieinity of Trevarrow's
Point and Haeck Peint, small ephemeral lakes,; now completely
isolated from the lagoon, are situated in low~lying parts
of ths cmerged areas, In other low-lyinz aress, mud flats
form swampy areas during the winter and summer months,
Artificial swamps =nd lakes have been formed Ly the removal
of shell grit Por road-making purposes in some places,
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Typical sequence of emerged lagoonal sediments.



The emerged sediments show o consistently developed
sequence of sandy shell and mud beds, In at least one
logality the sequence overlies the yellow siliceous sands
which conatitute the upper pert of the weathoring profile
in the Pleistocene dunes; dbut in moet localities, the base
of the sequence lies on a hard layer of kunkar,

The bazal unit of the seguence, as typically developed
(see Fig.!0), consists of fine grained sands which show no
obvious stratification. The lowermost part of the sand
unit is practically free of saleium carbonate; but towards
the top, seattered shells znd fragments ¢f the large
lamellibranchs of Fauna 1 are found in imoreasing rnumbers.
Fear the base of the szands there is commonly a horizon which
ia mottled by the development of yellow~brown, ferrugincus
gtaining in patches a few mn. in diameter,

The basal sond grades upwards into a bedded shell unit,
which containg varying and cometimes high proportions of
interstitial sand and calcarcous mud. Stratification is
sommonly well developed in this unit, and medium scale aross
bedding has been seen in a fow exposures, (see Plate 24),
The shell material consists predominantly of tests of

beagarii, *ut it also contains a high proportion of the

remaing of the largs lamelliuranchs of Fauna 1, partieulsrly

in the lower parts of the unit, Rounfled ond sub-rounded
pebbles of kunkar are often present in thie unit, and are



Emerged lagoonal sadiments near Salt Orsek Point.
These chelly sande are peart of the shell unit in this
segquence and are gently eross-bedded,
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occasionally abundant.

In some loecalities, particularly anlong the lendward
mergine of the emerged areas, the shell unit is the highest
member of the sequence., Away from the margins, a bed of
white clacarcous clay, often shelly and sandy, Forme a third
unit, above the shell unit, The mud is commonly 9 inchos
or lese in thickneas, but in some of the isolated lske areas
it i up %o 24 inches thick,

The zmerged deposits are covered in places by a dark
grey sandy soil several inches thiek, zontsining Coxiells,

mmonia tests., This deposit iz probably

a cover of wind-blown material derived from the present
shorelins., In sther places, the emerged deposits are
partly coversd by Semphire plants, and a thin, slightly
darkened limey scil mey be preseni.,

The hasal eand unit is highly siliceous, and samples
from the lowermost portion contain practically no calearcous
grains., Higher in this unit, complete and fragmented shells
appear with inoreasing frequency. The fragmentn are
angular and show ne signe of gbrasion, but their surfaces
are generally corroded, The quariz grains are very well
sorted, with very few in the medium and cosrse sand-gized
frections, (sece Fig./4 ). The larger grains and some of

the zmaller onecs are sub-pounded toc rounded, with a clear
and glassy eppearance, but most of the fine end very fine
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sand-gized groins are of very irregulor annesrance, with
angular and sub-angular edges and pitted curfaces. The
sande of the shell unit and the mud unit are more caleareous,
with a high propertion of angular to subercunded shell
fragonents, but the quartz graine are identical with thoss
of the sand unit,

The shell material in the sequence conpists of remains
of both Fauna 1 pnd Fauns 2. The uppermost portion of the
sand unié generaily contains only memboers of Psuna 1.

These are sbundsnt in the lower parts of the shell unit,
mainly a8 large Crsgments; tut in some sequences they become
less abundant towards the top of this unit,. Remaing of

4 genorally fora the
greater part of ithe sheil unit and of the shell fraction of
the mud unit, | Unidentificd epecies of [ohidium end
Hiliclid foraminifera =re rare to common, Tests of ostraccd
Species C and oogonia of Charg are rare to sbaent in the
shell and mad unilts,

The silt- and clay-eized fractions of the mud unit and
mddy portion: of the shell unit are composed predominantly
of caleite, with some silt-gized quartz, and, particularly
in the northern localities, some srgillacecus clay minerals,
(cee Table!5 ), In a few samples, trages of arasgonite were
detected; bui this nineral was sbaent in most casecs and,
waen present, it may be the result of contamination by ashell

material., In s few other samples, dolomitec was detected,

(see TeblelS ). The X-ray patterns of ihe dolomite arve
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similar to those obtained from the cslelite-dolomite muds in
the lakes south ¢f the ¥phemersl Lasgoon by ven der Boreh
(1962); he conoluded that these dolomites were "proto-
dolomite™, this is probedbly the case with the dolomitie
mineral in the emerged lagoonsl sediments.

The X-ray patterns of the ealcite in emerged sediments
show that twe forme of this mineral are present, The
caloite of the shell unit produces a pattern with sharply
defined lines and c¢leariy developed high snzle reflections.
The pattern shows no significsnt veriation of the d-ppacinge
Prom those of normal caleits and the de-spacing of the (142)
line indicates thet the csaleite is not magnssian, (see
Table |5 ). Guch caleite may well be of detritel origin.
The oaleite of the mud unit produces less sherply &efined,
broad lines, and the high angle refiections are not present.
The patiern is concistently expanded, and the d-spacings of
the (112) lines indicate varying proportione of magnesiur in
the asleite structure, (sce Table !5 ). Thie type of ealeite
pattern is identical with that obtained {rom lagoonal and
laks muds.

Rounded pebbles of kunksr are abundant in the shell
unit in many localities at the landward odpcs of the emerged
arens, In one locality, the sontent of these pebbles shows
g progressive decoreasc sway from the edre of the deposit
towards the lagoon, but moest sestions are poorly exposed and

do not present continuous cross-sections of the sequence.
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5. Depogition

The sbsence of detrital caleareous grains in mach of
the sand unit, the shepe of the quartz grains and the
sbsence of lagoonal shells in the lower part suggest that
these sands were deposited repidly at an early stage in the
tranegresaion which led to the imundation of the emerged
areas, The sonds were probably derived from the siliceous
gande which overley the kunkarized Plelstocene dunes in the
lagoonal area. At the earliest stages of the inundation,
these sandz would have constituted the most readily evoded
source of detritus. The derivation of detrital caleareocus
greins would not have commenced until a later stage, when
the less wesathered parts of the Pleistocene dunes had beoen
exposed.

During the deposition of the uppermost part of the sand
unit, the members of Fauna 1 becams established in the ares,
and commenced tc contribute material to the sediments.

These shells sttain their zaximum sbundence in the overlying
shsll unit, where they occur mixed with shells of Fauna 2,
As outlined previcusly, these two groups indisate marikedly
different water compositions in the lagoon ares, and it is
unlikely that the two groups were aver ccexistent for more
then a brief period of time. The ooneentration of shell
material of Fauna 1 near the top of the sands and in the
lower part of the overlying shall bed suggeets that the rate
of acoumilation ¢l detrital materisl doeressed after the
initial period of deposition,. Following & change in the
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nature of the agueous environment from near normal merine
to more widely vsriasble conditions,Feuna 2 replaced Fauna 4
in the lagcon area, The nature of the sediments of the
shell unit with well developed stratifiesticn snd come eross-
gtratificaticon, the presence of rounded kunkar pebbles end a
clone similarity to the modern strandline deposlits, sugpestis
thet thisc unit ie a shoreline or near-shere accumulation.
The admixture of the members of the two feunsl zroups hae
resulied from & low rate of supply of detrital material and
the mixing of the purface and near-surface sedinents in an
area of relatively high turbulence.

The mode of formation of the mud unit is not entirely
certain. ud scdiments heve sccumilated on the shallow
platform areas of the lagoon, but thepe depositis are mainly
in depressed parts of the platform which are not adjacent to
the high water sirandline. The shell unit below the mud
unit indicates thot the physicsl charscteristics at the time
of depesition of the emerged sediments were gimilar to those
along the present near-shore area, 80 it is unlikely thet
the mud beds vere deposited st the time of maximum
inundation. The mud unit is therefore consldered to have
been deposited during or after the regrecslion of the lagoon
shoreline to its present position. Tests of the ostracod
fpecics A are not found in the emerped muds, Although
the tests of this species eore fragile, 1t cculd be expected

thet some would survive in the relatively calm conditions
which induced the muds to sccumulate, Thug, their absence
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suggests that the muds were depcsited before the appearance
ef Faunule A in the lagoon.

Some of the omerged mud bede on each side of the lagoon
are situated in localities which are partly separated from
the lagoon by relatively hipgh kunksr outercns. In these
loenlities, the regression may have isclated amall lekes and
swampy oreas in vhich calcarecus muds formed and werse
deposited sbove the shell bede, Alternatively, the muds
may have escoumulated by the process which is preducing thin
mid beds ebove the sands of the marginal parts of the
Iphomeral Lagocn, and, to a lesser degree, at the shoreward
ends of wide bays slong the western side of the main lagcon.
In these locslitien, wide and shallow ercas of the lagoon
flcor dampen weve activity, and produec relatively calm
sonditions in which settling mud can form permanent
aceumulations, cfien with the stabllizing assistance of
Samphire plents and periodic dessiecaticn. During or after
the recession, perts of the cmerged surfeces would have
formed localities in which this processe could take plase.

Tach of these two proceosses could have been responsible
for parts of the omerged mud bed, The first proceso
involves the formetion of the mud within the area of
depoeition, in the menner in which the calcarecus muds of
the lakes south of the Ephemeral Lagccon were formed,
von der Boreh {1962 and in press)s There ip some indleation

that this process has taken plres, for the twe samples in
which the cnleite showe an exceptionally high magnesium
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content and all the samplee containing dolomite are located
in areae which are partly land-locked 2nd which could well
heve contained isolated lakes, (See Teble [S and Fig.!7 ).
The second process involves the deposition of muds largely
derived from the main part of the lagoon. The mud beds not
separnted from the lagoon by topographically high sreas,
particularly the mud flats slong the marging of the Sphemeral
Leagoon, may hove been formed by this process.

6.  Sunmery.

The sediment sequence of the omerged sareae shows a
basal unit oconeisting mainly of detrital material deposited
during the transgression which inundated those asress, The
lowermost organic remains in the sequence indlcate that
sheltered marine conditions prevailed during the time of
their» formation. The underlying non-fossiliferous sands are
probably the oldest lagoonsl sediments encountered so far.
Their deposition precedes the appearance, at least in the
ererged areas, of shells of Fauna 1 which indicate an carly
phase of sedimentation within the lagoon. Later deposited
sediments are composed mainly of shell remains snd contain
a8 record of an environmental change from sheltered merine
conditione te more widely varisble conditions, probably
encempassing brackish, marine and, perhaps, hypersalins
conditions. The top-most part of the emcrged sequence
indicates the presence of & lagoonal environment similar to

that of the present time in vhiceh calcareous muds were being



172.
deposited, ‘S_Ehe deposition of mudis in the cmerged areas
eleng the margins of the legoon sugzests s relative lowering
of the water level. This has finslly left the deposits
completely emerged,; snd in some cases far romeved frem the

present reach of the lagoon waters.
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VI SEDIUETATION PROC

jimiﬁiﬁi i

(a) sAMDS,
1. Source.

The composition of the sends ond the nature ef thelr
component grains show that the lapoon cande were derived
from three sources. Sands derived from the Pleistoecene
dunes have been deposited slong the margins of the lagoon
and around dunes within the lagoon, and have probably been
deposited, to a lesser extent; ecross the lagoeon floor at
the base of the mud sequence, Sands fron the Recent dunes
are baing depcsited azlong parts of the western shoreline,
and have been more widely spread over the floor of the
Ephemoral Lagoon. Legoonal orgsnisms have contributed
pend-sized cediment to both the basin arces and the platform
aress, but there has generally heen little mechanieal
frogmentation and rounding of laguonal shell material.
Accumulations of emall lagoonel tests have formed coarse
and very coarse sand-sized mierocoguina beds in the dbasin

aress and the outer parts of the platfornm areas.

The sends of the platform arcas hove been mainly derived
from the seolisnite end the overlying weathered material of
the Pleistccens dunes, The sands were dselived by wave
ercsion, which was largely confined to a narrow vertieal

interval close tc¢ the present water level, ILateral
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gpreading of the sands was confined to the vieinity of the
eroded dunes, where they formed the gently sloping platform
surface within a frsmework of resistant remnants of the
truncated dunos, The sutermeet edges of the platformg form
a steeply a;oping face similar to the foreset of a delta
uanstruetadiﬁaap watar)and probably little sand has been
depopited in the deeper narte of the lagooen beyond the
platform edgees, The profile of the platform and its
marginal slope sugeests that wava~indueed sgitation of the
iagocn floor played a major vole in the transportation of
aaﬁﬁnnized detritue end thst wave and current movements in
the lagoon waters wore not suffisiently strong to spread
much sand far from the erocded Pleistoocens dunes.

