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ABSTRACT

Surficlal sediments of Gulf St Vincent;'South Australia, are

. predominantly‘bioclastic, cool—temperate carbonates. Benthic‘foraminifera
are abundant and dlstr1but1on of spec1es is closely related to water

» depth For example Hassilina milletti is most common at depths
.ca 40 m, wh1le Discorbis dimidiatus is. character1st1c of shallow,
subt1dalsenv1ronment55 Elphidium crispum, a shallow water species, and
E. macélIiforme, favour1ng deeper water prov1de'a ‘useful. numer1cal
ratio; AThe1r logar1thmic relative abundance, in the sed1ment ‘size fractlon
0.50-0.25 mm, correlates strongly w1th water depth

Vlbrocores SV 4 and SV S recovered und1sturbed sect1ons of Quaternary
bstrata from the deepest part, ca 40 m, of Gulf St Vincent. lAm1no acid *
lt;‘racem1sat10n and rad1ocarbon age determ1nat1ons ‘show that Late Ple1stocene
:sectlons of the cores were dep051ted over the tlme ‘ca. 45 000 to 30 000 yr
"B.P. Spec1es of foss1l foram1nifera. recovered from these sect1ons, are

mostly extant in modern Gulf St Vlncent thus allowxng palaeoecologlcal

‘1nferences of Late Ple1stocene sea levels.

\ These inferred'sea~leve1 maxima'can be correlated with those determined
Afrom study of Huon'Peninsula coral reef terraces. In1txal est1mates of
'tectonlcally corrected sea levels for transgress1ons in Gulf St V1ncent at
31,000 and 40 000 yr B. P are. —22 m and -22. 5 m, respectzvely The

1nterven1ng regress1on lowered sea level to —28 m.

A
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1IN T R o}D‘Ule.T Ion
| QUATERNARY SEA LEVELS \

“Glacio-eustasy, geeidal eustasy,'isostasy.and lecal'andvregionals
tectenism are generslly recognisedlas the nain:causes of sea level change
in the'Qdaternarf (e.g;-ﬁalcott.'1972} ﬁﬁrner;‘1976ﬁ dlerk et al., 1978;
_Beard et el., 1982;‘Kidson; 1982). ,Apart fren»the indirect data provided
by isetope studies of foraminlfera from‘deep sea cores‘(émiliani._196l
1972 Chappell 1974b Shackleton. 1982). absolute changes of sea level and
geograph1c var1ab1l1ty are still poorly known for much of the Quaternary.
The. best data for the past 140 000 years comes from the Huon Penxnsula,'
where succe951ve sea level stxll stands are preserved in a sequence of -
tectonically elevated fr1ng1ng reefs~(Blopm et al...1974; Chappell, 19145,
g 1983;_Chanpell end Shaekletqn,~l986);' Aleng nore tectonicslly stable
‘TlepastllneS, sueh as those of nustralie, duaternary sea levels are recorded
1.as:dlscentinuous.shoreline denosits (Marsnell_and Thom, 1976; Veeh et all,
1979; Pickett et 51.; 1985; Ward, 1985)'and‘as onelapping:énd of f-lapping
marine’strata_on the shsllow continentel shelf (Hails et-al;,‘1984 a,b). o
In'tnis study,'ne'report on'sea-levels interpreted'fron shallow marine
strata depos1ted between 30, 000 and. 45 000 - years B.P. 1n’¢u1f St Vincent,

-Australxa

| GULF ST VINCENT

'.Cnlf'stﬂvineent (Fig. 1) isla'shallew‘elongete embsyment on the

» continental shelf of southern Australie. Tt is approximatel§ 7000 kmz in
area with a mexlmum depth of ebout_db m.- o |

The Culf is'eomplenly fault bounded-wltnAFlenrien-Peninsdla'tn the
- east.lfnrke Peninsula te'the_ﬁest and, ln'ﬁart,_by'kangaroo Island to the
south. These faults reflect Cambro—drdovician structural trends that were
‘reactiveted in the. early Tertiary by the separationlof Australia and
iAnterctlca. st»vincent Basin; thus'formed, centains 5 significant record
of Tertiary and Qdaternary sedinentation'(Dally et al., 1976. references
therein). Present day Gulf St Vincent has resulted from the latest

(Holocene) transgres91on 1nto this Bas1n,
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Detalls of the phy51ca1 oceanography of Gulf St Vincent have been given
-by Bye (1976) He cons1dered water c1rcu1at1on w1th1n the Gulf to be
‘pr1mar11y related to preva111ng w1nd d1rect1on Water moves from the open
'ocean northwards adjacent:to Yorke Peninsu}a-and returns southwards along the
.eastern coast. Circuiation is more'restricted inbmost northern waters where,
in summer;isubtidal,salinitw may-exceed~61é7oo.
lhihe wave regime of Gulf St Vincent has beenpdiscussed_by wwnne et al.
' (1934).e The conf1gurat10n of the Gulf is such that preva111ng south westerly
‘winds generate waves of maximum fetch.along the eastern coast south of
Adelaxde.' Ade1a1de heaches are subJect to a lower wave energy regime which
. generates northward'iittoraljdrift.: Exceptlunder‘stormAconditions, wave
_energy towards the head of the Gu;f is.very.low.j' .
: Shepherd and Sprigg (1976) have:descrihed aspects'ofbthe.substrate,
sediments'and subtidal_ecOIOgy'of Gulf-St Vincent.; South of Adelaide, :
‘.sTertlary strata.form submar1ne outcrops up to 5 km from the eastern shore,
-.and submerged re11ct beach deposxts,pformed durlng Pleistocene txmes of
lowered sea level,eform prominent features of the near shorejculf floor.
'Around much'of the Gulf coast, and in shailow'subtidal areas near Adelaide,
‘fstronély caicreted marine sediments:of‘the iast’interglacial sea level high
) stand (ca.125 006 yr B. P Belper1o et al. i9845 are covered by only a thin
. veneer of Holocene sands and muds. |
seagrasses and algae'are‘extensive throughout thesculf | Amphibolis
antarctica and Posidonia australis often form dense monospeclflc,
subt1dal meadows wh11e; espec1a11y in deeper water, other species occur as
‘clumps or_scattered plants \P auscralis meadows cover vast areas of sandy
sea floor;' In the upper part of the Gulf these meadows extend from low tide
level to a depth of about 10 metres, while to the south they may grow to
depths of about 20 metres Northern 1ntertida1pareas, such as at Port
Gawler, display a well defzned zonation of seagrasses,fcyanohacteria; mats,
mangrovos and samphirer. Cann:and'Costin:(léas).have documented the
significance of these communities_in the:production and fixing of Holocene

sediments at Port Gawler.



4.

