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Supplementary Figure 1: Age model for the Miocene sediments of [ODP Hole
U1356A. Core recovery and lithostratigraphic units are shown.
Magnetostratigraphy and palynology tie points are taken from Tauxe et al.'
Sediments are covered above a hiatus that spans most of the early Miocene'.
Diatom and radiolarian biostratigraphic tie points are derived from the CONOP
model of correlation™ (Supplementary Data 1 and 2). All ages are given following
the GTS2012 time scale”.
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Supplementary Figure 2: Lithostratigraphic log (updated from the shipboard
log5) for the Miocene portion of Site U1356.
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Supplementary Figure 3: Representative facies and grain-size distributions for
the Miocene section of Hole U1356A. The digital color images were obtained on
board the Joides Resolution immediately after the cores were split with a line-scan
camera (AF Micro Nikon lens; 60mm; 1:2:8 D) mounted on a track. We
acknowledge IODP, the JOIDES Resolution Science Operator (JRSO), and the
Shipboard Scientific Party. Images can be downloaded at
http://publications.iodp.org/proceedings/318/EXP_REPT/CORES/IMAGES/



Cluster # | Tmed | Tmin | Tmax | Pmed | Pmin | Pmax | Sa | oP 1 N1 O oG

(n)
1(1) 0.7 -1.3 3.6 502.3 | 127 928 0] 82 1.8 [0 0 0
2 (50) 9.5 0.4 204 | 338 0 1275 992 1 0 08 |0 0

3 (45) 127 |73 27 836.6 | 98.5 1810 16 85 15931107155

4(92) 15.1 1.8 27.2 571.5 | 68.4 | 3367 819 |10 6.7 |97 1.7

5(50) 17.1 104 1204 | 707.4 | 100.2 | 2005 25 1762 153129 |3I1.1

[« =] () [} [=) No)

6 (16) 18.5 140 | 242 | 539 152.7 | 3816 41 10 0 90.1 | 5.8

Supplementary Table 1: Percentages of the most representative dinocyst taxa or
groups found in present-day sediment samples from the Southern Ocean® see also
Methods).

Cluster number (#) with the total amount of samples analysed per cluster (in
brackets). Median, minimum and maximum temperature (T) values in °C and
median, minimum and maximum productivity (P) in gCm”d™". Dinocysts: Sa =
Selenopemphix antarctica; oP = other Protoperidinioids; I = Impagidinium spp.;
N1 = Nematosphaeropsis labyrinthus; O = Operculodinium spp.; oG = other
Gonyaulacoids. Pie charts representing dinocyst percentages in surface samples
assemblages are presented in Figure 1.



Ref.