At the tims of the formation of the platforms, the
lagoon area uppears to have contained a relatively sheltered
body of water which was subjected to slightly more agitation
and movement then in the present lagoon. The fauna within
the platform sands snd the persistence of remnants of' the
relatively eapily erodible dunes sugrest that there was then
e barrier between the lagoon area and the open ocean., In
this case 1t is unlikely that there were much larger or
stronger waves then at present., However, the fauna
indicates that the lagoon was more sffectively connected to
the ocean than at present. This probably allowed tidal
currents and tidal water level oscillations to affeet the
lagoon waters. Soth would have assipted in the erosion of

the Pleistocens dunes and the transportation of the sand~-
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gized detritus., The tidel oseillations would have led to
freguent changes in the position of the wave base agbove
which sands could be moved by wave sgitation, so that much
¢f the platform surface could have been subjected to freguent
periods in which sands could be shifted.

In the present environment ,mm wave-induced
agitation of botiom sands is largely confined tc the
vieinity of the high and the low water levels., At the
lower of these¢, the shallcew slepe of the platform surface
dampens wave oscilletions, so thst there is generally little
perceptible movement of send. At the high water strandline,
wave action stirs the bottom sands and ridges of sand and
shell are asccumulating in many places. The zone in which
waves disturd the bottom sands is often very narrows
commonly percepiible agitation at any onc time takes place
within 1 or 2 feet of the strandiine., DBeyond this zone
the sands are firmly compacted and rarely disturbed. Thus,
over much of the platform surfaces movement of sands is now
confined to relatively brief perilods of time during the
seasonal rise and fall of water level,

In most localitlies in the Southern Lagoon, the base of
the shoreline c¢liffs is separsted from the resch of the
water by a protcetive barrier of beach depoalts, low sand
ridges and piles of rubbly kunkar and other debris. These
barriers are often partly covered by low shrubs snd grasses,
and there appears to be little aetive erosion of the cliff-
line by lagocnel waters at prescnt. In the Northern
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Lagoon north of Seven liile Point, long seetions of the cliff-
iine are still subjected to erosion and are actively con~
tributing some detritus to the lsgoon.

Thma, since the initisl agctivity which produced the
platfornm areas, there appears to have been 1little erosion
of the shoreline cliffs or trangportation of sand-gized
detritus in the marginal parte of mach of the lagoon. This
change in the mechanical nature of the legoon waters may
have been a further result of the increesinyg degree of
separation between the lagoon and the open ocean which is
indicated by the founal changes previously dilscussed. At
the present time, sedimentation over much of the platform
surface is confined to the mccumulstion of lagoonal shells,
which are concentrated as a thin cover above the older sandy

pediments in some parts.

Recent duncs are encroaching on the lapoon area along
parts of ite western border. in some placen the dunes
have advanced well into the lagoon, and beon subjected to
constant attack by wave action., In these loealitles, the
dune sends are being reworked snd redistributed along the
shoreline ¢lose tc the dunes. Farrow sand chelves are
being formed in a wmanner similar to that in which the older
platform areas were formed around the Pleistocene dunes,

sxcept that in the case of the Recent dunes the source of
the sands is constantly meving towards the water and the
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Folded lagoonal muds slong the western shore of the
lagoon.

A. Folded muds at the base of an advenscing duns at
Bul Bul seep, Note the upward slope of the mud
surface and the incresesing intensity of the
deformation towards the base of the dune.

B, A dissected enticlins at F2, with mud~lumps in

the background to the right of the fold. The
hammer is 14 in. long.
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Cross-secction of sn antieline at F2 showing tension
oracks caused by folding and dehydration in mud beds
and cremilation of fibre laminae near the crest of

the fold. The seals is 12 in. long.
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rote of sedinent supply is probsbly much higher. The
growing shelves are formed by wave action snd long-shore
drift caused by wavep striking the shoreline obliquely.
Ag the sransportation is entirely by bottcm traction, the
deposits are localised and they have a steeply sloping slip
face on edges facing deep water.

In a fev locnlities, the dunes themselves or the sand
shelves have advanced beyond the earlier deponited sands
of the lagoon margine and are extending oui on to the
sequence of mud sediments., This has led to the repid
deposition of a heavy layer of sand sbove the plastic muds,
thus causing the development of contemperoneous deformation
structures in the muds and in the overlying sands.

In three localities within the Southern Lagoon, (F.1,
F.,2 and F,3 in Fig.!7 ) and at least two within the Northern
Lagoon near Pelican Point, large dunes ars moving onto
lagoonal muds, In cach case the eneroazhing mass of sand
has squeezed the underlying muds from beneath the dune and
the extruded mud has caused widespread uplifiing of the
lagoon floor ncar tho dune, (see Plate 25 and Fig.!l ).

The uplifted muds have been folded inte & regulsr srrange-
ment of long anticlines and synelines in which the fold
axes are arranped parsllel tc the outline of the drift
which initiated the deformation. Eroslon has trancated
the anticlince in a few cases, revealing eross-sections of

the folded mud seguence, (sez Plates 25 and 26)., Cracks
up to several inchee wide have developed asrose and slong
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the folds, probebly as e result of tension csused by the
Polding process and by the érying of the puds after uplift.
These cracks have aided the erosion of the uplifted anti-
elinal folds, so thet waves sre able to remove whole blocks
of mid, The edges of the bloeks become rounded and they
are easily moved by the water to be deposited as mud pcbbles
within the sands necar the fulds, (see Plate 25).

¥ost of the anticlines nre slightly asymmetrical, with
the axial surfeces generally dipping towards the base of the
spproaching dune, The deformation is most intense close
to the dunes, where the bedding of the muds may be over-
turned on the fold-linb which is further from the dune.
There is & tendency for anticlines cluse to the dune to
show bulbous upwellings or to rupture. 4Away from the dune,
the intensity of deformation desreases, and the folding
becomes progreseively mors open and more widely speced.

The reguler arrangement of the fold azes suggests that
there sre compressional forees acting in the plane of the
uplifted sediment surface in addition tc the upward-directed
foreens exerted by the displased mud. It iz conslidered that
the encroaching dune mass slipe lageon-wardes as 1t sinks
inte the mad, (seec Pig. !l )}, and compressecs the uplifted
surface into a series of folds parallel to the dune outline.

As the dune founders, it behaves as & noderately
eoherent bedy, poesibly as a result of tie echesion produced

in damp subesurface sand by interstitial water, and 1t
breake into o mumber of fault blecks. After a perlod of



Pault traces aecross a dune surface at Bul Bul scep.

A, A long erock in the pand surface., The seale is
2h in, long.

B, Cavities left by sand drsining down elong a
fault nlane,






PLATE 28,

An east-west cross-section of a fault at Bul Pul
seep., Nete the downwsrd increase in the displace~
ment of the lettered beds and the presence of
minor faults (m). The apparent change in the dip
of the bedding near the scale is caused by a
change in the orientation of the pit-face. The
scale is 12 in. long.
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one or two windless days, the surface of the dune neer the
folded muds in traversed by v series of erscks, (see Plate 27).
Cross~pections of the eracks show thet they delineate narrow
fault planes which have been traced to 2 depth of three feet,
and probedly extend further. These are normal faults, with
the fault planes dipping tc'#ards the lagoon at angles close
to 80°, The displecement of bedding planes in the sends
across the faults increases dewnwards, (sce Plate 28),
indicsting that thers has been contimous ¢r periodic move-
ment along individual planes over a considernsble period of
time, Associasted with the major faults are a mamber of
ameller feulte which have been sctive for only short pericds,
after which they have been covered by undisturbed sands.
The attitude ¢f the fault plsnes indicetes that the base of
the dunc~-front is bodily moving lagoon-warde se the dune
sottles into the mud.

Similar deformation strusturee are forming on a reduced
peale along the outer edges of sand shelves above the
lagoon muds. In these capes the deformation is confined to
twe or three anticlines which cccur st or beyond the outer
edge of the shelf. Theee folde are not as regular as those
assoclated with the dunes and often they consist only of
ridges of irregularly contorted mud,
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(B) nups,

Although the intensity of angltaetion produced by wave
action and water cireulation within the logoon is insufficient
for moving sands over much of the platfom surface, it is
sufficicnt to control the permanent accumulation of fine
grained and lighter material. Muds and light organiec
detritus ars accumulating in areas of deep water, small
depressions on the platforms, sheltered embayments and at
the landward margins of wide and very shallow stretches of
water, where agitation of the bottom sediments 1s grestly
reduced, In the Bul Bul, Cattle Islend and Stony Well
Bagins, the mad scquence hap accumulated uwp t: the level of
parts of the platform surface, and there is no longer a
mariked topographic differentiation into sreas of turbulence
and relative guisscence. In these basing mude are now
being more evenly distributed acrocs the lagoon floor,
whereas in the deceper basin: to the south, there is a strong
tendency for puds to be preferentially deposited in the less
disturbed basin floors.

The low degresc of agitation on the basin floors is
reflected in the relatively thin stratification, particularly
in the southernmost basins, where laminated sediments form a
significant portion of the sequence. The absence of

stratification within some bede is probedbly due to
contemporanecus and post~iepositionsl changes produced by
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organic activity. Pellets simlilar to those found in the
sediments were seen within smail worms which live in the
near-surface muds and burrows filied with pellets were
encountered in a few cores. The beds of pelletal mud
indicate that at certain times organic setivity has altered
mich of the surfoce and near-surface mude, The sharp bassl
contacte and the absence of fine interstitisl mud in some
peliet beds suggest that in some cases pellets have been
concentrated dy trensportation or the winnowing action orf
gentle water surrents.

Many of the beds of gramlar mud contain soattered whole
and incomplets pellets or show faint outlines of merging
pellets., This suggests that the mud aggrogates have been
formed by the partial disintegration of peilets, either at
the surface or within the mud sequence. A8 the pellets are
not indurated, they are probably deformed and partly dig-
aggregated by the slight pressures associated with compaction
o> wvhen the binding mucus decompones,

At times of stirong river flow, mud lsden watere of the
River Hurray move southwards along the Scuthern Lagoon. In
the sbsence of other streams entering the lagoon, it is
assumed that the argillaceous component of the lagoonal muds
have been derived from this source. The ready access of

river waters to the Northern lagoon is refleeted in the high
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proportion of argillececus clays in the mids there. The
rectricted accens of river waters to the Southern Lagecon is
refieceted by 2 mueh lower proportion of arglilliaceous clays
in the muds scuth of Heck Point. The southwardi deerease in
the proportion of argillacecuc c¢lays in surface muds of the
Southern Lageon is probably due nmainly to the limited degroe
of longitudinal water eirculation, although it may be partly
due to & higher rate of formstion of calearecus mud to the
south., This lagt factor is probably of more importance in
the ares south of Salt Creek Point, where the seasonal
changes of water conditions are more sccentuated than in the
remainder of the Southern Lagocn.

(v)

(1) Scurce.

The ioss of dissolved caleium from the legoon waters as
the salinity rises (mee page &) sugrests thet part or all
of the eslearecus cumponent of the muds has boen derived by
precipitation from the lagoon waters. Thers is no trane-
portation of arsponite or masnesian calclte inte the lagoon
by streams from external BOUrees. Abrasion of lagoonal
shell materiel is taking place on only a limltied secale along
the shorelines. The pink sands and other chalky parte éf‘
the weathered Pleistocene dunes hay have acted as s reody
source of caleite while the duncs were being eroded, dbut the
dunes are no longer subjected to erosion by lagoon waters
along most of tho Scuthern Lagoon.

In Yeray diffrsction photographs, the mapnesian calelites



PLATE 29,

Electron photomicrographs of muds from the
Ephemeral Lagoon.
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show expanded patterns, with broad lines snd an sbsence of
high angle reflections. Fone of the exanined samples from
the central depression showed indications of the presence of
sharply defined normel calcite patterns, sueh as are obtaincd
from the chalky calelite of the dunmes. Thus, there is no
sign of unaltered detrital csleite in the muds of the eentrsl
deprescion. It is not known for certain whether or not fine
groined detrital caleite has been deposited in the lagoon
during the accumulation of the known part of the mud sequence,
ané there altersd to magnesian csleits. Iowever, as it ie
unlikely that fine grained calelte has been eroded from the
Pleistocene dunce aleong the shores of the Southern Lagoon
for some time, it is considered that the nagnesian caleite
_deposited there has probably been derived by precipitation
from the lagoon waters. The source of the ealeite in the
Forthern Lagoon is not known,

In laboretory oxperiments, arsgoniie and magnesian
saleite are co-precipiteted from concentrated sea waters in
which the tempcratures, pH and compositions of dissolved
salts are similar to those of lagoon waters, (Alderman, in
press), Artificially precipitated arsgonite generally
develops as ncedloe-shaped erystals, wheress the lagoonal
mds are made up of lathe-shaped grains, up to & mierons in
length, (sece Plate 29)., The grains are most commonly 1 to
I microns long, with their length two to four times their

breadth. There is no clear differentiastion of grain shapes
tc suggest specifie identification of aragoniie and caleite
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graing. However, the grains do anpear to be diserecet
eryetals and some sre similar to avagonite erystals figured
by Cloud (1962).

The absence of an external scurce of aragonite and the
ghopes of graine in the lagoonal muds suggest that the
arpgenite of the Southern Logoon hss beon precipitated frem
the legoon waters, along with the magnesisn calelte.
Experimental work carried out in this Depertment, (partly
sunmerised by Aldsrman, in press), indicetes that such a
co-precipitation is likely in the waters of the Southern
Lagooh.