There_is'little inﬁut of terrigenOUS sediment into Gulf St Vincent from
gflUVial systems. - Streams oni the eastern 51de flow only intermittently,
'ma1n1y at t1mes of w1nter rainfall and no major streams flow into the Gulf
‘from Yorke Peninsula. : Slliciclastlc components_of Gulf ‘sediments are most
' pronounced in near shoreiareas to.the-south;of Adelaioe.where coastal erosion
is reworking the outeropplng Tertlary'and Quaternary_strata. Away from these
: areas, bioéenic caroonate becomes increaslngly significant.. Sands and muds
comprising greater_than 90% biogenlé calcium carbonate .cover more than half
the floor of Gulf St V1ncent l A

Little is known of the older strata beneath Gulf St Vincent. Results
reported hereln are part of a mult1d1sc1pl1nary .research program aimed at
elucldatlng the Quaternary geolog1cal h1story, palaeocl1mates and former sea

levels of the Gulf
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‘.VIBROCORES AND OTHER SEDIMENT SAMPLES

V1brocores.w1th a diameter of 85 mm‘and.up to d:m long were obtained
usihg an electrically.driven vibrocorer depioyed.from a‘harge. Positions
were fixed using shipborne'radarf A seafloor orofiler, checked by -
leadline, was osed to determihe.vater‘depth. later adjusted tollow water
_datum‘using local tidal reeords._ vibrocore sites were selected to lie
alohg a defined transect (fig. 1) into the:central Golf; 'Two shorter
transeots were»vhdertakenvin'shallowiwater.near-Port_Cawlerr Seafloor grab
samples were obtained'at'eaoh vibrocore'site.and.theSe‘were-examined to.
-deteraine geheral sediment characteristics and‘faunal cohtent.

Vibrocores Were.carefullv split in the\laboratory; ohotographed;
'>lithoiogica11y-logéedfand,subsampled.‘-Sieves were used to'separate major
} sizo fractions which:were.then examined microscooioally;' Bulk
carbon/carbonate analyses were done_on small:samples_bonyro;ysis at

500°C and 1000°C for 2 hours each.

RADIOCARBON DATING

Large f05511 b1va1ves extracted from. the sp11t cores were washed dr1ed
>and subm1tted for dat1ng at the C.S.I.R. 0. Dlv1s1on of Soils, Radiocarbon
Laboratory. Adelalde After removal of surf1c1al contamlnants. a dilute
ac1d.wash was_used to remove about 10% of the'odter laYers of the valves.
ﬂThe oystcr Ostrea anqasi 1s suff1c1entiyAlarge that dating could be
'undertaken on 51ngle valves Th1s spec1es is found free lxvxng, or
sometlmes f1xed, in water depths of 2 to 20 m around low wave energy parts
of the Gulf coast. (Ludbrook 1984) Its valves are composed entirely of
calcite. For'smaller mollusc species, Katelgsia thytiphora (intertidal
'cOcklej and thahys (Eqdichlamys) bifrons (subtidal scallop), several

valves were digested to prov1de the,requisite sample size.



AMINO ACID RACEMISATION DATING -
| Fossil bivalves were extracted:from the_aplit eores. AEncrustations and
other surface features‘were initially‘removed fron the shells using a
variety of notor driwen dental tools. Speclmens were then sonically
cleaned in dilute hydrochlorie acid and dlstilled water and subsequently
processed for AAR analys1s
Analytical procedures -followed thoseldescribed by Kimber and Milnes
(1984), Cann_and Hurray-wallace (1586)-and Murranyallace and Kimber |
- (1987), and after Kvenvolden et al. (1979) and _FEank_ et al. (1978).
Analyaes werelperformed on the total aeld hydrolyaate, a-complex‘mixture of
polypeptides, smaller peptidesband free amino acids.
FORAﬁlNIFERA IN HOhERN.SEDlMENfS,.GULF ST VINéENT
Grab samples of bottom sediment from”vibrocore stations'sv 1 to Sv 18
;(Fig..l) were boiled in fresh water to break oown organic dehris and
generallyafacilitate disaggregation. They were then wet sieved and
sediment of sand slze (2.00-0.063 mm) was retained. Foraminifera were
concentrated-from these sand fractions by flotation on tetrabromoethane
.The dried foramxnlferal concentratea were further s1eved into phi graxn
" size fractlons for microscopic exam1natxon. ,For each sample. percentage
abundaneea of foraminifera species were oetermined for the fractions
: 3_1Loo—o.so mm and 0.50-0.25 mn.
f-U se of these ph1 fract1ons, rather than the ent1re sample has’ been
‘d1scussed by Cann and Gostin (1985) They emphas1se the following points:
Larger 1nd1v1duals in coarser fract1ons requ1re lower powers of
mlcroseope magnlflcatlon, enhanc1ng accurac; of 1dent1f1cation,
'separationiand countlng of foraninifera.
. In finer fractions, Juveniles const1tute a h1gh percentage of the
foraminifera. Spec1es 1dent1ficat1on is often difficult,
_partloularly for miliolid genera. For example, juveniles of

Triloculina often exhibit quinqueloculine coiling.
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. 'Smaller tests_arezmore.easily winnowed from their enuironments of
Aorlgin to.he deposited elsewhere. They are therefore potentially
less valuable as palaeoenvironmental.indicators. |
DuringblntraenvironmentalAtransport. snaller, more fragile species-
_‘are more prone to chemicalAand nechanical destruction than. larger,
more robust forms. | |
Preservation~£aVOurs_larger‘individuals~that are less prone to

solution.

FORAMIblIf‘ERA ni v.IB‘RochEs“_sv 4 ANp" sv'5

| _From the spllt(cores, sanbles of about-lOO cm3uof sediment uere taken
' at 20:cm.interuals They were processed as described ahore} except that
‘Tforam1n1fera were not concentrated by dense 11qu1d flotatxon.

| Prev1ous work (J.H. Cann, unpubl1shed data) has shown that relatlve
abundances oflforaminxferal specxes in concentrated and unconcentrated
sediment samples are essent1ally the same. ‘An except1on to th1s
obSeruation has been-Nubecularia'iuleuga; Some " forms of this species .
have open planlsp1ra1 chambers that do not encloseialr / Such forms
therefore_cannot be concentrated by.flotatlon. Thus N. 1uc1fuga is
'over;reoresented'in the unfloated vibrocore«samples hx comparison with the
floated grab samples |