Fossil Taxon Nearest Living Relative for N.LR used for . M.A T- MAT-
climate analysis min max
NLR
Baculatisporites Osmundaceae, 7 Osmundaceae, 37 273
comaumensis Hymenophyllaceae Hymenophyllaceae ’ ’
Caryophyllidites sp. Caryophyllaceae ! Caryophyllaceae 34 29.6
f}fl:;zz?:zi(;g; Chenopodiaceae ! Chenopodiaceae 5.1 29.6
Coptospora Bartramiaceae, Conostomum $ Conostomum 34 13.7
Cyatheaceae (Cyathea),
Cyathidites Dicksoniaceae, Schizaeaceae ! Cyatheaceae 5.8 27.3
(Lygodium);
Ericipites 7
longisulcatus Ericaceae Ericaceae 34 292
Gleicheniidites . . 7 . .
senonicus Gleicheniaceae Gleichenia 49 28.8
Haloragacidites Haloragaceae ! Haloragaceae 34 29.4
Liliacidites 7
intermedius Liliaceae Liliaceae 4.3 275
Lymingtonia Nyctaginaceae, Portulacaceae 7 Montia 34 22.9
cenozoica cf. Montia ’ '
Mzcrocc‘z)chry idites Microcachrys tetragona, § Microcachrys 44 137
antarcticus . tetragona
Microstrobos
Myricipites harrisii Casqarlnaceae, possibly also 7 Casuarlpaceae (fill 51 g
Mpyricaceae Australian species)
Noth‘ofa.g idites Nothofagaceae (Nothofagus) ’ Nothofagaceae 4.7 24.1
flemingii
Nothofagidites Nothofagaceae 9
lachlaniae (subg. Fuscospora) Nothofagaceae 47 241
Nothofagidites sp. Nothofagaceae (Nothofagus) ’ Nothofagaceae 4.7 24.1
Nothofagus brassii Nothofagaceae (Nothofagus) ’ Nothofagaceae 4.7 24.1
Peninsulapollis gilii | Proteaceae ! Proteaceae 34 29.6
Z};};{ lqo()cr'zliaidzdztes Lagarostrobos ! Lagarostrobos 5.7 13.7
Podocarpidites sp. Podocarpaceae (Podocarpus) ! Podocarpus 34 27.4
Proteacidites sp. Proteaceae ! Proteaceae 34 29.6
Ranunculaceae Ranunculaceae ! Ranunculaceae 34 28.1
Rudolphisporis Anthocerotaceae 7
rudolphi (cf. Anthoceros) Anthocerotaceae 6.2 275
Stereisporites sp. Sphagnum 10 Sphagnum 34 27
Tricolpites 7
reticulatus Gunneraceae (Gunnera) Gunnera 4.8 13.8
Tubulifloridites sp. Asteraceae subf. Tubuliflorae ! Asteraceae 34 29.6

Supplementary Table 2 - Nearest Living Relative (NLR) and MAT range for
each fossil taxon used for the Coexistance Approach (see Methods).




10DP Core Sector | Depth Depth Age TEXs6 SST SWT BIT MI GDGT | Ring

Hole (cm) (mbsf) (Ma) (0Om) | (0-200m) | index O/cren | ndex | AR
U1356A | 1IR | 2W | 20-22 97.1 1077 | 0.43 7.8 6.7 0.1 007 | 1.09 191 | -0.03
U1356A | 12R | 3W | 20-22 108.1 1081 | 0.51 11.3 9.3 0.1 0.05 | 1.13 1.88 | 0.17
UI356A | 13R | 2W | 20-22 116.2 10.85 | 0.42 7.8 6.7 0.1 0.09 | 1.16 1.84 | 0.01
U1356A | 15R | IW | 20-22 134.0 1341 | 052 9.5 8.0 0.1 0.06 | 1.25 179 | 029
U1356A | 15R | 3W | 20-22 137.0 1344 | 042 5.4 49 0.1 0.06 | 1.18 1.83 | 0.02
U1356A | 15R | 5W | 20-22 140.0 1347 | 047 6.7 5.8 0.1 0.06 | 1.05 194 | 0.02
UI356A | 17R | 2W | 20-22 154.7 13.61 | 050 15.1 12.1 0.1 009 | 121 181 | 022
UI356A | 17R | 4W 18-20 157.7 13.64 | 043 5.1 47 0.0 0.06 | 125 178 | 0.10
U1356A | 18R | 1W 18-20 162.7 13.69 | 045 10.8 8.9 0.1 0.10 | 1.30 174 | 017
U1356A | 19R | IW | 20-22 172.3 1379 | 046 12.2 10.0 0.3 011 | 123 180 | 0.15
UI356A | 20R | 1W 19-21 181.9 13.88 | 045 9.2 7.7 0.1 0.07 | 1.13 1.88 | 0.04
UI356A | 2IR | I1W | 22-24 191.5 13.98 | 0.48 9.8 8.2 0.1 0.07 | 1.01 199 | 0.00
UI356A | 22R | 1W | 2224 | 201.1 1407 | 045 12.6 10.3 0.1 008 | 1.14 1.86 | 0.05
UI356A | 23R | I1W | 2123 210.7 14.16 0.6 022 | 2.08 135 | 0.87
UI356A | 24R | 1W | 2123 220.3 1425 | 043 8.5 7.2 0.1 0.07 | 1.14 1.87 | 0.01
UI356A | 30R | 3W | 20-22 280.7 14.80 0.7 081 | 147 |056 | 1.74
UI356A | 30R | 5W 19-21 283.7 14.86 0.7 023 | 006 |328 |-LI5
UI356A | 33R | IW | 2931 306.7 15.26 0.8 017 | 590 |o0.62 | 1.29
UI356A | 34R | 2W | 20-22 317.6 15.45 0.7 021 | 629 |059 | 1.24
UI356A | 35R | 1W | 21-23 325.7 15.59 04 024 | 3.08 1.05 | 0.95
UI356A | 35R | 3W | 20-22 328.7 15.65 0.7 022 | 418 |083 | 114
UI356A | 39R | 2w | 20-22 365.3 16.29 0.8 0.18 | 286 1.09 | 0.98
UI356A | 40R | 1W | 20-22 3734 16.43 0.6 026 | 1.84 147 | 0.77
UI356A | 41IR | 2W | 20-22 384.5 16.63 | 0.52 17.4 13.9 0.1 015 [ 099 |200 |o.10
UI356A | 42R | I1W | 20-22 392.6 1677 | 056 13.8 11.2 0.1 023 | 1.25 1.81 | 039
UI356A | 42R | 2W | 39-43 394.1 16.80 | 0.55 20.1 16.0 0.2 020 | 1.56 1.61 | 0.56
UI356A | 43R | I1W | 27-29 402.3 1694 | 050 17.1 13.6 0.1 0.19 | 1.25 179 | 0.24
UI356A | 43R | 1W 118-122 | 403.2 1695 | 0.55 21.0 16.6 0.2 023 | 1.25 1.81 | 037
UI356A | 43R | 2W | 69-73 404.2 16.97 0.2 023 | 2.02 139 | 0.76

