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Abstract

This study of the palaeoceanographic record south of Australia is based on two cores taken from lower Circumpolar
Deep Water depths: core E27-30, located south of Tasmania in water depth of 3552 m, to the north of the present
location of the Subtropical Convergence, and core E55-6 from the continental margin off Victoria at 2346 m depth,
in a region of very low surface productivity.

A preliminary examination of planktonic foraminiferal faunas in core E27-30, located south of Tasmania, provides
a record of movement of the Subtropical Convergence through the late Quaternary that is consistent with records
elsewhere in the Southeast Indian Ocean. The Convergence has been located equatorward of its present position
through much of the late Quaternary, with poleward excursions in the Holocene and at oxygen-isotope stage Se.

Benthic foraminiferal faunas contrast strongly in the two cores, despite their location at similar depths within the
same water mass. Core E55-6 is largely dominated by deep infaunal taxa, while core E27-30 has a high proportion
throughout of epifaunal taxa. The benthic foraminiferal fauna in core E27-30 is dominated by Epistominella exigua,
known to feed directly on phytoplankton detritus in the modern deep-sea. Abundances of that species coincide with
the presence of the Subtropical Convergence at or near the site, indicating that surface phytoplankton production has
had a major influence on benthic productivity.

Dissolution records in the two cores also differ markedly. Core E55-6 records a strong dissolution event in oxygen-
isotope stage 4. The cause of the event is not clear, although it appears to be associated with increased productivity
levels. This pronounced dissolution event is not evident in core E27-30, suggesting either the event is localised or that
the record in core E27-30 has been overprinted by the Convergence.

The extent to which the records in the two cores vary emphasises the influence of frontal structures on core records
in this region and the need to take this into account when investigating Southern Ocean history. © 1997 Elsevier
Science B.V.
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1. Introduction

The Subtropical Convergence (STC) is an
important  component of the  southeast
Indian/Southern Ocean frontal structure, which in
the Australasian sector includes the Antarctic
Polar Front and the Subantarctic Front. The
Subtropical Convergence, like other frontal struc-
tures, is formed in response to high-latitude wind
fields and can be recognised by distinctive surface-
water temperature, salinity and productivity char-
acteristics. The front is also recognised as the
boundary between the southeast Indian Ocean to
the north and the Southern Ocean to the south.

Changes in the palaeolatitude of the STC
through the Quaternary have been well docu-
mented in the southern Indian and southeastern
Indian Oceans west of Australia (Hays et al., 1976;
Williams, 1976; Prell et al., 1979; Prell et al., 1980;
Morley, 1989; Howard and Prell, 1992). These
studies place the STC equatorward of its present
position through much of the Quaternary.
Poleward movement of the front has been recorded
only four times during the past 500,000 yr
(Howard and Prell, 1992). during the Holocene,
at oxygen-isotope stage Se (~[28-118 ka), stage
9 (~340-330 ka) and stage 11 (=2425-390 ka),
with maximum poleward extents during stages 9
and 11. Francois et al. (1993), in a study of
sediment rain rate from a core located south of
the Subantarctic Front, also recorded southward
movement of the STC during the early Holocene
(at approximately 7.5-10 ka). Other studies gen-
erally agree in the sense and magnitude of these
movements, although Prell et al. (1979) located
the STC north of 41° S during stages 1 and 5, and
Morley’s radiolarian-based study (1989) did not
record a poleward shift at stage 9.

Sea surface palaeotemperature (SST) estimates
in the region of the STC, based on different
biogenic parameters, generally show good
agreement. These include the radiolarian-based
studies of Morley (1989) and Morley et al. (1988),
the planktonic foraminiferal estimates of
Labracherie et al. (1989) and Howard and Prell
(1992) and diatom-based estimates of Pichon et al.
(1992). The 10°C isotherm, which marks the pre-
sent winter polar edge of the STC, has been

equatorward of 42° S through the Quaternary,
except during the four poleward excursions. The
maximum southward extent of approximately 45
S occurred during stages 9 and 11 (Howard and
Prell, 1992).

The modern STC zone is characterised by high
seasonal phytoplankton production, in contrast
with subantarctic waters (Plancke, 1977; Jacques
and Minas, 1981; Lutjeharms et al., 1985; Francois
et al., 1994) and subtropical waters north of the
STC in the Australian region ( Highley, 1968). As
a result of high phytoplankton production, the
STC region 1s likely to have enhanced flux to the
seafloor (Francois et al., 1993). Evidence of this
has been found in modern sediments beneath the
STC and Southern Ocean frontal structures in the
South Atlantic (Mackensen et al., 1993). Results
of the latter study suggest that increased produc-
tivity associated with frontal structures may par-
tially account for Southern Ocean §'*C values.
Recognition of the impact of frontal structures is
therefore significant in the interpretation of
Southern Ocean chemistry and its role in global
chmate.

This study documents the palacoceanographic
record in two cores offshore southeastern Australia
(Fig. 1), a region where the palacoceanography of
the STC has not been well documented. Core
E55-6 is taken from a water depth of 2346 m on
the continental margin of mainland Australia.
Core E27-30, from a depth of 3552 m, is located
south of Tasmania and to the north of the
Subtropical Convergence. Variations in planktonic
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Fig. 1. Locations of the cores examined in this study. The
approximate position of the Subtropical Convergence (STC)
is indicated.
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foraminiferal assemblages are used to provide a
preliminary record of movement of the STC.
Comparisons between the palaeoceanographic
records in the cores are also made to evaluate the
extent to which the STC has affected planktonic
and benthic records.

2. The modern setting
2.1. Oceanography of the study area

Regional water mass profiles from the study
area, showing intermediate and deep-water mass

boundaries are provided in Fig. 2. Water-mass
data are taken from two regions: adjacent to the
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southeastern Australian mainland {co-ordinates
36°S-42°S, 134°E-144°E) and south of Tasmania
(co-ordinates 44°S—50°S, 144°E-149°E). The char-
acteristics of intermediate and deep-water masses
in these regions are summarised in Table 1.
Unpublished water mass data were provided by
the Commonwealth Scientific and Industrial
Research  Organisation (CSIRO) and the
Australian Oceanographic Data Centre. Published
cruise data from the region (CSIRO Division of
Fisheries and Oceanography, 1962, 1966, 1967a,b)
were also incorporated.