For each grab and. core-samnle .percentage abundances of specles were

determ1ned from a count of at least 200 randomly selected 1nd1v1duals, in’

the phi gra1n s1ze fractxons 1 00 to 0.50 and 0.50 to 0 25 mm



:tR E é ULTS
'\)IBRocoRE AND O'T.HEAR. ssoinéwr SAMPLES
Vibrocores reeovered from theﬁeasternISlde of cﬁ;: St Vincent
penetrated a'thin ﬁeneer‘of.Holocene'narlnedshelllsand resting
'Adisconformably‘on calcreted‘narine'strata; _Theselpedogenically altered
.sedimentslwere deposlted during thenlast interglaoial sea level maximum.
They. are locally known as the Glanvlllezfornation*and have been dated at
110,000 + 19 ggg yr B.P. (cann.‘19?8- Belperio.et al., 1984).- Vihrocores
from the deepest waters of central Gulf St V1ncent, in partlcular cores SV 4
and SV S.‘penetrated‘a relatively unaltered Plexstocene sequence apparently
'h yoonger'than the last interglacial deposlts. Sediments recorered in
vibrchres'SV 4 and;SV 5 were.selected;for detailed analysis
SQ 4 and SV 5 sites lie at the northern end of a central, elongate'and
ersentlally flat sea floor (Fxg 1) Core SV 5 reeovered almost 4 m of
sedlment from a depth 3. S m shallower than SV .4, Figure 2 illustrates the
general 11thology of these corea Colour_boundar1es;at 65 cm in core SV 4,
.and 53 cm in core SV S, mark the disconformitfabetween Holocene and
‘ Pleistocene marine'sedinents. .In core SV 4 the lower 25 cm of the Holocene
interval contains 1nd1st1nct 1ntraclasts, 51m11ar to the underly1ng
sedlment and.probably reworked from it. Both cores penetrated more than
2 m of the underlying. unllthified, fossiliferous’oarbonate mod, deposited
a’during an'interstadial.hlgh-sea level} '
The interstadial sedimentlisAa‘rather homogeneous; caloitic mudAwith
A variahle_proportions of.shallow‘marine bivalves,.gastropods,.foraminifera
land other'miseellaneous'bioelastio-debrist_ The lack of- lith1f1cat1on, and
the prosence of well preserved aragon1t1c fos51ls such as Katelysia
Chlamys and Batillaria,(1nd1cate that, apart from»a little iron oxide
stalning,.no slgnifioant'diagenesls has'oocurredt Intense-pedogenic
alteratlon} such as prevlously observed in_olderlﬁleistocene marine

sediments of northern Spencer Gulf (Billing, l984) is noticeably absent.



RADIOCARBON. DATING -
Vibrocores from sites SV 4 and SV 5 yielded seven radiocarbon dates

-

which-are presented in fable 1. Below surficial Holocene sands and muds,
the .marine'sediﬁehts are éf‘Late Pleiétécene age.  Individua1 shell dates
indiéape that LateAPieistocene ﬁarine Sediﬁehtation,éccurred between 45,000
énd 37.900 yr B.P. at sv 5, and.at.site'Sv 4: frﬁm about-36;000‘to~

30,500 yr B.P.



. TABLE 1:

- Radiocarbon Ages for Cores SV 5 (Water Depth 36.4 m)

K and SV 4 (water depth 39.9 m)

Laborétéry Co.re Depth “Elevation* 6‘ ’C PDB.‘ ' Coﬁventional b;léferial
Code ' Core (em) .~ (m) - E 1% age yr B.P. Dated -
cS-545 s - 2 - 36.7 1.4 194o'i_90 " Chlamys (Bquichlamys) bifrons
cs;546_' sv'55  .140 "~ 37.8 1.4 B 137,600 f izgg '," kateiysia rhytiphof;f, .
CsS-547 sv5 16l -~ 38.0 0.9 > 40,000 Ostrea angasi

1'»¢sf662 . SV 5. 195 | 384 2.72 . - 37,700 j 3000 6stréa-a#9asi‘
Cs-548 - - SV’§  570;. -_40.; 1.0 }45,;oo'f gigg . Ostrea angasi

, ¢s-549».:' SV 4 59 | -’40,5» 0.8 ' 3ofsoo'f-ggg Ostrea angasi”.

és-sse 1.4 36,3oo'f 1450 Ostrea angasi

sV 4

279

o= 42.7

1250

. * Sample elevation relati-ve, to present mean sea level..

"ot
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AMINO ACID RACEMISATION DATING |

Derxvatlves of b1valve shells from vibrocores SV 4 and SV 5 were
analysed for leucine,'valine and isoleucine ("total acid hydrolysate").
Hesults of.D/L ratios'for these amino acidS‘arebpresented in Table 2;_ For
. calibration; representative‘anlno acio D/L ratios forlkatelysla
rhytiphora from core SV 5 are.compared nith values for established older
and»younger inoivlduals’of the'same'species from.elsewhere-around South .
AustrallaA(Fig. 3);: The older.specinen Was taken'from last.interglacial
(ca. 120 000 yr B P.) sedlments whlle the younger was a Holocene shell of
known 140 age. The specimens from v1brocore SV 5 are_clearly older'than
» Holocene and younger than the lastAlnterglaclatlon; ‘A confident age
' est1mate of 30 45 Ka B.P. (latest Plelstocene).was obtained for core SV 5
u51ng th1s callbratxon (Hurray—Wallace 1987)

Amino ac1d D/L ratlos for K;.rhytiphora and for.FuIvia -
“tenuicostata'from vibrocore SV S (Tahle 2),-ano‘fr0m other Gulf‘st
Vincent data.(Murray—Wallace 1987),.show little intergenerxc d1fferences
in relat1ve rates of racemxsatlon for these species : In contrast, Ostrea
angasi racemlsesAat a fasterjrate. D/L ratlos for F: tenuicostata in..
core SH 4 may thuslbe compared w1th thoselfor both th1s specles and
.l K. rhytiphora in core sv 5 _JH1th one enceptlon analyses of

" F. tenuicostata and K rhytiphora from core SV 4 are 51m113r to those -
‘Aof the des1gnated latest P1e1stocene sectlon ofAcore SV 5. The spec1mens
'from 58 to 64 cm in core SV 4 are clearly of latest P1e1stocene age,
though they Occur_as'reworked‘foss1ls'1n'the»basal, oyerlying Holocene

sequence.
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. TABLE 2: Extent of amino acid rﬁcemisation in molluscan fossils from
- vibrocores SV 4 and SV 5, Gulf St Vincent

. o o . amino acid D/L ratio "total acid - ‘
Core ©  Species - Depth in . - hydrolysate" - Age

