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Supplementary Information
S1. GDGT temperature calibrations and non-thermal influences

Isoprenoid GDGTs produced by marine archaea demonstrate an increase in the number of
cyclopentane moieties produced as water temperature increases™2. Typically, this relationship
has been quantified using the TEXgs ratio, which uses a subset of the six commonly analysed
GDGTs!. However, in the polar ocean where temperatures are below 5°C, variance in TEXss
values are relatively minor and have a non-linear relationship with temperature®2, and TEXgs-
based reconstructions do not always reconcile with other well-constrained paleotemperature
indicators®. TEXss, and other ratios such as the TEXS, ratio, do not necessarily detect non-
analogue GDGT distributions in ancient samples as they apply a single parameter to what is a
six-dimensional data space®. Although various screening methods have been developed to
remove non-analogue samples from a TEXge dataset (i.e. the methane index, branched versus
isoprenoid index and others as detailed below), these do not provide a fundamental measure
of how similar a paleo-GDGT distribution is to those in the modern calibration dataset®. To
improve temperature estimates, identify non-analogue distributions and better represent
uncertainty in paleo samples, Dunkley Jones et al. (2020)° developed a machine-learning
based approach, the OPTIMAL calibration. This is a multi-dimensional Gaussian Process
Regression tool which uses all six GDGTs to provide both SST and uncertainty estimates
related to the strength of the relationship between the GDGT distribution of an individual
sample and the modern calibration dataset. Non-analogue distributions are identified using a
weighted distance metric ‘Dnearest’. This nearest neighbour test is a measure of the distance
between a sample’s GDGT distribution and the most similar sample within the modern
calibration dataset. Dunkley Jones et al. (2020)° found that samples with Dnearest > 0.5 are

unlikely to be well constrained by any current calibration model. In our Ross Sea sample set,
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8 samples have Dnearest Values above 0.5 and have been removed from our OPTIMAL
temperature record (Fig. S1, Fig. S2). Supplementary Table 1 details average SST estimates
for the Ross Sea and Wilkes Land®’ for timeslices through the Cenozoic, and compares these
to other paleoenvironmental information from the Antarctic, demonstrating that OPTIMAL

reconstructs temperatures in line with other paleoenvironmental indicators.

Several TEXgs-based approaches have also been developed in an effort to better represent
high latitude Southern Ocean and Antarctic temperatures, and results using these methods are
also presented here (Fig. S2); 1) Kim et al. (2010)8 found that the regio-isomer of
crenarchaeol is strongly correlated with SST at high temperatures, but not at low
temperatures. They developed a calibration excluding the crenarchaeol regio-isomer for when
expected temperatures are below 15°C (TEX3,). Kim et al. (2012)® recognised that
Thaumarchaeota have elevated abundances in the subsurface offshore Wilkes Land,
Antarctica, and proposed an adjustment to the TEXS, calibration to calibrate it to depth
integrated mean annual temperatures from 0-200 m water depth. 2) Shevenell et al. (2011)°
analysed core top samples from the Antarctic Peninsula and integrated these data into the
global core top calibration of Kim et al. (2008) to derive a Holocene record of temperature
change. 3) Tierney and Tingley (2014, 2015) developed BAYSPAR!%! a Bayesian, spatially
varying regression calibration which accounts for the spatial variance in the response of
TEXss to temperature in the core top dataset. The use of TEXgs and TEX§, based calibrations
are subject to screening methods outlined below to remove non-analogue samples from the
data set. Figure S3 compares OPTIMAL to these TEXss and TEXS, based methods for the late
Oligocene/early Miocene period. TEXss-based approaches (BAYSPAR!! and Shevenell et
al., 2011°) also demonstrate a gradual cooling trend through this interval. While BAYSPAR

Standard reconstructs similar temperatures to OPTiMAL and other Antarctic-proximal
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paleoenvironmental indicators described in Table S1, BAYSPAR Analogue and the
calibration of Shevenell et al. (2011)° suggest temperatures that are higher than is supported
by paleoenvironmental information. The TEXS, based method!? shows a more variable trend
but includes reconstructed values that are unrealistically cold (i.e. several values below -5
°C). The lack of a late Oligocene warming trend in the TEXgs-based methods, coupled with
the paleoenvironmental information outlined in Table S1 and the main manuscript
demonstrate that our interpretations for the late Oligocene time interval are not a function of

our choice of the OPTIiMAL calibration.