Surface waters adjacent to the southern margin
are largely subtropical in origin and are character-
ised by low productivity levels (Highley, 1968; see
Fig. 2D). Weak, wind-driven upwelling occurs
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Fig. 2. Water mass profiles, showing boundaries of Subantarctic Mode Water (SAMW), Antarctic Intermediate Water (44IW), upper
and lower Circumpolar Deep Water (CPDW) and Antarctic Bottom Water (44BW). Data are taken from the region adjacent to
the southeastern Australian mainland (co-ordinates 36°S—42°S, 134’E—144°E) and south of Tasmania (co-ordinates 44°S-50°S,

144°E-149°E).
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Table 1
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Characteristics of the intermediate and deep-water masses in the study area (see text for regions included)

Water mass Depth range Temperature Salinity (%) Dissolved oxygen
(m) (C) (ml/1)

Subantarctic Mode Water 450-850 10-8 34.5-34.6 5.6-4.5

Antarctic Intermediate Water 850-1100 8-4 34.4 45 4

upper Circumpolar Deep Water 1100-1600 4-2.8 34.4-34.6 4.0

lower Circumpolar Deep Water 1600-4000 2.8 1.1 34.72 4.0-4.5

Antarctic Bottom Water >4000 1.1-0.9 34.70-34.72 4.5-5

during austral summer months on a section of the separate origins and distribution pathways.

coastline (Fig. 1). Upwelling events occur un-
evenly across the shelf, tending to be localised in
extent and duration (Rochford, 1977; Schahinger,
1987}). Cooler, less saline water is brought up from
depths of around 250-300 m. Upwelled waters
also show a large increase in nutrient levels
(Rochford, 1977) and therefore have implications
for the productivity of surface waters.

South of Tasmania, surface waters are influenced
by the Subtropical Convergence (STC) and its
associated high seasonal phytoplankton pro-
duction. The STC was originally recognised south
of Tasmania, between 42° and 45° S, by Deacon
(1937), based on a sharp increase in salinity
(34.6—35.1%0) and temperature (11-13.5°C) from
south to north. Gordon (1972) also observed the
same salinity gradient at a depth of 20 m between
42° and 45° S. However, Edwards and Emery
(1982) located the austral summer position of the
STC further to the south (45°—46° S) based on an
uplift in the 1sothermal structure.

The STC marks the boundary between warm,
saline subtropical surface waters driven by the
southeast trade winds and cold, weakly-saline sub-
antarctic surface waters driven by westerly winds
(Deacon, 1937; Tchernia, 1980). These converging
wind fields cause the position of the STC, which
is best considered as a zone, to shift seasonally.
Meanders and eddies are also an integral part of
the structure of the front (Cresswell et al., 1978;
Tchernia, 1980).

Two intermediate waters can be recognised:
Antarctic Intermediate Water (AAIW) and
Subantarctic Mode Water (SAMW). Recent
examination of CFC ‘ages” of the two water
masses in the Indian Ocean (Fine, 1993) suggests

SAMW is formed by winter cooling of surface
waters north of the Subantarctic Front
(McCartney, 1977). The cool surface layer sinks
in the summer and is isolated by warmer surface
waters, forming a distinct thermostad (a layer
characterised by a minimal vertical temperature
gradient). In the Australian sector, SAMW is
circulated by an anticyclonic gyre which brings it
to the continental margin at depths of between
450 and about 850 m (McCartney, 1977; Edwards
and Emery, 1982). The thermostad distinguishing
SAMW 1s clearly visible in water mass profiles
(Fig. 2A). Underlying AAIW occurs as a salinity
minimum layer near the base of the thermocline
(Rochford, 1961. Fig.2; Table1). AAIW also
follows a westward flow south of Australia.

Deep water in the South Australian Basin is
defined by Osborne et al. (1983) as Circumpolar
Deep Water (CPDW), based on a characteristic
salinity minimum core. CPDW is divided into
lower CPDW and upper CPDW, separated by the
salinity minimum. The different characteristics of
upper and lower CPDW (Fig. 2; Table 1) suggest
different sources. In the southern Indian Ocean,
Park et al. (1993) identified lower CPDW with a
salinity maximum and nutrient minimum as being
composed of mixed North Atlantic Deep Water
(NADW). Upper CPDW is distinguished by an
oxygen minimum (Park et al., 1993: Fig. 2C). It
appears to be derived from North Indian Deep
Water (NIDW ) and to enter the South Australian
Basin from the west (Rochford, 1965; Park et al.,
1993). Both sediment cores examined in this study
occur within the depth range of lower CPDW.

Antarctic Bottom Water (AABW) enters the
South Australian Basin via the Australian—
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Antarctic Discordance. The main direction of
AABW flow within the basin is to the west (Kolla
et al., 1976; Rodman and Gordon, 1982). AABW
in the study area is restricted to depths greater
than 4000 m and is characterised by lower salinity
and temperature and a higher oxygen content in
comparison with CPDW.

2.2. Sediments of the southern Australian margin

The study area forms part of the cool-water
carbonate province which extends across the entire
southern margin of Australia (Wass et al., 1970;
Jones and Davies, 1983). Production of bryozoan-
dominated sediments occurs on the outer shelf and
upper slope (James et al., 1992; Boreen and James,
1993; Boreen et al., 1993). Sedimentation on the
upper and mid-slopes to depths of at least
1500-2300 m is dominated by downslope trans-
port, predominantly mud-flow sediments (Boreen
and James, 1993; von der Borch and Hughes-
Clarke, 1993; Exon et al., 1994; Passlow, 1994).
Transported sediments are largely derived from
sediments of the shelf and upper slope, although
mid- and lower-slope flows contain an increased
proportion of slope fauna. On the lower slopes
there is accumulation of hemipelagic sediments,
with intermittent mud flow and turbidite activity,
primarily during low sea-level stands and subse-
quent transgressions (Boreen and James, 1993).
Mud flow sediments, especially those of the mid-
to lower slopes, are typically fine-grained and
difficult to distinguish from hemipelagic sediments,
except by their composition (Passlow, 1994;
Passlow et al., in prep.).

3. Materials and methods
3.1. Core selection and saumpling

The locations of cores selected for this study are
shown in Fig. 1; details are provided in Table 2.
The two cores, Elianin cores E55-6 and E27-30,
were selected for minimal sedimentological distur-
bance, given the high rates of downslope sediment
transport in the region. Detailed descriptions of
core sediments are included in Passlow (1994).

Table 2

Core location, water depth and sampiing

Core E55-6 E27-30
Lat (°S) 38°51.2 45°04.0°
Long.(°E) 141°03.8’ 147°13.7
Water depth (m) 2346 3552
Section sampled (cm) 0-390 0-441

Intervals of downslope-transported sediments
(mud flows and turbidites) were identified in both
cores ( Tables 3 and 4). The criteria used to identify
these intervals included sedimentary characteris-
tics, such as sandy basal layers, wispy laminae,
disturbed laminations, normal grading and the
presence of a significant proportion of shallow-
water derived taxa, particularly shallow-water
ostracods (van Harten, 1986, 1990; Drapala, 1993)
and ascidian spicules.