(i1) Environmental controls.

Apart from within the vieinity of the Hell's Gate
Ppssage, the surface muds slong the length of the Southern
Lagocn contain sbove 50% caleium carbonate, with the
esrvonate content everywhere composed of aragonite and
magnesian caleite. The muds of the Forthern Lagoon contain
less than 15% calcium carbonate, entirely in the form of
ealeite. The environmental factors which ars most likely
to have been responsidble for the precipitation of calelum
carbonate and the deposition of muds having a high carbonate
content in the Southern Lagoon are:

1) The rete of supply of argillacecus nateriasl is low.

2) The large annual insresse in salinity due to

evaporation is entirely within the hypersaline
range, and therefore leads to the development of
very high salinities. The chlerosity ranges
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from 20-307. in winter tc above 50%. in summer.

3) As the salinity increases, the svoprsge tempergture
of the mein water body inereases from about 129G
to 20-25°C.

L} The pH is meintsined at moderately hi%h values,
between 8.25 and 8,50, in the main water body.

All four of these factors hsve probably seseisted the
precipitation of calcium cerbonate and the depoaltion of
highly calearecous muds. However, the malin factors are
probably 1) end 2), for it is in these twc aspects that the
Northern and Southern Lagoon differ most merkedly.

The sbsence of asragonite in the muds of the Morthern
Legoon suggests that the higher range of the annual salinity
change in the Scuthern Legoon is the main fastor controlling
the precipitation of aragonite from the lageon waters.
Vater temperatures of the Torthern Lagoon sre similar to
thone of the Southsrn Lagoon, particularly in the tide-less
Seven Mile region., Although pl values may be slightly
lower in the Northern Lagoon than in the nmalin part of the
Southern Lagoon, the lowering of pH in the waters of the Bul
Bul Basin is not assocliated with any observsble deficienscy
of aragonite in the surfasce muda. The higher rate of
deposition of argillaceous material in the viginity of the
flell's Gate Passoge hae caused greator dilution of the
earbonate compenent there than further to the south, but it
hzs not altered the minerslogy of the carbonstes deposited.

Aragonite-rich muds form oaly & thin surfoce cover in
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the Dtony Vell Basin, suggesting that the precipitation of
aragonite has been proceeding in that locality for a
relsatively short period of time. In the besins south of
Cattle Island, the arsgonite~rich muds are thicker snd have
probably been forming over a longer pericd of time., The
recent extinstion of serpulid scloniee in the Stony Well
Basin indiecates that chlorosities in excess of about 30%.
have been developing in that basin only within historieal
times. The absence of major serpulid encrustations in the
Southern Lagoon scuth of Cattle Island indicates that
chlorosities higher than 30%. have been develoving, at least
from time to time, in that part of the lsgoen for a con-
giderably longer pericd of time., Thus, these relationships
between the thicknesz of aragonite-rich muds snd the presence
of serpulid encrustations support the suggestion that the
precipitation of sragonite is dependent on the salinity range
shown during the annual oyelic change of water composition.

The vertical distribution of aragonite in the mud
sequence of the Southern Lagoon was probebly controlled by
the nature of the depositional environment. The sudden
dearease in aragonite content shown in all the cores examined
may have been causged by inversion of arasgonite to calclte,
but this is consldered to be unlikely. Aragonite is
reported to be relatively steble when in contact with sea
water or with interstitial wsters similar to those with which
it was precipitated, (Ingerson (1962) and Cloua (1962)).
The chlorosity of interstitial weters in core G40 remains
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between 35%. and 40%. down to a2 depth of gbout 5 feet (see
Fig.!2 ). This indicates that there has been little or no
replacement of interstitial water in the mads. Thus, it is
likely that aragonite could be stable within the mud sequence
the centrzsl depression, Arggonitie shells show no sign of
inversion in the seguence, Although this does not prove that
there has been no inversion in the fine-grained mud, evidence
of inversion in the shell material would have indicated the
likelihood of inversion in fine-grained arsgonite.

The possibility that the vertical change in aragonite
content is a depositional feature is suggested dy the north-
ward decrease in the depth st which thia change is found and
its closeness to a marked change in total carbonate content
in the muds between Salt Cresk Point and Haeck Point. The
close association between these two changes suggests that
the precipitation of aragonite with magnesian calecite rather
than magnesian calcite alone is a result of a higher rate of
carbonate precipitation. Thus, it is most likely that the
gontrol of aragonite precipitation exerted by the range of the
anmiel salinity chenge is indirectly achieved by the influence
of the salinity on the rate of carbonate precipitation.

The sub-surface changes in the magnesium content of
caleite in the muds of the basin areas 48 not related to the
above mineralogical changes, It is not known whether this
change is a primary feature reflecting & change in the

nature of the caleite precipitated or a post-depositionsal
change which has taken place within the mud sequence. R



188,

Host of the sands deposited within the lapoon have been
derived from the Pleistocene dunes. The ercsion of the
Pleistocens dunes and the deposition of platform sands appear
to have been cifected mainly during sn cariy period in the
history of the lsgoon, After the production of the platform
areae around topographieally high areas of the pre-inundation
land surface, transportation of ssnds ond erosion of the
lagoon shorelines were grestly reduced. At present the
movement of sande is largely confined to the vieinity of the
high water strandline. Along the western side of the
lagoon, some Recent dunes are being eroded and the sands re-
deposited in the form of sand shelves clote to encrosching
dunes. These deposits and the dunes themselves hsave caused
striking deformstional structurcs to develop where sands
have been deposited above the lagoonal mudis.

The muds of the lagoon are principally deposited in the
deep waters of ihe central deprescion. The ccmposition of
the muds reflects the partisl separation of the lagcen into
its northern and southern parts, Mude of the Northern
Lagoon, which is closer to the River Murrey andthe ccean
conneetion, have a high proportion of ergillacecus materisl
snd a low carbennte content, Those of the Southern lLagoon
have a moderate to high carbonste contert, raflecting the
isolation of' this part of the lagoon from the River Hurray

antt the occean, This isoletion has resulied in a low rote of
supply of srgilliaceous material and the erestion of an
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environment suitable for the precipitation of calcium
carbonate from the lagoon waters. Aragonite and magnesian
calcite are being precipitated as a result of evaporation of
water in which the dissoclved salts are principally derived
from the ocean. Pvleeipitation has been assisted by the
deviopment of moderately high temperatures and pH values,
and by the seasonal development of very hish salinities,






As the sea level rose during the early part of the
Pecent, the ocean shoreline of the South Hest ¢f South
Australia moved castwards towsrie its present pesition.

The naximum castward extent of the transgression was
probably controlled by the linc of the Pleistocene dunes
which now cuteror along the eastern side of Younghusband
Peninsula. Portions of the western sides of these outerops
have been eroded by lagoon waters to form low cliffs, but
there iz no indieation that the exposcd portions were
subjected to attack by the open ocean waters. It is likely
that sand dunee asccumilated in front of the advancing shore-
line, particularly towards the end of the tronsgresnsion,
when the rate of rise in sea~level wos much slower

(Shepard 1964), Within the last 6000 years or so, the

rate of rise of cea level has been relatively low (Shepard
1964) and it is likely that for much of thig time, the shore-
iine has remsined close to the present position, where the
eastward transgression was sicpped or sloved by the presence
of the Pleistocene dunes, A8 the sea rooce to ite present
level, sand dunes accumulated to higher elswvations, snd the
rising water level led to the imundation of the area behind
ths dunes, thus creating the lagoon.

Unfortunately, the maximum depth of the base of the
legoonal mads is not known. The deepest par: penetrated
showed muds to 8 depth of 11 feet below the sediment surface,
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at a point south-west of Trevarrow's Point, vhere the
laguon floor is sbout 1) feet below the high water level,
This shows thet the muds extend to a depth of 2t least
25 Yeet below the present sez level. Assuming thet the
dcepent mude are lagoonal deposits, and that there has not
been excessive regionnl upwerping, this depth indicates that
the lowest knovn part of the mud scquence can be no older
than about 6000 years B.P., (from Fig. 2 in Shepard (1964)).
As the mud was probably depcsited below the water level of
the time, rather than st that lovel, it is likely thst the
lowest known mud is of an even younger aze. Probably the
lageoon is not much older than about 6000 ycars D.P., for
prior toc this date, the eustatic rise in pea level was
reliatively rapid and it is unlikely that the base of the
legoonsl sedimenteg is far below the deepest kuown sgection,

The organic remains and the sediments of the lagoon
indicate that there were two distinet phases of sedimentation
during the history of the lagoon.

1.

The earliest known lagocnal sediments are the sands of
the omerged areas and the platform nreas. The lovermost
organic remains contained in these sedimenis belonz to
Fauna 1, showingz that at the time of their deposition, the
isgoon weters were of near normsl marine composition. The

lagcon was probably more effectively connected to the ocean
than at present. The emerged sediments show that the
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water level in the lagoon waes at a higher level relative
to the land surface than at present and that the lagoon vas
more extensive during this period, It spread into the lowe
lying sreass cast of the Ephemeral Legoon and south-eastwardis
&long the whole length of the Cuorong towards Kingston.
Sprige (1952a) considers that there was an opening at the
southern end of the Coorong during the pericd when the
lagoon extended to Kingsion.

Erosion of the Plelstocene dunes during thies period
produced the platform aress of the lagoon ond formed the
shoreline cliffs, including those at present stranded above
the water line on the western sides of the Pleistocene dunes
on Younghusband Peninsula and those in the emerged embesyments,

The flow of Iresh water from the Biver Murray and Salt
Creck probably csused slight dliution of the lagoon waters
during winter and spring months. Eetter comnection between
the lagcon and the ses would have resulted in less dilution
than is found in the present ¥orthern Lagoon. It is also
likely that the selinity rose during summor due to evaporation,
but the cireculstion of sea water would have prevented the
development of strongly hypersaline conditions.

There is no direct svidence, such 28 depoaits of ocean
shell material, in the lagoon or on Younghusband Peninsule
to indicete where connections mey have existed between the
lagoon and the ocean, other than at eash end of the Coorong.
Other comnections may have existed, and evidence of their

presence sincs been covered by lagoonal and dune deposits.
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Sends similar toc the Recent dune sande are sbundant across
the floor cf the Fphemeral iagoon, and it is vpossible that
these sands were derived from areas vhere the ocean waters
were able to crons over breaks in the dune barrier.

There is a sudden change in the nature of the sand
surface of the Coorong floor at the northern end of the
Ephemeral Lagoan; In the ZFphemeral Lagoon snd the Coorong
to the south, the sand surface is relatively flat, and
situated close to the present sea level. But to the north
of the Ephemersl Lagoon, it suddenly plunges below the muds
of the basin greas, deascending to a depth of at least 25
feet below sea level, while its profile becones very
irregular. Iurther, the sends in the Ephemeral Lagoon
contain a high proportion of material derived from the
Recent deposits, whereas those adjacent to; snd underliying
the basin aress have been derived mostly from the Pleistocene
dunes. These changes in the charscter of the sands may
reflect differences in the Pleistocene topography on which
the sands were deposited, but the abeence of kunksr outerops
west of the easstern margin in the Ephemeral Lagoon and in
the Coorong further to the scuih does not suzgest this. It
is connidered to be more likely that sands derived from the
Recent ocean coastline were sbundantly supplied to the part
of the Coorong scuth of Bul Pul Basin and rapidly filled this
part of the Coorong., They may have been ewept across low-
lying parts within the dune barrier by ocean waters ot timee
of storms or high tides, and then reworked by the lsgoonal
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Wators.

The sheltered marine snvironment wes rceplaced by one

in whioch the ecuryhaline organisms of Fauna 2 flourished.
In the new environment, wider variatione in water composition
were shown, probably as a result of seasonal fluctuations in
the rates of inflow of fresh weter and intra-lagoonal
evaporation. It is likely that the wider scasonal
fluetuations of water composition were ceused by & reduction
in the degree of comnnection hetweon the lagoon and the ocean.
This reduction was probably brought sbout by the slosing of
bresks in the dune barrier and the congstriction of the
| exiremal comeetions. The connection at the southern end
of the Coorong probably c¢losed completely nt this time.

Yhen the lagoon became more isolated from the ocean,
fresh waters from the River Murroy and £alt Creek would have
csused mors marked dilution at times when esch flowed than
during the sheltered marine phase. At the came time,
evaporation during summer dould have prodaced higher
salinities, &8 the lagoon was largely cut cff from the
moderating influernce of the sea water circulation, The
nature of water level oselllations would havs been affected,
wiith short~term tidal oscilletions being replaced by
seasonsl oscillations. These extremes led to the extinction
of meny of the faunal elements Tormeriy pressnt, Of the
larger lamellibranchs, only two, Hotospisuls and Flavomals,
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have managed to survive, Both sre confined to the Worthern
Lagoon and nelther are very abundant.

Some time afier the development of the restricted
conditions, a relative lowering of the lagoon water level
led to the stranding of the emerpged lagoonal deposits.
Although the restricted conditions sre refloctsed in these
deposlis, 1t 1s possible that the shell beds containing an
sbundance of Fauna 2 remains were depesited at a time vhen
the lzgeoon water level was plightly lower than during the
sheltered marinc phase, It ie liZkely that the restrieted
lagoonel phaee wae produced by a lowering of water level and
that the appearance of Fsuna 2 in the emerged deposite marks
the beginning of the regression.

