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Highlights

e Tasmanian rec. v s>~vys climate recovery after the Eocene-Oligocene Transition (EOT)
e Sporomorph-baseud MATSs indicate cooling at EOT
e Mesothermic climate persisted post-EOT until 30.4 Ma

e Tectonic and atmospheric pCO, are main controls of vegetation change



Abstract

While many palaeoclimate studies have focussed on the Eocene-Oligocene transition (EOT), little is
known about the timing and drivers of the post-EOT climate recovery. To better understand and
reconstruct terrestrial climate and vegetation dynamics from the late Eocene to late Oligocene
(35.5-27.46 Ma), we use a new, high-resolution palynological record and quantitative sporomorph-
based climate estimates recovered from ODP Site 1168 on the western Tasmanian margin. Late
Eocene (35.50-34.81 Ma) floras reveal Nothofagus-dominated te noerate forests with secondary
Gymnostoma and minor thermophilic plant elements growing ina.r wet conditions, with mean
annual temperatures (MATs) of ~13 °C. This is followed by a small decrease in terrestrial
temperatures across the EOT by ~2 °C. Apart from a slisn. decline in abundance of Gymnostoma,
increases in the Fuscospora and Lophozonia-type No’nofayus, and the disappearance of palms
(Arecaceae), vegetation remained relatively stab': ac.uss the EOT. However, a prolonged interval of
warm-temperate conditions after 33.0 Ma, .~ 2pendent of fluctuations in the current pCO, record,
imply additional regional controls on local ~limate. Changes in surface oceanographic currents, due
to sustained deepening of the Tasnr.~ia.. gateway, may have played a significant role in sustaining
warm-temperate vegetation in s.ithern Australia post-EOT. The early Oligocene (PZ 3; 30.5-27.46
Ma) vegetation record still ,~-.ntains the Nothofagus-dominated forest with a recovery in
Gymnostoma. Gymnospe. ™s (especially Araucariaceae, Dacrydium and Podocarpus) and cryptogams
expanded alongside an increase in overall species diversity. Sporomorph-based MATs averaged ~11
°C in this interval. The expansion of cool-temperate forest (sustained cool-temperate climate
conditions in our terrestrial records) matches the general declining pCO, concentrations in the early
Oligocene. The synchroneity between terrestrial and marine temperatures (MATs and SSTs gradually
decline) and atmospheric pCO, highlight the importance of pCO, in driving terrestrial climate and
vegetation change in the Tasmanian region during the early Oligocene.

Keywords: Eocene-Oligocene Transition, pollen, climate estimate, tectonic, Tasmanian Gateway,

CO,



1. Introduction

Earth’s climate is reported to have undergone major changes during the late Eocene to early
Oligocene that ultimately led to a transition from a greenhouse to an icehouse world (Pearson et al.,
2009; Villa et al., 2014; Galeotti et al., 2016; Hutchinson et al., 2021). The long-term late Eocene
cooling trend peaked at the Eocene-Oligocene Transition (EOT; 34.44-33.65 Ma; Katz et al., 2008;
Pound & Salzmann, 2017; Hutchinson et al., 2021), marked by the positive excursion in §'°0 of
benthic foraminifera (Zachos et al., 2001; Westerhold et al., 2020). "Two main mechanisms have been
proposed as possible drivers for this transition from a greenhous : to an icehouse world (Lauretano
et al., 2021). Whereas earlier studies attributed the EOT cool ng t« the opening of Southern Ocean
gateways (Tasmanian gateway and Drake Passage; Kenrzw, 1577), later studies have ascribed this
cooling to declining pCO, (Deconto & Pollard, 2003: A i1agncustou et al., 2016; Cramwinckel et al.,
2018; Lauretano et al., 2021). Aside from these 'neci.anisms proposed as potential climate drivers,
others such as deep-water formation ana ~C, sequestration due to a strengthening of Atlantic
Meridional Overturning Circulation (Elswo.*h et al., 2017; Hutchinson et al., 2021) are thought to

have provided the necessary pre-cor..*tic s for global cooling.

A late Eocene - early Oligoran. raarine pollen and spore record from ODP Site 1172 on the East
Tasman Plateau (ETP) sug_asus that surface oceanographic changes most likely had knock-on effects.
These changes were due to the accelerated deepening of the Tasmanian Gateway and atmospheric
pCO,, which drove terrestrial climate and vegetation change in eastern Tasmania (Amoo et al.,
2022a). Evidence of this is seen in the fluctuation between cool and warm-temperate climate
conditions with MATs between 11-15 °C (35.5-34.59 Ma), cooling across the EOT, and climate
recovery post-EOT (Amoo et al., 2022a). However, a gap in the palynomorph record of ODP Site 1172
between ca. 33 and 30 Ma due to a series of sedimentary hiatuses and palynomorph barrenness,
hampers a detailed reconstruction of vegetation and climate in Tasmania after the EOT (Amoo et al.,

2022a). This limitation places a further constraint on identification of the potential driver(s) of the



terrestrial post-EOT climate recovery. In addition, two published Eocene and Oligocene vegetation
and climate reconstructions from southeastern Australia (Gippsland Basin) report contrasting
Oligocene climates with one indicating uniform microthermic conditions throughout the Oligocene
(Korasidis et al., 2019), whereas Sluiter et al. (2022) suggest predominantly mesothermic condition.
Differences in dating as well as palaeoclimate estimation techniques between the two studies may
be responsible for the disparate climate trends, especially in the Oligocene (Sluiter et al., 2022).
Additional southern Australian (regional) vegetation and terrestrial climate records across the
Eocene and particularly the Oligocene, are sparse and often pooriy Yated (Macphail et al., 1994;

Macphail, 2007; Bijl et al., 2021; Lauretano et al., 2021).