TEXss and TEXS,-based temperatures can be biased by non-thermal effects and the input of
GDGTs from sources other than marine Thaumarchaeota, summarised in the following

section.

1) Debate has centred on whether TEXss reflects a sea surface or subsurface temperature. The
seasonality of isoGDGT production and export has also been considered a potential bias for
TEXss, and suggests that the TEXsgs values derived from seafloor sediment may be weighted
towards a certain season rather than reflecting mean annual temperature*3, In Antarctica,
archaea are most abundant in winter and early spring, with maximum abundances in the
subsurface at ~100m***’. While OPTiMAL? and the calibration of Shevenell et al. (2011)°
are surface calibrations, Kim et al. (2012) and BAYSPAR can be calibrated to the

subsurface!?,

2) The BIT (branched versus isoprenoid tetraethers) index is used to assess the contribution
of GDGTs from terrestrial soils, based on the abundance of brGDGTs versus the isoprenoid

GDGT Crenarchaeol which is almost exclusively produced in the marine realm (Fig. S4)*8.
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This index ranges from 0, representing no branched GDGT input, to 1, representing no
Crenarchaeol input®8. A study on the Congo fan found that in samples where BIT exceeded
0.3, SST estimates would be biased by >2°C*°. However, the application of a threshold above
which SST bias is likely to occur is locality dependent, as it depends on the difference
between the ‘TEXge” value of terrestrially sourced isoprenoid GDGTs, and the TEXgs of the
marine GDGTs?. Branched GDGTs are preferentially preserved over isoprenoid GDGTs
during oxic degradation and can also be produced in a marine environment, particularly under
anoxic conditions?®-?2, BIT and TEXss values can be investigated to determine if they
correlate, and a location specific threshold can be established if a correlation exists, or if
substantial scatter occurs above a certain BIT threshold? %, In the sites used in this study, no
statistically significant correlation exists between TEXgs and BIT (r=0.0937 and p=0.5016
using the function ‘surrogateCor’ in ‘astrochron’; Meyers, 2014), suggesting that terrestrially
derived GDGTs are not biasing the record, even at moderate to high BIT values (Fig. S5).
However, samples in the TEXges dataset with BIT values above 0.5 are scattered, and so six
samples with a BIT above this value have been excluded from TEXgs and TEX§-based
calibrations (Figure S2). BIT also shows no strong relationship with OPTIMAL SSTs
(r=0.1493 and p=0.0997 using the function ‘surrogateCor’ in ‘astrochron’)?®, indicating BIT
is not substantially impacting SSTs reconstructed by this calibration. Higher BIT values
predominantly occur earlier in the Cenozoic, with Plio-Pleistocene samples from AND-1B
usually showing very low BIT (Fig S4). BIT values increase during and immediately
following the Eocene Oligocene Transition (EOT), interpreted as a marked increase in soil
erosion rates during the development of the first continent-wide ice sheets (Fig. S4). Higher
BIT values also occur during the Miocene Climate Optimum (MCO), suggesting a temporary
return to relatively more chemical weathering with more active glaciofluvial transport from

surface meltwater runoff?’. During the Middle Miocene Climate Transition (MMCT), a
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colder climate led to a reduction in chemical weathering and very slow soil development,
with soils at high elevations of the Transantarctic Mountains remaining dry and without a
well-formed saturated active layer from 14 Ma®. BIT data is sparse in offshore cores,
hampering our ability to characterise the shift to increasingly hyper-arid conditions using this
proxy. However, by the Plio/Pleistocene, very low BIT values indicate the presence of a

dominantly hyper-arid terrestrial environment (Fig. S4).

3) In methane-rich environments, archaeal GDGTSs can also be produced in sediments post-
deposition by methanotrophic archaea®. The methane index (MI) quantifies the relative
contribution of methanotrophic-produced GDGTSs to those produced in the water column by
non-methanotrophic Thaumarcheaota, where values >0.3 indicate a significant contribution
from a source other than normal marine sedimentation?®. All samples in the Ross Sea GDGT
compilation exhibit Ml values below 0.3, although a trend from slightly higher Ml to lower

M1 is observed across the Cenozoic (Fig. S6).