The evidence of a ceriain lowering of the water level
within the lagoon sugzgests that the emerged oscean besch
depoelits along the western side of Vounghusband Peninsula
were left stranded by a contemporancous lowering cf the sea
level relative to the land surfage., It is likely that such
a marine regression was a major factor 1n.th§gn1tiation of
the restricted lagcoonal phase. A narine regveassion could
have been responsible for the closing of tenuous connections
between the ocecan and the lagoon across Younpmsband
Peninoula and at the southern end of the Cooronsg, leaving
the deep river mouth as the sole conncction.

The reduction in the intensity of erosion of the shore~

line eliffs end in the amount of sand tramsvortation gcross
the platform areas was probably a result of the restriction
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inponecd on connection between the lageon and ilie ocean.
This effect may have followed the destruetion of tidal
influence within the lagoon. Since that tine, sedimentaticon
on the pletfcrm aress has been confined lsargely to the
accumlation of microcoguina deposite in parts of the plat-
form and the building of besch deposits along the high water
strandline.

The known part of the mud saequence in the central
depression is charescterized by the presence of Fauna 2 and
therefore must heve accumulated during the restrieted
lagoonal phase of pedimentation, lowever, it is not known
how long after the commencement of this phase the deepest
collceted muds were deposited.

Within the central depreesion of the Southern Lagoon,
the interval of change in aragonite and total carbonate
contents and the interval of transition from Founmule 4 to
Feumle B both apnpcar to be responses to ineresses of the
maximim salinity or the range of salinity shown during the
aenmaal eyele of water compositions. Although they do not
show a persistent vertical relationship, they either
coincide or are closely situated in the sediment sequence.
It ie therefore considered that the sediment seguence in
the central dcpression of the Southern Lagoun can be brosdly
divided into two parts, marking minoy sub-divisions of' the
phase of restricted lagoonal sedimentation. This sub-~-

divisien is sinilar to thepresent differentintion c¢f the
Horthern and Scuthern Lagoon.
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(a) fIhe Estuerine Sub-phnsc.

The lowermoet part of the seguence is characterized by
the presence of Tauwmle B, magnesion calelite as the major
corbonate mineral snd a relatively low coarbonste content in
the muds. The presence of Foumuls B and, o & lesser extent,
the carvonate content of the muds, suzgest that these
cedinents were deposited in a mederately extrome environment,
similar to that of the present Horthern Lagoon, The range
cf the anmual salinity changes was prebably lower than that
cf the present fouthern Lagoon and both this and the higher
proportion of argillacecus muds sazgest that the Scuthern
Tagoon was subjected to a higher vate of inflow ef fresh
water. Thus, at this time the Scutherm Lagoon showed
eptuarine characteristics similar to those feund in the
present Northern Lagoon.

The anmual cyele of water composition probably extended
from brackish to morine or hyperssline conditions. IHyper~
'aalina conditions certainly developod during part of the
anmual cyele in the sres scuth of (attle Ioleud, as
indicated by the moderately high earbonate content of the
muds there and the sbsence of any mejor scrpulid
encrustations. The flow of fresk water froa Salt Creek
Point may well have had a moderating influence on the
Southern Leagoon during this time, and may hove been partly
rosponsible for the estuarine characteristics.

(v) Ihe Hig  Sub=phaps.
The upperncet pert of the restricted lagoon phase in
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the Southern Leguon is chsracterized by the presence of
Faunule £, arsgonlte as the major carbonate mineral and a
moderate to high carbonate content in the muds, These
characteristice appear to bo related to a depositicnal
environment similar to that of the present Southern Lagoosn
and thus indicate a high range of sslinitics during the
annual eycle of environmentsl conditions, The present
environment is characterized by s salinity eycle entirely
within the hypersaline range, but it is unlikely that this
iz & necessary pre~requisite for the developument of the
type of sedimentation which proceeded during this sub-phase.

It is likely that fresh water flow from “alt Creek
would have caused at least some lowering of salinities
throughout the Southern Legoon in the winters of most years
until about the year 1920 A.0. when regular fresh water
flow cecased.

The constiruction of an artificial drainage system svuth-
sast of Kingston about the yeaor 1920 halited the flow of
water through Halt Creek in all but very wet years.

Further conatruction of drains since 1950 has led to what
is probably a permanent halting of water flow through the
ercek. Sinee the cessation of influx from Salt Creek, the
waters of the Southern Lagoon oan be diluted only by watere
of marinc end brackish compositions smd by rainfall over
the lagoon itself. There is now a mevked tendency for
dissclved salis to accumulate in the Southern Legocen from
year to year, with only cccasional reversaols, (see Fig. 8 ).
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The accumlation of dlssolved saltis would heve been st o
slower rate snd subjected to more frequent reversals during
the time when the lagoon was subjected to reguler influx of
fresh water at its closed end. Thus, permanently hyper—
saline conditions have most likely developed only since the
cessation of regular flow from the ereek. Between 1920 and
gbout 1948, when the creek last flowed, ths Southern Lagoon
waters may have been hypersaline for long perlods of tinme,
interrputed by occasional winters during which lower
salinities followed flow from the oreek. Prior to 1920,
hypersaline conditions wers probably much more frequently
and effectively diluted as s result of more frecuent flow
from the creek. Fone the lecs, the sslinity range in the
area south of Cattle Islend wos within higher values than
that in the eres north of the island. This is indieated by
the distribution of large scale serpulid setivity, and
perheps, by the greater thickness of aragoniie-rich muds
containing Faurmule A in the area south of the island.

The environmental change marked by the appcarance of
aragonlite and Faumile A may have been a long~term result of
the events whieh initiated the restricted lagoonsl conditions
or it may have been partly or wholly due to more recent
events. In the Stony Well Basin, this change has probably
taken place since 1920 A.D. as & result of artificinl
alterations of the regional drainage pattern, In the area

to the south of the islend, the effcets of the environmental
change are found at a greater depth below the sediment
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gsurface, suggesting that there the change is of greater age.
In thies case, the increasing range of salinities may have
boeen caused by the gradual silting up of the Hell's CGate
Passage or other restrictions on water circulation. The
Kecent dunes in the vieinity of Pelican Point have encroasched
on the lagoon znd the channel connecting ithe lasgoon to the
ocesn. It iz not known when this encroachment took place,
tut the wide ssnd bars aseocisted with the now largely
stationary dunes have greastly refuced the width of desp
water leading into the lagoon. This haeg probably sffecied
the entry of both ses and river water to the lagoon and may
have lessencd the eseasonsl dilution of Scuthern Lagoon water
indirectly by 1tz effect on the waters of ithe Northern
Lagoon. The construetion of reservoirs on the River Yurray
hag reduced the amount of water flowing deom the river at
timen of atrong flow and may have recently roduced the

smount of river water entering the Southern Lagoon.

5.
The environmental chonzes indieated by the encrustations
described previously (pee page 152) supplement the record of

chenges shown in the sediment sequence.

(1) Bryozoan encrustations.

Although the bryozoan encrustations cannot be precisely
fitted into the sequence of events shown by the un-

consolidated sediments, they can be approximately placed.
The encrustotions formed after the main phase of eroaion
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had produced the pletform aress, for they cover many of the
remnant outcrops of kunkar and seclianite. The secondary
iithification of the encrustations followed the extinetion
of the bryozoan crganisms and tock place during the phase of
restricted lapgoonal conditions. FHowever, much or all of
the 1lithification took place before the sppearance of
serpulid colonies in the Southern Lagoon,

It is moet likely thsi the bryozoan cnorustations were
formed during the sheltered nmerine phase, The extinction of
the organisms probably resultied from a mimber of factors
aspoclated with the development of the restricted lagoonsal
phace (see page 155) and was probably one of the esrliest
ef'fects of the restrietion of logoon-ocean connections.

(11) Serpulid encrustations.

Serpulid encrustations developed in the Southern Lagoon
north of Cattle Island after the commencenent of
lithification of the dbryozoan solonics, i.¢. after the
development of the restricted conditions. The Northern
Lagoon, particularly in the vieinity of the River Murray,
was probably similar to the precent envivonuent throughout
the history of the lagoon. It is likely that serpulids
migrated southwards from that reglon ce the near normal
marine conditions in the Southern Lagoon were replaced by
more varisble conditions similar to those of the estuarine
Yorthern Lagooen. The soutimard extent of parmanent
colonies forming large encurstations was probably limited by
the development of selinitics above thosce which the
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organioms could tolerate in the lasgoon couth of Cattle
Island. The serpulid colonice of the Stony Vell Desin
were probably formed during the estusrine subevhase of the
Scuthern Lagoen, for serpulids are at orosent found in
ageoclation with Faumule B in the Northorn Logoon.

The extinetion of the eclenicm on the Southern Lagoon
tock place after the sdvent of Turopenn civilicstion to the
resion. It may have becn a resuli of the scesation of
regular flow from felt Creek, for this event hos had the
effeet of raising the salindity range of the woters of the
Seuthern Lagoon. fxtinetion of the colenies would prebebly
follow the raising of the saliniiy ronce to include
chlorositics above about 307., the maximosm thet the orconisme
con toelerate,

Thus, the recent extinetion of the serpmlid colonics
sugyest thet the location ef the 307, iscehlor line for
summer has shifted northwards Cfrom the vieinity of Cattle
Iglend vithin the last forty yeers or so. Jore recently,

1 southern 1inlt of permanent serpulid growth has shifted
te the vieinity of Doundary Sluif, suzsesiing a continmuaticen
of the nortlward chift of the 307, summer iscchler line.
This may be an indireet result of the risiay salinity rance
of the fcuthern lLagoon, for mack weter from the latter pune
into the FWorthern Lagoon eseh spring and contributes to the

seescnel ricse in sslinity there.



The cmerged lagoonal deposits 2long the shores of the
Coorong snd the emorged ocean beach deposits along parts of
the western side of Younghusband Peninsula were probably
deposited contemporaneously. Owing to the relatively close
connection betwesn the lagoon and the ocean during the phase
of sheltered marine sedimentation, the higher water level in
the lsgoon almost certainly signifies that the sea level of
that time was higher, relative to the land surface, than the
present sea level. The regression which led to the
stranding of the ¢merged deposits may have been ceused by
elther an eustatie lowering of sea level or isostatis uplift
of the region containing the emerged deposiis.

Recent high esea levels at elevations above the present
sea level have been suggested by several Australian authors,
notably Sprigg (1952 a and b) and Fairbridze (1960 and 1961),
but cuch oscillations have been refuted by Shepard (1964)
and others, In the vieinity of Adelside, sequences of
Recent sedimentis showing two separate marine horizons have
veen deseribed by Howehin (1886, 1912, and 1919), Aitehison
and other {1954) and Porter {1961). This succession has
been regarded as indieating two Recont custatie high sea
levels, called by Sprigz (1952a) the Anadarn snd Osborne
high sea levels. Porter {1961) considered that these two
levels in 2 subsurface section along the chores of Eaint

Vincent’s Oulf were caused by a combination of sustatie and
ianstatic movemernts.
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Sprige (1952a) correlated the emerzed depesits of the
South Epst District with the Anadara end Osborme high sea
lovels. He considered that during the older Anadara high
sea level, sbout 4000 to 7000 years B.P., the sea level
gtocod about 20 to 30 feet above present sea level., During
the younger Osborne high seo level, about 1000 to 2000 yeurs
B.P., sea level rope to sbout 5 feet above present sea level,
On the edges of the Adelside Plains, Porter {1961) correlated
a lower marine bed, on feaunsl grounds, with Sprigg's Anadara
high sea level., Shell materigl from this bed gave s
carbon-14 date of 6350 % 153 years B.P. (Porier, personsli
communication), which is within the age estimnted by Sprigg
(1952a) for the Anadars high ses level.

Sprigg (1952a) considered that the shelly sands of the
Coorong, referred to in this investigation as the sediments
of the sheltered merine phase, were deposited during the
Osborne high sea level, lHowever, the Cooreng area does not
fully support the above pattern of Recent sea level
fluctuations, as there is evidence for only one sea leveli
highor than the present sea level. The emerged deposits of
the Coorong area indicate a water level about 5 feet sbove
the present high water level of the lagoon, which is close
to sea level. Pui there ie noe evidence of a second, higher
strandline, either in the form of eroded duncs or emerged
shell deposits to correspond with deposiis ¢f' the Anadara
high sea level in the South Fast District. 1In an environment
such as that adjacent to the lagoon, & higher water level
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should leave some trace of its existence. It may be that
the Anadara deopoeits of the South Fast sre older than the
Recent, or they hove been subjected to uplift after their
deposition within the Recent. In either case there is no
evidence in the viginity of the lagocn of an undoubted
eustatically controlled high sea lovel to correspond with
the Anadara high sea level deposits of the Scuth East
Distriet.

The emerged lagoonal deposits may well be contemporsneous
with other cmerged deposits in the Sputh Jast aseribed by
Sprige (1952a) to the Osborne high sea level. However,
there is some doubt as tc whether the regression in the
Ceoreng region was caused by an sustatic 21l in sea level
and the emerged deposits ere undoubtedly older than the age
of 1000 to 2000 yoars B.P. postulated by Sprigg (1952a) for
the Osborne high sea level, (scze page 206).