Supplementary Table 3 — TEXg'' values, Sea Surface Temperature (SST, 0
m)'%, Sea Water Temperature (0-200 m)"*, BIT (Branched and Isoprenoid

Tetraether Index)'* and MI (Methanogenic Index)"> '® for the studied Wilkes Land
record (see Methods). In red are the values of the different indices based on which
temperature values have been discarded (see Methods).




10DP Core | Sector | Depth Depth Age BIT MAT " MAT " MAT "
Hole (cm) (mbsf) (Ma) index | (°C) (°C) (°C)
UI356A | 1I9R | IW 20-22 172.3 13.79 | 03 7.1 9.1 0.9
UI356A | 23R | IW 21-23 210.7 1416 | 0.6 8.5 11.0 5.9
UI356A | 30R | 3W 20-22 280.7 1480 | 0.7 11.1 11.7 9.1
UI356A | 30R | 5W 19-21 283.7 1486 | 0.7 10.2 * *
UI356A | 33R | 1W 29-31 306.7 1526 | 0.8 8.5 10.4 3.6
UI356A | 34R | 2W 20-22 317.6 15.45 0.7 11.4 12.2 10.9
UI356A | 35R | 1W 21-23 325.7 1559 | 0.4 10.8 * *
UI356A | 35R | 3W 20-22 328.7 15.65 0.7 9.7 11.8 13.7
UI356A | 39R | 2W 20-22 365.3 1629 | 0.8 9.6 11.4 9.9
UI356A | 40R | IW 20-22 373.4 16.43 0.6 8.3 11.5 8.6

Supplementary Table 4: annual mean air temperature (MAT) as calculated with
different calibrations ''®'* for the Wilkes Land record. MAT has been calculated
when BIT index > 0.3% (see Methods). MAT'® is that discussed in the main text.
"brGDGT concentration below detection limit;



Depth (mbsf) Description Type Age (Ma)