4) Methanogenic Euryarchaeota can also synthesise GDGT-0, and to a lesser extent GDGT-1,
GDGT-2 and GDGT-3%-2, Most modern distributions of the common phyla of archaea
around Antarctica are dominated by Thaumarchaeota, but Euryarchaeota does form a
relatively large proportion of the archaeal community in Circumpolar Deepwater in the Ross
Seal®2L34 The impact of Euryarchaeota on a GDGT distribution is described using %GDGT-
0, where values >67% indicate that a sample contains a substantial contribution from
methanogenic sourced GDGTs®2. In the Ross Sea TEXgs and TEXS,-based reconstructions,
with the exception of three samples, %GDGT-0 remains below the 67% threshold whereby

the contribution from methanogenic archaea can bias TEXge reconstructed temperatures (Fig.
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S6). These three samples have been excluded from TEXss and TEX,-based calibrations

(Figure S2).

5) Different strains of archaea have been found to display variable TEXgs values, despite
having been cultured at the same temperatures®. However, a linear relationship was found
between the Ring Index (RI) and temperature across all strains of archaea in culture
experiments® (Qin et al., 2015). The RI as defined by Zhang et al. (2016)% is used in this
study, where higher values indicate warmer temperatures (Fig. S6). In the modern ocean,
TEXss and RI are correlated, and RI can be calculated from TEXss using a regression®®. If a
sample’s RI deviates from the calculated RI (ARI = [calculated RI] — [analysed RI]) enough
that it does not lie within the 95% confidence interval of the modern regression (+0.3 ARI
units), then the TEXgs value for that sample is considered to be potentially influenced by non-
thermal factors and/or deviates from modern analogues (Fig. S6). These factors include the
impact of GDGTs derived from soil, methanogenic and methanotrophic archaea as described
above, or potentially other non-thermal impacts on GDGT biosynthesis such as archaeal
growth rates®. In the Ross Sea TEXgs and TEX5¢-based compilation, 52 data points with
values which fall outside of a £0.3 ARI range have been excluded from temperature
reconstructions, the majority of which (32) occur in AND-1B. Over the course of the
Cenozoic, a long-term trend from more positive ARI in the Eocene to more negative ARI in
the Pliocene is observed (Fig. S6). Several high BIT values are associated with large
deviations in ARI (r=0.3929, p=0.0174) (Fig. S7). A stronger relationship is found between
MI and ARI, with higher values of MI correlating with larger positive deviations in ARI
while lower values have more negative ARI deviations (r=0.5856, p<0.0010) (Fig. S7). The
relationship is even stronger when ARI is compared to %GDGT-0 (r=0.9017, p<0.0010)

indicating the abundance of GDGT-0 strongly influences whether a sample falls outside of a
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+0.3 ARI range (Fig. S7). Changes in the ARI over the Cenozoic may therefore be driven by
shifts in archaeal community composition. Culture and mesocosm studies show that different
strains of archaea display variable TEXgs-growth temperature relationships®=’. Changing
archaeal community composition in the Ross Sea could therefore compromise TEXgs-based
temperature reconstructions as these methods apply a one-dimensional ratio across the total
data set. OPTIMAL mitigates this issue by assessing GDGT distributions on a sample-by-
sample basis, and using a multi-dimensional method to find the strongest temperature
relationship between each sample and the modern calibration dataset, thereby also
considering changes in GDGT-temperature relationships that result from shifts in archaeal

communities®.

S2. Temperature compilation

There are caveats to compiling a long-term record from multiple sites. In particular,
depositional environments can vary greatly between sites, and within an individual record.
Most of the sample localities were deposited in glacimarine settings, where marine conditions
vary from ice-proximal to open water, with variable sea ice, melt water inputs and associated
changes in water column stratification®®*!, These factors could influence the GDGT
distributions present, as there may be variation in archaeal communities, and depth of GDGT
export, between different environments. By assessing the distribution in each sample
individually and linking it back its nearest neighbours in the modern calibration dataset,
OPTIMAL can take account of changing GDGT distributions through a core, which mitigates

some of the impact of changing depositional environments,

While the focus of this study is long-term Cenozoic trends, superimposed on these trends are