The encroachment on the northern half ci' Younghusbend
Peninsula by the Southern Ocean osuggests that there may have
besn some movenent in the underlying rocks within the
Recont. This alsc caste scme doubt on the atability of the
roegion occupied by the Southern Lagoon. Sprige (1952a)
congldered that there was a shallowing of the Coorong Legoon
towsrds the south and that this was due to a progreasive
dowmwarping to the north. The present investigation has
shown that there is not & recgular or progreesive change in

the depth of the lagoon floor. Howover, von der Boreh (1962)
reported a northwerd decrease in the eievation of the surface
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- of the mud flat which surround the lakes in the southern end
of the Coorong. This does suggest that there has been &
tilting downwards to the north, which would be in keeping
with the regionsl pattern of Pleistocene land-warping move-
ments descrided by Sprigg (1952a).

Jecause of' the possibiliiy of tectonle instability in
the Ooerong region during the Recent and the absence of
indieations of Recent eustatie oseillationa in other paris
of the world, es reported by Shepard (1964), it is considered
that the omerged lagoonal snd cceasn beech deposits of Recent
age near the Coorong are more llkely tc huve been stranded
by a slight tectonic uplift than by a sustatic lowering of
sea level,

The age of the regression cannot be precisely determined
en the evidence available. However, muds from two of the
lakes in the scuthern part of the Coorong have been dated by
the carbon-1l method, (Skimner snd others (1963) and von der
Boreh and others (1964)). The formation of the dated
sedimente followed the isclation of the respegtive lakes
from the Cocrung Lagoon which took place @&uring or after
the regression.

The lake concidered by Skimmer and others (1963) is
near the southernmost end of the Cooreng, towards the end of
the chain of lokes called the “younger" lake seriecs by
Aldermen and von der Boreh (1963). A ssmple taken at 19-20

inches below the lsks floor and about 10 inshes sbove the
base of the lake muds gave a date of 3000 £ 600 years E.P.
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(Sizinner and others (1963)). If the averape rate of
deposition for the topmoet 20 inches of mud were maintained
during the deposition of the lowermost 10 inches, the
oldest lake sediments in this leke would be sbout 4000
years old. Thus the isolation of this lake took place
about KOO0 yeers B.P., and the regression coumenced st some
unknown time prior to this date.

Because of its location, the lake sempled by von der
Boreh (von der Boreh and others (1964)) was probably
separated from the lagoon after the lake sonpled by Skinner.
The oldest date nbtained was 2030 ¥ 250 yesrs B.P., which is
probably long after the commencoment of the regression.

Puring ths phase of sheltered marine sedimentation,
the Coorong sppears to have been a single, fairly uniform
body of relatively shellow sea water; for scdiments con-
taining Fauna 1 are found throughout its length. The
marine regression separated the Ccorong intc & number of
parts in which different varieties of sediments have since
acsumulated in rosponse to losal envirenrcental controls.
The isolation of the various lakes within the Coorong
followed the regression, so that the deposition of the
carbonate muds in these lakes must heve boen contemporaneous

with the restricted lagocnal phase of sedimentation of the
main lagoon.
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The "older” lakes of Alderman and von der Boreh (1963),
i.e, those to the east of the Iphemersl ILagvon, were isolated
from the lagoon sarly during the regression, for kunkar
barriers between the lakes and in the channel which comneets
the lakes to the lagoon are at an clevation of sbout 5 feot
above the lapoon high water level, i,e., close to the
maximim height of lagoon water indicated by emerged lagoonal
deposits. Since the regression and the isolation of the
lakes, three sssemblages of carbonate minersls have been
deposited - opderad dolomite, dslomite and magneslite, and
aragonite and hydromesgnesite - depending on the physical and
chemical conditions of the various lakes, (von der Boreh
(1962) and in press),

The "younger" lakes of Alderman snd von der Boreh (1963),
strotching south of the Ephemeral Lagoon, are considered by
these authors to have been mere recently ceparated from the
logoon, In these lakes, magnesisn ¢aleite or magnesian
saleite and dolomlite have been deposited. von der Borch
{1962 and in press) considered that the lakes were forued by
. the suceessive stranding of shallow siretches of the lagoon
by drift sands and earbonate mud, so that the oldest lakes of
this series are at the southern end of the Coorong. The
ages presented by Skinner and others (1963) show that the
separation of the lakee near the southern end of the series
tock place some time prior to 4000 yesrs B.P. Although the
lake from which von der Boreh sampled carbonate muds for
duting is close to the lagoon, the local topography suggestis
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that this lske was separasted from the lagoon vefore some of
the lekes further south were isolated, so this leke is not
one of the most recently separated lakes.

von der Boreh (1962) and Alderman and von der Boreh
(1963) considered thet the-Samphire covered mud flats
adjancent %o the Ephemeral Legoon and surrounding the lakes to
the south were originalily deposited as mixed aragonite and
magnesian caleiic muds within en extension cf the Fphemeral
Lagoon and that the aragonite has pince inverted to calelte,
with magneeium being incorporated within the caleite lattice.
There 18 a possibility that these muds mey have been
deposited as magnesisn caleite slone. The mud sequence of
the main part of the lagoon shows that there was a period
during which magnesian ealcite formed the predominant
variety of caleium carbonate deposited there, and the same
may be true of the Ephemeral lLagoon at that time. However,
the very high eslcarecus sontent of the muds in the mud
flats suggeats that a high proportion of lccally formed
carbonate was incorporated in these deposits, for much of
the mud sequencs in the main part of the lagoon is not as
highly eslesrecuss In the shallow-water environment in
which this carbonste would form, aragonite-yich muds may
have beon prodiuced at the same time that ealceite was the
predominant variety of caleium carbonatc formed in the
decper waters of the main lagoon.

The compositional differences between the muds of the
different lukes and between the lakes and the lagoon have
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reeulted from the segmentation of the Coorong inte
depositional sites which receive water fron d}ffemxxt
scurces. The woters of the lakes are ﬁerivé& primipally
fron rain, localized surface run-off and ground water intake.
&8 a result of local variations, the compositions of the
dissolved salts in the lakes show slight diifferences which
bave been correlated with the compositionsl differences of
the lake muds -~ von der Boreh {1962 and in press). The
lagoon derives its water from rainfall over the lagoon, the
Southern Ocean and the River lurray. The dissolved salts
in the lagoon weter are almost cntirely derived from the
ocean, so that lagoon water is ossentially sea water which
has been subjected to dilution by river water or concentration
by evaporation.

Asccording to von der Bereh (1962), the assemblage
aragoni te-magnenlian calcite is invarisobly assoclated only
with the main iagoorn and aragonite is absent in all the
lake pediments nlong the Goorong to the south-unat of the
lagoon. Some of these lakes precipitate magnesian calelite
alone, but no explanation could be offercd for the non-
gppearance of aragonite., The present investigetion has not
lod to the solution of this important problem. All that
cen be added to the previcus discussion of von der Boreh is
thet the eppearnnce of aragonite in the main lagoon hasg
been a relatively recent event, associated with an incrcase

in the salinity range and the maximum salinity attainesd
during the annual compositional cyele of the lagoon waters.
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Thie was accompanied by an inerease in the propertion of
caleium carbopate in the lagoonal mude, which suggestz that
the precipitation of arsgonite in the lagoon was induced by

a higher rate of carbonate precipitation. [However, the
salinity range chown in lakes precipltating magnesian caleite
elone cxtends io values far higher than those of the lagoon
waters; so the answer of this problem is still not known.

6. Summary.

The history of the lagoon's development, as recorded
in the zediments and organic remnains, shows on increasing
degree of isolation between the lagoon and the ocean., This
haes resulted in =n increasing degree of resiriction on water
eireulation, @ffmtiné both the inflow of water from
external sources and longitudingl mixing within the lsgoon.

In the eariicet known stage of the lapgoon®s history;
the legoon and the ocean were closely connected and efficient
exchange of wnier between thesme two bodics allowed only &
relatively slighi seasonal variation in water composition.
The lagoon was then s sheltered body of sea water, probably
affected to o slight degree by fresh water flow from Salt
Croek and the River Murray snd by evaporation during summer.

Following or sccompanying a marine regression, probably
saused by tectoniec uplift, the lsgoon becars increasingly
isclated from the ocean and the exchange of water between
these two water bodies was restricted. JAs a result,
seasonal varistions in the rate of fresh woter inflow and



212.
in the rate of ovaporation of lagoon water produced wide
fluctuations in water compositions. This oiffect was
sccentuated by limitations imposed on longitudinal water
circulation by the topography of the lapoon flcor. The
latter led to the differentistion of the lagoon into two
paris showing distinetly different depositional environmente.
This differentistion may have been assisted by the eilting
up of the Hell's (ate Passage, Tollowing the loss of
frequent tidal movements through the lagoon, and other
limitations on the entry of water to the lagcon.

The Northern lLagoon deveisped estuarine charscteristics
and formed & site for the deposition of mainly argillaceous
muds. The Southern Lagoon alsce showed estuarine
cherscteristics for & whils, Dut conditions there were
suitable for the precipitation of a significant amount of
magnesisn ealcite. Later, & further envirommental change
cocurred, leading to the deposition of caleium carbonate
at e higher rate and arsgonite replaced magnesian caleite
a8 the prineiple form of carbenste precipitated. Thie
change was elosely assoclated with a faunal change, with
Feaumule A replacing Faurnmle B. These changes indlcate an
elevation of the salinity rangs shown by the waters of the
Southern Lagoon during the anmual eyele of water composition
and the attainment of higher nalinities. ‘his increase
indicatos & reduction in the ability of fresh oF marine

waters to dilute the waters of the Southern Lagoon. It way
have been z reosuli of either o slowly incrsasing restriction
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on longitudinal water eirculation or mey have been caused
by & relatively sudden restriction in one of the narrow
sections of the lagoon. In the Stony Vell Bsein, the
salinity incresse has taken place within historieal times
and is probebly due to the cessation of fresh waier flow
from Salt Creck, This artificially induced ovent may have
only hastened a natural evolution of inorsagingly hyper~
saline conditions in the Southern Lagoon., This, in turn,
may be affecting the Northern Lagoon.

The regreseion which caused the development of the
restricted conditione in the present lagoon areva led to the
total emergence of & large portion of the former Coorong
Legoon. In the cmerged sress, ephomoral lakes wers formed
within depressions in the Pleistocene dune topography and
in the interdunsl depression sast of the Reeent dunes.
These lakes formed sites for the deposition of a variety of
carbonate muds, the composition of which differs from the
cemgwaitior%:antempammmly produced carbonate muds of

the main lagoon.
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CONCIUSICR

The sedimonte of the Coorong lagoon sre charscterized
by the presence of features which are indieative of a mumber
of mejor depositionsl erviromments. As well as reflecting
environmentel conditions in the present lagooen, the
sediments reflect the lagoon's nast history and the
proximity of strandiine deposite which have scoumilated
along the shores of the Southern Ocesn.

Send-sized sediments show characteristics inherited
from their various sources. fuartz and calcareous grains
derived from the Pleistocene dunes show evidence of
ebpasional processes which took place pricr to their final
accumulation in the dune deposits. They also show evidence
of corrosion which has taken place within the dunes prior
to the reworking of the sands by the lagcon waters. Sande
derived from the Nocent dunes, particularly the caleareous
grains, show evidence of abrasion which hes not been caused
by sedimentation processes within the lagoon. VWithin the
lagoon itself, little sbrasion of pand grains is proceeding.
Shell material is being rounded only in strendline areas
and most grains of lagoonal origin have sngular edges.
However, corrosion of carbonate grains is proseeding within
the lagoon.

The orgenic remains which have accumulsted within the
lagoon are indicetive of three distinct depositional

environments. Shslls and other organic debris have been
dorived from:
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(1) open ocean beach faunas of both Pleistocene and
Recent age;

(11) & shelicred, near-shore marine faun

(1ii) the flora and fauna of the lageonal environment,
The corganic remains of the present lisgconal environment

are characterized by the presence of relatively few species
whieh are sbundant. The epscies which are characteristic
of the present eonditions ars the molluseca Joxielle gonfugs
and Diaphoromast;= yersigolop, and the foraminifera
Apmonia becearid; which is charasteristic by virtue of its
abundance and itz predominance among the foraminifera.
The cogonia of the plent Chars mey alse be charascteristic
of the lagoonal environment, dbut specifis identification of
the forms present is required, The ostrasecds of the

Species A aspociation and the ostracoed, Species C, are the
principal organisms csharacterizing the subdivision of the
lagoonal sedimentation into what have been called the
egtuarine and the highly hypersaline phases, These
organisms, too, moy well be indicetive of the iagoonal
environment, but again specific identification is needed.
The detrital gediments of the Northern Lagoon are
similar to those which could be expeated in some true
estuaries, Their only outstanding feature is the
distribution pattern of the mud sediments ond their
relatienship with the adjseent asplian depogits. 4.
sedimentary rocks, these lagoonal sediments could well be
interpreted as an accumilation vhich was deposited within
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an estuary of the hypersaline type, such as those found at
the mouths of streams subjected to periodic flow in warm or
hot climates.

