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Supplemental Information
Age model update for ODP Sites 1090 and 806

At ODP Site 1090, following initial publication of the SST data (Martinez-Garcia et al., 2010) an
alternative orbitally-tuned age model was generated using n-alkane concentrations as a proxy for dust
inputs, and an anticipated continuation of the Pleistocene relationship of high dust with high 5§20 i.e.
during glacial stages (Martinez-Garcia et al., 2011). This n-alkane age model aligns KM5c with high n-
alkane concentrations and low SSTs, whereas the reverse pattern might be expected (Figure S1). If the
cold interval is re-aligned to KM4, SSTs during KM5c at ODP 1090 are elevated by 0.5°C (Figure S1).
Given current stratigraphic information for ODP 1090 it is not possible to determine which of these
scenarios is correct; thus, we present the SST anomalies according to the original age model, noting that
there could be an additional increase in those anomalies of up to 0.5°C depending upon the choice of
sample ages.

At ODP Site 806, uncertainty over age control resulted from the absence of an agreed splice across the
multiple holes drilled by ODP. High-resolution benthic foraminifera 580 records were generated on Hole
806B (Bickert et al., 1993;Karas et al., 2009). Here we update the age model using the HMM-Stack
Matlab code (Lin et al., 2014), which aligns to the Prob-stack (Ahn et al., 2017). Additionally, we created
a modified meters composite depth (mcd). Using the depth scale generated by Karas et al., (2009) to
account for core expansion, we amend Holes 806A and 806C to this depth scale (Matlab code will be
provided). The KM5c interval is muted in Prob-stack in comparison to LR04 (Ahn et al., 2017). Given the
variability in the Site 806 benthic §'0 record (Figure 1), it is difficult to identify the KM5c interval and
we rely on the probabilistic alignment of HMM-Match. If we tied the record to LR04 between M2 and
KM2 and assumed a linear sedimentation rate, however, the age model in practice would be similar.

Alkenone calibrations

The majority of the alkenone-derived sea-surface temperature (SST) datasets included in the PlioVAR
synthesis used the UXs7” index, and applied the core-top calibration (60°S—60°N) by Mdller et al. (1998)
(hereafter Muiller98; Tables S2 and S3). Several PlioVAR datasets were originally published using the
laboratory culture calibration of Emiliania huxleyi by Prahl et al. (1988) (Table S3); these data were
converted to Miller98 so that all sites used the same linear global calibration. The Bayesian U*3;°
calibration (BAYSPLINE) was then applied to all sites. Whilst the Miller98 calibration indicates mean
annual SSTs for high latitudes, at sites >45°N (Pacific) and >48°N (Atlantic), and in the Mediterranean
Sea, BAYSPLINE explicitly reconstructs seasonal SST (Tierney and Tingley, 2018).

Table S3 and Figure S2 compare the reconstructed SST anomalies for KM5c (relative to pre-industrial)
for the 23 sites which provided alkenone data. In the mid- and high-latitudes, Miller98 tends to generate
warmer SSTs compared to BAYSPLINE, with the difference <0.9 °C (Table S3). There is relatively little
variability in the offset (£ 0.15 °C) although that may reflect low sample numbers for some sites (Figure
S2). In the low latitudes, where SSTs exceed ~24.5°C (applying Miller98), the non-linearity of the
BAYSPLINE calibration has its biggest impact (Figure S2). For most low-latitude sites SSTs are ~1°C
warmer using BAYSPLINE, but the difference can be as high as 1.67 °C + 0.01°C (ODP 1143). The
warmer low-latitudes in BAYSPLINE reduce the meridional T gradient, but both Miller98 and
BAYSPLINE are consistent in showing enhanced warming at mid- and high-latitudes.

Foraminifera Mg/Ca calibrations
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A range of foraminifera species, Mg/Ca-SST calibrations, and corrections for non-thermal impacts on
Mg/Ca had been employed for the original published data (Table S4). We present the data as published,
recognising the choices made by the original researchers in identifying the best approach for their site.
The Bayesian calibration, BAYMAG, was then applied to all data following the settings detailed in the
Methods.

Table S4 and Figure S3 compared the reconstructed SST anomalies for KM5c (relative to pre-industrial)
for the 12 sites which provided foraminifera Mg/Ca data. A wide range of offsets is recorded, both
positive and negative, and there is no clear pattern in terms of latitude or species.
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Table S1. Sites used in the PlioVAR synthesis, their age constraints and SST proxies, can be accessed at

https://pliovar.github.io/km5c.html.