Here, we present a new, well-dated, high-resolution polle.~ rzcord and sporomorph-derived climate
estimates recovered from marine ODP Site 116:: ’rij.1a) on the western margin of Tasmania
spanning the late Eocene (35.5 Ma) to early-'ate Oligacene (27.46 Ma) to reconstruct vegetation and
climate. High-resolution model simulati~ns, seisinic, and geochemical data (Stickley et al., 2004; Sijp
et al.,, 2011, 2014; Sauermilch et al., 2 1.., Sauermilch et al., 2021) suggest that the accelerated
deepening and widening of the Tas manian Gateway between ~35.50 and 30.20 Ma controlled and
strengthened ocean current circc'ation, and throughflow of the proto-Leeuwin Current (PLC; Fig.
1b). By the early Oligoren. . the disappearance of Antarctic-derived peridinioid cysts and increase in
cosmopolitan dinoflagellats. cyst (dinocyst) taxa on the eastern side of the Tasmania Gateway (ODP
Site 1172) is reported to have been caused by the throughflow of the PLC (Sluijs et al., 2003). Site
1168 was under the influence of warm waters associated with the PLC throughout the Eocene and
Oligocene (Exon et al., 2001; Stickley et al., 2004; Holdgate et al., 2017; Hoem et al., 2021), whereas
ODP Site 1172 and Gippsland Basin sites were facing the cool Tasman Current (TC; cool surface
currents associated with the proto-Ross Gyre) of the Pacific Ocean until ~35.5 Ma (latest Eocene;
Stickley et al., 2004; Houben et al., 2019; Holdgate et al., 2017). Their palaeogeographic positions are

reported to have resulted in different climate regimes separating the cooler and wetter eastern



Tasmania (responding to the cooler proto-Ross Sea Gyre) and a warm-wet western Tasmania (Site
1168) linked to warm water currents associated with the PLC (Holdgate et al., 2017). The late Eocene
to early Oligocene sporomorph records from the western Tasmanian margin (ODP Site 1168) are

thus a key to further our understanding of the terrestrial climate and vegetation on Tasmania during
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Figure 1. (a) Present-day Tasmania nu 'ocations of the western margin of Tasmania (ODP Site 1168;
red star) and East Tasman Plat~au ‘ODP Site 1172; black star) after Quilty (2001). ODP Site 1168 is
submerged at a water dep*:, "t 2463 m and ODP Site 1172 at a water depth of ~2620 m. ODP Site
1168 is the subject of this _*udy and Site 1172 was the subject of Amoo et al. (2022a). (b) Tasmanian
Gateway palaeoceanography and palaeogeography during the early Oligocene. Surface ocean
currents are modified after reconstructions by Stickley et al. (2004). TC: Tasman current, PLC: proto-
Leeuwin current, ACountC: Antarctic Counter Current, AAG: Australo-Antarctic Gulf. Red arrows
indicate warmer surface currents associated with the PLC, and blue arrows show cooler surface

currents associated with the proto-Ross Gyre.



By comparing our new sporomorph record with Site 1172 (Amoo et al., 2022a), we will test whether
the sustained deepening and widening of the Tasmanian Gateway during the early Oligocene
coincides with major reorganisation of climate and vegetation at Site 1168 (western Tasmania). We
hypothesise that the latest Eocene-early Oligocene tectonic deepening and widening of the
Tasmanian Gateway leading to the throughflow of the PLC into the southwest Pacific and
equatorward movement of the Australian landmass must have influenced terrestrial climate and

vegetation in western Tasmania (Site 1168).

2. Materials and Methods

2.1. Tectonic evolution and study site

The Cretaceous to middle Eocene separation of Au<i~iia from Antarctica resulted in the formation
of the Australo-Antarctic Gulf (AAG; Gaina et a... 1998; Shipboard Scientific Party, 2001) and the
northwest movement of Tasmania. The resu. «ng epicontinental basin formed between Antarctica
and Tasmania is divided into a series of :.~rru v basins by the northwest-southeast strike-slip faulting
in western Tasmania. This further |20 .~ the formation of a margin around western Tasmania (WT;
Shipboard Scientific Party, 2002\. L 'r study site (ODP Site 1168) is one of the five sites drilled during
the Ocean Drilling Prograr. \2Dr) Leg 189 expedition around Tasmania (Shipboard Scientific Party,
2001; Hoem et al., 2022). The goal of the expedition was to investigate and provide, with accuracy,
the timing and climatic implications of the opening of the Tasmanian Gateway (Shipboard Scientific
Party, 2001). This opening resulted in the deepwater connection between the Indian and southwest
Pacific oceans and the development of the Tasman Seaway (Fig. 1a; Exon et al., 2001). Site 1168 is
located in the Sorell Basin, ~70 km offshore on the western margin of Tasmania (42°38’S, 144°25’ E;
Fig.1a) at a water depth of 2463 m (Exon et al., 2001). However, during the late Eocene and early
Oligocene, the western margin of Tasmania was located between 63 and 57 °S (van Hinsbergen et

al., 2015, Cande & Stock, 2004). In contrast to other ODP sites sampled during Leg 189, spores and



pollen are more abundant than dinoflagellate cysts, suggesting a higher runoff and closer proximity

of Site 1168 to a river outlet (Exon et al., 2004; Hill & Exon, 2004).

Lithologically, the marine sedimentary unit is divided into: (1) organic-rich, shallow-marine brown
and grey mid-Eocene to late Eocene silty mudstones (Unit V; until 788.76 m below sea floor (b.s.f.));
(2) a condensed late Eocene to earliest Oligocene transitional unit with high glauconite (greensand)
content (upper unit IV to Ill; 749.4-666.6 m b.s.f.) and; (3) a calcareous succession mainly composed
of nannofossil ooze deposited during the Oligocene (Unit Il; 340-66L ™ b.s.f.; Exon et al., 2001). A
detailed description of the depositional and oceanographic se**ing 5 given in Hoem et al. (2021).
ODP Hole 1168A on the western margin of Tasmania yieldc 1 EOI records that have been analysed
for their sporomorph content in this study. The ag. r.iodel relies on palaeomagnetic and
biostratigraphic events in the dinocyst, foraminife.a ian{ calcareous nannofossil records (Pfuhl and
McCave, 2003; Sluijs et al., 2003; Stickley et 4l., 200-%; Pross et al., 2012; Houben et al., 2019; Hoem

etal., 2021).

2.2. Sample preparaticn ond pollen analysis

A total of 51 samples from th. late Zocene to early late Oligocene of ODP Site 1168 (35.50-27.46 Ma)
were studied for the.: sy arrmorph content to reconstruct past vegetation and climate. The
processing of samples fo, palynological analyses followed the standard procedures at the Geolab,
Utrecht University (Brinkhuis et al., 2003; Bijl et al., 2018). Sample processing involved crushing and
weighing (on average 10 g) of dried samples before treating with 30% cold hydrochloric acid and
38% hydrofluoric acid to remove carbonate and silicate minerals, respectively. The remaining
palynological residue was then sieved through a 10 and 15 pum nylon mesh to remove unwanted
organic/inorganic matter. The residues were then transferred onto microscope slides with glycerine

gel as the mounting medium and sealed with nail polish.



Leica DM 500 and DM 2000 LED transmitted light microscopes were used to count two slides for
each sample under 400x and 1000x magnification. Where possible, 250 fossil spores and pollen
specimens (excluding reworking) were counted for each sample. The whole microscope slide was
then scanned for rare taxa. Twelve out of 51 samples were excluded from further analysis due to
lack of sporomorph grains (<75 specimens). Reworked sporomorphs were identified based on the
colour of their exine and occurrence beyond their known stratigraphic range (Contreras et al., 2014).
Reworked sporomorphs were recorded, but not added to the total pollen and spore count (see
Supplementary Information; Amoo et al., 2022b). Pollen percentages . ‘ere calculated using the sum
of total sporomorphs and plotted using Tilia version 2.6.1 Tia. 2, Grimm, 1990). Sporomorph
identification, taxonomic classification, and botanical affini..»s were carried out following Macphail
& Cantrill (2006); Macphail (2007); Raine et al. (2011); bow:nan et al. (2014); and Macphail & Hill

(2018).