Site 7 Core (cm) LEU “VAL ALLO/ISO ASP+
SV 4 Katelysia rhytiphora - 58-60 ° 0.29  0.19 0.19 . 0.45
: , . 4°0.006 + 0.003 + 0.002 + 0.02
Fulvia tenuicostata - 64 ~ _0.22 - 0.12' = 0.15 _ 0.32
: : ©4.0.002 #0.004 + 0.005 + 0.002
Ostrea angasi* . . 58-60  0.49 .. 0.33  0.49 0.45 . All Late
e Co +0.003 + 0.002° + 0.009 + 0.02  Pleistocene
I T R _ o . T ca. 30,000 - to
Fulvia tehuicostata © 247 ' .0.28 . 0.19 0.22 0.41 45,000 yr B.P.
© £0.003 4+ 0.003 + 0.005- + 0.02
'Fulvia tenuicostata 277 ' 0.33 0.24 £ 0.30 . 0.40
- S + 0.01 -+ 0.005 + 0:004 + 0.001
Sv 5. ?circompﬁaius. . S o o ) ) .
' disjecta - : 25-27 ~  0.11 ° ~ 0.05 . 0.05 0.26 Holocene
Katelysia rhytiphora 54 © 0.28 " 0.23 0.23 0.46
K: rhytiphora = - 138-140  : 0.29  0.25  0.25. 0.42
- Fulvia tenuicostata 200 - -~ 0.28 = .0.23.  0.26 0.45 Late
o ' . o e T : Pleistocene
F. tenuicostata . 219 . 0.28 0;18 0.24 0.43 ca. 30,000 to
. " S . o . o ' 45,000 yr B.P.
K. rhytiphora - - . .35 .. 0.28  0.26. © 0.26- 0.45
K. rhytiphora . '369  0.29 . 0.20  0.18 . 0.45

* LEU-leucine VAL-valine ALLO/ISO—-béalloisoleuCine/L—isoleucine’ ASP-aspartic acid

* 14¢ age of this specimen 30,500 + 653 yr B.P.
At o S~ 600"

t Aspartid acid D/L ratios are artificially high for the Late Pleistocene specimens
 due to co-elution of y-amino-n-butyric acid with L-aspartic acid. ‘' The Holocene
specimen was analysed before this problem occurred.
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FORAHINIFERA IN MODERN SEDIHENTS 'AND. IN VIBROCORES SV 4 AND SV S, GULF ST
VINCENT
For each grab-sanple‘along'a transect the percentage distribution of
all species of foraminifera comprising g S% of counted 1nd1v1duals, for at

least one site, was determined and compared with water depth profiles

(Figs; 4, 5). Figure 4'shows percentage distributions.Within size fractions

».‘1 00-0.50 mm and 0.50-0.25 mm, across Gulf St V1ncent from St Kilda on the

east coast to Edithburgh on the west Water depths of stations on this
~transect range from about 15 m at SV .1 to 40 m at SV 4 Figure 5 shows
percentage distributions in more shallow waters near Port Gawler, while
Figure 6, modified from Cann and Gostin (1985), shows the occurrence of
-maJor specie" across the broad 1ntert1da1 Port Gawler sand flats

» For v1brocore SV 4, downcore distributions of foraminifera species are
’shownias Figure 7a for size fraction 1.00-0. SO mm and Figure 7b for the
. smaller fraction.O.SO—O.ZS mm. These figures show distributions for only
those speciesAconstituting 3’5% of randomly coonted 1nd1v1duals (> 200),
for at least one s1zeAfract1on_subsampleAdown the»coreLl Simxlarly, data
" are presented for wibrocore SV 5 as fignre éa and b.
CAlLl statistically 51gn1f1cant spec1es recovered from grab samples

and/or V1brocores are 111ustrated 1n Figure 9 and 10.
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AD-I"Sbc-U Ss I o‘u.
|VALIDITY OF RADIOCARBON. DATA |

’Considerahle debate has‘occurred-over past decades'as'to the
re113b111ty of C .age determinat1ons in the range 30, 000 yr B P. to
. 45 000 yr B.P. (e g. ; Olsson et al 1968; Horner, 1971) and consequent
"}1nterstad1al sea level 1nterpretat1ons (Thom, 1973) Age
determ1nat1ons > 30 000 yr B P are less rel1able than younger ages
because'results can be'strongly affected by.minor contamination, and
large standard deV1at10ns can result from l1m1ted sample size.
_Collectors and dating laborator1es are now more aware of these problems,
-and sample pretreatment_to remove snperflcial contaminants is a
fundamental part of radiocarbon analysis; In this'study. the risk of

sample contamination has been reduced, whereapossible by use of large'-

. s1ngle spec1mens .of the calc1t1c oyster Ostrea angasi, and by carefdl

sample handling and- pretreatment ~In other cases, where molluscs such as
;Katersia rhytiphora and Chlamys (Equichlamys) bifrons were ‘used
:‘for-rad1ocarbon dating (or am1no_ac1d‘racem1sation analys1s), the

: mineralogY’was in all cases aragOnltel ﬁOurAconfidence in‘the reliability
of the dates obta1ned 1s h1ghl1ghted by both the excellent coherence of -
_datcs ‘down the cores, and the 1ndependent conf1rmat1on of a 30,000 to
45, 000 yr B.P. age range by AAR analysesrof adJacent samples The
.fallure to obtain a.finite age for sample CS 547 resulted from
1nsuff1c1ent sample rather than the presence of dead carbon and the
"result does not contrad1ct the other dates We are thus cOnfldent that
mthe strata in cores SV 4 and sV 5 were dep031ted in the t1me interval

45,000 to 30 000 rad1ocarbon years B. P.
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FORAMII{IFERA IN HODEiRN ASEDIMI.':INTS .
| The relative'abundance of many-species.of foraminifera in Gulf st
,V1ncent 1s clearly related to water depth (Figs 4—6) for example,
Discorbis dimidlatus (Fig. 10 1,3 k), present in moderate numbers on
1ntert1dal sand flats (Fig 6) _is extremely abundant in shallow subtidal
areas (Fig 5) and essentially ‘absent from deeper Gulf waters (Fig 4).
Several species of Triloculina (Fig 9 v,w; Fig. 10 a—h) conspicuously
increase in number w1th 1ncrea51ng water depth (Fig 4) while
*Ammobaculites reophaciformis (Fig. 9 a b) is abundantly distributed
.'through 1ntermed1ate depths of about 20 30 m (Fig 4)
QuinqueIoculina lamarckiana (Fig 9 h 1), in the smaller size fractlon,
.shows a particularly good relationsh1p between abundance and water depth
(F1g. 4b)p as does Massilina milletti (Fig. 4; Fig. 9 s,t,u), a
,Acorrelation4alread}'noted for Spencer:Gulf.lto the west of Yorke_Peninsula
li(Cann.and Murray—wallace,.l9§6). |
.'7Some species occur'in.statisticallyisignificant numbers.
' discontinuously;sin more than one environment For example Peneroplis
mplanatus (Fig. 10 n, 0) is a maJor component of ‘the foraminifera on the
«1ntert1da1 sand flat (Fig; 6), 1ts'numbers decreasxng seawards to just a
ifew percent. In shallow subtidal env1ronments (Fig. 5) the specles is no
‘longer present in s1gn1£1cant numbers, but in deeper subt1da1 waters,
15—20 m, it again'constitutes,a large component ‘of the foraminiferal fauna
- - (Fig. 4). | |
As mentioned in methods above, Nubecularia 1uc1fuga (F1g 9g) 1is not
-'adequately represented in Figs 4- 6 because these data are based on
\samples in wh1ch foraminifera tests were concentrated by floating on
_tetrabromoethane.’ Some forms of N._lucinga have open chambers and |
Atherefore cannot be concentrated by flotation._ |