regular glacial/interglacial cycles. Hartman et al. (2018)° investigated temperature trends
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between glacials and interglacials in IODP U1356 and found an average temperature
difference of 3.1°C. When these interglacial and glacial data are examined separately,
comparable trends to the complete dataset are identified, indicating a late Oligocene cooling
trend after 25 Ma is apparent across both interglacial and glacial periods. This also holds true
when values are calibrated to OPTIMAL, with a 3.3°C difference between average glacial
and interglacial values through the Oligocene, and both climate states showing cooler late
Oligocene values (Fig. S8). Hartman et al. (2018)° were able to associate samples with glacial
or interglacial intervals due to distinct lithological differences between cycles, driven by large
biological productivity changes in the Southern Ocean as frontal systems migrated over the
site*?. However, there are some considerations when adopting this relationship for separating
interglacial and glacial values within our Ross Sea compilation. In the ice proximal,
continental shelf settings of AND-1B, AND-2A, CRP 2/2A and CIROS-1, glacial intervals
are marked by ice overriding and deposition of sub-ice or grounding line proximal
diamictites. This means that either no contemporaneous GDGTSs are deposited (i.e. the site
was ice covered rather than marine), or in the case of grounding line proximal sediments,
there is an increased likelihood that GDGTs would reflect a reworked rather than
contemporaneous distribution, as is the case for other biomarkers in these settings*.
Sampling at these sites was therefore biased to interglacial or transitional periods when the
sites were in a marine setting, and temperatures therefore predominantly reflect
interglacial/transitional states. At the more ice-distal continental shelf setting of DSDP 270,
bathymetric constraints preclude the migration of Southern Ocean frontal systems over the
site, while its outer shelf setting results in glacial overriding being absent in most intervals.
Consequently, lithological changes are more subtle and cannot be clearly associated with
orbitally paced glacial or interglacial periods, like at IODP U1356 or the other Ross Sea sites

in this compilation. While we cannot clearly ascribe samples to either a glacial or interglacial
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period in DSDP 270, it was sampled based on maintaining a relatively even sample spacing
rather than targeting specific lithofacies, and we do not consider it likely that the late
Oligocene cooling seen in this core is the result of a systematic shift whereby there was
preferential sampling of interglacials earlier in the record (i.e. pre 24.5 Ma), and glacials later
in the record (i.e. post 24.5Ma). This assumption that the cooling signal post-24 Ma in DSDP
270 is not a function of a sampling bias is also supported by cool temperatures in CRP 2/2A
and CIROS-1, which as discussed above are inherently skewed toward interglacial values. In
addition, CIROS-1 values between 23.3 and ~22.8 Ma, are consistent with coeval DSDP 270
values indicating the post 24 Ma cooling is a regional signal throughout the Ross Sea.
Finally, this inference of sustained regional cooling through this interval is also supported by
numerous paleoenvironmental indicators from both the Ross Sea and Wilkes Land, as
outlined in the main text and Table S1. It is likely that glacial/interglacial variability in the
Ross Sea is less than that from IODP U1356 offshore Wilkes Land, as IODP U1356 is an
open ocean site near a dynamic oceanic frontal boundary**, across which there is currently a
temperature gradient of ~5°C (Fig. 1). The magnitude of late Oligocene cooling in the Ross
Sea is ~3.5°C (i.e. cooling from an average of ~7°C at 25 Ma to 3.5°C at 24 Ma). This is
therefore larger than what would be expected for average glacial/interglacial variability in the

Ross Sea, based on 3.3°C variability at U1356.

Other biomarkers in the Ross Sea region display a variable contribution from reworked
material, particularly in more ice-proximal depositional environments*. GDGTs have only
been identified in sediments as old as the Jurassic®“%, and degrade with thermal maturation
of sediments®#. It is therefore considered unlikely that GDGTs have been reworked from the
predominately Permian-Triassic and variably thermally matured sedimentary rocks in the

Ross Sea region®®, but it is possible that GDGTs from earlier Cenozoic rift-fill sediments
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could be incorporated into younger material. DSDP 270 reflects an ice distal depositional
setting, with the exception of a short interval of glacial proximity, and has been found to
contain very little evidence for a reworked contribution to biomarker distributions or
microfossil assemblages*®. At other sites, potential reworking could explain some of the large
nearest neighbour values and ARI deviations, as the GDGT distribution could be reflecting a
mixed source (i.e. derived from both contemporaneous and reworked material). Reworking
may also account for samples which display markedly different temperatures than adjacent
samples. However, the agreement between GDGT-based temperatures and
paleoenvironmental information (S1) suggests that the impact of any reworked GDGT

contribution is minimal.