PAST statistical software (Hammer et a' 2001) was used to generate diversity indices (rarefaction,
Shannon diversity, equitability). Rare a~.c...1 was applied to remove the effect of differences in
sampling size and allow the estim.*ion of sporomorph species at a constant sample size (Birks &
Line, 1992; Birks et al., 2016). Tr.~ Shannon Diversity index (H) considers number of individuals as
well as number of tara, 'nd :venness of the species present (Shannon, 1948). H varies from 0
involving vegetation comrunities with a single taxon to higher values where taxa are evenly
distributed (Legendre and Legendre, 2012). Equitability (J) measures the level of abundance and how
taxa are distributed in an assemblage. Low J values indicate the dominance of a few species in the
population (Hayek and Buzas, 2010). Pollen Zones (PZ) have been defined following stratigraphically
constrained cluster analysis (CONISS; Grimm, 1987) in Tilia (version. 2.6.1; Fig. 2) using total sum of
squares with chord distance square root transformation (Cavalli-Sforza & Edwards, 1967; Grimm,

1987).
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Figure 2. Sporomorph assemblages and relative pe~-=ntage abundances of major taxa (i.e., Trees
and shrubs, Herbs, Mosses and Ferns) recovere.' from the latest Eocene (35.50 Ma) to early-late
Oligocene (27.46 Ma). A, G, and C are angiu 2erms, gymnosperms, and cryptogams, respectively.
CONISS ordination constrains the lates* Eo.2ne to early-late Oligocene sporomorph assemblages
into three main pollen zones (PZ 1-»« 2\. with PZ 2 divided into PZ 2a and PZ 2b. For components of

the lowland and upland taxa, se= r.>. 5.

2.3. Multivariate -tatistical ordination techniques

The sporomorph percentage data (originally down weighted by removing pollen taxa < 5%) were
normalised and analysed using Detrended Correspondence Analysis (DCA) and Principal Component
Analysis (PCA). These multivariate ordination techniques were used to assess how species and
sample composition change and overlap through time across the studied section. DCA is a metric
ordination tool that uses reciprocal averaging and allows the determination of species distribution in
a two-dimensional space (Gauch, 1982). Species turnover across a sampling gradient (first axis

length) that is greater than two standard deviation (> 2-SD) units, gives an indication of samples not



having similar species (Gauch, 1982). However, where the first axis length of DCA is lower than 2 SD,
it most likely suggests that species show linear distribution rather than unimodal (ter Braak and
Smilauer, 2002). As a result, the ordination techniques based on a linear response model such as
PCA (Goodall, 1954) are suitable for “homogeneous” data sets. Both PCA and DCA were performed
using the software R for statistical computing (R Core Team, 2019) and the vegan package (Oksanen

et al., 2019).

2.4. Pollen-based climate reconstruction

Quantitative sporomorph-based climate estimates for mean ar nu.' temperature (MAT), warm mean
month temperature (WMMT), cold month mean tempc.-ature (CMMT), and mean annual
precipitation (MAP) were obtained using the nearest 1 “ng relative (NLR) approach and the
probability density function (PDF) method. The N.*. baised on the principle of uniformitarianism,
assumes that climate tolerance of living ta¥ 1 ca'. be extended into the past. The sporomorph-based
climate estimates using the NLR relies o1, *the presence or absence of pollen taxa hence independent
of relative abundance of individual tax:. This serves as one of the main strengths of this method
because it is particularly useful for deriving sporomorph-based climate estimates from marine
sediments, where processes ke I ydrodynamic sorting of grains may lead to overrepresentation or
underrepresentation c. inuvid Jal taxa (Thompson et al., 2022), while helping to reduce taphonomic

biases (Klages et al., 2026,.

The PDF method works by statistically constraining the most likely climate co-occurrence envelope
for an assemblage (Harbert & Nixon, 2015; Klages et al., 2020). Bioclimatic envelopes were first
identified for each NLR by cross-plotting their modern distribution from the Global Biodiversity
Information Facility (GBIF, 2022) with gridding from WorldCLIM climate surface (Fick and Hijmans,
2017) using the dismo package in R (Hijmans et al., 2017). The datasets were then filtered to remove

multiple entries per climate grid cell, plants whose botanical affinity are vague or doubtful,



redundant, and occurrences termed exotic (e.g., garden plants). Filtering further removes bias in the
probability function which may likely lead to results leaning towards a particular location (Reichgelt
et al., 2018). To test the robustness of the dataset, bootstrapping was applied which was followed by
calculating the likelihood of a taxon that occurs at a specific climate variable using the mean and
standard deviation of modern range of each taxon (Kuhl et al., 2002; Willard et al., 2019). In this
study, climatic ranges are indicated with +2c. We refer to Willard et al. (2019) and Klages et al.

(2020) for a more detailed explanation of the PDF method.

3. Results

The analysed late Eocene to late Oligocene samples from ui.. western margin of Tasmania (ODP Site
1168) generally show good pollen recovery. 12 of the 5”. samples analysed do not contain sufficient
sporomorph counts and were not considered for ‘urti.cr analyses. A total of 60 pollen taxa (including

-

11 gymnosperms and 34 angiosperms) and .~ <pores were identified across the studied interval. The
relative abundance and stratigraphic distri.*ition of pollen taxa is shown in the pollen diagram (Fig.
2). The sporomorph record is dor..na.zd by Nothofagidites spp. (23-73%) and Haloragacidites
harrisii/Myricipites harrisii (9-6.%). Podocarpidites spp., Cyathidites spp., Araucariacites, and

Gleicheniidites spp. form roi-ronents of the sporomorph record occurring infrequently to

moderately (<5%) during -“e cocene but commonly in the Oligocene of Site 1168.

Average diversity for the entire section based on results from rarefaction is 14.0 + 2.3 taxa/sample at
75 individuals. Based on results from CONISS analysis, the section is grouped into three main pollen
zones (PZ; Fig.); PZ 1 (late Eocene; 35.50-34.81 Ma), PZ 2 (2a and 2b; latest Eocene to early

Oligocene; 34.78-30.81 Ma) and PZ 3 (early to late Oligocene; 30.55-27.46 Ma).