lo better understand theidistribution'of‘this“species,.additional grab
samples from various water depths in Gulf st V1ncent were examined They_

were processed as for previous samples, except that tests were not
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‘concentrated by dense liquid.flotation.. Nubecularia 1uc1fuga proved to
dbe cxtraordinarily abundant in shallow, subtidal nearshore environments.
For cxample, in 2.§.m of water, in‘the vicinitypof Largs Bay near Adelaide
_;(Fig.-l). the:species-constitutes morefthan_loifof theitotallforaninifera
: f fauna in‘thebl.OO:O.SO mn sizedfraction3 and nearlj 50% in.the smaller
size fraction-' In deeper Gulf waters the species'isirare'to absent.
'These observations 51gn1f1cantly qualify the percentage distribution
diagrams_gFigs 4— 6) and constitute essential additional data for
interpretation of the cores;
Of.particular 1nterest is an inverse relationship.that ex1sts in the ;

linumerical distribution of the two common Gulf species of EIphidium
E. crispum‘(Fig. 10 r, s) is abundant in shallow subtidal env1ronments
Ab(Figs‘ 4b 5) while E maceIlIforme (Fig 10 t u) is more common in

decper parts of the Gulf (Flgu 4b). Thus.the ratio of E. macelliforme

o to E. crispuﬁ is consistently <f0.1.in water shallower than 10 m,»but

. "increases to values 1n excess of 30 1n deeper parts of the Gulf.

Regre551on analyS1s of water depth versus logarithm of the Elphidium
ratios for all Gulf St Vincent surficial samples indicates a S1mp1e linear
relationship w1th a correlation coefficient of 0.95 (Fig. A11a) This
- relationship is of 1nterest because“of its potential use as a_qualitatiVe.
‘and'quantitive-palaeo water depth and palaeo sea'level indicator.

| ﬁ:however, it is apparent that other-physical factors} besides water
»1depth, can: 1nfluence the Elphidium ratio Similar data have been
prepared for Northern Spencer Gulf (Fig 11b) While_a consistent
‘:relatlonship between the ratio and water depth can again be demonstrated,
::a given ratio corresponds to shallower water than in Gulf St Vincent. For
\ example a ratio of 1.5 corresponds to a water depth of 28 ‘m in Gulf St
'Vincent but only 17 m in Spenter Gulf By comparison-with the present

study area, northern Spencer Gulf waters are .shallower, less influenced by

the open'southern ocean, and are consequently'warmer'and more saline. The
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hretio ef E. mecelliforme to E; crispum as an:indicatqr df,water depthA
is thus'sensitive to thehpreseht geographic variability of ehvironment
within the'South Australian-culfs. Th1s has a major bear1ng on the.

appllcat1on of the technlque to 1nterpret1ng palaeo water depths for the

Plelstocene sedxments.

" FORAMINIFERA IN VIBROCORES
._Doﬁn core pertentage'distribdtions_of fdraminifere épeciee ih

vibrecores sV 4.(Fig.‘7 e,h)-and SV 5 (Fig. 8Ae,b).have,
‘“.palaeoenvironmentaljsdgnificanee, ﬁarticularly with reference to Lete
Pleistocenetsea levels.' Suceessire:changee in ﬁater depth’for sites SV 4
and SV 5 can be 1nferred by compareng foram1n1feral dlstrlbutxons through
the core with those of present day Gulf St V1ncent sedlments The degree
of resolutxon of such 1nferences is l1m1ted by the downcore samp11ng
1nterval which, in th15‘study,iwas 20 cm. | |
; vxsadcoes'svla

V1brocore SV 4 recovered Late- Pie1stocene sedxments depos1ted w1th1n
the 14C t1me constra1nts of 36 ooo + 1450 yr.B.P. -and 30, 500 + 650 yr B.P.

: - 12 50° 600
The Holocene/Ple1stocene d1sconform1ty 1s 1nd1cated by a d1st1nct colour
boundary at 65 cm. | | |

As’ 1nd1cated ebove numbers of Massilina milletti re11ab1y
‘ correlate pos1t1ve1y with water depth The relat;ye‘abundance.of this
‘fepec;es in the.Plexstocene interval pf,the‘cere; size_freetion

1.00-0.50 mm (Fig. 7a) infers the fdlloﬁihg changes in water depth during

Sedimentation; o S
base of recqvered core to 266ecm. - water shallowed
2§o em to 180femA ;‘:water‘deeﬁened
h180 cm to Idd em' ; -Water sheilowed

100 'cm to 60-cm - final Pleistocene regression
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Within the samebsize fraction; these inferences are supported by
corresponding:inverse distributions of Penéroplls planatus, their
'larger numberslindicating deposition>in shallower waters. Haximum
numbers of Discorbis dimidiatus at 80 cm show that during the final
Pleistocene regre351on the env1ronment at 51te SV 4 was one of shallow
‘subtidal sedimentation | B

In the smaller size fraction 0.50-0.25 mm (Fig 7b) the distribution
of QuinqueIoculina lamarckiana (Fig 9 h, 1), which in the modern
- sediment has a pos1t1ve correlation with water depth (Fig 4b), shows
-that for the 1nterval 160-100 cm, water deepened at sxte SV 4, prior to
the final Pleistocene regress1on . - | g o

onset of the'Holocene transgression is.signalled at about 60 cm

(actually 65 cm. as 1nd1cated above) for both 51ze fractions (Fig 7 a,b)

.. by appearance and’ subsequent optimum development of Ammobaculites

.:reophaciformis 'Flintina triquetra and the two.species of
Triloculina. Intertidal and shallow subtidal 1nd1cator species.
Cribrobulimina mixta, Nubecularia 1uc1fuga PeneropIis p1anatus and
: Discorbis dimidiatus are all present in significant numbers near the
Holocene(Pleistocene boundarv;]\AsiHolocene sea level'rose in Gulf St
) Vincent,:numbersiof theselspecies rapidly decreased at:site>SV 4 and thev
Tare essentially-absent from.theIuppermost'parts»of the core. Conversely,
”fMassllina milletti together w1th other deeper water species, increased
'1n.number These 1nferred changes in Late Pleistocene and Holocene sea
levels, derived from 1nterpretation of the general assemblage of
foraminifera species are'summarised in Figure 12a
The logarithmic plot of ratios of numbers of Elphidium macelliforme

to E. crispum against sample_depths in core.svfa (Fig. 12a) supports

the above interpretations. ‘Using the relationship withiwater depth -
derived from Figure 1la, the EIphidium ratios, without exception,

confirm the changes in water depth detailed above. 'Figure 12a can thus

be regarded as a de facto relative sea level curve for site SV 4.
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VIBROCORE SV 5 |

