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Abstract—The Tasman Front represents a thermal boundary across the north Tasman Sea located
between 31°S and 35°S over the Tasman Sea Ridge System in the south-west Pacific. Census data
of planktic foraminiferal assemblages and oxygen isotopic variations of planktic and benthic fora-
minifera obtained from three DSDP sites (284, 590A and 588) were used to investigate the Plio-
cene history of the Tasman Front.The results indicate that at about 4.4 Ma the Tasman Front
shifted to the south of 31°S as reflected by a major change in the biogeographic distribution of
planktic foraminifera. This change caused warming of the sea-surface, particularly in the area of
DSDP site 590A. Temperature gradients between surface water and intermediate water (indicated
by ABO planktic-benthic) at DSDP590A also increased, suggesting that the site has been sub-
sequently located beneath a more vertically stratified water column than prior to 4.4 Ma.The
southward shifting of the Tasman Front might have been a response to the intensification of the
East Australian Current, and the enlargement of the West Pacific Warm Pool in the western equa-
torial Pacific. Both of these oceanographic developments may have been caused by the curtailing
of the westerly flowing South Equatorial Current due to tectonic closure of the New Guinea Sea-
way involving northward motion of the Australian Plate and an associated Pliocene orogeny in

central New Guinea. © 1998 Published by Elsevier Science Ltd. All rights reserved

Introduction

Marine plankton are strongly influenced by jets and
eddies that form an integral part of oceanic fronts,
and distinct transitional fauna and flora take advan-
tage of the frontal zone ecotone (Brandt and Wadely
1981). Enhanced phytoplankton biomass is also fre-
quently found along meanders and eddies associated
with frontal systems (Strass 1992). Various physical
and biologic interactions in the frontal zone lead to
strong cross-frontal gradients in species composition,
depth distribution and plankton biomass. Larger-scale
biogeographic patterns of planktic life tend to follow
the basic geometry shaped by frontal zonation (Backus
1986). The Tasman Front in the south-west Pacific dis-
plays these patterns and separates the Subtropical
planktic biota from a Transitional biota (Eade 1973,
Bé and Toderlund 1971).

The Tasman Front (Denham and Crook 1976,
Stanton 1979) is a thermal front with an associated
eastward zonal jet extending across the northern
Tasman Sea from the East Australian Current area to
North Cape, New Zealand (Fig. 1). The Front is
observed as an abrupt change of temperatures at all
depth between the surface and 300 m (Andrews et al.
1980). It takes a circuitous route, meandering between
the latitudes 31°S and 35°S over the Lord Howe Rise
and Norfolk Ridge (collectively known as the Tasman
Sea Ridge System) (Stanton 1981, Heath 1985). The
mixture of warm water from the East Australian
Current/Coral Sea and cool water of the Tasman Sea
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(Andrews et al. 1980) results in a complicated pattern
of eddies, and characterizes the Tasman Front as a
band of high variance in sea surface temperature (Tate
et al. 1989). The band is wider at the western end and
tapers off eastward. These warm-water eddies have a
deep structure that extends from the sea surface to
abyssal depths (Mulhearn 1983, Mulhearn et al. 1986).
It is estimated that half of the Eastern Australian
Current is transported to the east by the Tasman
Front (Stanton 1981).

The position of the front is influenced by the varia-
bility of the East Australian Current as well as the
topographic effects of the Tasman Sea Ridge system
(Stanton 1981, Heath 1985). The ecastward flow is
enforced while it encounters the bathymetrically shal-
lower topographic bottom of the Lord Howe Rise and
the Norfolk Ridge (Heath 1985). In particular, the
Front tends to loop northward over the Lord Howe
Rise, and passes the Rise between 32°20'S and 34°30'S
(Mulhearn 1987).

Viewing New Zealand as a meridional barrier in the
south-west Pacific circulation, Warren (1970) suggested
that such a zonal jet (the Tasman Front) must exist to
link the East Australian Current to the western bound-
ary currents off New Zealand’s east coast. The western
end of the Tasman front at Sugarloaf point marks the
location where the East Australian Current turns sea-
ward from the Australian coast. Godfrey et al. (1980)
suggested that the exact turning-off location is deter-
mined by the topographic control of the bend in the
coastal line of Australia.
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Fig. 1. Location map of the studied DSDP sites in the south-west Pacific, showing circulation pattern, major oceano-
graphic fronts and sea-floor topography. The base map was modified after Fig. 1 of Bradford-Grieve et al. 1991.

