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Introduction: Site description: ODP Site 1168 2

Dinoflagellate cyst assemblage of Site 1168

The long-term Neogene global cooling is Figure 1. (@) Pesent-day map of the Austra- : . 60 40 2

usually thought characterized by Antarctic I(i)atur)mpsgc;ttor1 ;)(f5 E;heﬂs]outgeﬁn ocetan showing— [2sm i AP | N E ;

i H 1,2,3 i 4,56 e other ariling sites, oceanic

gie\;?llg;‘zpl:igesfsl:nge’sp(;gzo dggg:(rare d. fronts and currents. (b) Seismic section - o T — —— — — e — e — —¢ 5> — — —I

. ; . _’ crossing Site 1168 with lithological units. S S " ] 3 3

S RUTEISEYTYCL TR RUEREUITCINEN STF s the subtropical front, SAF is the S E & @ 2 3 g i ]

nal temperature gradient” and the develop- subantarctic front, PF is the polar front, 8 § £ S 2 g 8 ? —

ment of Antarctic Circumpolar Current _ 01§ & § 8 £ IS [

(ACC) and associated oceanic fronts®9°, lar Current front and SBDY is the southern  § | Sgi:ﬁe; N & g 2 s F —_—

in particular the subtropical front (STF). boundary) and southern Australian ocean  S700 “RNEN e g ° ° ) g [
. ; currents (white arrow; LC is the Leeuwin_ s === = Oceanic fronts . <] b EV

ACRUCHICI AR CINOIOR- D R-EECIVEIC N Crrent and ZC is the Zeehan Current)’. _ : ! - - - - —| - — —— — — — =% .

fronts is poorly constrained and carbonate SP* 3500 3000 2500 2000 1500 L soof 16 oxidation zone b —_—

clumped isotopes have provided new esti-  |R[alE s T N4y [ODP1168 et Nl i O - ol N

mates on ice volume reconstruction. ?2 < ’ " § § 2

Hereby, we use a suite of tools to recon- [E = = 201 g g §

struct the paleoenvironment at ODP Site %6 A RO 2 ] gL g £

1168 (Fig. 1). This includes a novel dino- [EEESS==EEEEY 3; X\\ ’ § ) © =

cyst model™12 (Flg 2) indicating the -8 E’éﬁﬁ%@? :'/f/ / /4 . T 0 0 0 20 4 60 8 0 2 40 60 80 2 40 O 2 40 60 O 20 40 60 80 20 0 2 4o 600

dynamics of the STF, and clumped isotope olow T s [ S036-47_148/13 20k, Relative Abundance (%)

CRCELII PR CEICTENEER G Dinocyst cluster model of the Southern Ocean inner nertie Bl otgotoptic oceanic Bl orn ot sTF

water temperature (BWT) Subsequenﬂy Figure 2. Distribution of different ‘ Cosmopolitan . South of STF . Nutrient rich/sea ice

we use these to estimate the global ice
volume. Our study demonstrates the com-
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Figure 3. Relative abundance (%) of selected dinocyst taxa and/or groups. Dinocyst taxa have been assigned to an
ecological group (see legend). Dinocyst assemblage has been identified as clusters.
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Flgure 4. Dinocyst biogeographic patterns
in the Neogene Tasmanian sector (a)
early Miocene 20-17 Ma; (b) MCO 17-14.5
Ma; (c) late Miocene 9-7 Ma; (d) Pliocene
5-2 Ma (e), Modern 0 Ma, from ODP Site
1168 and other studies (e.g. Site U1356,
Site 269, AND-2A )%'131415 From this we
reconstructed the paleoposition of the
Leeuwin Current and STF. Thickness of
the lines indicates current strength.
Abbreviations follow Fig. 1, dinocyst
colour code follows Fig. 2.
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3. Clumped and stable isotopes of benthic
foraminifera indicate BWT and ice volume.

Results:

1. Dinocyst assemblages (Fig. 3) after the Miocene Climatic Optimum (MCO) imply a northward migration of the STF
(Fig. 4), concomitant to progressive ~10°C cooling of the SH mid-latitudes (Fig. 6a). Orbital-timescale variability reflects
glacial-interglacial cyclicity in the latitudinal position of the STF (Fig. 3).

2. BWT first decreased (8—3°C) from MCO to 9 Ma, then increased back to the MCO level at 8 Ma, decreasing to 4°C
at the end of the Miocene. Seawater 6’80 was relatively constant around present-day value 17-9 Ma, with perhaps
some global ice volume increase between 9 and 8 Ma (Fig. 6b, c).

BWT and ice volume reconstruction based on clumped isotopes
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Integration:
How can we reconcile declining benthic d180, deep-ocean cooling, landice advance towards the ocean, Southern Ocean surface cool-
ing and northwards migration of the subtropical front with an almost stable Antarctic ice volume?
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symbols) exemplifies our hypothesized Antarctic ice sheet change at the MMCT.
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Conclusions:
1. The STF started to strengthen after the MCO then moved northward towards Australia and reached its northmost position around 7
Ma (Fig.4).

|Pleistocene| Pliocene I Miocene

0 5 10 15 20
Age (Ma)
Figure 6. (a). Sea (sub)surface temperature of Site 1168 based on TEX,,, U¥,,* and dinocysts. Solid
lines indicate loess fit through TEX,, and U¥, .. Blocks indicate the preferential temperature range of
modern dinocyst clusters (Fig. 2). (b). Deep-sea temperaure (symbols with error bars) based on
clumped isotopes®'7'¢, with the modeled decovolution of 5'¥0 2° (c). Calculated 6'80 of sea water com-
pared with ice-free, present-day and Last glacial Maximum (LGM) values (dashed lines). Vertical error
bar: 95% confidence interval, horizontal bar: time bins. (d) Qualitative geological record of Antarctic
land- and sea ice extent (e). pCO, compilation from alkenones and boron isotopes®.

2. The post-MCO northward migration of the STF coincided with regional sea (sub)surface cooling which decreased the latitudinal SST
gradient between the AA coast and the STF. This phenomenon questions whether climate cooling, and polar amplification of that, really
did trigger polar cryosphere expansion, particularly now that evidence from clumped isotopes suggest stable ice volume (Fig. 6).

3. Our data taken together suggests an opposite?' ice dynamic pattern may exist: Land-based Antarctic ice volume was already close
to the modern size despite the warm ocean in the MCO. Subsequently, it expanded on its surface towards the ocean but reduced in
height, led to the northward migration of the STF and cooling BWT meanwhile maintaining a relatively stable volume.
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