Table S2. Alkenone indices and temperature calibrations discussed in the text. [Cs7:4] refers to the

concentration of the Cs7 alkenone with x unsaturations.

Alkenone index

Calibration to ocean

temperature

Sample type;
Interpretation

Calibration

reference

UKs7" = [Ca7:2] / ([Cs7:2] +
[C37:3])

UKs7' = 0.034T + 0.039

Emiliania huxleyi
cultures;

Growth temperature

Prahl et al. (1998)

UKs7 (as above)

UKs7 = 0.033T + 0.044

Core tops, 60°S to
60°N; Mean annual
SST

Muller et al. (1998)

UKs7 (as above)

Bayesian calibration
(BAYSPLINE)

Core tops, 60°S to
70°N

Mean annual SST,
except seasonal
SST in high latitudes
(>48°N) and

Mediterranean

Tierney and Tingley
(2018)
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Table S3: The impact of applying two alkenone calibrations on the PlioVAR SST reconstructions
for KM5c (3.195-3.215 Ma), sorted by basin and latitude (from N to S). All data were converted to
the Muller et al. (1998) calibration prior to analysis. The recommended prior standard deviation
scalar (pstd) of 10 was applied to all sites, excluding for high UXs7’ values where the more restrictive
value of 5 was used, as recommended in the BAYSPLINE calibration (Tierney and Tingley, 2018).

Site Original calibration Original reference(s) T difference (BAYSPLINE
50% level - Muller 98)
Atlantic Ocean and Mediterranean Sea
907 Miller et al. (1998) Herbert et al. (2016) -0.34°C(n=1)
642 Muller et al. (1998) Bachem et al. (2016) -0.66 °C +0.02°C
982 Prahl et al. (1998) Herbert et al. (2016), Lawrence et al. (2009) -0.70°C+0.01°C
1313 Mller et al. (1998) Naafs et al. (2010) -0.74°C+0.01°C
607 Prahl et al. (1998) Lawrence et al. (2010) -0.74°C+0.02°C
999 Miller et al. (1998) Badger et al. (2013) +0.87°C +£0.16 °C
Sonzogni et al. (1997) Seki et al. (2010) (BAYSPLINE pstd = 5)
662 Miller et al. (1998) Herbert et al. (2010) +1.25°C £ 0.08 °C
(BAYSPLINE pstd=5)
1387 Mdller et al. (1998) Tzanova & Herbert (2015) +0.34°C +£0.28 °C
(BAYSPLINE pstd=5)
Punto Miller et al. (1998) Herbert et al. (2015) -0.19°C+0.08 °C
Piccola (BAYSPLINE pstd=5)
609 Mdller et al. (1998) Lawrence and Woodard (2017) -0.71°C+0.02 °C
625 Muller et al. (1998) Van der Weijst and Peterse (unpublished) +0.92°C +0.16 °C
(BAYSPLINE pstd=5)
1081 Midiller et al. (1998) Rosell-Mele et al. (2014) -0.47°C(n=1)
1082 Mdller et al. (1998) Etourneau et al. (2009) -0.19°C+0.15°C
1084 Mdller et al. (1998) Rosell-Mele et al. (2014) -0.51°C +£0.07 °C
1087 Miiller et al. (1998) Petrick et al. (2015) -0.86 °C + 0.01 °C
1090 Muller et al. (1998) Martinez-Garcia et al. (2011;2010) -0.39°C+0.01°C
Pacific Ocean
1143 Muller et al. (1998) Li et al. (2011) +1.67°C+0.01°C
(BAYSPLINE pstd=5)
1417 Midiller et al. (1998) Sanchez-Montes et al. (2019) -0.59°C (n=1)
846 Mller et al. (1998) Lawrence et al. (2006) -0.23°C+0.09 °C
(BAYSPLINE pstd=5)
1337 Miiller et al. (1998) Li et al. (2019) +1.65°C (n=1)
593 Muller et al. (1998) McClymont et al. (2016) -0.70°C+£0.02 °C
594 Mller et al. (1998) Cabellero-Gill et al. (2019) -0.64°C+0.01°C
1125 Mdller et al. (1998) Cabellero-Gill et al. (2019) -0.74°C+0.01 °C
Indian Ocean
722 Muller et al. (1998) Herbert et al. (2010) +0.91 °C £ 0.08 °C
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(BAYSPLINE pstd=5)
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Table S4: Comparison of published Mg/Ca calibration and BAYMAG for PlioVAR SST
reconstructions for KMb5c (3.195-3.215 Ma), sorted by basin and latitude (from N to S). The
original Mg/Ca SST calibrations (and any corrections) used in the published datasets are shown.