3.1. PollenZone 1 (PZ 1; 35.50-34.81 Ma; 788.76-759.0 m b.s.f.; 6 samples)

PZ 1 is characterised by a high abundance of Nothofagidites spp. (Nothofagus; ~44%; Fig. 2) and
Myricipites harrisii (Gymnostoma; ~ 40%). Within Nothofagus, taxa belonging to brassii-type (~28%)
dominates, followed by the fusca-type (~13%), and menzii-type (~3%) respectively. Other
angiosperms (non-Nothofagus) are dominated by Myricipites harrisii (~40%), with Proteacidites spp.,
Periporopollenites polyoratus, and Spinizonocolpites spp. (Arecaceae) being common across this
zone. Gymnosperms (~10%) generally show low relative abundance and are represented in order of
decreasing abundance by Podocarpidites spp., Araucariari*es qustralis (Araucariaceae),
Phyllocladidites mawsonii (Lagarostrobos), Dacrydiumites rrac -upressinoides (Dacrydium), and
Microcachryidites antarcticus (Microcachrys). Cryptogams ma.-2 up less than 5% of all non-reworked
sporomorphs. The main components of this group, in order ~f decreasing abundance are Cyathidites

spp., Gleicheniidites sp. (Gleicheniaceae), and Cibeti. < ite . tuberculiformis (Schizaeaceae).

Quantitatively, PZ 1 is marked by rela. rely low number of sporomorph taxa and diversity. The
average number of sporomorph taxa vz sei on rarefaction is 12.97 + 2.73 (mean * SD) species per
sample at 75 individuals (Table 1). 5. annon diversity (H) and equitability (J) on average are 1.84 +

0.37 and 0.72 £ 0.11 respecti. 2ly (i-ig. 3).
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Figure 3. Sporomorph percentage abur.. nces and diversity indices for ODP Site 1168. Only samples

with pollen counts > 75 grains aie . 2sented and these are categorised into the main groups

(angiosperms, gymnosperms, f.tnofagus and cryptogams). Samples are rarefied at 275 and 2100

individuals and have simi'ar “rends, however, only samples at 275 were used for calculation of

diversity indices.

Table 1: Summary of species diversity from the late Eocene to early Oligocene of ODP Site 1168.

Analysis Pollen Zone 1 Pollen Zone 2 Pollen Zone 3

Mean (SD) Mean (SD) Mean (SD)
Rarefaction (75 individuals) 1297 273 12.78 156 14.46 1.41
Rarefaction (100 individuals) 1395 4.72 1392 212 16.28 2.62
Shannon index (H) 1.84 0.37 1.98 0.19 2.16 0.15
Equitability (J) 0.72 0.11 0.78 0.04 0.81 0.03




3.2. Pollen Zone 2 (PZ 2; 34.78-30.81 Ma; 757.46-719.0 m b.s.f.; 12 samples)

In PZ 2, the relative abundance of Nothofagidites spp. increases substantially in this zone and on
average accounts for ~67% (Fig. 2 and 3) of all non-reworked sporomorph taxa. The brassii-type
Nothofagus (~40%) still dominates, followed by the fusca-type (20%) and the menzii-type
Nothofagus (4%). Other angiosperms (non-Nothofagus) are still dominated by Myricipites harrisii
(Gymnostoma), however, there is a marked decline in their abundance from PZ 1 (~40%) to PZ 2
(~17%). Proteacidites spp., Periporopollenites polyoratus, and Assamiapollenites inanis are rare and
occur sporadically across PZ 2. Another important observat'~n = the gradual demise of
Spinizonocolpites spp. (Arecaceae) in this zone. Gymnosperms re,. “esent the second most abundant
group and account for ~12% of all non-reworked sporomornh_ These gymnosperms are represented
by taxa (in order of decreasing abundance) Podocarpidit. - spp. (Podocarpaceae)., Araucariacites
australis (Araucariaceae), Phyllocladidites mow i’ (Lagarostrobos), and Microcachryidites
antarcticus (Microcachrys). PZ 2 generally see’ an increase in cryptogams, and they account for
about 10% of all non-reworked spororn.~rphs. These are represented mainly by Cyathidites spp.

(Cyatheaceae), Gleicheniidites spp. (Gleic heniaceae), Cibotiidites tuberculiformis (Schizaeaceae).

Though PZ 2a and 2b generz''v st-ow similarities in sporomorph content, subzone 2b (34.00-30.81
Ma) shows a decline ~f , vrcipites harrisii (Gymnostoma), Nothofagidites asperus (menzii-type
Nothofagus) and increasc in Cyathidites spp. Although angiosperms such as Proteacidites sp.,
Spinizonocolpites spp., and Malvacipollis subtilis are minor components of subzone 2a, they are
absent in subzone 2b. On the other hand, Cibotiidites (Schizaeaceae), occurs in subzone 2b but not in
subzone 2a. Based on results from rarefaction, sporomorph species for this zone on average is 12.78
+ 1.56 species per samples at 75 individuals and slightly lower than in PZ 1. Shannon diversity (H) and

equitability (J) on average are 1.98 + 0.19 and 0.78 + 0.04 (Table 1; Fig.3) respectively.



3.3. Pollen Zone 3 (PZ 3; 30.55-27.46 Ma; 701.30-547.30 m b.s.f.; 21 samples)

PZ 3 shows a notable increase in gymnosperms and cryptogams with a concomitant rise in
sporomorph taxa diversity between 30.55-27.19 Ma (Oligocene). The average number of
sporomorph taxa is 14.46 + 1.41 species per sample at 75 individuals and is higher than PZ 1 and 2
(Table 1). Shannon diversity (H) and equitability (J) are on average 2.16 + 0.15 and 0.81 +0.03 (Table

1; Fig. 3) respectively.

PZ 3 shows a significant decline in Nothofagidites spp. from a reco”~ oeck of 67% in PZ 2 to ~43% in
PZ 3. Pollen taxa belonging to the brassii-type Nothofagus cor.in. = to be dominant and account for
~33% of all non-reworked palynomorphs followed by the fusc7 and menzii-types accounting for 8%
and 2% respectively. Other angiosperms (non-Nothofagus) . ve still dominated by Myricipites harrisii
(Gymnostoma), however, they show a slight recove.” in relative abundance from their record low of
~17% in PZ 2 to ~22% in PZ 3. Addition .l n.n-Nothofagus angiosperms are rare and typically
represented by one to three occurrei.~es throughout this zone. These are Proteacidites spp.
(Proteaceae), Tricolpites spp., Guribizrina rudata, Malvacipollis spp. (Euphorbiaceae),
Microalatidites  paleogenicus  \“4yllocladus),  Myrtaceidites  spp. (Myrtaceae), and
Sapotaceoidaepollenites latiz.nati s (Sapotaceae). Gymnosperms in this zone show some increase in
relative abundance frr  © 2% in PZ 2 to ~18% in PZ 3. Podocarpidites spp. (Podocarpaceae) and
Araucariacites australis (~i1aucariaceae) reach their peak in this zone and account for ~8% and 7%
respectively of all non-re-worked sporomorphs. Minor, but consistently present taxa include
Microcachryidites antarcticus (Microcachrys), Dacrydiumites praecupressinoides (Dacrydium),
Dilwynites granulatus (Araucariaceae) and Phyllocladidites mawsonii (Lagarostrobos). Cryptogams
also show a significant rise in relative abundance and generally account for ~18% of all non-
reworked sporomorphs. Cyathidites spp. (Cyatheaceae), Gleicheniidites spp. (Gleicheniaceae) mark
their peak occurrence in this zone and generally account for 8% and 7% respectively of all non-

reworked sporomorphs. Other important components of this group, that occur in low numbers, are