Late Pleistocene sedimentation‘ as recorded in V1brocore Sv 5
. commenced»about 45 000 yr'B P. and continued for:some 1d 000 yr.
‘Lithological ev1dence indicates that the Pleistocene/Holocene boundary
ocecurs at a .core depth of 53 cm. S . _.f o | S

bFor the Pleistocene interval of core Svls,'nassilina mllletti can
i again be.usedAas a water depth'indicator species. ’Although its numbersA
are'relatively small, increases and decreases in abundance'(Fig.“a-a,b)
are interpreted to indicate rises and.falls of Late Pleistocene sea
level On this eV1dence peaks ot sea level are 51gn1fied at core depths
of 387 cm (bottom of recovered core), 340 cm and 240 cm, while lower sea
levels are‘indicated at 360 cm and 300 cm.

Other foraminiferal data are somewhat less 1nformative, though the
dominance of Nubecularia lucifuga at- 100 em is unequivocal ev1dence of
a shallow subtidal_enVironment, This conclusion is based on the Largs
Bay sample,.referred to above where water depth-was only 2.6 m.and where
"N. 1uc1fuga constituted >70% of the coarser sediment size fraction
PeneropIis planatus numbers, both 1mmed1ate1y above and below 100 cm,
1arc 1nterpreted as deeper subtidal populations (water depth ca.10—20 m;
Fig 4) rather than intertidal (Fig 6). At 100 cm the species 1s
absent Thur the combined record of P planatus and N. 1uc1fuga 1n_
‘the 1nterval, for example, 140 cm to 60 cm, 1s»ev1dence for water
shallowing tollowed by water deepening As the core sample at 60 cm is_
-‘closest to the Pleistocene/Holocene boundary at 53 cm, there is no direct
-foraminiferal data 1nd1cat1ng tinal Pleistocene shallow1ng and emergence_"
at sv 5 From the evidence of both the foraminifera and the radiocarbon
dates, ero51on_has removed the topmost facies at,site SV 5.

Foraminireradin the interval 6—53.cm clearlv record increasing water
depth of the Holocene transgression (Fig 8 a, b) Deeper mater species,

‘ such as Ammobaculites reophaciformis Hassilina milletti and

TriIoculina striatotrigonula steadily increased 1n numbers as sea level
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rose ln Gulf st Vlncent. Conversely, species characteristic;of shallow
..subt1dal and 1ntert1dal env1ronments Nubecularla 1uc1fuga Peneroplls
blanatus and Discorbis dimidiatus decreased in numbers and are
effectively absent from the‘top.of the'core. The_internal‘consistency of
'these‘data lndicateslthat there.has beenAlittle significant bioturbation
of(the uopermost sediment. | » |

These inferred changesbin Late Pleistocene and Hdlocene~sea levels at
s1te sV S are summar1sed in Figure 12b Although there is some minor
-d1°p1acement of max1ma and minima, the pattern of sea level fluctuations
derlved from the Elphidium macelllrorme/slphidium crispum rat1o for

thlS core agrees very closely Flgure 12b can thus be regarded as a

.de facto relatzve sea level curve for s1te SV 5.

- ABSOLUTE SEA.LEvEL<ﬁI§TO§Y

‘ The southern Austral1an coastline has frequently been con51dered an
-area of relatlve crustal stab111ty | W1th few exceptions (e g Schwebel.
'i1984).-vert1ca1 tectonlc movements as deduced from elevations of
Quaternary shorellnes have generally been of the order of a few metres
i_(e.g._Ha1ls et al., 1984b; Veeh et al 1979). |

| Around culf St Vincent, sedlments of the last 1nterglac1al maximum
outcrop at a level comparable with that of present sea level. Long-term
' sub51dence has xtherefore been m1n1malA and has- been estimated
ﬁfat < 0. 04 mm/yr (Belperlo, 1985) ' |

berocores sv 4 and SV. 5 were taken at debths of 39. 9 m and 36.4 m.
\Arcspoctlvely, below present mean sea level They 1nd1cate cont1nuous
marlne 1nundatlon (1 e., sea level above —36 m) for the t1me interval_
}_45 000 to 30 000 yr B. P Sea level fell below —40 m at 30, 000 yr B.P.

: and d1d not rise above this level until the Holocene transgression at

c.'9800 yr B.P. (Belperio et al,, 1983, 1987).
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on the toctonlcally uplifted'Huon ?eninsula, coral terraces II and
IIIb, dated by ’-_‘3%/23% at 31, ooo + 2500 and 40,000 3000 yr B.P.
respectively‘(Bloom.etAal . 1974 Chappell and Veeh, 1978) are shoreline
correlatxves of the strata in cores SV- 4 and SV 5. Tectonically corrected
" sea levels at these times have been estimatedlat 41+ 1’m¥and -39 + 6 m,
1assuming a level of +6 m'forlthe:lastilnterglacial naximum'(Bloom et al.,
l974). Our data for the South Austral1an Gulfs clearly 1nd1cate sea )
.levels h1gher than these for th1s perlod

.. Qual1tat1ve sea level changes, 1nterpreted trom the de facto sea
lovel curves prOV1ded by the Elphidium maceIIiforme to Elphidium -
'crispum ratlos w1th1n cores SV 4 and SV 5, agree w1th the pattern and

.ages of sea level peaks estab11shed by Chappell (1983) for the ‘Huon

Penlnsula (Fig. 13 a b)

The use<of-these curves_to establish absolute_sea leuels, however, is
clouded by the uncertainty of palaeoenvironmental-conditions-of Late
Pleistocene Gulf'stbvlncent For examplel us1ng the regress1on equatlon
for present day Culf St V1ncent (F1g 11a) results in palaeo water depth
calculations of between 18 m and 29 m for the t1me of recorded
sedinentation at'sltesASV 4.and SV Ss.. However app1y1ng the regre551on
. equatlon for modern-: Spencer Gulf to the ‘core data (F1g 11b) results 1n
shallouer palaeo waterbdepth calculatlons of 10 to 18 m. Other
:foran1n1feral ev1dence,-1n partlcular ‘the large numbers of Nubecularia
1uc1fuga throughout the Late Plelstocene sectlons of cores SV 4 and SV 5,
-conf1rm that palaeo water depths for the t1mes of depos1t1on. were .always
l}shallow; Thus the calculat1ons der1ved from Spencer Gulf data are
-preferred. Water. depths of 10 to 18 m at the sample s1tes correspond to
palaco sca ‘levels of between —23 and —29 m (Fig 13c) A Hore specifically.
. the 30 000 and 40 000 yr B.P. sea level peaks‘are estxmated at -23 and
-24 m respectively, with the 1ntervening regresslon fallingito -29 m.
These sea level. est1mates require a correctlon ‘of 1.2- 1 6 m for subsidence