Cores were sampled at a minimum of 10cm
downcore spacing, where possible. Sample size
averaged 75 cm®. Additional closely-spaced sam-
ples (5 cm intervals) were taken from the top 3 m
of core E55-6 and the top 2 m of core E27-30. All
samples were disaggregated in a solution of 5%
hydrogen peroxide. Samples were then washed
through a 63 um sieve, oven dried at 25° C and
dry sieved into > 150 um and 63-150 pm fractions.

3.2. Micropalaeontological techniques

For planktonic foraminiferal work, subsamples
of the > 150-pm fraction were taken using a micro-
splitter. Between 300 and 460 individual planktonic
Foraminifera were counted in subsamples (aver-
age count 346 individuals) for core E27-30.
Foraminiferal abundance data for core E55-6 were
based on counts of between 250 and 711 individ-
uals (average count 362 individuals). Species deter-
minations followed the taxonomy of Parker
(1962), Bé (1977) and Saito et al. (1981).
Fragments of planktonic Foraminifera and the
number of benthic Foraminifera were also counted.
Benthic Foraminifera were picked from the whole
>150-um fraction or a split of that fraction
obtained using a microsplitter (average count 183
individuals).
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Table 3
Isotope data and stratigraphic framework for core E55-6

Core depth Event Age (ka) G. G. G. G. Uvigerina Uvigerina
(cm) bulloides bulloides bulloides bulloides spp. Spp.
33 313C repl. 310 3180 repl. 313C 3180

0-33 mud flow
2 1.0
5 3.0
10 5.0
15 7.0 —0.66 0.35
20 9.0 23 10.9
28 2 12.0
30 12.9
35 149 —0.47 —0.08 2.26 2.45
40 22 17.8 —0.36 251 —0.98 4.96
45 18.7 —041 2.45
50 19.6 —1.09 4.96
55 20.5 0.36 2.29
60 214 0.02 2.38 —1.01 4.76
70 232 —0.2 2.08 -0.99 4.69
75 3 24.1
80 26.3 —0.25 1.79 —1.11 4.78
90 30.6 —0.36 1.81 —0.85 4.5
100 35.0 —0.14 1.81 —1.22 4.55
110 394 0.17 1.9 —-1.09 4.38
120 43.1 —0.18 1.79 —1.16 4.55
130 48.1 —0.16 1.66 —1.01 4.45
140 524 —0.56 1.47 —0.88 4.46
150 56.8 —0.69 1.65 —0.97 4.45
155 4 59.0 —1.31 4.63
160 60.7 —0.08 2.15 —1.52 4.65
165 62.4 —1.28 4.63
170 64.2 0.03 23 —1.17 4.62
180 67.6 —1.25 4.41
190 71.1 0.28 2.46
195 72.9 0.36 2.3

5 73.9
200 74.7 —0.21 1.5
205 76.8 —0.33 1.34 —1.41 3.98
210 78.8 —0.34 1.36 -1.2 4.12
220 82.9 0.47 2.08 —1.36 4.36
230 87.0 —0.25 1.31
235 89.1 —1.28 3.95
240 91.1 —0.71 0.88 —1.27 3.94
245 93.1 —1.26 3.94
250 95.2 0.32 1.67
255 97.2 —1.57 3.95
260 99.3 —0.09 —-0.3 0.96 1.17
270 103.4 0.17 1.39
275 105.4 —1.15 4.03
280 107.5 —0.45 0.92 —-1.07 4.06
290 111.5 0.46 0.89
295 113.6 —-1.09 3.86
300 115.6 —0.57 0.74 —1.07 371

310 119.7 -0.73 0.63 —1.08 3.79
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Table 3 (continued)

Core depth Event Age (ka) G. G. G. G Uvigerina Uvigerina

(cm) bulloides bulloides bulloides bulloides spp. spp.
313C 813C repl. 3180 3180 repl. d13C 8180

320 5.5 123.8 —1.08 0.52 —1.11 3.67

330 126.4 —0.92 1 —1.17 39

340 129.1 —0.63 1.29 —0.88 3.88

345 6 129.8

344 —350 mud flow

350 —0.15 1.3 —1.16 4.15

360 132.7 —0.02 1.47

370 135.3 —0.19 1.24 —1.22 4.03

380 137.0 —0.22 1.3 —1.03 4.01

390 140.6 —0.57 1.01 —1.27 4.03

3.3. Age determinations and stable isotopes

Three AMS '“C dates (Table 5) were obtained
using the planktonic foraminifer Globorotalia
inflata. Approximately 200-250 tests were picked
per sample from the > 150-um fraction to provide
a minimum weight of 2mg. Specimens were
cleaned in an ultrasonic bath for approximately 5
s, then rinsed twice in ethanol. Initial sample
preparation for AMS *C dating was carried out
at the Radiocarbon Dating Research Laboratory
of the Research School of Pacific and Asian
Studies, ANU. Samples were analysed at the
University of Arizona.

Nannofossil smears were prepared from unpro-
cessed core samples using standard preparation
techniques (H. Okada, pers. commun., 1992), then
mounted on mica and gold sputter-coated for
examination under the scanning electron micro-
scope. Nannofossil assemblages were used in age
determinations.

Stable-isotope analyses using Globigerina bul-
loides were carried out for cores E55-6 and E27-30
and for core E55-6 using Uvigerina spp. The speci-
men size range for G. bulloides was 300-350 um
diameter, sample weights averaged 150 pg.
Specimens were agitated in an ultrasonic bath for
two periods of approximately 3-5 s each, then
rinsed each time in distilled water. Specimens from
core E27-30 were too fragile to be cleaned directly
in an ultrasonic bath. Specimens from the latter
core were soaked for a minimum of 48 h in distilled
water, then agitated in an ultrasonic bath with the

specimens contained in a heavy glass vessel for
additional protection.

Benthic foraminiferal analyses for core E55-6
were carried out using Uvigerina peregrina except
in one sample, in which Uvigerina spp. were used.
Specimen preparation techniques for benthic mate-
rial were similar to those used for planktonic
material. In addition, specimens were soaked for
two minutes in dilute (0.1%) hydrochloric acid to
remove any additional carbonate residue. This
procedure was carried out in view of the high
carbonate content of sediments from this region
(Exon et al., 1989; Passlow, 1994). Oven roasting
to remove organic residues was not considered
necessary as the samples had been processed ini-
tially in hydrogen peroxide. Sample weights for
Uvigerina averaged 150 pg and samples typically
contained 3-5 specimens.