Osmundacidites spp. (Osmundaceae); Stereisporites antiquasporites (Sphagnum/Sphagnaceae),
Polypodiisporites radiatus (Polypodiaceae), Clavifera spp. (Gleicheniaceae), and Baculatisporites

comaumensis (Hymenophyllaceae/Hymenophyllum).

3.4.  Principal component analysis

The length of the first DCA axis (1.25 SD; Table 2) units indicates that species turnover changes

linearly across the studied interval (time), making the application of PCA suitable for this data study.

Table 2: Total variance (eigenvalue) and axis lengths indicatec oy *he first four DCA components of

the pollen data set from ODP Site 1168

DCA1l DCA2 DCA3 DCA4

Eigenvalues 0.132 0.080 0.023 0.927

Axis lengths 1.248 1.272 0.644 'J.600

The two main PCA axis account for 40.9% ~f the total variance. The first PCA axis explains 27.8% of
the variance separating Araucariacites-C lei-heniidites from Spinizonocolpites spp. — Proteacidites sp.
and providing evidence that t'ese taxa thrive under different ecological and environmental
conditions (Fig.4). Based on 1.~ er.ology of the NLRs represented by the encountered sporomorphs
(se Supplementary Infu Mad - Table S4; Amoo et al., 2022b), the first PCA axis (Dimension 1; Fig. 4)
most likely represents a temperature gradient from relatively warm-temperate rainforests with
thermophilic elements through to cool-temperate forests. This is represented by the separation of
taxa such as Spinizonocolpites spp., Proteacidites sp., Periporopollenites polyoratus, and
Proteacidites pachypolus with negative sample scores, most likely indicating warm-temperate
lowland habitats, and positive sample scores for Araucariacites, Podocarpidites sp.,
Microcachryidites antarcticus, and Gleicheniidites possibly suggesting cool temperate climate

conditions with MATSs between 6 - 12 °C (Emanuel et al., 1985).
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Stereisporites, Glei = Gleicheniidites, Mic.A = Microcachryidites antarcticus, Mal.S = Malvacipollis

subtilis, Dil = Dilwynites, Arau = Araucariacites australis.



4. Discussion

4.1. Warm temperate forest versus cool temperate forest taxa

The varying percentages cool-temperate and thermophilic taxa (Fig. 4), suggest that the vegetation
across the studied time interval in western Tasmania was subject to temporal changes in
temperature. However, the co-occurence of different vegetation communities with different climate
envelopes also suggest that vegetation across Tasmania were subject to a spatial climatic gradient
related to differences in elevation and/or distance to the coastline. This is supported by reports of a
topographic divide between sites facing the cool Tasman cirrert (Gippsland basin, eastern
Tasmania) and the westerly located south Australian basins {.'old' gate et al., 2017) that may have
served as the location for higher altitude temperate {ores* taxa. Abundant Nothofagidites spp.
(especially brassii-type Nothofagus), with Myricipite« ~arrisii, and common Phyllocladidites mawsonii
give an indication of Nothofagus-Gymnostoma .'rminated warm-temperate temperate rainforest
(Fig. 2 and 5) thriving under high precipitatic « regimes (MAP > 1400 mm/yr) in western Tasmania
during the late Eocene. In addition, no..2n taxa belonging to Arecaceae and Proteacidites
pseudomoides, indicate the existen_e ¥ thermophilic elements between 35.50-34.81 Ma that most
likely occupied the warmer she'teiod lowlands and coastal areas (Huurdeman et al., 2021; Amoo et
al., 2022a). The two possiuic NCR relatives for Proteacidites pseudomoides are Carnarvonia and
Lomatia. Carnarvonia thi.‘es in warm temperate to tropical areas such as wet northeastern
Australia (Cooper and Cooper, 2004) whereas Lomatia grows as shrubs and small trees in remnant
gallery warm temperate rainforests (Bowman et al., 2014; Myerscough et al., 2007). Carnarvonia is
selected as the likely NLR based of the PCA grouping with other thermophilic taxa (Fig. 4). This is also
in agreement with comparable studies in the southern high latitude (e.g., Bowman et al., 2014,

Amoo et al., 2022a; Sluiter et al., 2022).



The early to late Oligocene (~30.4-27.46 Ma) is characterised by a shift from warm-temperate to
cool-temperate forests, evidenced by increases in occurrence of taxa such as Araucariaceae,
Microcachrys, and Sphagnum (peat moss) and the regular occurrence (<5%) of the Proteaceae
Bellendena montana (Figs. 2 and 5). These taxa represent a component of the palynoflora record
that today occupy cool temperate habitats with more open vegetation growing in low nutrient, but
well-drained soils (Macphail et al., 1999; Kershaw & Wagstaff, 2001; Bowman et al., 2014). Extant
members of Araucariaceae are tall trees generally confined to the lower mid-latitudes (Kershaw &
Wagstaff, 2001). However, in our PCA biplot and pollen diagram, ar. icariaceae is associated with
other cool-temperate taxa, making an affinity with the extant ~ac. “emperate monkey puzzle tree
(Araucaria araucana) more likely (Sanguinetti and Kitzberge: 2008, Bowman et al., 2014; Contreras
et al., 2014). The community includes Bellendena 1.~r.cana (NLR of Proteacidites parvus),
Microcachrys and shrubs of Nothofagus subgenera Fisciospora, Lophozonia (e.g., Anker et al., 2001),
as well as scrubs of Gymnostoma and Dacryr'iun (e.s. in New Caledonia; Hope, 1996) and Sphagnum
(e.g., in Tasmania and Australia; Seppel* 2006). rhe increasing expansion of Sphagnum moss across
this section (~30.4-27.46 Ma) may ir di_a.. the expansion of boggy habitats during a period of

cooling (Panitz et al. 2016).