s1nce °ed1mentat10n._
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Althoﬁgh thefe ;s some ﬁncértaiqu in the above application of the
Elphidium specieé_ratio in_detebmining absolute‘vglues for palaeo sea
levels, @hé é#timates.are clearly much highef-thaﬁ(thdse derived from the
'coral‘reef iérrécés of Hﬁdn Péninsdla. ﬁe:are conéinuing research into
“the gcog;aphic variability, within Gulf St'fiﬁéeAt. of the B.
.mgcelliférme/b. criépum ratio as'a.méésure of waterJdepth so that the

palaeo sea ievel estiﬁates presented here may be.further refined.
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:Foraminifera are sensitive“indicators oftenvironment and depth in the
cool-temperate carbonate tacies of present day Gulf.st Vincent. With due
,regard for poss1b1e palaeoenVironmental differences, foraminiferal
species may also be used for qualitative and quantitative palaeo water;
depth and palaeo sea level estimation. This technique has been applied
to Late Pleistocene strata recovered in submarine cores from .Gulf St
Vincent. | | _ 7
| The Late Pleistocene sea of 30 000 - AS 000 yr B.P. inundated Gulf‘st
' Vincent to a maximum water depth of’ approximately 18 ‘m. The sea
regressed from the Gulf. about 30 000 yr B P. and did not return again
" until the Holocene ' Initial estimates of tectonically corrected levels
(assumingAa level of +6 m for the last interglacial maXima) for the
/31,000 and 40 000 yr B P. transgreSSions in Gulf st Vincent are.-22 m andﬂ
- -22.5 m res pectively The intervening regreSSion at about 36,000 yr.B.P.
lowered sea level to -28 m.’ |
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Fig. 4
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CAPTIONS FOR FIGURES

'Location map showing sites of grab samples and Qibrocores in

Gulf St Vincent, South Australia.

Descriptive Iithological,iogs of two vibrocores recovered from

Gulf St Vincent, (a) SV 4 and (b) SV 5.

.Scatter diagram summarxsxng the extent of aspartac acid
racemxsatlon against 1soleuc1netep1mer1sat1on in molluscan
'fossxls of Late Quaternary age. The widely scattered data for

,the G1anv111e Formatxon (am1nozone) is due to the wide

geograph1cArange of sample loca11t1espthat have experienced-

differentf"Effective QuaternaryATemperature" histories

»(HurrayQWallace 1987). An interstadial age for the marine

' strata from Gulf St V1ncent 1s clearly 1nd1cated in th1s plot

Percentage d1str1but1on of specles of foram1n1fera in surficial

sed1ment, compared w1th water depth Gulf St Vzncent South

Australla ‘Sample s1tes are indicated in’ f1gure 1.

-(a) phi grain size fraction 1.00-0.50 mm..

~ (b) phi grain size fraction 0.50-0.25 mm.

Percentage distribution’of species of foraminifera-in surficial

‘sedxnent, compared ‘with water depth in the v1c1n1ty of- Port

: Gawler Gulf St V1ncent South Australla Sample sites are
1nd1cated in f1gure 1. Separate data are shown for the ph1
‘grain size fract1ons i 00 0. SO mm and 0.50-0.25 mm, |

‘_}(a)-‘Transect SV 12 to SV 16 is approx1mate1y east—west

' (b)' Transect SV 11 to Sv 18 1s approximately north—south

Percentage d1str1but10n of selected spec1es of foram1n1fera in

'adJacent intertidal sedimentary environments at. Port Gawler

‘(modified'from Cann and Gostin, 1985).



Fig. 7

Fig. 8

‘Down'core percentagé distributibns of selected spécies of -

31. -

‘Down c;re bercehtage distribﬁtions of seiected sﬁecies of

_ fbréminifefa ih;Qibrocofe'SV 4 (a) size fréc£ionA1.00—0;50 mﬁ
,and (b) s1ze fractxon 0. 50 0 25 mm. ‘fhe ﬁoiocene/Pieistbcene

a boundary 1s 11thologically 1nd1cated at a core. depth of 65 cm

"f(F1g 2a):

/

‘-’foramxnlfera in v1brocore sV 5, (a) size fraction 1.00-0.50.mm'

'Fig. 9

and (b) s1ze fract1on 0. 50-0 25 mm. Thé'Hdlocene/PIeistocgne

-boundary is 11thploglcally 1nd1cated at a core depth of(53 cm
(Fig. 2b) - . '

>Species of foraminifera'rgferred to in figures and text:

a,b A Ammobaculites re0pha¢1formis:Cushman' x 25'.SV 9.

.¢,d  Textularia pseudogtamen Chapman & Parr; ‘% 40; sV 3.

“o,f Cribrobulimina mixta Cushman X 35 SV 12.

4 » Nubecularia 1uc1fuga Defrance; x 25; SV 12.

fh,if"QuinQuéloéUlinaf1amarck1ana d'Orbigny; x 75; SV 8.

i,k 'Quinqueloculiné pitténsis Albani{'x 75; SV.6.

:l,m,n_qunqueloqulina'subpolygéna Parr; x 40;-SV'3;
. 9,p :AE11ﬁt1na tfiquetta (Brady) ; x£$6; Sv 5.:
_§,r' :ﬁéssilina émﬁbphila'(Pérr); % 30; SVJS ‘
':é,t;ﬁ Hassilina milletti (W1esner), X 40 sV 9Al
‘.iv,w.‘ Triloculina affinis (d 0rb1gny), x 35 SV 12.