The purpose of this paper is to review the Pliocene
paleoceanography in the south-west Pacific with
special focus on the latitudinal migration of the
Tasman Front. The sites studied include three DSDP
cores: Site 284 (40°31'S, 167°41'E, at water depth of
1066 m), Site 590A (31°10'S, 163°22'E, water depth
1299 m) and Site 588 (26°06’S, 161°13’'E, 1533 m)
(Fig. 1).

Biogeographic settings, general
paleoceanographic history and working
hypotheses

Geographic distribution of planktic foraminifera
and calcareous nannoplankton in the Tasman Sea
region is closely related to the surface circulation
(Kustanowich 1962, Parker and Berger 1971, Eade
1973, Bé 1977, Andrijanic 1988, Martinez 1994). The
sharpest faunal boundary observed by Kustanowich
(1962) was in the so-called “north central fauna”. This
boundary fauna is present between ~32°S and ~37°S
along the northern tip of New Zealand, coinciding
with the meandering region of the Tasman Front.
Parker and Berger (1971) applied a cluster analysis to
delimit faunal provinces in this area. A major cluster

boundary was found near ~31°S, separating clusters
A-D from clusters H-K. They also documented that
the left-coiling forms of Neogloboquadrina pachyderma
dominate south of ~40°S. Bé (1977), in a world-wide
compilation, further confirmed such provincialism, and
coined the Subtropical, Transitional and Subantarctic
foraminiferal provinces for the different faunal assem-
blages. Similar results were attained by Eade (1973)
and Hayward (1983). Andrijanic (1988) showed the co-
incidence of the Tasman Front with the Subtropical-
transitional province boundary. The seasonal mi-
gration of warm-water rings derived from the East
Australian Current and variations of the Tasman
Front are also reflected by foraminiferal distributions
(Andrijanic 1988). More recently, Martinez (1994)
once again identified three planktic foraminiferal
assemblages corresponding to three hydrographic
modes in this area. By employing foraminiferal faunal
changes, Martinez (1994) was able to reconstruct the
position of the Tasman Front and documented the
northward migration of the Front during the last
Glacial Maximum. Martinez (1994) suggested that this
northward migration may indicate a reduction in the
volume of the WPWP and/or an increase in the
strength of subtropical currents.
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DSDP Site 284 is situated in the central part of the
Tasman Sea, recording the faunal variations of the
Transitional fauna through time. Site 590A, located to
the north of the current position of the Tasman Front,
is considered to be a good site to monitor the latitudi-
nal migration of the Front in the geologic past. Site
588, located at the northern end of the Subtropical
faunal province, serves as a monitor of the warm sub-
tropical end-member in this study.

The early Pliocene (between ~5.0 and 4.2 Ma) was a
period of global warmth and high sea-level (Ciesielski
and Weaver 1974, Keany 1978, Hodell and Kennett
1986, Hodell and Warnke 1991). In addition, the
volume of Antarctic ice volume and the extend of sea
ice may have been less than today (Webb et al. 1984,
Webb and Harwood 1991, Hodell and Venz 1992). A
distinct mid-Pliocene cooling in the Antarctic surface
waters occurred between ~3.5 and 3.2 Ma as evidenced
by an increase in 0'*0 and by faunal changes in ODP
Site 704 (Hodell and Warnke 1991, Hodell and Venz
1992).

Four working hypotheses are proposed here against
which available foraminiferal and isotopic data will be
tested:

(1) The Tasman Front should have acted as a bio-
geographic boundary in the past as it does
today. If the Tasman Front did shift southward
during the Pliocene, it is expected that prior to
the shift, the faunal composition of Site 590A
would resemble that of Site 284 and become
similar to that of Site 588 after this event.
Moreover, some of the temperate species in
DSDP 590A foraminiferal assemblages should
be replaced by subtropical components.

The Tasman Front is characterized by the con-
junction of the water from the warm South
Coral Sea and the cool Tasman Sea and hence
should display high variance in temperature. In
reference to faunal compositions documented in
the Subtropical Convergence Zone (Bary 1959),
it is likely that the planktic foraminiferal assem-
blages at the Tasman Front itself would be com-
prised of both warm- and cool-water species
with an increase in opportunistic (or eurytopic)
species which are adapted to the highly variable
front ecotone.