255.2 Actinocyclus ingens FAD 15.05-15.96
262.57 base cycle 60 Unconformity 15.2-15.8
263.0 absence 4. ingens FAD >15.96
264.44 lower C5Br reversed polarity <15.974
328.52 C5Br/C5Cn.1n MPR 15.974
358.11 lava clast (Diamictite) YAr/*Ar date 16.01 +/-0.17
366.8 Adamusium shell ¥1Sr/*Sr date 16.05 +/- 0.35
412.71 C5Cn.1n/C5Cn.1r MPR 16.268
429.56 C5Cn.1r/C5Cn.2n (?) MPR 16.303
439.23 C5Cn.2n/C5Cn.2r (?) MPR 16.472
448.59 C5Cn.2r/C5Cn.3n MPR 16.543
482.69 C5Cn.3n/C5Cr (?) MPR 16.721

564.92 lava clast (Conglomerate) YAr/*Ar date 17.2+/-0.17
581.34 C5Cr/C5Dn MPR 17.235

Supplementary Table 5: Tie points used to construct the age model for the early
and mid-Miocene portion of the ANDRILL AND-2A record (Ross Sea,
77°45.49’S, 165°16.61°E, 380 m water depth). Age model detailed information are
published in Levy et al.*!




Depth Age TEXjs6 SST SWT (0- | BIT MI GDGT | Ring AR
(mbsf) (Ma) (0 m) 200 m) index 0/cren Index

274.92 15.86 0.43 33 33 0.1 0.05 1.05 1.87 0.07
280.60 15.87 0.46 6.9 6.0 0.1 0.05 1.04 1.95 0.01
284.37 15.88 0.47 7.2 6.2 0.1 0.05 1.07 1.95 -0.02
285.35 15.88 0.45 7.1 6.2 0.1 0.05 1.05 1.91 0.04
292.52 15.89 0.45 6.7 59 0.1 0.05 1.01 1.92 0.06
295.25 15.90 0.44 29 3.0 0.1 0.05 1.04 1.89 0.07
299.42 1591 0.44 3.1 3.1 0.2 0.05 1.14 1.90 -0.03
307.01 15.93 0.47 6.8 59 0.1 0.05 1.15 1.97 -0.11
310.24 15.93 0.44 7.6 6.6 0.1 0.06 1.01 1.89 0.10
311.07 15.94 0.44 7.2 6.2 0.1 0.05 1.03 1.88 0.08
312.75 15.94 0.46 2.6 2.8 0.0 0.05 0.89 1.93 0.18
316.57 15.95 0.46 22 2.5 0.2 0.06 1.15 1.93 -0.07
351.59 16.00 0.43 -0.6 0.4 0.0 0.03 0.71 1.87 0.46
426.29 16.29 0.45 6.5 5.7 0.2 0.05 1.01 1.92 0.07
431.63 16.33 0.45 7.6 6.5 0.1 0.06 1.01 1.91 0.08
433.49 16.35 0.44 8.2 7.0 0.1 0.05 1.05 1.90 0.04
437.20 16.40 0.42 2.3 2.5 0.3 0.06 1.35 1.84 -0.14
445.07 16.50 0.44 34 34 0.2 0.05 1.15 1.89 -0.04
455.27 16.58 0.44 5.7 5.1 0.3 0.05 1.18 1.90 -0.07
490.26 16.77 0.38 -1.4 -0.2 0.2 0.05 1.08 1.77 0.14
496.76 16.80 0.42 1.7 2.1 0.1 0.06 1.19 1.86 -0.04
501.02 16.83 0.44 1.2 1.7 0.3 0.05 1.08 1.89 0.03
513.31 16.90 0.46 3.1 3.1 0.3 0.05 1.04 1.95 0.01
526.28 16.97 0.46 6.6 5.8 0.1 0.06 1.12 1.94 0.20

Supplementary Table 6 — TEXg values'', Sea Surface Temperature (SST, 0 m)'?
Sea Water Temperature (0-200 m)", BIT (Branched and Isoprenoid Tetracther
Index)'* and MI (Methanogenic Index)'>'® for the AND-2A record (see Methods)
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