All 111ustrated spec1mens are from grab samples
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Fig. 10“fSpecies of.foreminifera-referred.to in figures and bext:
>.a,b_ Trilecullnabqbiongaj(Hentagu)g x 40; bv 6. }
“ec,d Triloculina»striatotrigonuia-Parker & Jpnes; x 45; SV 9.

ue,f> Triloéuiina tricarinata (d'Orbignyi; x 40, SV 7;
j g.h" Triléculina trigonula (Lamarck),»x 45 SV 9
i,j.k Discorbis dimidiatus (Parker & Jones), X 35 SV 12.
. 1l,m - 5cutuloris parri Coll1ns' X 75 SV 17
. n,o Penetoplis planatus’ (F1chtel & Holl), x 35 .SV 4.
P,q A Elphidium arCIculatum (d Orblgny), X 75 sy S
. r,s ;Elphidium crispum (L1nné). x 55 SV 12
t;u_ ,Elphidium macelliforme HcCulloch x 60; SV 6.
v *‘fPIanorbulina mediterranensis a’ 0rb1gny. x 25.
All 111ustrated spec1mens.are from’ grab samples except
Penetoplis:p;anQCUS and Elphidium articuletum,_which are
, baken_from:vibrqeore_subsémp;es.

ffig; 11 bLOg—linear'piot of mabepbdepth vebsus~retio'ef numbers of
'1nd1v1duals of Elphidium macelliforme tolnumbers of
;1nd1V1duals of Elphidium crispum forksurf1c1a1 samples from
7‘(a) Gulf st V1ncent and (b) Spencer Gulf “Also shown are . the

11nes of best least squares f1t the calculated regression
equabxons and Pea:senfs‘cprrelationgeoefficient.for.the data

\:sets.
: Fig;Aizg Log- 11near plot. of sample depbh in core versus ret1o'of numbers
| ﬂA_Of 1nd1v1duals of Elphidzum macelliforme to numbers ef
'1nd1V1duals of Elphidzum crispum for samples from (a) SV 4 and.
(b) sv 5. Curyes are compared w;th 1nferred changeslln Late
‘,'pleisbocene and_Holeeene'sea leuels.inhculf St Vincent, derived
from_intepppetabion of generai assemblages’of foraminifere
species. Alse sthﬁ”are‘1°c dates of samples taken from the

horizons‘indiceted.



Fig.,13

(a)

(b)

(c)

33.
Palaeo sea level data from southern Austral1a usxng the
Huon Peninsula sea level curve of Chappell (1983) as a

framework.

Relative sea level fldctuations'for the time interval

* 30,000 to 45,000 *%c yr B.P. interpreted frbm the

Elphidium-species ratios ahdAIAC data (F1g 12) from

. vibrocores SV 4 and SV 5, Gulf St V1ncent

‘Late P1e1stocene palaeo sea levels 1nterpreted from the

' Elphidium spec1es ratios and C data (Fig. 12) from

vxbrocores SV 4 and sv 5 us1ng the regress1on equat1on

der1ved from northern Spencer Gulf data (F1g 11b)

~
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. Scatter'diagram summariéing the extent of aspartic acid
paeemisatiqn against -isoleucine epimefiéaiion'in molluscan
The widely scattered data for

3_the Glanville Formatibn'(ahinozone)'is due to the wide

geographxc range of sample localxtles that have exper1enced

. d1fferent "Effectxve Quaternary Temperature" histories
An interstadial_age for the marine

‘ stfeta-from'Culf St‘vinceﬁt is clearly indicated_in this plot.
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Australia. Sample sites are indicated in figufe 1.

(a) phi grain size fraction 1.60-0.50 mm.

(b) phi grain size fraction 0.50-0.25 mm.




Percentage distribution of species of foraminifera in surficial

" sediment, compared with water depth, in the vicinity of Port

Gaﬁler. Gulf St Vincent, South Ausﬁralia. .Sample.sifes are

indi;ated in figure 1. Separate data are shown for tﬁe phil

grain size fractions 1.00-0.50 mm and O.So-d.ZS.mm; ;

(a). Transecfzsv,12 to sV 16fis'a§proxima£elyAeakt—wést.

‘

(b) Transect SV 11 to SV 18 is appfoximétely north-south.
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SIEVED SAMPLES: FRACTION SIZE 0-50-0-25 m.m.’
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Fig. 6 ' Percentage. distribution of selected species of foraminifera in.

adjacent intertidal sedixﬁent‘ary environments at Port Gawler

(modified from Cann and Gostin, 1985).
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Fig. O

Species of foraminifefa referced to'in figures and text:
a,b Ammobaculites reophaciformis éusﬁ@an; X 25; sv 9.
c.d Textularia pgeudogramen Chapman & Parr; x 40; SV 3.
e,f Cfibrobullmlna mixta Cushman; x 35; SV 12.

'3 Nubecularia lucifuga Defrance; x 25; SV 12.

h,i Quinquelocullna lamarckiana d'Ocrbigny; x 75; SV 8.

j.k  Quinqueloculina pittensls Albani; x 75; SV 6.

.1,m,n Quinqueloculina subpolygona Parr;'x 40; SV 3.

o,p Flintina triquetra (Brady); x 50;. SV-S.

q,c ﬂassillna ammophila (Pacrc); x 30; SV S.

s,t,u Massilina mlilettl (wiesner)g x 40; SV 9,

v,w Ttliocullna affinis (d'Ordbigny); x 35, Sy 12.

All illustrated specimens are from grab samples.
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4

. Fig. /[0 Species of foraminifera refecred to in figures and text:

| a,b Triloculina oslonga (Montagu); x 40; SV 6.

c,d frlloculln; strlatotrigonula Parker & Jones; x 45; SV 9.
e,f Triloculina tricarinata (d'orbigny); x 40, Sv 7.

g.h  Triloculina trlgonulg (Lamarck); x 45; SV 9.

i,j.k Discorbis dlhldlatus’(?arker & Jones); x 35; SV 12.

1,m Scutuloris parri Collins; x 75; Sv 17.

n,0 Peneroplis planatus (Fichtel & Moll); x 35; SV 4,
P.q ‘ Blphidium-artlcuiatdm (d'Orbigny); x 75; sV 5.
r,s Elphidium crispum (ﬁinné); x SS; Sv-12.

t,u  Elphidium macelliforme McCulloch; x 60; SV 6.

v - Planorbulina hediCerranenslsAd'Orbigny; x 25.

All illustrated speqimen;‘are from grab samples except
Pencroplis planatus and Elphidlum arplcdlatum, which are

taken from vibrocore subsamples.
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Fig. iz' Log-linear plot of sample depth in core versus ratio of numbers
-of individuals of Elphidium macelliforme to numbers Gof "~
individuals of Elphidium crispum for samples from (a) SV 4 and
(b) SV 5. Curves are compared with inferred changes in Late
Pleistocene and Holocene sea levels in Gulf St Vincent, derived

- from interpretation of general assemblages of foraminifera
species. Also shown are 14C dates of samples iaken from the

horizons indicated.
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Fig. 13

(a)

(b)

(c)

49

Palaeo sea lgﬁel data from southern Australia using the
Huon Peninsula sea level curve of Chappeli (1983) as a
framework. . - : o “
Relative sea level fluctuations for the time interval
30,000 to 45,000 ''c yr B.P. interpreted from the
Elphidium speéies ratios aﬂd 16C data (Fig. 12) from
vibro;ores SV 4 and SV 5, Gulf St Vincent. .

Late Pleistocene palaeo sea levels interpreted from the

Elphidium species ratios and 14C data (Fig. 12) from

"vibrocores SV 4 and SV 5, using the regression equation

derived from northern Spencer Gulf data (Fig. 11b).
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(Belperio et at,1983,1987)
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