At present, the temperature difference in the sur-
face waters across the Front is about 4°C. If the
Tasman Front had shifted from a previously
northern position, for example, at 30°S, to the
south of 31°S, the planktic 6'°O values in DSDP
590A should become lighter by as much as 1 per
million (assuming the 6'80 of sea waters had
kept constant) because this site was then bathed
in warmer subtropical water masses. The vertical
temperature gradients are also expected to be
larger for the water columns to the north of the
Tasman Front than in the southern side of the
Front. This is because the water columns in low
latitudes are more thermally stratified than those
in high latitudes.

The Tasman Front is expected to shift to the
south when the West Pacific Warm Pool
(WPWP) expands. The expansion of the WPWP
could be the result of a warm-up of the western

2)

(€)

4)

equatorial Pacific and/or pile-up of warm water
as a consequence of the blockade of the westerly
flowing South Equatorial Current, due to closure
of pre-existing seaways in the New Guinea area.

Data and methods

Stable oxygen isotopic data and chronological corre-
lation

Three sources of stable isotopic data have been com-
piled: (1) For the DSDP Site 284, planktic isotopic
values are from Globigerina quinqueloba analyzed by
Kennett et al. (1979). G. quinqueloba was considered to
be the most consistent marker of the near-surface
water isotopic changes among the three species ana-
lyzed by Kennett et al. (1979). Benthic values are those
of Shackleton and Kennett (1975), augmented with ad-
ditional analyses by Hodell and Kennett (1986). The
benthic foraminifera species analyzed was Uvigerina
peregrina. (2) The oxygen stable isotopic data of Site
588 are from Kennett (1986). The planktic isotopic
values were measured from Globigerinoides quadriloba-
tus. The species is a near-surface dweller that precipi-
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Fig. 2. Dissimilarity triangles showing the planktic foraminiferal fau-
nal difference among DSDP sites 284, 588 and 590A during the late
Miocene (5.34-5.0 Ma) and early Pliocene (5.0-3.4 Ma).
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tates its test at a constant offset from oxygen isotopic
equilibrium (Williams et al. 1977). Benthic values are
from Planulina wuellerstorfi and/or Cibicidoides kullen-
bergi. (3) Stable isotopic ratios of Site 590A were
measured on the benthic foraminifera Cibicidoides kul-
lenbergi and the planktic species Globigerinoides saccu-
lifer (Elmstrom 1985, Elmstrom and Kennett 1986).

The vertical temperature gradients at each site are
reflected by the oxygen stable isotopic gradients
between the planktic foraminifera and benthic forami-
nifera. Since the depths of the three studied sites are in
the range of 1050-1550 m, the benthic isotopic values
are considered to reflect the temperature/d'*0 of
Antarctic Intermediate Waters, assuming that the
benthic foraminiferal tests were precipitated under iso-
topic equilibrium.

It had once been troublesome to establish an unam-
biguous correlation between temperate sites (e.g.
DSDP 284) and warm subtropical sites (e.g. DSDP
588). Recent advances in using magnetic polarities and
chemostratigraphic markers to calibrate high-resol-
ution plankton biostratigraphy has resulted in an ade-
quate magneto-bio-chronological framework for the
south-west Pacific (see review by Hodell and Kennett
1986). Magnetic polarity sequences were established
for the last 13 my for the DSDP 588 and 3.5 my for
the DSDP 590A (Barton and Bloemendal 1986). The
magnetostratigraphy of the DSDP 588 has been used

DSDP 590A,
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as a reference to construct a chronological framework
for all the sites studied (Wei and Kennett 1988, Wei
1992). The ages of polarity boundaries and various
nannofossil and planktic foraminiferal datum levels
were adopted from Berggren et al. (1985). A detailed
account of the biochronological correlation was pre-
sented in Wei and Kennett (1988).