Stable-isotope analyses were carried out at the
Environmental Geochemistry Laboratory at the
Research School of Earth Sciences, ANU. All
samples were analysed on a Finnigan MAT 251
mass spectrometer with an automated acid-on-
individual carbonate sample (“Kiel”) device.
Sample reaction was carried out at a temperature
of 90°C and corrections for the temperature effect
have been included in sample results. Isotope
values were run against the standard NBS-19 and
results have been corrected relative to the Peedee
belemnite (PDB). See Chivas et al. (1993) for a
discussion of techniques and analytical precision.
A small number of replicate samples was run for
planktonic Foraminifera from each core (Tables 3
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Table 4
Isotope data and stratigraphic framework for core E27-30

Core depth Event Age (ka) G. bulloides G. bulloides G. bulloides G. bulloides
(cm) 313 8%3C repl. 810 3'%0 repl.
1 mud flow —0.1 2.23

5.5 13C age 0.44 1.81

9.5 1.1 2.3 0.22 1.09

20 5.4 —0.13 1.07

30 8.4 0.07 0.72

40 14C age 114 —0.49 1.79

45 2 12.0

50 14.0 —0.43 —0.12 2.59 2.73
60 2.2 17.8 0.18 2.98

67-71 mud flow

80 20.3 0.51 2.82

90 21.8 0.3 2.6

98 23.0 0.13 2.55

105 3 241

110 27.6 —0.02 2.12

120 34.6 0.01 2.24

140 48.5 —0.14 2.07

150 55.5 0.06 2.22

155 4 59.0

163-175 turbidite

180 63.0 0.5 0.05 2.62 2.16
190 66.1 —0.02 2.49

200 69.2 0.34 1.96

210 72.3 0.73 2.26

215 5 73.9

220 76.2 0.13 1.45

230 80.8 0.12 1.72

240 85.5 0.16 1.82

247-274 turbidite

280 91.5 0.17 1.81

290 96.1 —0.12 1.26

300 100.7 —0.2 1.31

310 105.3 0.06 1.71

320 110.0 0.06 2.05

330 114.6 0.22 2.16

340 119.2 0.29 1.95

350 5.5 123.8 —-0.42 1.02

360 127.8 —0.89 143

365 6 129.8

370 134.4 —0.27 —0.19 2.66 2.73
380 143.5 -0.22 2.92

390 6.4 152.6 —0.14 2.96

400 161.7 —0.51 2.7

410 contamination —0.36 2.64

417-441 turbidite

and 4). Replicate analyses show differences in of transported sediment, where contamination by
isotopic values of between +0.05%0 and 4 0.21%u. older material 1s most likely to have affected

The larger variations typically occur near intervals 1sotopic values.
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Table 5
AMS Carbon-14 dating results

Core Interval Estimated age Actual age
number (cm) (yr B.P.) (yr B.P.)
E55-6 TC 0-1 <1000 15,505 £ 135
E27-30 4.5-5.5 1500 5835 + 85
E27-30 39-40 12,000 11,365 + 105
4. Results

4.1. Core chronologies

Stable isotope data for cores E55-6 and E27-30
are included in Figs. 3 and 4 and Tables 3 and 4
respectively. Also included in Tables 3 and 4 are
the stratigraphic control points used in the devel-
opment of age models for each core. The strati-
graphic framework for both cores was developed
using 880 records of G. bulloides. Stable-isotope
events recognised are based on Pisias et al. (1984)
and the SPECMAP age assignments of Martinson
et al. (1987) are used.

The stratigraphic framework for these cores is
based primarily on the positions of stage bound-
aries (Figs.3 and 4). Additional tie points used
are indicated in Tables 3 and 4. Ages between
datum points were assigned using linear interpola-
tion. For the purposes of developing age models,
turbidites and mud flows are regarded as instantan-
eous events and are removed from the sediment
record; with the exception of sediments from the
top of core E55-6, discussed below. The locations
of turbidites and mud flows are indicated for each
core (Figs.3 and 4; Tables3 and 4). Intervals
adjacent to sedimentary events showing high levels
of sediment contamination were also removed
from the record (Tables3 and 4). The model
generally assumes a lack of significant hiatuses.
This is based on the nature of the downslope
transport, which in general is not strongly ero-
sional (Passlow, 1994) and the similarity of iso-
topic values from samples above and below
contaminated intervals.

Ages obtained from AMS ¥C dating are pro-
vided in Table 5. Of the two *C dates available
for core E27-30, only that from interval 39-40 cm
supports the oxygen-isotope interpretation. The

older than expected age of sediments from interval
4.5-5.5cm is interpreted as due to mixing-in of
older material from the overlying mud flow layer
(Table 4). Anomalous isotopic enrichment at the
top of the core (Fig. 4; Table4) i.e. within the
mud flow interval and immediately below it sup-
port this interpretation.

In contrast, oxygen stable isotope values from
the top of adjacent trigger core E55-6 are consistent
with expected values (Fig. 3). Sedimentological
and palaeontological evidence indicates that this
portion of the core consists of mud flow sediments.
Evidence for this interpretation includes sedi-
mentary structures (sandy basal layer, wispy lamin-
ations, sand stringers) and the presence of shallow-
water derived fauna (abundant shallow-water
ostracods, ascidian spicules, bryozoan fragments).
Relative abundances of the main planktonic fora-
miniferal taxa are consistent with abundances in
an adjacent core, RS67/GCI10 (Fig.5), which
shows no evidence of contamination. No **C dates
are available from the top of the core, although
the top of the adjacent trigger core, TC 55-6, has
a '*C age of 15,505+ 135 yr.

Nannofossil smears were examined from a
number of intervals downcore primarily to check
for the presence of significant hiatuses in the
sediments and to ensure that sediments were late
Quaternary in age. Most of the intervals examined
contained E. huxleyi. Where this species was absent
the remaining faunas were typical of the late
Quaternary and in strong contrast to the small
Gephyrocapsa faunas typical of the zones predat-
ing the appearance of E. huxleyi (Matsuoka and
Okada, 1989). Absence or low numbers of E.
huxleyi can be attributed to increased dissolution
or dilution of the sample by clays (Burns, 1975; S.
Shafik, pers. commun., 1992). Both of these effects
were observed in smears from glacial intervals.
The results indicate that there are no significant
hiatuses, such as have been identified in other
cores from this region (Exon et al., 1992;
Passlow, 1994).