Age

Ross Sea
OPTIMAL
SST

Wilkes Land
OPTIMAL
SST

Other paleoenvironmental information

late  Pliocene  (Post
PWP) —Pleistocene (3-0
Ma)

2627

Cold temperatures of 0-2°C are coincident with decreasing CO2, cooler bottom water temperatures, expanded

Antarctic sea ice, and increased global ice volume with the intensification of Northern Hemisphere Ice Sheets*%:4%-
51

early Pliocene — PWP
(5.33-3 Ma)

6.1+2.0

Global SST reconstructions from models and data imply a global average anomaly of +2-3°C from present with
2-3 times temperature amplification at the poles®252,

Sedimentary facies and microfossil assemblages from AND-1B support a relatively warm climate, with evidence
for markedly reduced WAIS and sea ice extent, and the presence of Subantarctic diatoms*:%4,

Sedimentary facies indicate enhanced meltwater processes at the margins of the AIS, especially during glacial
advance and retreat‘>S, Increased meltwater input, including that of seasonal sea ice melt, can greatly enhance
thermal stratification of the water column, leading to warmer SSTs during the periods of meltwater release®.

MMCT- late Miocene
(14.5-5.33 Ma)

24+08

26+1.2

Large unconformities in drill cores from around Antarctica are associated with significant marine-based ice sheet
advance onto Antarctica’s continental shelf”#356-%8,

Reduction in chemical weathering and very slow soil development onshore, with soils at high elevations of the
Transantarctic Mountains remaining dry and without a well-formed saturated active layer from 14 Ma?%,
Breakdown in gradient between Wilkes Land and the Ross Sea suggests a movement or intensification of the
Antarctic Divergence to a position north of U1356A, similar to today’s oceanographic configuration, with U1356
becoming more heavily influenced by cold Antarctic Surface Water forming in the Ross Sea and being advected
to Wilkes Land via the easterly Antarctic Slope Current’.

MCO (17-14.5 Ma)

22%16

74+3.8

SST model estimates indicate ~0 to 5°C for high southern latitudes®®.

Anomaly from present of ~4-5°C from planktic foraminiferal Mg/Ca on two subantarctic core sites®°.

Mean summer temperatures of ~5°C in the Dry Valleys indicated by ostracode and beetle fossils®?.

A4z clumped isotopes from molluscs (max temperature of ~10°C) and leaf wax isotopes in AND-2A support the
MCO as a period of highly variable conditions, including a prolonged period of warmth between ~16.7 and 14.6
Ma, when vegetation increased onshore and the ice sheet likely retreated inland*%-6263,

BIT values in offshore cores (this study), and geomorphology from the Dry Valleys suggest a temporary return to
more chemical weathering and active glaciofluvial transport from surface meltwater runoff?’.

Significant temperature gradient still apparent between Wilkes Land and the Ross Sea. Although water mass
exchange through the Tasmanian Gateway was operating at this time, this gradient is attributed to IODP U1356
being influenced by a weakening and/or more southerly location of the major Southern Ocean frontal systems’.

early Miocene — MCO
(23.01-17 Ma)

3214

Orbitally paced warmer and cooler climate states supported by sedimentology, physical properties, chemical
weathering indices, and marine and terrestrial microfossils in AND-2A%,

late Oligocene (28.1-
23.01 Ma)

38+22

94+49

Warm conditions between 25 and 26 Ma following Oi-1b from nannofossil assemblages on Maud Rise and
Kerguelen Plateau®, and dinocysts, pollen assemblages and a lack of IRD offshore Wilkes Land*255,




Following 25 Ma temperatures and dinocysts indicate cooling and the presence of sea ice offshore Wilkes Land®,
Dynamic proto-Antarctic Circumpolar Current fluctuated in intensity and position offshore Wilkes Land between
24.2 Ma and Mi-1%,

Temperature gradient between the Ross Sea and Wilkes Land, and the presence of warmer, oligotrophic
dinoflagellates in IODP U1356 suggest IODP U1356 was still influenced by lower latitude water masses during
the late Oligocene®.

Offshore Cape Adare (DSDP 274) warm, oligotrophic sea surface conditions existed through the Oligocene, with
peak warmth at ~26.5 Ma®®.

Cool-water nannofossil, foraminiferal and marine macrofossil assemblages in the Ross Sea®”-"°,

Long-term cooling and drying trend from palynology, facies analysis, clay mineral and chemical weathering
indices Cape Roberts Project cores from the western Ross Sea’*~"®.