Foraminiferal fauna data and statistical methods

The faunal census data of planktic foraminifera
were obtained from Elmstrom (1985) for DSDP sites
588 and 590A, and from Kennett and Vella (1975) for
DSDP site 284. To measure the faunal difference
among the three sites, a dissimilarity index called
chord distance is calculated for each pair of samples of
the same age. Chord distance is determined by project-
ing the two samples under comparison onto to a circle
of unit radius through the use of direction cosines, and
measuring the distance of the chord that connects the
two sample points (Pielou 1984, p. 48, Ludwig and
Reynolds 1988, p. 170). The chord distances have been
calculated for 26 time-slices ranging from 5.34 to 3.46
Ma, and depicted as the three sides of a triangle to in-
dicate the dissimilarities among the three sites during
each time slice (Fig. 2). The area of each triangle indi-
cates the overall biogeographic differentiation among
the three sites.
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The faunal composition has been subdivided into
three major categories: tropical, transitional and front
species. The classification was mainly based upon the
biogeographic delineation of Andrijanic (1988). Species
which show relatively high abundance between lati-
tudes 31°-34°S were grouped as front species. These
species include Globigerina bulloides, Neogloboquadrina
acostaensis, Globigerina falconensis, Globigerinita gluti-
nata and Orbulina universa.

Results
Planktic foraminiferal fauna

With the assumption that the planktic foraminiferal
faunal compositions of DSDP sites in the same water
mass would be similiar to each other, the similarity
depicted by the triangles (Fig. 2) reveals the changing
associations of the three sites in terms of their oceano-
graphic settings. The sizes of the triangles, representing
the variability of overall dissimilarity among the three
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sites, increase through time. For intervals prior to 5.03
Ma (i.e. during the late Miocene) the triangles are
smaller, indicating smaller biogeographic differen-
tiation in the south-west Pacific. During the early
Pliocene (5.0-3.4 Ma) intervals, not only do the sizes
of the triangles increase, but change in shape. Before
4.5 Ma the triangles are skewed to the right, indicating
that the faunal compositions of DSDP 590A were
similar to those found at temperate site DSDP 284.
This suggests that DSDP 590A was then located in the
same biogeographic province with site DSDP 284. For
time-slices 4.48 Ma to 4.36 Ma, the triangles reach
maximum size, and show equal dissimilarity among
the three sites. It appears that during this period,
DSDP 590A was under strong influence of the Tasman
Front, reflected by high abundances of front species
(Fig. 3). After 4.32 Ma the triangles are skewed to the
left, faunal compositions at site 590A became similar
to those of warm subtropical site DSDP 588. Thus, it
is interpreted that DSDP 590A has been located to the
north of the Tasman Front and bathed in the warm
subtropical water masses since 4.3 Ma.
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At DSDP 590A, transitional species decreased shar-
ply during 4.5 to 4.3 Ma whereas the tropical elements
increased dramatically at the same time (Fig. 3). The
front species fluctuated in their relative abundance
through time without showing any major trends, how-
ever, they do show an abundance peak at about 4.4
Ma. At the same time, sinistral forms of N. pachy-
derma undergo drastic reduction in abundance at
DSDP 590A. Dextral forms of the same species
occurred after 4.32 Ma (Elmstrom 1985). Such a
phenomenon did not occur in site 284 (Kennett and
Vella 1975), suggesting the shifting dominance from
sinistral forms to dextral forms in N. pachyderma at
4.4 Ma is unique at the DSDP 590A. The faunal com-
positional change centered at 4.4 Ma is considered to
be compelling evidence for the proposed shifting of the
Tasman Front at 4.4 Ma.

Oxygen isotopes

For the studied time interval from 5.6 to 3.4 Ma,
the oxygen isotopic gradients between the surface and
bottom waters at DSDP 588 remained close to 1.5 per
million, corresponding to a temperature gradient of
12°C while the temperature gradients at DSDP 284

were about 7°C (A'®O = 1.8 per million) (Fig. 4).
Such a difference in vertical temperature gradient
could be indicative of different oceanographic settings,
namely, warm subtropical and temperate settings.
Beginning at 3.9 Ma, there was a step-wise increase in
A0 at DSDP 590A, signaling an increase in vertical
temperature gradient from 7 to 11°C. This change in
vertical temperature gradient suggests that DSDP site
590A was first situated in temperate water masses and
later bathed in warm subtropical waters. The increase
in sea surface temperature was gradual. From 4.5 to
3.6 Ma, the planktic 'O decreases from —0.2 to —1.0
per million, signaling a warming of at least 3°C given
that all other benthic and planktic §'%0 time-series in
the three sites show a positive trend.