4.2. Planktonic foraminiferal assemblages and
surface water masses

A total of fourteen planktonic foraminiferal
species are present (full counts are provided in
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Fig. 3. Oxygen isotope data and age model for core ES5-6. (a) Planktonic oxygen-isotope data versus core depth. (b) Benthic oxygen-
isotope data versus core depth. (a) and (b) Striped intervals indicate the position of mud flows. {c) Age model, based on planktonic
3'%0 data; SPECMAP data from Martinson et al., 1987. Isotopic stages are indicated to the right of the figure. with interglacial

periods shaded.

Appendices A and B). Of these, four species
account for some 70-90% of the total faunas.
These are Globigerina bulloides, Globorotalia
inflata,  Neogloboquadrina  pachyderma  and
Globigerina quinqueloba. Based on modern plank-
tonic foraminiferal biogeography (Bé, 1977), the
faunas present in the cores are divided into three
groups: a subantarctic group comprising G. bul-
loides, G. quinqueloba and sinistral N. pachyderma;
a transitional group including G inflata,
Neogloboquadrina dutertrei and dextral N. pachy-
derma; and a subtropical group with G. rruncaruli-
noides,  Globigerinoides  ruber,  Globigerina
Salconensis  and  Globigerinella  aequilateralis.

Downcore variations in relative abundance of these
groupings are documented for core E55-6 (Fig. 6)
and core E27-30 (Fig. 7).

Reconstructions of SST from planktonic
Foraminifera have used techniques such as modern
analogue or transfer function analysis to derive
temperatures. The use of faunal assemblages as a
proxy for temperature is limited, as the distribution
of planktonic Foraminifera is not controlled
directly by temperature. Foraminiferal distribution
is influenced by a wide range of ecological factors
including also nutrient levels, salinity, species com-
petition and thermal structure of the water column
(Bé, 1977, Hemleben et al., 1989). Planktonic
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Fig. 4. Oxygen isotope data and age model for core E27-30. (a) Planktonic oxygen-isotope data versus core depth. Striped intervals
indicate the position of mud flows and turbidites. (b) Age model, based on planktonic §'80 data; SPECMAP data from Martinson
et al., 1987. Isotopic stages are indicated to the right of the figure, with interglacial periods shaded.

foraminiferal distributions however, have been
shown to correspond closely with surface water
masses, particularly in the region of the STC (Bé
and Tolderlund, 1971; Hutson, 1977; Prell et al.,
1979; Howard and Prell, 1992).

Differences between the planktonic foraminiferal
faunas in the two cores are consistent with the

different surface water masses which affect the two
sites. Core E55-6 is influenced largely by waters of
subtropical origins and this is reflected by the
abundances of subtropical taxa. In comparison,
core E27-30, which is located in the transitional
region between subtropical and subantarctic
waters, to the north of the STC, contains a much
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Fig. 5. Comparison of the record of the main planktonic foraminiferal groups through stages 1 and 2 in cores E55-6 and RS67/GC10.
Isotopic stages are indicated to the right of each figure, with interglacial periods shaded. Foraminiferal data and isotopic stage
boundaries for core RS67/GC10 are taken from Passlow (1994).
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Fig. 6. Relative abundances of the main planktonic Foraminifera within the (a) subtropical, (b) transitional and (c¢) subantarctic
groups in core E55-6. Isotopic stages are indicated to the right of the figure, with interglacial periods shaded.

lower proportion of subtropical taxa. Glacial/
interglacial contrasts are present in both cores. In
core E55-6 these are shown by all three foramini-
feral gfpups. In core E27-30 they are shown by
the relative abundances of the transitional and
subantarctic groups. The higher percentage of sub-
tropical taxa in core E55-6 infers warmer SST at
that site. Temperature differences are supported
by planktonic oxygen-isotope values, which are
depleted by some 0.5%0 compared with those of
core E27-30 (compare Figs. 3 and 4).

Within core E55-6 there is a marked increase in
abundance of G. bulloides during glacial stages

(Fig. 6). The abundance of G. quinqueloba in core
E55-6 shows a similar pattern to that of G. hul-
loides. Both of these species have been related to
upwelling (Hemleben et al., 1989; Almond et al.,
1993). Their increased abundance during glacial
stages implies either a distinct decrease in temper-
ature or strengthening of coastal upwelling. The
lowering of sea level and subsequent exposure of
the shelf may have been responsible for shifting
upwelling towards deeper waters and thus over the
site of core ES55-6. However, it is not possible to
separate the effects of cooling from those of
increased upwelling on the evidence available here.
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Fig. 7. Relative abundances of the main planktonic Foraminifera within the (a) subtropical, (b) transitional and (c¢) subantarctic
groups in core E27-30. Isotopic stages are indicated to the right of the figure. with interglacial periods shaded.

4.3. Movement of the STC

While faunal changes in core ES55-6 follow a
glacial/interglacial pattern, the pattern in core
E27-30 is not as clear and is indicative of the
influence of the STC at this site. In core E27-30
the subantarctic group dominates the fauna during
stages 4, 6 and much of the period from stage 3
to the 2/1 boundary. The proportion of the subant-
arctic group at these times is greater than the value
during the Holocene, indicating that the STC was
north of its present position.

The subtropical group, generally low in abun-
dance in this core, reaches a distinct maximum of

some 12% at stage Se (Fig. 7). This coincides with
a peak in the transitional group and a strong drop
in the subantarctic group. The subtropical group
at this stage is characterised by the appearance of
Globigerinella aequilateralis, a warm water species
with a temperature tolerance of 11-30°C
(Hemleben et al., 1989, p. 18). The influence of
subtropical waters over the site at stage Se is
greater than during the Holocene, when G. aequi-
lateralis 1s rare or absent and is due to a southward
shift in the position of the STC. A less distinct
warming occurs across the stage 1/2 boundary,
shown in this case by an increase in the
Transitional Group.
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The position of the STC can also be traced
using shifts in the ratio of sinistral coiling to total
N. pachyderma. As shown by modern plankton
studies in the Southeast Indian Ocean, these shifts
occur at the STC (Hemleben et al., 1989, p. 184;
Howard and Prell, 1992). The dextral form is more
abundant in transitional waters to the north of the
STC, while the sinistral form is dominant in sub-
antarctic waters. In core E27-30 (Fig. 8) the sinis-
tral form equals or even exceeds the dextral form
in stages 4, 6 and stage 3 through to the 1/2
boundary, well exceeding relative abundances
during the Holocene. These results confirm that
the STC was to the north of its present position
during these times. Using the 40% abundance of
N. pachyderma (s) as an indicator of the location

(a) Core E55-6

% of N. pachyderma (s)
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R W T}

of the front, as suggested by Martinez (1994b),
the STC was at, or even to the north, of the core
site at these times. Low abundances of N. pachy-
derma (s) at stage 5e confirm the southward move-
ment of the front. Comparison of abundances of
N. pachyderma (s) throughout core E55-6 (Fig. 8)
indicates that the STC did not move as far north
as that site during the late Quaternary.