Nothofagus subgenus Rra. sosp ora could not be grouped under the typical warm temperate or cool
temperate vegetation. Toray the Brassopora-type Nothofagus are found thriving in temperate to
subtropical climate conditions in New Guinea and New Caledonia (Read et al., 2005). These
Brassospora-type Nothofagus grow today at lower to mid altitudes that receive high and consistent
rainfall, as well as in montane and subalpine areas (typically above 500m a.s.l), pointing to their wide
ecological and climatic tolerance (MAT: 10.6 to 23.5 °C; Read et al., 2005). Gymnostoma, on the
other hand are tropical to subtropical rainforest trees that can grow up to 12 m in open, sunny gaps
from riparian (along riverbanks) niches to mountain top situations (altitudes between 200 and 1000

m a.s.l) and are today mostly found in the Malesian-Australian region and New Caledonia (Hope,



1996; Prider & Christophel, 2000; Steane et al., 2003; Korasidis et al., 2019). Though Myricipites
harrisii (Casuarinaceae) has two potential NLRs, Casuarina/Allocasuarina and Gymnostoma, the
rainforest clade Gymnostoma is selected as the most likely NLR. This is deduced from the associated
species during the late Eocene of our study site, which is mostly dominated by rainforest taxa. This
interpretation is supported by previous southern Australian Paleogene studies suggesting that the
rainforest clade, Gymnostoma dominated throughout the Eocene and Oligocene (Hill, 2017; Lee et
al., 2016), only to be replaced by the sclerophyllous/xeromorphic clade Casuarina/Allocasuarina in

the Miocene (Hill & Scriven, 1995; Boland et al., 2006; Holdgate et al., 2017).
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Fig. 5. Relative abundance of main sporomorphs groups. Red bars indicate taxa whose NLRs are
today mostly found thriving in warm-temperate to subtropical lowland conditions, blue bars indicate
taxa whose NLRs are found thriving in cool-temperate uplands areas, and black bars represent taxa

that dominant the whole section and could thrive in both warm and cool-temperate environments.



4.2. Latest Eocene warm-temperate climate and vegetation from 35.50 to 34.81 Ma

Throughout the PZ 1 assemblage (PZ 1; 35.50-34.81 Ma), abundant Nothofagus spp., with secondary
Gymnostoma, and minor angiosperm (Carnarvonia, Arecaceae, Proteaceae) suggest the presence of
a temperate Nothofagus-dominated rainforest with subtropical elements, growing under MATs ~13
°C and MAPs between 1483-1892 mm/yr (Fig.6) in western Tasmania. The presence of minor
components of cool-temperate taxa such as Microcachrys, Podocarpaceae and Araucariaceae
suggests input or transport from high-altitude cool temperate forests. The occurrence of warmth-
loving (mesothermal) taxa such as Arecaceae, Carnarvonia. My.*aceae, Gymnostoma and
Proteaceae in this zone, suggests the presence of a temperatr-u, ~rmophilic vegetation community.
There is also a distinct cluster of taxa along the second PC,. axis (Dim 2; Fig.4) with all groups of
Nothofagus assembled in one area (positive scores) enu taxa such as Carnarvonia, Arecaceae,
Proteaceae, Trimeniaceae, and Gymnostoma on *“1e other end (negative scores) suggesting a
separation of a more diverse coastal forest rror i an inland Nothofagus dominated forest. Based on
the habitat of their NLRs, thermophilic e.~ment such as Arecaceae are considered to have occupied
sheltered lowland and coastal areas re uiing relatively milder/non-freezing winter temperatures,
due to sensitivity to frost (Larchcr & Winter, 1981; Tomlinson, 2006; Reichgelt et al., 2018). Apart
from one sample at ~ 35.27 [ 1a wiiich records a MAT of 11 °C (Fig. 6), all the other samples in this
zone yield sporomorp’. ha.~d MATs above 12 °C indicating that the climate phase in this zone is
predominantly warm-ten.perate (Emanuel et al., 1985). The warm-temperate climate at western
Tasmania is comparable to the biomarker based (brGDGT) reconstructions of warm climates at
Prydz Bay between 37.7 and 34.7 Ma (Tibbett et al., 2021). In eastern Tasmania, there is a
fluctuation between warm-and-cool temperate climate between 35.50-34.59 Ma (Amoo et al.,
2022a), which has been linked to the initial deepening and widening of the Tasmanian gateway, that
caused eastern Tasmania to come under the influence of the warm PLC (Stickley et al., 2004; Hoem
et al., 2021). Mesothermic conditions are reported for the late Eocene of southeast Australia from

sporomorph-based MATs reconstructed between 12-20°C (Pound & Salzmann 2017), 14-22 °C



(Korasidis et al., 2019) and 15-20 °C (Sluiter et al., 2022; Fig.7), and terrestrial biomarkers (Lauretano

et al., 2021).
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Figure 6: Climate estimations based on sporomorphs utilising probability density functions (PDFs).
Mean annual temperature (MAT), warm month mean temperature (WMMT), cold month mean
temperature (CMMT), and mean annual precipitation (MAP) are arranged from left to right (MAP).
The climate estimates are reported as the mean valuet 2SD. The quantitative temperature
estimations are given in degrees Celsius, while MAP is given in millimetres per year. The wiggle line

between 33 and 31 Ma indicates a sediment hiatus.



4.3.Progression towards cooler climate conditions across the EOT (~34.46-33.69

Ma) and rebound in the earliest Oligocene (33.15-30.81 Ma)

PZ 2 ultimately captures the EOT and post-EOT (earliest Oligocene). The sporomorph-based MATs at
the EOT provide evidence for a cooling of ~ 2 °C between 34.46 to 33.69 Ma in western Tasmania
(Fig. 6). Although this estimated cooling appears to be only minor and with overlapping error ranges,
a shift in the abundance of several taxa at the onset of the EOT provide additional evidence for a
major change in vegetation cover in response to cooling. as ~ur bioclimate analysis uses
presence/absence of taxa only, these changes in pollen farce)tages are not captured in our
guantitatively estimated temperature. Percentage chans,. ‘nc.iude a sharp increase in Nothofagus
(Fig. 3) along with a decline of the thermophilic Gyr nosc.oma. A slight increase in Nothofagus
subgenera Lophozonia and Fuscospora generally sup,>=ts the interpretation of a brief cold interval
across the EOT. The cooling at the EOT alsc ~d .o the demise of Arecaceae (NLR of Spinizonocolpites
spp.), a drop in angiosperms (non-Notho,. 1us), and slight increase in cryptogams (Fig. 3). Previous
studies in southern Australia (e.g., Ma raail et al.,, 1994; Benbow et al., 1995; Macphail 2007;
Holdgate et al., 2017; Korasidis ¢* al., 2019; Lauretano et al., 2021) and eastern Tasmania (Amoo et
al., 2022a) reported the concu-reat demise of diverse angiosperm flora including members of the
Proteaceae, a sharp rise in .. uthofagus and decline and demise of megathermal taxa attributed to
increasingly cooler climate conditions (Martin, 1994; Partridge & Dettmann, 2003). In New Zealand,
the increase in relative abundance of Nothofagus in the late Eocene and across the EOT has also
been attributed to the onset of the EOT cooling (Pocknall, 1989; Prebble et al., 2021), in agreement
with our interpretation for western Tasmania. This terrestrial cooling across the EOT matches
regional and global temperature records) and is generally linked to a global decline in atmospheric
pCO, (Colwyn & Hren, 2019; Korasidis et al., 2019; Lauretano et al., 2021; Tibbett et al., 2021). The
equatorward movement of the Australian continent may have mitigated the cooling caused by

declining pCO, across the EOT. The appearance and in some instances, increase in fern spores