Site Species

Original calibration

Original reference(s)

T difference (BAYMAG —

published calibration)

Atlantic Ocean

609 G. bulloides Mashiotta et al. (1999) Bartoli et al. (2005) +0.80 °C £0.83 °C

U1313 | G. bulloides Elderfield and Ganssen (2000) Hennissen et al. (2014) +4.75°C £0.23°C

603 G. bulloides Elderfield and Ganssen (2000) De Schepper et al. (2009) +4.73°C +£0.74 °C

999 T. sacculifer Nirnberg et al. (2000) De Schepper et al. (2013) -0.47°C+0.09 °C

959 T. sacculifer Dekens et al. (2002) with Evans et Van der Weijst and -4.12°C+0.24 °C
al. (2016) Mg/Casw correction Peterse (unpublished)

516 T. sacculifer Anand et al. (2003) Karas et al., (2017) +1.26 °C £0.24 °C

Pacific Ocean

et al. (2006) correction

1143 G. ruber Dekens et al. (2002) Tian et al., (2006) -0.57°C+0.17 °C
1241 T. sacculifer Nirnberg et al. (2000) Groeneveld et al. (2006) +2.73°C+0.37°C
806 T. sacculifer Dekens et al. (2002) Wara et al. (2005) +1.46 °C £0.04 °C
Indian Ocean
709 T. sacculifer Anand et al. (2003) with Regenberg | Karas et al. (2011) +0.29°C(n=1)

et al. (2006) correction
214 T. sacculifer Anand et al. (2003) with Regenberg | Karas et al. (2009) -1.05°C(n=1)

et al. (2006) correction
763 T. sacculifer Anand et al. (2003) with Regenberg | Karas et al. (2011) +1.34°C (n=1)
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Figure S1: Age control for ODP 1090. n-Alkane concentrations and SSTs plotted on the original age scale of
Martinez-Garcia et al. (2011), whereby the Pleistocene relationship of high n-alkane concentrations during
glacial stages was applied. The KM5c window adopted in the main text is indicated by the vertical yellow bar.
An alternative alignment of the published KM5c n-alkane peak and SST minimum into KM4 or the final
stages of KM5c (dashed lines) leads to an increase in KM5c SSTs of up to 0.5*C (grey box).
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Figure S2: the impact of applying either the non-linear BAYSPLINE (Tierney and Tingley, 2018) or linear
Muller et al. (1998) calibrations for the alkenone UX37’ index for the KM5c interval. Temperature anomaly
information is also provided in Table S3. Sites are ordered by latitude as shown in Figure 4 of the main text
(594 at 46°S through to 907 at 69°N). Four sites contain only one data point for the KM5c interval (1081,
1337, 1417 and 907).
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Figure S4: impact of changing high/low latitude bands on meridional SST gradient calculations. The high-

0.0 1

-0_5 =y

=1.0 4

=1.5+

-2 () =

=2.5 1

1.0

1.5 2.0 2.5
global mean SSTA

3.0

3.5

O W N N NN N ]

B I

proxy data
CCSM4-1deg
CCSM4-2deg
CCSM4-UoT
COSMOS
EC-Earth3.1
GISS2.1G
HadCM3
IPSLCMBA
IPSLCM5A2
IPSLCM5A
MIROC4m
MRIZ.3
NorESM-L
NorESM1-F

latitude box is expanded from >60°N/S (Figure 3) to include sites between 45-60°N/S, and the low-latitude box

is restricted to 15°S-15°N. This adds a further 4 sites to the original 2 included in the high-latitude box, and

removes the possible influence of the Benguela upwelling sites from the low-latitude SST calculations, given
data-model mismatch (Figure 4). Although there is minimal change in the proxy data meridional T gradient

anomaly (2.8°C here compared to 2.6°C in Figure 2), the data no longer agree with the PlioMIP2 models.
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