4.4. Benthic foraminiferal assemblages

Benthic species abundances are high in both
cores. However, the dominant taxa in each core
differ significantly. In core E55-6, Cassidulina cari-
nata, Globobulimina pacifica, Bulimina aculeata, B.
striata, Oridorsalis tener and Hoegludina elegans

(b) Core E27-30

% of N. pachyderma (s)
0 20 40 60 80

Fig. 8. Ratio of sinistral-coiling to total N. pachyderma in cores E55-6 and E27-30. Isotopic stages are indicated to the right of the

figure, with interglacial periods shaded.
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are the most abundant species (Fig. 9), comprising
some 40-90% of the total fauna. Other important
species include Uvigerina spp. (predominantly U.
peregrina) and Chilostomella oolina. In contrast,
the fauna in core E27-30 is dominated by
Epistominella exigua, U peregrind,
Globocassidulina subglobosa, Melonis barleeanum,
Cibicidoides wuellerstorfi and Pullenia bulloides,
which together comprise some 40—60% of the total.
(Fig. 10). Also relatively abundant in the core are
Pullenia spp., Trifarina bradyi and Fissurina spp.

4.5. Benthic faunal characteristics and abundances

Benthic Foraminifera can be divided by their
mode of living into epifaunal and infaunal taxa.
Epifaunal taxa inhabit the top 0-1cm of the
sediment, while infaunal taxa can be divided into
several groupings based on the depth range of
sediment which they inhabit (Corliss and Chen,
1988; Rathburn and Corliss, 1994). Microhabitat
preferences of benthic Foraminifera appear to be
relatively consistent between different oceanic
regions and to indicate adaptation to differing

(a) C. carinata (b) G. pacifica (c) B. aculeata
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conditions of oxygen and organic carbon (Corliss,
1985, 1991; Mackensen et al., 1985; Sen Gupta
and Machain-Castillo, 1993; Rathburn and
Corliss, 1994).

Core E55-6 contains a number of infaunal
species, such as Globobulimina pacifica, Bulimina
aculeata, B. striata, Chilostomella oolina and
Uvigerina spp. (predominantly U. peregring).
These taxa are predominantly deep infaunal
(Corliss and Chen, 1988; Rathburn and Corliss,
1994), and have been interpreted as indicative of
high organic carbon levels ( Lutze and Coulbourn,
1984; Sen Gupta and Machain-Castillo, 1993;
Rathburn and Corliss, 1994). In comparison, core
E27-30 contains a much higher proportion of
epifaunal species including Epistominella exigua,
Oridorsalis  tener (Corliss and Chen, 1988),
together with abundant shallow infaunal species:
Globocassidulina  subglobosa, — Pullenia  spp.,
Fissurina spp., U. peregrina and Melonis barlecu-
num (Corliss and Chen, 1988; Rathburn and
Corliss, 1994).

Carbon stable isotopes in Foraminifera arc
influenced by a number of factors, including pri-

(d) B. striata (e) H. elegans f O. tener

0 10 20 30 40 ] 5 t0 15 20 0 5 10 15 20
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Fig. 9. Relative abundances of the main benthic Foraminifera in core ES55-6: Cussidulina carinata. Globobulimina pacifica, Bulimina
aculeata, B. striuta, Hoegludina elegans, Oridorsalis tener. Isotopic stages are indicated to the right of the figure, with interglacial
periods shaded.
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Fig. 10. Relative abundances of the main benthic Foraminifera in core E27-30: Epistominella exigua, Uvigerina peregrina,
Globocassidulina subglobosa, Melonis barleeanum. Cibicidoides wuellerstorfi, Pullenia bullvides. Tsotopic stages are indicated to the

right of the figure, with interglacial periods shaded.

mary productivity, CO, and water-mass nutrient
exchanges and vital effects, which differ between
taxa, making 8"*C unreliable as a simple proxy for
productivity. Nevertheless, 3'°C values of plank-
tonic and benthic Foraminifera continue to be
used as indicators of change in palacoproductivity.
The carbon stable-isotope record here is compared
to the ratio of epifaunal:infaunal benthic
Foraminifera and the benthic foraminiferal
number, used as a proxy record of productivity
(e.g. Herguera and Berger, 1991; Rathburn and
Corliss, 1994). Both planktonic and benthic §'3C
records are available for core E55-6 (Fig. 11). For
core E27-30 faunal records are compared with the
planktonic §'*C record only (Fig. 12).

No clear glacial/interglacial patterns are evident
in core E55-6. Benthic abundances are highest in
stages 2 and 3, peaking in stage 3. The abundance
of productivity-related taxa in these stages suggests
that productivity levels were higher in the region
than at present. In contrast, benthic abundances
in glacial stage 4 are very low and coincide with a
change in faunal composition (Fig. 9). Stage 4 is
dominated by C. carinata and G. pacifica, while
other taxa, particularly B. striata and B. aculeata,

show a distinct decrease in abundance. The
contrast between these glacial stages indicates
that there has been a significant difference in
glacial productivity and/or dissolution regimes.
Dissolution patterns are examined below.

Within core E27-30 there is a distinct transition
in 3"°C values across the stage 5/6 boundary,
followed by strong enrichment of 8'*C in stage 5Se.
The stage 1/2 boundary is characterised by a
similar trend. These periods coincide with pole-
ward excursions of the STC across the core site.
At other times there is no clear correlation between
proximity of the STC and the 8'*C record. Benthic
foraminiferal abundances are highest in stage 3
and late in stage 2, at the time when the STC was
located close to or over the core site. In contrast
to core E55-6, core E27-30 does not show evidence
of a strong decrease in benthic abundances during
glacial stage 4.

4.6. Patterns of dissolution

Foraminiferal indices used to quantify dissolu-
tion include the proportion of planktonic frag-
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Fig. 11. Planktonic and benthic 8'*C compared with epifaunal: infaunal ratio and absolute abundance of benthic Foraminifera
(number of tests per gram of sediment) in core E55-6. Isotopic stages are indicated to the right of the figure. with interglacial

periods shaded.

ments to whole tests (as a percentage), the ratio
of planktonic to benthic tests and a foraminiferal
dissolution index (FDI) calculated using a seven
rank system, based on the dissolution ranking of
Vincent and Berger (1981).