(Cyatheaceae, Gleicheniaceae, and Schizaeaceae) gives an indication of an environmental
disturbance resulting in cooling across this zone. The cooling and associated decline of the warmth-
adapted taxa may have created gaps in the canopy and/or expansion of boggy habitats that were

then occupied by ferns (Thompson et al., 2022).

The interval between ~33.69 and 33.15 Ma captures the early Oligocene glacial maximum (EOGM,;
Liu et al.,, 2009; Hutchinson et al., 2021). This interval is generally correlative with the normal
magnetic polarity C13n (33.705-33.157 Ma; Gradstein et al., 201z, of the early Oligocene. The
sporomorph-based climate estimates indicate cool-temper~*~ _!imate conditions with MATs
between 11.2 and 12 °C (Fig. 6). In addition, the domii."nce of Nothofagus (Brassospora and
Fuscospora) and consistent occurrence of Lagarostrobo. =ad Microcachrys indicate a period of
sustained cool-temperate conditions. Today, in N=2v, zZealand, Tasmania, and southern Australia,
Nothofagus (fusca-type) dominates cool-te.np raic vegetation (Kershaw, 1988). The interval of
sustained cool-temperate conditions ic comparable to the earliest Oligocene estimates from the
Gippsland Basin in southeast Australiz (Y.o0. usidis et al., 2019) and the earliest Oligocene of eastern
Tasmania (Amoo et al.,, 2022a) The relatively low resolution of Site 1168 EOGM record in
comparison to Site 1172 is comp. nsated by the longer post-EOT (early Oligocene) record available
for this study. Whereas cli nate estimates for Site 1172 indicate a post-EOT warming phase between
~33.25 to 33.06 Ma, our re-.ord from Site 1168 gives an indication that at least in western Tasmania,
the post-EOT warming phase extended and reached ~30.44 Ma (base of PZ 3) with an average
guantitative sporomorph-based MAT estimate of ~ 13 °C (Fig. 6). On a regional scale, other studies
from southern Australia (Korasidis et al., 2019; Sluiter et al., 2022) show similar cooling across the
EOT but with disparate climate trends post-EOT (early Oligocene). Korasidis et al. (2019) reported a
monotonous cooling trend from mesothermic/warm-temperate climate conditions in the late
Eocene to a microthermic/cool-temperate climate phase across the EOT and the early Oligocene.

Whereas Sluiter et al. (2022) provided evidence to support a cooling trend across the EOT, with a



return to mesothermal conditions (warming) in the early Oligocene (post-EOT; Fig. 7). Though our
MAT records across the EOT and early Oligocene (~30.4 Ma) show a general agreement in trends,
the Gippsland Basin MATs (Sluiter et al., 2022) are generally 2-4 °C higher than western Tasmania.
This could be due to latitudinal differences between these sites (Gippsland Basin was ~5 2N of
western Tasmania during the late Eocene and early Oligocene). The terrestrial cooling across the EOT
and transient warming in the earliest Oligocene of Site 1172 were linked to the decline in
concentration of atmospheric carbon dioxide (pCO,) and its recovery (Amoo et al., 2022a). However,
the Site 1168 sporomorph-based MAT records indicate that thie composite post-EOT warm-
temperate phase extended well into the early Oligocene at ~3” 14 ™.%a, which matches the general
sporomorph-based MAT trend in southeast Australia (Sluite " et al., 2022). There is a general match
between the Site 1172 MATs and pCO, post-EOT. Howe. ~r, the temperature change at Site 1168
during the warm-temperate post-EOT phase from *'37,.C to ~30.4 Ma appears to be decoupled from

the global pCO, trend (Fig. 7).

Reconstructed SSTs indicate a ~ 4 °C cc 9)'n;, from ~27 to ~23 °C) at the onset of the EOT followed by
a recovery to relatively high tempe. ~tures comparable to pre-EOT levels until ~30 Ma (Fig. 7; Hoem
et al. 2022). The marine-based t. mperature trends match our terrestrial sporomorph-based MATs
(~10-15 °C) although ahso 'ite 1 2mperatures are significantly lower (Fig. 7). This is most likely due to
a warm bias in the TEX-- temperature proxy (Naafs et al., 2017; Hartman et al., 2018). Model
simulations (Sauermilch et al., 2021) and palaeoceanographic reconstructions (Stickley et al., 2004;
Hoem et al., 2021) point to the interval across the EOT and until ~30.2 Ma being characterised by
condensed sedimentary section and a series of hiatuses. These hiatuses are due to increased
sediment transport from ocean currents associated with bottom-water activity in the Tasmanian
Gateway region. The records are reported to have carried no evidence for a decrease in SST, but
rather by ~30.2 Ma, a stable, deep-marine setting consistently influenced by relatively warm waters

had been established (Stickley et al., 2004; Hoem et al., 2021). This therefore shows that, aside from



the decline of pCO, across the EOT and its transient recovery in the earliest Oligocene, other

forcing(s) may have been responsible for the relatively sustained warm terrestrial climate phase in

this region until ~30.4 Ma. The plausible driver for this phenomenon is most likely a relatively local

forcing (e.g., the sustained deepening of the Tasmanian Gateway) that acts in conjunction with a

more global driver such as the atmospheric pCO,.
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Figure 7. Comparison of the sporomorph-based MATs in the Tasmanian Gateway region across the

EOT and post-EOT global marine EOT and early Oligocene records. (a) benthic foraminiferal §'%0

record from ODP 1218 (Pélike et al., 2006). (b) Marine 611 B-derived atmospheric pCO, record

(brown kite-like symbol with error bars; Anagnostou et al., 2016); Alkenone-based pCO, estimates

derived from haptophyte algae for Site 516 and 612 (Pagani et al., 2005; data points are red boxes

with error bars); Refined Alkenone-based pCO, estimates for ODP Sites 277 and 511 (black and

yellow boxes respectively; Zhang et al., 2020). (c) MBT'5me-based MAATsoil (Lauretano et al., 2021).