The muds of the Southern Lagoon, however, are more
strongly indicative of an isolated lagoonal environment,

The mineralogical association aragonite-magnesian calecite
appears to be related to the development of highly hyper—
saline conditions in evaporating sea waters, However, it
is likely that post-depositional changes in the carbonate
mineralogy during recrystallization snd lithification of the
muds would eventually replace this assemblage of two
relatively unstsble minerals. The highly calcareous nature
cf the muds, when coupled with their chemical origin,
indicates a low rate of supply of detrital meterisl and

the development of physical and chemical conditions suiteble
for the precipitation of ealeium carbonate,

In the Coorong Lagoon, cearbonate precipitation has
been induced by moderately high pH and water temperatures
and by high salinities, Although carbonate muds of similer
composition have been recorded in less exireme and more
open marine environments, such as the Pahaman deposits
descrided by Cloud (1962) and others, the combination of
such sediments and the organic remaines of the Coorong Lagoon
is dietinetive. A further dietinetive feature is the
elongate shape of the mud sccumulation and its proximity
to asolian sand deposits,

The deformation associated with the dune-mud contacts,
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alithough rare at the present time, could beoome more wide-
apread as the dunce encroach further ontc the lagoon area.
The folded muds are partiaslly dried after their uplift and
become more coherent, so it is poesible that the outlinss
of the long folds sould be preserved within the sediment
#eguence, The form of the folde is distinsiive by reason
of the regularity imposed by tho unigue rolationship betwsen
the advancing dune-mass snd the thick mud peguence.

In many rock seguences; the presence of algele
stromatolites essociated with shellowswater carbonate
depoeits has boen interpreted as indicative of a lagoon-like
environment, In the Coorong Lagoon, 1t aypearel that a
gimilar association could have been present, However, it
is considered that the laminsted ocolumnsr and dish-ghaped
bodies along thas shores of the lagoon have tieen formed within
the weathering profiles of the Pleistocene dunes and that
they are not geretically related to the lagoonal enviromuent,

The Cooreny Lagoon markes a transitional zone in vhieh
the non-narine, carbonate-producing environment of the
Ccorong lake nystem grades into the marine environment of
the Southern Uvean, Within the lagoon, environmental
conrditions progressively become less favorable for the
development of carbonate-rich suds as the influence of the
River ¥urray and the Southern Ocean inerecses. Under the
influence of thesc two water-sources, the isgoon showe a
northward gradation from hypersaline lagosnsl conditions
in which ecarbonates form a large percontaze of the
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contemporary mud sedimenits to estuarine conditions in whiech
detrital sedimentation is predominant.

-
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ADEENDIX A

Grain size distribution curves and tabulated
characteristies of sands,
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IABLE 3,

Charscteristics of dune sands.

Recent Sample

dune sandg, No.
B.11
B.12
530
Peile
P.i5%
Psib
Poi7*
P,18

Z
1.64
2.61
2B
2452
173
2.29
1.40
135
2,51

Celeiunm

Carbonate
61 %

1 905

0.3h 35
¥ 03!3- ki
Oslely 37
0.7 W7
0,64 40
0462 50

* Theee two samples are rewvorked dune sands at the

lagoon shore-line,

Feathered Sample
Plelstogons cands, No.
pink sand P.21
siliceous sand P22
siliceous sand CI.6
siliceocus sand 8W.410

Clay +
I 811t .
- 13.0
- 113
- 26,4

D58 he62



TABLE L,

Churacteristics of lagoonal sands.

Celeium
a. Platform sands Sample Carbonate
Southern Lagoon. No, "y 1
8.1 2.03 0,37 1
B3 0.62 1,50
8.5 145 1,56 22
8.9 133 1.70
$.13 1,65 1,55
Se1ilt Ce?t 1,02
S.16 283 0,92 32
B.6 1.6 0,61 50
?05 3.&9 0&75
P.6 2.56 Q.12 43
P.9 1.88 1.77 24
P.12 1.19 0,84 36
C47,0-6% 0.68 1.18 95
C.85,0-2% 2:46 QM5 11
cc85,28‘51" 2602 0;31 30
C.88,18=-21" Te15 1461
Ce92,43-46" 1.57 1,37 80
b. Zphemers]l E.13 1.90 0.35 L2
Lagoon. E.18 2,47 - 51
E.20 2,60 0,52 Lhy
e N.3 2.10 0,52
N.4 2.19 0,59
Be5 2,18 0.4

perged lagoans 8422,36=12% 2.72 0,88
m- S. 23, 2’:&“’36” 3;1 8 0 ul-!-7
He,1 2.20 0,8



APPENDIY B

Tabuluted summsry of X-roy diffraction photographs.

The ration "aragonite : caleite" refers to the relative

intensities of the strongest reflections given by these two

minerals. The abbreviation "csle.” indicates thet calcite

iw cither the only or the predominant calcareous mineral

precent. The following symbols have been used :

X denotes that the appropriate pattern is strongly

shown;
x denotes that the pattern is moderstely strong:
T denoten that the pattern is weak or Paint.



TABLE 5

Composition of muds in the Fphemersl Lagoon.

Somple Depth  fArag= Cale- Ratio OCaleium Caleite mol @
Tio. (inches) onite ite  Arag.: Corbonate a(112) 4gCoy
Cale. % (%)

E.1  Surf, X X 2:1 3.019 6
B2 - X X 231 89 3.023 5
Ee3 . X X 221 20 3,028 .
Lo & X X 231 3,028 3
Beb X X 311 3.011 9
Eeb " X X s 34011 9
EoT " X 4 3:1 3.015 7
E.8 " X X 1 3.028 3
5e9 " X X 131 3.015 7
Ze10 - X X 131 3.019 6
Fell 0=1.3 X X 2n 85 3.011 2
Tel1 1.3=3 X X 311 3.028 3
£.12 h=7 X X 34 3.015 7
Zollt Owl,.5 X X 231 a8 3.019 6
Be15 0oHet X X 513 3.019 6
Te15 NHo5=5e5 X X 231 3.015 7
BT 2wl ¥ X lpsd 3.015 7
Bel19 1-2 x x 21 3.015 7



Sample Depth
(inehes) cnite

o.

() Surface memples,

Composition of muds in the Bul Tul Bssin,

Bet tarf.
Be2 "
Be3 N
Bels "
B M
Ce2 01,5
.20 0=l

(b) Cores.

%492

Ceb

G=t.5
1213
16.5=19
19=-20
232l

10 5=l11 o5
h8-119
53=54
6-8

19-21
28«29
29=30.5
37'3'3805
38.7-39.8
391=33,8
L1O=lt1 .5

Arage

X

4

oM Mo

EL A

Eal e B B T T B S T B L T e

ABLE

Cale-~
ite

PR B

e

MMM M MMM MM M M oM M oM R

HgCO,

10

e S B - e W e

13
17

15
19
15

fatio Caleius Caleite mcl %
Arag.: Carbonate 4(142)
Calc. % (3)
=31 34007
221 50015
231 5018
231 &5 3.013
231 3023
231 &t 3.013
Th
231 a1 3.013
21 B 2.998
131 2.986
C.l21 86 2,986
Gale, 8z 2099&
Cole, 89 2.982
1310 2.994
1:10 76 2,994
2:1 50093.
2:4 3.013
1:5 2,994
Cale. 5,001
Gale, 2,980
2 2.999
2 34001
2 2.992



TABLE 7

Gomposition of surface muds in the Salt Creek Pasin.

Apag~ Cale-

{inches) onite ite

Sample Depth
Ro.

G235 O
ﬂ & 30 Q .»5"’1 . 5
c.uéz O=3
Ce 6) Q=345
£415 Surface
S0 N
£.5 "
Se6 %
He7 N

8. 8 "
2,10

S e
Sa%12

o

ET

R

# X oM

vop o M MM oo

b4 M

¥pOU

10
6

7
10

3

Batio Caleium Caleite mol &

irages Onrbemte a(112)

Cale. o (&)
334 3.007
134 3.019
211 34015
221 &2 3,011

58

231 53 3.023
i249 52 3.023
2:% @& 3,001
221 34018
231 35.010
221 34018
224 3.018
224 3.018
221 3,044



TABLE 8,

Composition of mude in cores from Salt Creck Banin.

Sample Depth Arag- Cale~ Hatlo Calelum Caleite mol &
Fo. (inches) onite ite  Arag.: Carbonate ﬁ(%é%} HEGO,

Lale, /
Co23 Qw2 x X 331 3.007 110G
6-7 ¥ p.4 21 3003 11
7=11 z A 21 3.011 9
18 ; X LTy 2,99, 1%
27-29 X X 231 3.000 13
33-3.5 X X 1:1.5 3.00h 11
030 0.5=1.5 X X 131 3.019 6
L=t X X 231 3.019 6
6=7e5 X X 131 3.015 7
TSl X X 2:1 3.015 7
B85 X X 31 3.028 3
18-18,8 X X 31 3,023 5
25-26 X X 531 3.023 5
F1=32,5 X 2:1 2.99 15
Ao di=35 X X 231 34006 IO
39“‘490ﬁ X X {'1,33:1 2.9% 15
13e5=hlte3 X X 0821 2,95 15
5}1@-3‘1&&96 X X 1:3 2,990 15
15,6~116.6 x X 115 2.9%0 16



Sample Depth
(inches) onite 1ite

¥oe

G0

C.19

C.62

D=2
12=13
24 .,6-23
33=3e5
39=411
h3-145
LT TR
h3-50
50=51
5452
52«54
Sl=hitie 5

1E-18
58«50
£5-68
72=72
7517

0=3

67
2022
27.5=30
57+5=39
1 8-50
53«55
57 «5=60
61,564
6hi=-66

Arag-~ Calce
4 X
X X
£ X
X 4
%z X
t 4
£ X
P X
f X
X
¥ X
X X
i d X
¥ X
X X
- X
¢ X
iy X

Ratie Coleium Caleite mol &

Arage.: Car
Calc.

2:1
21
224

Zalcs

Gale,
Cale.
Gale.
Cale.

2:1
2:1
231
221
0.8:14
132
Cale.
Cale.

Cale.

nate 4(112) Hao
% (4)

63
62

37
L9
53

3.015
3015
2,998

2.998

2.998

3,002

2‘9?’,‘
3,015
2,977
3.006

3,011
3,015
2,990
3.002
3.006
2,994
2.998
2.994

3@%6

7
7
13

13

13

12

Q.

3



IABLE 8 conte

Sample Depth /‘rag- Cale~ Ratio Caleium Qaleite mol ©
Yo, {inches) cnite 1ite APAg. t G‘ezrbamte a(112) cigm;

Cale. (&)
Cei5 0=2 X X 224 53 3,023 5
36-30.5 % 62
53=55 66
55.5-58 X X 231 54 3,003 11
61-62,5 X X 11 34013 8
66-66.5 P X  Oslec. 3,013 8

72-73 S0



Composition of surface muds from the Policeman's
Point Basin,

Sorple Depth  Arage- Cale- Ratio Coleium Onleiite mol £
¥o. (inches) cnite 1ite  Arag.: c‘m}a@mw a(;g) HgC0y

Cnlo.  #
C.69  O=h e X 2321 55 3.011 9
LT Q=2 x X 21 53 3,019 6
C.78 O=3¢5 X X 2:1 3,018 6
Pt Surfoce X X 121 3.028 3
?.8 ® 4 X 231 51 3,023 5
¥$10 " X X 2:4 5% 3.023 %
Ps11 5 X X 221 3.019 G
P = X X 2:1 3023 5
Pa3 . ) 4 .4 231 3.019 &
a7 L X X 2:1 o 3.023 5
P2 s X X 1:1 3,028 3
C.77 Om1 X 4 221 56 3.028 3

G 0?6 0—»1 ﬁg



TABLE 10,

Composition of muds in cores from the Policeman's
Point Bagin.

Ssuple Depth Arag- Cele- Ratio Crletum Caleite mol 9
¥oe. {inches) onite 4te Arag.: Cartonate &(} }‘ :’;:) 3&@,01}3

Cale,
G.69 Ol X X 231 55 34014 9
5e5im8 5l
G2 X X 31 53 34023 5
13«16 52
18-21 X X 334 56 3,019 6
25=27.5 X X 231 50 3.006 10
275=28.5 X X 131 53 2.998 13
29:’8"’30&5‘ X X 1:1.5 53 2.998 13
37=39 g X Cale. by 3.011% 9
215 o X Gale. 36 3.015 7
P Owd X X 231 56 3.028 3
6=8 53
20=22 51
22=24 57
28=29 X X 231 43 3.003 1
30=32 X X 2:1 3.003 11
36=37 L3
38«10 32
L6-1L8 L2
hé=53 3
C.78  0=3,5 X X 244 3,018 6
16=-17 58
22a23 F 4 X 254 3,018 6
2h-26 I X 124 - 3.003 11
2931 - X Cale. 3.003 14
33=39 38

53-55 h&



TABLE 13,

Composition of muds from the Uattle Jeland Baein,

bamz:le Tepth Arsg- Cale
Fo. {(inches) onite ite

C.80 0=3.5
912
31-33
bl B
4.8=50

C.84 O=2
T=845
9-12
20-24

hi-418
52=56

C.83 0-2
4~-18
2545=32
33=36
48«50
56-58

S
%

i

“h

Fa !