Dissolution indicators for core ES5-6 are com-
pared in Fig. 13. The benthic:planktonic ratio
shows little correlation with fragmentation, sug-
gesting that downcore variations in the benthic:-
planktonic ratio depend on factors other than
dissolution. The FDI shows little change through-
out the core, with only shight decreases during
stages 2 and 4. The most significant dissolution is
shown in stage 4 when the highest proportion of
fragmentation coincides with the maximum in
benthic:planktonic ratio and the minimum abso-
lute abundance of planktonic Foraminifera.

The site of core E27-30 is some 600 m deeper
than that of core E55-6. An increase in the overall
dissolution level at this site is mirrored in both the
proportion of fragmentation and the FDI
(Fig. 14). The benthic:planktonic ratio (Fig. 14a)
fluctuates at around 2% in comparison with that
of core E55-6 which is around 4% (Fig. 13a). The
ratio is highest in stage 2, with high levels through
stages 4-2 and in stage 5. The FDI shows increased
dissolution during glacial stages 2, 4 and also stage
6. The proportion of fragmentation is high in stage
2 and to a lesser extent in stage 4, but is low in
stage 6.

Since the two cores are well above the lysocline,
estimated at 4800 m in this region (Mallet and
Heezen, 1977), some of the foraminiferal parame-
ters used may not be sufficiently sensitive to esti-
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Fig. 12. Planktonic 8'*C compared with epifaunal: infaunal ratio and absolute abundance of benthic Foraminifera (number of tests
per gram of sediment) in core E27-30. Isotopic stages are indicated to the right of the figure, with interglacial periods shaded.

mate dissolution. The lack of sensitivity of current
foraminiferal dissolution indices in waters well
above the lysocline has been pointed out by Le
and Shackleton (1992) and more recently by
Lohmann (1995). A comparison of foraminiferal
indices with an ostracod dissolution index in the
two cores examined here (Passlow, 1997-this issue)
indicates that ostracods are more sensitive to dis-
solution at these shallower depths and probably
reflect the extent of dissolution more accurately.

5. Discussion
5.1. Comparison with previous studies of the STC
The direction and timing of migrations of the

STC recorded here are consistent with shifts docu-
mented in previous palacoceanographic studies in

the southern Indian and southeastern Indian
Ocean (Prell et al., 1979; Morley, 1989; Howard
and Prell, 1992; Francois et al., 1993). With only
one core in this study located in the vicinity of the
STC, it is not possible to constrain actual palaeo-
latitudes of the STC other than very broadly.
Interpretation of the record in core E55-6 indicates
that the STC did not move as far north as 39° S
at any time during the late Quaternary. Within the
Tasman Sea there is no evidence of migration of
the STC as far north as DSDP Site 593 located at
40° 30’ S (Nelson et al., 1993; Martinez, 1994b),
which is consistent with the record in core E55-6.

Based on 40% abundance of N. pachyderma (s)
as an indicator of the position of the front
(Martinez, 1994b), the STC has moved at least as
far north as 45° S during stages 6, 4 and 2, and
was close to that latitude through much of stage
3. The record from core E36-23, located east of
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Fig. 13. Comparison of dissolution indicators in core ES5-6: benthic: planktonic ratio: abundance of fragments to whole planktonic
Foraminifera (%); absolute abundance of benthic Foraminifera (number of tests per gram of sediment) and foraminiferal dissolution
index (FDI). Isotopic stages are indicated to the right of the figure, with interglacial periods shaded.

Tasmania at 43 S can also be used to provide a
comparison ( Martinez, 1994b). It should be noted

though that the present path of the STC east of

Tasmania curves northward (Fig. 1). Results from
core E36-23 show that the STC migrated slightly
north of 43~ S during stages 6, 10 and 12
(Martinez, 1994b). This i1s consistent with the peak
abundance of N. pachyderma (s) in core E27-30 at
stage 6 and suggests that the STC migrated at
least 2" north of its present position at that time.
Abundances of N. pachyvderma (s) in core E27-30
are not as high in subsequent glacial stages, sug-
gesting that the STC was located at or slightly
north of 45”7 S at these times.

The results examined here provide a preliminary
assessment of the record of the STC in the region

south of Tasmania. To better define the extent of

movements of the STC requires a study based on
a transect of cores across the present zone of the

STC. Proper delineation of the front also requires
analysis based on temperature data derived from
planktonic foraminiferal assemblages using data
processing, such as the modern analogue
technique.

5.2, Benthic productivity and the influence of the
TC

1063

The records of benthic foraminiferal assem-
blages and patterns of dissolution differ consider-
ably in the two cores. These differences are greater
than might be expected from cores located within
the same low-nutrient water mass. The nature of
circulation south of Australia is such that water
properties at depth are relatively homogeneous.
There is no evidence from modern water-mass
data of significant differences in water temperature
or productivity levels which might account for the
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very different benthic foraminiferal faunas.
However, the sites of the two cores differ signifi-
cantly in their surface waters. Core E27-30 is
located adjacent to the STC and has higher levels
of surface productivity due to seasonal phyto-
plankton blooms associated with the front. In the
region of core E55-6, and along much of the
southern margin of the continent, modern produc-
tivity levels are very low.

The importance of productivity in influencing
the distribution of benthic Foraminifera has
become increasingly clear in recent years (Lutze
and Coulbourn, 1984; Corliss and Chen, 1988;
Corliss and Emerson, 1990: Loubere, 1991; Sen
Gupta and Machain-Castillo, 1993). A recent
study of benthic Foraminifera from the Sulu Sea,
where bottom water temperatures, salinity and
oxygen levels are all uniform, indicates that differ-
ences in the faunas can be linked to variations in

the organic carbon content of the sediments
(Rathburn and Corliss, 1994). The latter study
confirms the contention that productivity levels
provide the major control over the distribution of
many of the taxa which have been previously
linked with both high productivity and low-oxygen
conditions (Sen Gupta and Machain-Castillo,
1993).

Studies of modern seasonal phytodetrital depos-
its in the North Atlantic have shown that a small
group of taxa, dominated by Epistominella exiguu
and Alubaminella weddellensis, is adapted to feed-
ing directly on these seasonal inputs (Gooday,
1986; Gooday and Lambshead, 1989; Gooday and
Turley, 1990). Based on the association of E.
exigua with phytodetritus in the modern environ-
ment, Smart et al. (1994) have suggested that this
species may be an indicator of palacoproductivity.

Other taxa that have been recorded in associa-
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tion with these phytoplankton feeders include
Cibicidoides wuellerstorfi, Globocassidulina subglo-
bosa, Chilostomella sp. and Melonis barleeanum
(Caralp, 1984, 1989; Gooday, 1988; Gooday and
Turley, 1990; Gooday et al., 1992). These taxa
take advantage of the more degraded organic
material available, rather than feeding directly on
phytodetritus (Caralp, 1989). While these taxa are
not limited to areas with seasonal phytoplankton
input, they are commonly more abundant in the
sediment below phytoplankton snow. The remain-
ing infaunal population can also benefit from the
increased levels of organic material resulting in
increased population numbers overall (Gooday,
1988).