In summary, the oxygen isotopic evidence suggests
that the DSDP site 590A underlay different water
masses before and after 4.4 Ma. The main evidence is
manifested in the gradual warming of the surface
waters and a probable gradual cooling of the inter-
mediate waters at this site since 4.3 Ma. Such a con-
trast resulted in an obvious increase in vertical
temperature gradient shown by site 590A (Fig. 4). The
increase of sea-surface temperature at DSDP 590A
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Fig. 6. Dynamic topography of the sea-surface relative to 1500 dbar and the corresponding geostrophic current flow pat-
tern in the mid and low latitudes of Pacific (modified after Fig. 3.11B, Reid 1981).

was at least 3°C (Fig. 5), consistent with the prediction
of hypothesis 3.

Discussion

At present, the westerly flowing South Equatorial
Current is driven by the trade winds and blocked by
New Guinea (Fig. 6Fig. 7). The pile-up of warm equa-
torial water in the western Pacific results in the largest
single expanse of warm water on our planet, known as
the Western Pacific Warm Pool (WPWP). Any vari-
ation in the size of the WPWP, and hence the strength
and volume of the southward flow would certainly
determine the position of the Tropical Convergence
and the Tasman Front in the geologic past. Here, I
propose that the northward motion of the Indo-
Australia Plate and orogenic events of New Guinea
during the late Neogene played a vital role in the final
closure of the Indonesian Seaway, where the Pacific
Equatorial Current flowed into the Indian Ocean
(Fig. 7).

It has been suggested that the Equatorial
Undercurrent first developed about 12-11 Ma (van
Andel et al. 1975, Kennett et al. 1985). Major orogeny
first occurred in eastern New Guinea during the
middle Miocene (Audley-Charles et al. 1972). By 11—
12 Ma, New Guinea, together with the Borneo and
Indonesian land masses, had became barriers, blocking

Pacific equatorial current from transporting waters
into the Indian Ocean. The barrier would have caused
the onset of the pile-up of warm surface waters in the
western equatorial Pacific and hence the development
of western boundary currents and a easterly flowing
Equatorial Undercurrent (Kennett et al. 1985).
According to the most recent paleogeographic recon-
struction of this area by Lee and Lawver (1995)
(Fig. 7), prior to 5 Ma, the South Equatorial Current
was not totally blocked by New Guinea and continued
to flow into the Indonesian area. Two passages might
exist: one being the seaway located to the north of
New Guinea, and the other the pre-existing gateway
running through central New Guinea (i.e. the present
Ramu—Markham suture zone, marked by the dashed
lines in Fig. 7). The Ramu—Markham suture zone is
considered to be the north-west continuation of the
Solomon Basin (Abbott 1995), which is now being
doubly subducted to the north at the New Britain
Trench and to the south-west at the Trobriand Trough
(Hamilton 1979). Therefore, these tectonic events in
New Guinea, and the position of the northern leading
edge of the Australian Plate, had the capacity to fine-
tune the circulation patterns of the westernmost South
Equatorial Current.

It is possible that at about 4.4 Ma, orogeny in cen-
tral New Guinea caused a final closure of the “Central
New Guinea Seaway’ while the progressive northward
movement of the Australian plate would have also
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brought the continents to a critical position so to cur-
tail the South Equatorial Current from flowing to the
west. Both of these tectonic developments could have
enhanced the pile-up of the Western Pacific warm Pool
and hence pushed the Tasman Front to the south.

Conclusions

Detailed study of the oxygen stable isotope stratigra-
phy and variations in planktic foraminifera at three
DSDP sites (DSDP 284, 588, 590A) in the south-west
Pacific suggest that prior to 4.4 Ma the Tasman Front
was located to the north of its current position, and
shifted south of 31°S after this time. The southward
shift of the Front might be related to an enhanced

pile-up of the Western Pacific Warm Water and the
intensification of the East Australian Current due to
tectonic developments in the New Guinea area. It is
speculated that the northward motion of the
Australian Plate and the associated middle Pliocene
orogeny in central New Guinea might have played a
vital role in the final closure of the west Pacific equa-
torial seaway, through which the South Equatorial
Current flowed westward prior to 4.4 Ma.
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