Sy
%

s ]

e g
P!

'

%
]

s e

s Tl |

X

M o4 Mo

Egﬁﬁ

b
oW w A

LB TR T

oo W

Ratlo Caleium Caleite mol ¥
4rag.: Carbonate a{(112)
{}ﬁ}.ﬁ » o % (_ﬁ )
211 52 3.028
3 Iy 3,011
1 36 3,013
Cale,. 36 3 991 3
- Gale, 3013
2:1 3023
1214 3028
424 2.998
Calce. 3.018
241 A 3.028
Cale. 3.028
Gale. 25 3.033
2:1 53 3028
Calc. 3 3.018
Gale. 3.01 9
20
Calc. 34 3,028
Gale, 34033

el



IABLE 12,

Composition of surface mude in the Stony Well Basin,

Sample Depth Arag- Cale- Ratio Caleium Caleite mol %
No. (inches) onite 1ite Arag.: Carbonate &{’é E%) Hg00,

Calc.
G.85 O0=2 L3
C.87 Om2 X b4 221 94 3,019 6
C.89 01 X X 234 e 3.023 5
Ce91 0~=3 X % 231 38 3,033 4
.92 02 X - X 234 3.028 3
.93 0~2 50
Gl Om2 X X 231 46 340232 5
.95 O~1.5 X X 224 4 3.028 3



’1‘*?1

Composition of muds in cores from the Stony Well Basin.

Somple Depth Arsg~ Cale= Ratio Osloilum Caleite mol &
Ho. (inchen) onite ite  Areg.: Carbonate &(E'}ﬁe}‘) %gC05

Calec.
C.87 w2 X X 2:1 51 3,019 6
2e5=345 - X Cale. 35 3.019 6
7=8 33
11=12 o X Cale. 3.014 9
16=16.5 ho
19«20 - X Cale, 3,015 7
20-21 35
.25 n5"26tﬁ 27
30-31 - X Uale. 35 3023 5
L2H2,5 - X Calo. 2h 3.028 3
55=57 - X  Cale. 3,028 3
57-59 21
C.89 0~ X X 211 hé 3.023 5
Ju X X 281 h5 3.023 5
2=3 X X 231 34023 5
Sl b3
5uf X X 121 ah 34023 5
12-13.,5 X X 1:2 38 3.018 &
17=20 T X Gale. 35 3.003 11
20-21 r X Cale. 2¢ 3.023 5
2h-26 o7
26=-28 - X Cales 27 34033 4
39412 - X Calc. 38 3.018 6
L8514 - X Gale. 3.028 3

53~56 16



Saaple Depth  Arag- Cale- Batio Caleium Coleite mol &

fo. (inches) onite ite  Apsg.: Corbonste 4(112) ¥sto
Cale. 2 (X) 3
0«90 12=1h .5 X X 41 38‘ 3,028 3
23=26 30
29~31 £ X {sle. 32 2,993 15
3hy~35 4]
35=-36 o2
36-38 28
L8-51 16
60~63 - X  Cale. 19 3.033 1
85-89 17
103~107 - ¥ Cale. 16 3.018 6
Cal G2 o X 241 L6 34023 5
9mt1 - X Cale. 33 3,013 8
28«34 - X Cale. 19 3.023 5
o=l 3 - X Gnle. 17 3.033 1
095 0145 X 4 231 i 3.028 3
GoI5  B8.5=9.5 4 X 112 3,028 3
4 2% 1& e X Golo. 32 3,003 41
16~19 - X Cale. Zh 3.013 8
25 45=32 - ¥  Csle. 16 3,008 10
Slim58 - X  Cale. 16 3,028 3
.96 12-18 4 X Cale. 3.011 9
ZM-34 - X  Cale, 3.018 6
.97  39-41 - X Osle. 3.023 5

4852 o X Uslea 34033 1



Sample Depth Arag- Cale~ Retio Osloium Caleite mol %
¥oo. (inchen) onite ite Arag.: Cerbonate d(} z ? ) mﬁ%

Cale. o
G.98 21-24 - X Cale. 3.008 10
28-30 - 4 Cale. - -
3«33 - o Calo. - -
G:93 h5-10 X X 14 37 3.028 3
G99 2h -0 £ X GCole. ez 2033 4
36-38 - - = = =
39mds2 - - - - -
hl-h8 - b Caloe. 3.028 3
50-51 - o Cale. 18 3.023 5
G100 12-15 X X 114 28 5.031 2
G111 6=-8 x X 131 3 3.032 2
18-20 - X Cale, 25 3013 a
38=38,5 = X Cale. 2 3,036 -

}43‘44?@5 - ’t Gﬁlﬁ - 3;923



ABLE 4,

Uomposition of muds from the FVorthern Lagoon,

Somple Depth ‘rag- Cale- Rotic OCaleiam Caleite mol 9
Mo, (inches) onite ite Arag.: Garbonste d.z(} }ﬁ) glo.

Cale.
ot Surf., - x Cale. 10 3.C32
Ho2 Surf. - : o Cele. 7 -
G112 0-2 - x Gule, 17 3.032
5w 15

12=-19.5 113
141951 : 15



TABLE 15,

Composition of Emerged Lagoonsl Huds,

“omple Arag- Cale~ 4(112) mol ¥ Wigh Dolo- 4(112) mol ¥ Argil.
No. onite ite (1) HECO; éngile mite (4) %gC0y Clays.
e, ™

(2) Shell Umit,

Ba7 - X  3.032 X = - - -
8017 - X 3.032 X - - - -
B.9 £ £ 3,033 x - - - =
9% .9 £ T 3.038 X - - - -
(b) #ud Unit.

B.10 - X 2,998 13 = - - - -
5.18 - T 2,988 47 - £ - - -
£.,19 - X 3,008 10 ¢ - - - -
£.20 o X 3.018 6 = X 293 64 -
P.13 0" x X 3,002 12 f - - - -
Fai3 12" £ X 3.006 10 - - - - -
Se27 - X 2.998 13 » - i k= -
5.28 - X 3.015 7 x - - - -
P20 P k-4 2.998 13 s - - = -
SW.8 - X 3,011 g ¢ - - - -
W7 £ X 3.018 6 - £ 2.940 67 £
5021 - X 3,008 10 - £ - - -

s ]

HG .4 - X 2,998 13 -



6(412) speecinge of caleite in kunkar and assoeisted

wenthered Plelstocene Yonde.

e gy
(2)
(a) Runkar,
B.8 3.037
D.2h 3,029
Se25 54033
3.26 3,033
3.038
3,028
3.028
(b) Pink Sand and Silicecus Sand Unite.
.49 34,033
Foe2t 3.033
0T,.4 %4038
PR 34028
01,2 3,033
GL.3 5,033
CI.3 3328
99 .1 5.037



fiineralopy of shells and other organic doposite.

shell {st the surface) : Aragonite.

g shell (3 feet below the surfacs) : Aragonite.

mmonia shell (at the surfsce): Caleite.
W shell (living) : Arogonite.
mila sheil (8 feet below the surfses) : Aragonite.
ig shell (at the surfree) : Aragonite,
Flovomala sheil (at the surfeee) @ Aragonite.

Mytilue shell {(at the surface) : Caleite.,

Algal encrustation on immersed kunksr csuteron ¢ Aragonite amd

mognesion

caleite.
Enorustating tubea (oce page 124) @ Hagneslan

caleite,



Selected core deseriptions.
The following cores have been selocted os
representative of those collected and used in the

construction of Figure !0






inches
0"‘1 05

4 15“"‘7

T=11,5

1"545"‘15-5

15@5“1 6&2

1(":‘1»2”18;3

GORE C.2,

Pnle grey, sandy, granular mud, with no interstitial
matrix betwgen the lousely packed sgoregateos ond
graing, Agagrepotee and graing are well sorted
and about 0.1 mm. dizmeter. Istracode avundant,
Goziglla and ostrscod- rich lemina at base,

White granular mud, with close-packed and maﬁging
grains. Ostraccds sbundant. Tine fibres common
and randomly oriented. Few thick fibres. Grades to:
Granmular mud, lcosely packed. Slightly pelictal
belcw 8", pellets common below 13,5%. Ostracods
rare tc common, ebundant below 13.5", grading to
an castracod lamine between 14,5 and 1h.5". Thiek
fibres common and sub-vertical between 9 and 19Y,
Vew Upxiells below 8", Sharp contaet at 14.5%,
Grenular mud, partly pelletal at the top. Agoreg-
ates close-packed. Ostracods incressing downwards
¢ abundant at 15.5". “herply defined bace.
Alternating laminae of hemogencous and greaulsyp
mud, with the agzrezetes merging, Ostracoas
COMION

Vhite, loocsely packed, gramulzpr mud. Ostracceds
abundent, inercesingly frecuent below 18%, srading
tc an ostracod lewina at 18.3". Ammnonia end
Coxielly rare, 1 bryoczean frorwent,

"hite, loosely packed, srammlsr mud. Ostracods

conion and thick Pitres common,



SORE 0.2 ponts
Iinchos

R Thiuly laminated whits ond nale

7 matd, fn peprd
showing merging egpregates. Davi green and yellows
green Flbre-besring isminese ot L UBEracads
somnon, flot-lying. Urades dowsn to:

20=-22.) Thite grenuler mud, eggrepnten glongepocited et top

but becowring more loosely ves

grading o granmaisr svd pelledvsl mud at 2%,
Osracods common, inoremsing i abundant st 217,

and osirsceod-rick beitween 227 pnd 22047,

]
o
b 4

sa’v"
N
X!
]

A%

“elistal mud,

83
N

FeD=25e1 Pule grey, homosencous mué, Tew 8lizhily derker
culoured streaks. dgtraceds o

1ying.
2lete2h Fainily lominated, finely srooaler an? homoge

o sngd flote-

mad and ostirncod-rich laning

P Sale grey homopencous nud. Ootvacods comuon o
abuzdentand flst-lying, inercsning 1o outraccde
rloh below 26.5%,

27«2%.3 Thiniy leminated dark srey, prenny-srey and white

homosenecue mud, it

iy lominee and
Tew ostrsced laninse. Chera aosanis rave in cone
lemines, Two lenines of Pine Pibvce.

2iel=31.5 Very psle grey, f:intly lomirates hemogoncous ad,

-"‘a’n‘ ]
-b»&g:

Uptrasods rare and flat-lyinge.

very rare and flet-lying.



Inches

31:5=32.5

!\‘ 1
£
L5
A
{
L% ]

9 5“‘" 10

LT BT PR S

iiﬁ & 6‘-}42

CORE C.2 sunt,

Faintly laminated, very pale sud pale prey finely
granular nud. Uatracods comion snd flat-lying.
Yew lorge fibres below 32%, flat-lying.

Very pale grey, homogenecce mud, apatraceds rayre.
Felow 33.5%, greduslly becomes finely granular,
with zbundent fragrmented eostracosd teote. 21ishtly
pelletal at 35%. fikary basal contact,
torogeneous mud, cstracods sbsent te rare, srodes
down to

Hemogeoneous and granular wmud, cotraceds sbundsnt.
Diatonms rapidly inercesing below 36.5%, greding to:
Distom lamina, with o few mud sgpregstes but no
interstitial mud,

Coxiclla~rich mud, with distome becoming less
frogaent downvards.

Pale jrey, loosely packed, Tinely gremalzr mud.
Fragmented ostracod tests slundant. Pew Uoxiells.
Tnercasingly pellstal below 38.5", with ceteacod
conient inercssing dovnwards to an ostracod lomina
at 5%9.5%,.

Pelletal mud, ositrscod-pieh, grsding down to 3
Homogeneous mud, cetrsceds rarce sptracods,
Loxiolls ond Disphovopacira sburi@mg in basel
loanming,

Pelletal mud, with ostraced content inereasing

dovnwrard to an ostrsccd lowirs between N1.7% and hWou



CORE C.2 cont,

Inches
hW2e42,7 Oetracod-rich homogencons mud.
ho o Te=h3" Irvegulaxly laminated grecenigh groy mad, with

flet-lying ostraceds abundont in some laminac.

h3-13,5 Greenish grey homogencous mud, ooiracods sbundsnt,

irerescing dovnwards o hanal ostrecod lomino,.
h3.5=lt el  Tocsely packed very pale greg,sroralar mud,

Ostracsds rare, inereasing below 135,77 and zrading
to an osotracod lamina from Wi to fhea1v.

hhei='5,8 Pale grey homoscneaus mwude Sutroccde abseant o ¥
TArc. Grades to granular mud with ostirecods

incrsacing at 415%, Tew Coxiclla

below 15%, Credee downwarde tou 2

h5,8=56. Ostracod lamina, with Sfragnmente of

Disvhoromactrs comyon, snd ocoronier of “hora rare
WG hmB0 Pale grey, loosely nueked pelletal snd granular
md,0straceds abundent Larpe fibres conrone. Few
Coxiella and Disphoromsctra nesr 48%, Tew Ammonis
throughout, but rare to common nesr 8% end bhelow.
Gogenis of Chara rere below Wi, Shelly,ostracod-
rienr lemine at 50%, with & sharply defined base,.
50=51,5 Moderately dark grey hoemogencous mud, with few
fregmented osiraecod testo, Sharply 4dcfined basal
laming with sbundent Cexlelle, esbtracceds and large
fibres between 51.1" and 51457,
51.5-51,5 Finely sranular, close pscked mud. Lptraced teste

and fragments abundant,



inches

e H=55

microcoquina.’ Amronia commnon.
55=56 Granular mud, ostreceds abundant. dany shelly

lsminse with Coxiella, Disphor

ra, and Apnonis,







SORE
Inches.
0-2.6 Pelletal mud, ostracod-rich at the base and at
0.1, 1.8-2,0", 2.,3-2,6".
2.6-3,14 Thinly laminated, slightly fibre-bearing mud.
3,1=6,2 Very finely granular mud, close packed and
merging sggregates. OUstracods common and flat-
lying. Ostracods sbundant 5.6-6.2".
6.2-8.5 Slightly fibre-bearing, homogenecus mud, grading
to slightly gramular, Ostracode common to
abundant and randomly oriented.
£.5-9,.5 Homogeneous mud, ostracods sbundisnt and flat-—
lying.
9.5-13 Thinly laminsted, alternating homogeneous,
granulsr and ostracod-rich mud., Ostracode
ana fine fibres flat-lying. Rapidly grades to:

17-17 Homogensous and slightly gremular mud, ostracods
common to sbundant. Chara very rare.