In core E27-30 E. exigua i1s one of the most
abundant taxa present. Other taxa found in abun-
dance include a number of the species which have
been recorded in association with phytodetrital
input: C. wuellerstorfi, Globocassidulina subglobosa
and Melonis barleeanum. These taxa, together with
E. e¢xigua, are more abundant at times when the
STC is located over the site: stages 6, 4 and stage
3 through to the stage 1/2 transition (Fig. 15). In
comparison, these taxa are rare to absent in core
E55-6.

The data here indicate that the benthic faunal
record in core E27-30 has been strongly influenced
by seasonal phytoplankton production associated
with the STC. The distribution of E. exigua, in
conjunction with other productivity-related ben-
thic taxa, confirms that the species can be used to
provide a record of high seasonal phytoplankton
productivity (Smart et al., 1994; Thomas et al.,
1995). Abundances of E. exigua and A. weddel-
lensis have been used to trace phytoplankton pro-
ductivity associated with the Polar Front in the
northeastern Atlantic (Thomas et al., 1995).

5.3. Dissolution and productivity links

The most obvious dissolution event in core
E55-6 occurs in stage 4 and is marked by a distinct
change in both benthic faunal and dissolution
records, compared to those in glacial stage 2. The
reasons for the dissolution peak in this core are
unclear. A long-term trend of increasing carbonate
preservation over the past 500,000 yr has been

observed in the Southern Ocean and in the Tasman
Sea (Howard and Prell, 1994; Martinez, 1994a).
It may be that this trend accounts for differences
between glacial stages. With little of stage 6 repre-
sented in the core it is not possible to compare
earlier glacial cycles or establish longer-term
trends.

The absence of a similar pattern in core E27-30
suggests either that the pattern observed in core
E55-6 1s due to local input, such as increased
upwelling, or that the impact of the STC has
obscured other dissolution trends in core E27-30.
The high organic carbon input caused by the STC
is likely to increase the level of dissolution and, in
fact, increased dissolution levels are associated
with the presence of the STC over the site.

The abundance of benthic Foraminifera in core
E55-6 decreases overall in stage 4, but this is not
the case for all taxa. The fauna in stage 4 comprises
infaunal taxa and is dominated by two species,
Cassidulina carinata and Globobulimina pucifica.
Studies of modern benthic Foraminifera have
shown that some thin-shelled taxa, including
Globobulimina spp. are able to move deeper in the
sediment in conditions of high to extreme corrosi-
vity, such as in sediments below the carbonate
compensation depth (Rathburn and Corliss, 1994;
Rathburn et al., 1996).

The ability of some infaunal benthic
Foraminifera to inhabit different depths within the
substrate allows these taxa to take advantage of
increased levels of organic carbon at depth in the
sediments (Griggs et al., 1969; Corliss and Chen,
1988; Corliss and Emerson, 1990; Rathburn and
Corliss, 1994; Rathburn et al., 1996). It is possible
that the fauna recorded during stage 4 in core
E55-6 developed as a consequence of high corrosi-
vity together with high levels of organic carbon in
the sediment. Planktonic and benthic 3'*C values
during this stage are consistent with increased
levels of productivity. The cause of this increase is
not clear, however.

5.4. Implications for palaeoceanographic studies
The differences between these two cores indicate

the extent to which frontal structures can influence
palaeoceanographic records. The record of the
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Fig. 15. Summary of evidence of movements of the STC through the late Quaternary at core site E27-30, based on surface water-
mass interpretations, ratio of sinistral-coiling to total N. pachyderma and benthic Foraminifera associated with phytodetrital influx
(see text for discussion). The position of core E27-30, relative to the STC, is indicated by the arrow. Interglacial stages are shaded.

STC is apparent not only in the planktonic record
of core E27-30, but has also been a major influence
on the benthic foraminiferal record. Other recent
Southern Ocean studies have found evidence of
the influence of productivity associated with fron-
tal structures (Francois et al., 1993; Mackensen
et al., 1993). The study by Mackensen et al. (1993)
showed that 6'3C values in C. wuellerstorfi may in
fact be lowered by regional surface production and
organic carbon flux changes. Given the importance
of the Southern Ocean in global climate regulation
and, in particular, the interest in determining
glacial/interglacial changes in deep- and bottom-
water production, it is essential that the impact of
frontal structures be recognised.

6. Conclusions

Comparisons between two cores located in the
southeast Indian Ocean off southeastern Australia
provide a record of palaeoceanographic changes
through the late Quaternary. Planktonic foramini-
feral assemblages and the ratio of sinistral-coiling
to total N. pachyderma are used to record varia-
tions in surface water masses over the location of
core E27-30, south of Tasmania. These changes in
surface water masses are interpreted as a record
of movement of the Subtropical Convergence over
the site.

The record from core E27-30 indicates that the
STC has been located north of its present location
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through much of the late Quaternary, particularly
in stage 6 and stages 2-4. Poleward excursions of
the STC occurred during stage Se and the
Holocene, resulting in the presence of warmer
surface waters over the site. Movements of the
STC identified here are consistent in timing and
direction with those identified in other core studies
in the southern Indian and southeastern Indian
Ocean.

This study provides limited control on the
palaeolatitude of the STC. The record in core
E55-6 indicates that the front never migrated as
far north as 39 S during the late Quaternary. The
maximum northward movement recorded occurred
during stage 6, when the front moved at least 2
north of its present position and possibly more.
The position of the STC in stages 2--4 was at or
slightly north of 45~ S.

Benthic foraminiferal faunas and abundances in
core E27-30 can be linked to variations in surface
productivity associated with movements of the
Subtropical Convergence. The abundance of the
species  Epistominella  exigua. known to feed
directly on phytoplankton detritus in the modern
deep-sea (Gooday, 1986; Gooday and Lambshead,
1989: Gooday and Turley, 1990) correlates with
periods when the STC was close to the core site.
Overall benthic abundances are also higher at these
times, indicating that phytodetrital material has
played a significant role in benthic productivity at
this site.

Dissolution records in the two cores differ. A
significant event occurs during stage 4 of core
E55-6. but 1s not evident in core E27-30. The
reasons for the differences in the core records are
not clear, but may be related to local effects,
including the influence of the STC on the site of
core E27-30. Comparison of these two core records
emphasises the importance of frontal structures in
influencing palaeoceanographic records in the
southeast Indian Ocean-Southern Ocean region
and the need for the record of the STC to be
better defined.
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