Orbitally paced marine grounding of EAIS outlet glaciers at the margins of the western Ross Sea®7677,

early Oligocene (33.9- | 45+1.3 135+4.7 EOT: Ross Sea temperatures as low as 2.4°C coincide with an increase in sea-ice faunal markers Protoperidinaceae
28.1 Ma) in IODP U1356A from the Wilkes Land margin and model simulations suggesting the development of extensive
sea ice around Antarctica’®,

A ~5°C cooling in other high to mid-southern latitude sites®?,

BIT values (this study) increase during and immediately following the EOT, interpreted as a marked increase in
soil erosion rates during the development of the first continent-wide ice sheets.

Early Oligocene temperature gradient between Ross Sea and Wilkes Land is consistent with proxy data-model
comparisons that indicate during the early phases of the tectonic opening of the Tasmanian oceanic gateway,
Wilkes Land maintained a stronger influence of warmer water from lower latitudes via the Leeuwin Current,
whereas the large, cool, Ross Sea gyre restricted warm low-latitude water masses penetrating further south”2,
late Eocene (37.8-33.9 | 5.2+1.8 - Increase in high latitude radiolarian fauna at Priabonian Oxygen Isotope Maximum (37.3 Ma) in DSDP 277%,
Ma) A shift in Nd isotopes on the Kerguelen Plateau is inferred to represent a period of iceberg calving and enhanced
erosion during Priabonian Oxygen Isotope Maximum?®,

Iceberg calving in the South Atlantic from 36.5 Ma®>.

Cool, temperate vegetation and periodic glaciation from 35.8 Ma in Prydz Bay®8%7,

Cool, temperate vegetation at the Cape Roberts Project site from 34 Ma®,

middle Eocene (47.8-|9.7+2.8 - Temperate vegetation and warm, temperate waters in the Ross Sea region indicated by pollen, molluscs, crocodile
37.8 Ma) tooth in McMurdo Erratics®-°2,

Temperate rainforest, MATSs of 14+3°C in Wilkes Land®.

Supplementary Table 1: Average OPTIMAL temperatures for timeslices in the Ross Sea and Wilkes Land, and comparisons to other paleoenvironmental information. PWP:

Pliocene Warm Period, MMCT: Middle Miocene Climate Transition, MCO: Miocene Climate Optimum.
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Figure S1. Standard deviations of reconstructed OPTIMAL temperatures, compared to
nearest neighbour values (Dnearest). Samples with Dnearest > 0.5 are unlikely to be well

constrained by any current calibration model®.
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Figure S2. OPTIMAL, TEXss and TEXL, temperature calibrations suitable for high latitude
use, applied to Ross Sea sample sites through the Cenozoic. a)OPTIMAL® (standard
deviation of 3.61°C), b) Shevenell et al. (2011)°(standard error of +2.5°C), b) TEX}, Kim et
al. (2012)*2 (error of +2.8°C), ¢) BAYSPAR Standard SubT%!, and d) BAYSPAR Analogue
SubT Y (errors displayed are 90" percentile confidence intervals). Grey samples indicate
samples which failed screening measure to identify non-analogue samples and as such have
been removed from the compilation. Dashed bars indicate significant climate events; E/O=
Eocene/Oligocene boundary, O/M= Oligocene/Miocene boundary, MCO= Miocene Climate
Optimum, MMCT= Mid-Miocene Climate Transition, NHG= Northern Hemisphere

glaciation.
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Figure S3: OPTIMAL, TEXss and TEX}, temperature calibrations suitable for high latitude
use, applied to the late Oligocene/early Miocene interval of the compilation. 8)OPTiMAL?®
(standard deviation of 3.61°C), b) Shevenell et al. (2011)°(standard error of +2.5°C), b)
TEXL, Kim et al. (2012)* (error of +2.8°C), c) BAYSPAR Standard SubT*!!, and d)
BAYSPAR Analogue SubT**!(errors displayed are 90" percentile confidence intervals).

Black lines represent a 500 kyr moving average.
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Figure S6. a) Methane Index, b) %GDGT-0, c) Ring Index and d) 4RI values for Ross Sea
sample sites through the Cenozoic. Dashed lines on d) represent the 95% confidence interval
of the modern TEXgs-RI regression®. Vertical dashed bars indicate significant climate
events; E/O= Eocene/Oligocene boundary, O/M= Oligocene/Miocene boundary, MCO=
Miocene Climate Optimum, MMCT= Mid-Miocene Climate Transition, NHG= Northern

Hemisphere glaciation.
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