(d)TEXgs-derived Sea surface temperature from ODP site 1168 (SST; Hoem et al.,, 2022). (e)
Sporomorph-based quantitative MATs of the Gippsland Basin (Sluiter et al., 2022). (f) Sporomorph-
based quantitative from ODP Site 1168 (this study). (g) sporomorph-based MATs from ODP site 1172

(Amoo et al., 2022a). Wiggle line between ~ 33 and 31 Ma indicates sediment hiatus.

4.4. Establishment of a cool-temperate vegetation and climate in the early to late

Oligocene (30.4 -27.46 Ma)

Despite the evidence for a warm-temperate post-EOT climate ex’.en.'ing into the lower sections of
PZ 3 (~30.4 Ma), the terrestrial palynomorph assemblage fro n w. stern Tasmania (Site 1168) does
not indicate any major change in vegetation composition .. *ii cfter ~¥30.4 Ma. The interval between
30.4 and 27.46 Ma is characterised by an expansion r cry»>togams and coniferous taxa such as
Araucariaceae, Podocarpus, Dacrydium, and Micruca -’ ys indicating an expansion of cool-temperate
vegetation. The Shannon diversity index st ~ws that the early Oligocene cool-temperate forest was
more diverse in comparison to the lates. Focene vegetation (Table 1). This interpretation agrees
with the earliest Oligocene Nothofa~'is ‘~minated rainforest in the Drake Passage area (Thompson
et al., 2022). Previous early Olizncene studies in Antarctica (Cantrill, 2001; Raine & Askin, 2001;
Prebble et al., 2006; Griener ¢ Warny, 2015) indicate a decline in taxa diversity due to significant
cooling and drying, wiic uiainately resulted in the Nothofagus-Podocarpus vegetation taking on a
low-stature and shrubby form. However, considering the higher diversity of taxa in this interval,
increases in relative abundance of non-Nothofagus angiosperms (especially Gymnostoma), and
cryptogams, the Nothofagus-dominated rainforest with secondary Gymnostoma is most likely to
have been intermediate in stature, with openings or gaps that would have been occupied by ferns,
mosses, and shrubs (Macphail et al., 1994). This interpretation is further supported by the increase
in Sphagnum mosses (Stereisporites) in this interval. Sphagnum mosses have been reported to
represent cold tundra vegetation in various Oligocene records from Antarctica, Tasmania, and

southeast Australia (Askin & Raine, 2000; Prebble et al., 2006; Amoo et al., 2022a; Sluiter et al.,



2022; Thompson et al., 2022). Today, in Australia and Tasmania, they typically grow in carpet-like
fashion colonising nutrient-poor acidic wetlands in cool temperate alpine-subalpine communities
(Seppelt, 2006). Within this same interval of the early Oligocene, sporomorph-based quantitative
estimates reveal generally cool-temperate climates with average MATs ~11 °C. However, the
scattered occurrence of thermophilic taxa, such as Beauprea, Myrtaceae, and Sapotaceae, (e.g., at
27.68 and 28.80 Ma), suggest that pockets of warm temperate vegetation may still have survived in

sheltered locations.

Palaeoceanographic reconstructions suggest a stable deep-r-ri.z setting with relatively warm
surface waters associated with the PLC continued into the ¢ arliest Oligocene (Stickley et al., 2004).
Except for a brief interval around ~28 Ma, the SST recons.''~cions generally show a cooling trend in
this region after ~31 Ma (Hoem et al., 2022). This gr.neral cooling trend agrees with the sustained
cool-temperate climate conditions in our te' res riai records and further matches the general trend
of declining pCO, concentrations in the early Oligocene (Fig. 7). The correspondence between
temperature (SST gradual decline; Hoe m &t ui., 2022) and atmospheric pCO, most likely indicates the
coupling of ocean-atmosphere sy.*eam and the role of pCO, in driving terrestrial climate and

vegetation change in the Tasmani. 1 Gateway region.

Conclusions

This study presents a new sporomorph record from ODP Site 1168 to reconstruct vegetation and
climate dynamics of Tasmania during the late Eocene (35.50 Ma) to Oligocene (27.46 Ma). The
sporomorph record across the studied interval is characterised by three main pollen zones (PZ 1, PZ
2, and PZ 3). The latest Eocene PZ 1 (35.50-34.81 Ma) is characterised by a warm-temperate
Nothofagus (dominated by the brassii-type Nothofagus) rainforest with thermophilic elements and a
sporomorph-derived MAT ~13 °C. The sporomorph assemblage in this interval is comparable to the

latest Eocene PZ 3 of Site 1172 interpreted to mark the stage of the initial deepening of the



Tasmanian Gateway. PZ 2 (34.4-30.5 Ma) is characterised by a ~2 °C terrestrial MAT decline across
the EOT (34.40-33.65 Ma) and an extended period of warm-temperate conditions post-EOT.
However, the relatively extended post-EOT warming results in a mismatch between pCO, and
terrestrial temperatures after ~33 Ma, suggesting that there may be factors aside from greenhouse
forcing that contributed to this phenomenon. One explanation could be the equatorward movement
of the Australian landmass, but it is more likely to be the influence of the PLC - a warm-water
oceanic current. Deepening of the Tasmanian Gateway during this interval led to the establishment
of a stable deep-marine setting and warm surface water associaw.d with the PLC. This partial
decoupling from the global climate by a regional warm-water ¢'*~-e,.* was only observed in PZ 2. Our
Nothofagus-dominated temperate forest did not see any di. matic change in composition until after
30.5 Ma (PZ 3). During PZ 3 there is an observed, increase ‘» gymnosperms (notably Araucariaceae),
cryptogams, and angiosperms, coupled with a slig1t in rease in taxa diversity. The expansion of a
cool-temperate forest further matches the gei era: trend of declining pCO, concentrations in the
early Oligocene. The early Oligocene ‘30.40-2,.46 Ma) synchroneity between temperature (SST
gradual decline and MATs) and atmo p'ie..c pCO, most likely indicate the coupling of the ocean-
atmosphere system in the soutbe, ~» Australian region, and the role of pCO, in driving terrestrial
climate and vegetation change o, ~hore Tasmania. Our study provides evidence for the importance
of both tectonic and pCO, forci1g on vegetation and climate in the Tasmanian region during the late

Eocene to Oligocene.
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Highlights
e Tasmanian record shows climate recovery after the Eocene-Oligocene Transition
(EOT)
e Sporomorph-based MATs indicate cooling at EOT
e Mesothermic climate persisted post-EOT until 30.4 Ma

e Tectonic and atmospheric pCO, are main controls of vegetation change