17-19 Ostracod lamina at 17" above finely granular
mud, Ostracods rare and flat-lying.

19-21.3 Abrupt change to slightly pelletal, finely
gramular mud with loose packing. Ostracods
eommon, increasing downwards near the base to:

21.3-21.3 Ostracod lamina.

21.3=23.3 Slightly granuler and homogenecous mud, ostracods
common to sbundant and flat-lying.

23,3-211,5 Faintly laminated mud, with alternating homogeneous

and granular laminse.



Inches.
221- e 5’211' 07
2& 97"’27

27
27-28
28-32

32"3f4- n?

3)-5- ¢ 7"’37

37-u1

hA-iy1.5
44 o5=15.7

CORE C.40 cont,

Ostracod lamina.
Slightly pelletal and slightly granular,
homogeneous mud, Ostracods rare to common,

Very few Coxiella and large fibres. Grades

‘down to:

Ostracod lamina.

Homogeneous mud.

Slightly grenular and homogeneous mud. Ostracods
rare to common and flat-lying.
shells, flsat-lying.

B8lightly pelletal and homogeneous muad. Ostracods
common 3o abundant, randomly oriented, decreasing
in frequency downwards. Fragments of Diaphoro-
magtre inereasing down to nierocoquina lamina
3 3"

Pelletal mud, pellets 0.2 to 0.25 nm long, no

interstitial mud. Ostracods rare tc COmMmMON.

Homogeneous mud, few Digplhopomsctra;

and Species C ostrecods. Ammonis-rich laminae
below 4O¥.

Faintly laminated granmulasr and homogeneous mud.
Finely granular mud merging to homogeneous mud.
Sand laminse at 43.5". Diatoms coumon hh-lth.5",

very rare below. Ammonis and Species C ostracods

very rare to rare, Grades down to:



Inches.

47.5-18 Faintly leminsted and besnded gramlar mud, with
several Ammonia-rich laminae. Coxiella,
W and Species C ostracods rare to
common.

18-149 DPelletal mud, few Species C ostracods and

49-52 Homogeneous mud, few Species C ostracods,

3 o and Ammopin. Pelletal mud
50.,5~51", Diatoms common near 51.5".

52+56.5 Slightly muddy Ammonig-rich microcoquina.
Diatom-rich 52-52.5".
and Species C ostraeods common. Pew flat-lying
fragments of Flavomals below 54",

L18DHOTONAC Y




‘,.Z
0




CORE C,62,
Inches.
0=5 Homogeneous mud, ostracods and Ammonia Very rare.
5-5.8 Granular md, ostracods sbundant.
548=6 Fine~fibre bearing mud.
6-8 Finely granular mud, ostracods common.
8~9 Granular and pelletal mud, ostraceds common.
9-1h Laminated and thinly laminated mud, ostracods
very rare; slightly sandy and shelly lamina
at 13,5 in.
1h=14,5 Thinly laminated green and yellow-green fine
fibre.
11.5~19,5 Thinly laminated mud, slightly fibre-bearing,
and partly finely granular. Optracods and
Ammonia common., Both abundent 16 to 17 in.,
ostracods sbundant 18 to 19.5 in. Lamination
fades below sbout 18 in.
19.5=20 Very finely granular mud, (aggregates 0.05 mm
diam.). Orades down to:
2022 Pelletal and granular mud, ostracods rare.
22-22,25 Lamina of ostracods and send.
22.,25-23 Homogeneous mud, wstracods sbundant.
23 Sand lemina. )
23-24,.2 Ostracod rich homogeneous mud.
2l ,2-25 Dark grey finely granuler mud, osiracods very
rare.
25-26.5 Gremular and finely granular mud, ostracods very
pare, Amponis rich lamine at 26.5 in, Very faintly

laminated.



ORE C,62 ¢

Inches.

26.5~27.5 Laminated and thinly laminated fibre~bearing
trad, grades down to:

27.5~31.5 Finely granular mud, Ammonis
Sharply defined base. Grey-white above 33 in, »
pale grey below,

3he5=-36 Faintly and unevenly laminoted mud, ostraccds

conmon to abundant.

scommon,
36=441.5 Very finely grenular mud (aggregates 0.03 to
0,05 mm diameter). Grades to pelletal 37 to
37.5 in. then to Pinely granulsr (aggregates
C.12 mm diameter) and a few pellets.
11.5-42.8 Homogeneous mud diatoms rare at 42 in. Few
Ammonig.
1.2, 834 Faintly laminated, slightly fidre bearing mud,
Apmenia very rare.
Wit 7 Gramilar mud,
L7-48 Homogeneous mud.
418~50 Gramular and very finely granular mud, with a
sharply defined base and Coxlella at 50 in.
20=51.5 Homogeneous and very finely granular mud, very
few Ammonia.
51,5-52.5 Very finely gramular mud, Ammonis rare. At
52.5 in. is a thin lamina of sand, Ammonig teats
and "Speeies C" ostracods.
52.,5-56.5 Moderately dark grey gramlsr mué (aggregates 0.125
to 0.25 mm diameter). Ammonia rare, but common



Inches,

56¢5=56.75
56075"58 05

5805615

61.5

61.5-62
62-62.2

62,2~6l

CORE C.62 gont,

at 55.5 in.

Sand and Amponie lamina.

Silightly éh_elly granular mud. Ammonia,
Disphoromsetra and ostracods each rare.

Sandy Ammonis-~ and ostracod-rich lamina at
58.5 (¥icrocoquina).

Homogeneous mud, diatoms rare tc common down to
60 in. Ammonig common, "Species C" ostracods
and Coxilella rare to common, increasing shell
content towards the bese, wilth inereasing

Sand lamina with a sharply defined base.
Thinly laminated mud.,

Diatom-rich granular mud,







CORE C.87,
Inches

O=2 Very fine grained, well sorted, sub angular and
sub rounded quartz sand, Few Coxiella ostracods
and Chara oogonia, Tor half inch very slightly
muddy. Sharp base.

2«-2.,3 Pale grey homogencous mud, ostracod-rich.
Sharply defined base.

243-4,5 Hedium grey homogeneous mud, ostrascods common to
ebundsnt. Thin lamina of Coxiella and granular
mud at 2.5 in. D3 pohoxrons
Slightly gramular below 3 in. to 3.5 in.

lls lamina at 3,5 in., with a few Chara

heB~Hs3 Above grades down to muddy snd slightly muddy
microcoquina of fragmented Coxiells, and many
Ammonia snd white mud aggregates,

6.3-6,5 Homogeneous mud, ostracods gbundant,

6.5-8.9 TFaintly laminated mud, predominantly homogeneous,
with & few mud aggregates and a few ostracods
down to 8 in. Below 8 in. osiracods are common
in thin laminae, and thin laminas of white
granular sué are found. Gramuilar and ostracod-
rich lamina at 8.9 in., grades down to:

9+9.1 Granmular white mud, no interstitial mud matrix.

Coxielln fragments common.

9,1=9,8 8lightly muddy ostracod-mierocoquina with abundant
fine white gramular mud. Tests flat lying.



Inches.
908"10

15.5=16.6
1‘ 606”1 7

17=-17.3
1?&3"1 80‘-‘-

1 8 02&“‘20 ,2

20 & 2"21 05

21 95“22 05

CORE C nt

Homogeneous mud lamina,

Ustracod microcogquina, with sbundant white mud
lumps, of very fine send size. Shell fragments
and Ammonia common. Chara oogonia common. Few
Coxiella tests. Very little interstitial mud
matrix. Less shell and less mud sggregates below
12 in. Ostracod tests flat lying.

Homogeneous mud, OStracods COMMON.

Ostraccd microcoquina, pelletal mud at base. Pew
pellets and mud sggregates in ostracods.
Homogeneous mud, ostracods common to abundant.
Dark grey pelletal mud. Pellets tend to be
merging at the top, but clearly differentiated
lower down. Cradually incressing content of
oxiells downwards to a Coxiells~rich lamina at
18.4 in. Pellets 0:25 x 0.8 mm., Sharply
defined base.

Getracod microcoguing, with close packed and flat
lying teete, and some fine mud aggregates, but no
interstitial mud metrix (mud aggregates are sbout
0.05 nu dismeter). _

Homogeneous mud with many incoherent pellets in
small patches, Ostracods rare to common,

Coxlella and a few 2

Ostracod microcoquina, as 18.4 to 20.2 in.

mmonia ot the base.
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Inches.

22.5-23.5 Pelletel mid, o2nd ontracods common, Coxielln and
fine Pibres common &t the base.

23.5=-2h.5 Pelletal mud. Coherent pellets, 0.25 to 0.3 mn
long, 0.06 to 0,08 mm wide.

2l 527 Homogeneous mud. A burrow of vollets (which are
0.35 mm long) extends vertiecally down this bed.
The burrow is 0.2 mm wide. Pew scattcred
Disphorgmastra, Ammonia and ostracods. 25.7 in.:
an gatracod lamina.

27=27.5 Slightly muddy microcoquina of ostracod tests with
fine vhite mud sgpregsaies, and some incoherent
peliata.

27+5=~30 Fomogeneous mud. Anponis common. Scattered
Coxielln, Disphoromagtra and Flevomala, all flat
lying.

30«30,5 OGramlsr mud, pelletal in part, and inside
ostrocod and Coxiells tests, pellets may be scen,
with no muddy matrix between the pellet and the
shell wall. Few Cgxiellp and Apmonia and
ostracods very rare.

30.5=31.5 8Bhelly gromular and homogeneous mad, pelletal in
part. Ostrecods common. Ammopla-rich thin
lamina at 31 in.

31+5=-34 fhelly granular mud, no muidy metrix. Ammopiga
and Coxiella sbundant.
lamina at 34 in.
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Muddy mierccoquina of Diaphoromactrs and Ammonig.
Homogeneous mud, very few shells.

Pelileial mud, with moderalely cohervent and
incoheront pellets (pellets 0.15 to 0.2 mm long).
Few ostracods and very fow Coxielln.

Faintly leminated homogenecus smd slternating with
shelly mud, containing Cgoxiells and ostracods and
ostracod laminae,

Coxlella lamina.

Gramilor and diffusely pelleial mud, Pew diatoms,
Coxjelic end Ammonis.

Coxiells homogensous mud,

Diatem-rich granulsr and diffusely pelletal mud,
grading to globular pelleis, 0.2 mm diameter.
Sharply defined

base, rich in diatons.

Diatom-rich homogencous mud, fow scattered

Hierocoquina of complete tests of (oxiells,
g2 and Smmonis. no mud matrix,

Hany paired valves of Diaphoromscira.

Disphoron

£helly homogeneous, dlatom rich mud, alternating
with disturbed microcoquinga layers. Sharply
def'ined basme, with th: topmost lemina of the
underliying bed pellstized.



Inches.

50.3-50.6 Siightly grenulsr wud, distoms rere., Sharply

50.6=60

defined dase.

‘Homogensous mud, diatome rare, and Sgxiells and

Amponts rare down to 53 in, then generally absent,
51.8+52,8 slightly shelly, with Coxiella and
Anmonis.

One pellet burrow below 53 in. and one Coziella
shows vellets preserved internally.

55 in.
with no mddy matrix,
Diatomn rare to common below 58 in.

59 %o 60 in. Slightly shelly mui. One pair of

trg mierocoquina,
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Homogencous mud, chelly 1" to 1.5%.

Wuddy siercccguina of complete ond fragaented tects
np
cf Goxlelln,

8lightly pelletal aud homogenecus mud. Diatoms

Maphoronsetra and Jgnsniz.

gbundant to flocd 36% to 38" gnd predominsnt
38" to 39%. S1ightly shelly bolow h3%,
Microeogquing, becoming muddy towardn the bere. Few

flat-lying chells ond fragmente of Flavomnals.

Diatom=-rieh homogerecus mud, few scattered Coxiells
Disphoromacira and jmionlo.
Shelly calcarenite,





