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Supplementary Information
S1. Spatio-temporal evolution of individual SST records
S1.1 North Pacific basin

The MIS 7 SST evolution in the North Pacific (>10°N) is reconstructed from 17 records across 10 sites distributed
along the basin's eastern (ODP-1012, ODP-1020, LPAZ-21P), central (MDO01-2416), and western sectors (all other
cores) (Fig. S1). In the eastern sector, MIS 7 is characterized by a two-warm-phase structure clearly preserved in
the U¥'37-SST reconstructions. Notably, the MIS 7¢ appears warmer than MIS 7e. The northern central Pacific,
represented by MDO01-2416, shows an intense MIS 7e relative to MIS 7c, although all SSTs remain below PI
values. Western Pacific sites (e.g. ODP-1144, ODP-1146, U1429) exhibit more complex variability, with a blurred
MIS 7 morphology. A high-frequency variability component appears to be superimposed on the classical two-
peak structure of MIS 7. These sites register a warming trend toward younger ages, with MIS 7¢ exceeding MIS
7e in amplitude. Sites with multiple SST reconstructions (e.g. MD05-2901, ODP-1146) often show notable
differences in magnitude and structure, particularly between UKs7’- and 8'%0,-derived records. At site U1429, for
example, inter-proxy trends are consistent, but amplitude discrepancies are substantial: the Mg/Ca-based
reconstruction indicates anomalously warm interglacial values exceeding +6°C above PI, whereas both '¥0,- and

UX'3,-based estimates remain within +2°C.
S1.2 North Atlantic basin

The MIS 7 SST variability in the North Atlantic (>0°) is reconstructed from 25 records across 15 sites spanning
the western (ODP-1059), central (U1313, ODP-607, V30-97), and eastern sectors of the basin (all other cores)
(Fig. S1). The SST evolution is marked by a well-defined two-peak structure, typical of MIS 7. In several records
(e.g. ODP1059, SU90-39, U1385), a three-peak pattern corresponding to MIS 7e, 7c, and 7a can also be
distinguished. In the central Atlantic, the MIS 7¢ peak is similar to, or warmer than MIS 7e, though both remain
below PI values (typically inferior to —1°C). In the western Atlantic, the 3'*0, record displays a three-peak
morphology, with MIS 7e slightly more pronounced than 7c and 7a, and SSTs reaching PI levels. In the eastern
part of the basin, MIS 7e and 7¢ are generally of comparable magnitude. Iberian margin sites reach PI values,
while more northerly sites (e.g. ODP 980) show SSTs exceeding PI by up to 4°C. Sites with multiple proxies
reveal substantial mismatches in both amplitude and structure, particularly between MAT- and 6'*0,-derived
SSTs. At site U1385, for example, the MAT reconstruction shows a strongly amplified MIS 7e, whereas the 6'%0,
record captures similar maxima for both MIS 7e and 7c, making MIS 7c appear relatively warmer than in the MAT

record.
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Fig. S1: SST anomalies relative to PI for sites located in the North Pacific (>10°N) and North Atlantic (>0°). Colors refers
to the SST proxies used: U¥'37 (orange), §'0, (blue), Mg/Ca (pink) and Modern Analog Technique (MAT) (brown). The grey
curve is the 8D record from the EPICA Dome C (EDC) ice core (Jouzel et al., 2007) on the AICC2023 timescale (Bouchet et
al., 2023), added for visual comparison. The horizontal dotted grey line corresponds to the PI value at the location of each core.
SST anomalies are representative of annual (solid lines), summer (dashed lines) or winter (dotted lines) signal. All records are
time-binned every 500 years to consider age uncertainties. The colored envelopes represent the 16 uncertainty computed from

age and SST uncertainties. The top right mention refers to the sub-region of the oceanic basin, as described in the main text.
S1.3 Equatorial pacific basin

The MIS 7 SST evolution in the Equatorial Pacific (10°N-10°S) is reconstructed from 25 records across 18 sites
distributed across the eastern (8 cores), central (ML1208-16BB), and western sectors (7 cores) of the basin, along
with two additional sites from the China Sea (ODP-1143 and MD97-2141) (Fig. S2). The overall structure of SST
variability is highly heterogeneous, with substantial spatial differences in amplitude and morphology of substages.
In the eastern Equatorial Pacific, SST signals are particularly variable. For example, two 6'¥0,-based SST records
located only ~1,500 km apart display opposite trends over the 260—190 ka interval: a gradual cooling in RC13-
110 versus a gradual warming in ODP-677. Additionally, some records show a flat MIS 7 signal (e.g. V19-30,
with <1°C of variability between 260 and 210 ka), whereas others (e.g. ODP-806) record a TIlla amplitude

exceeding 3°C. Overall, SSTs in this region remain close to or slightly colder than PI throughout the interval. In
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the central Pacific, the 6'*0,-SST reconstruction from ML1208-16BB displays low variability (<2°C) throughout
MIS 7. MIS 7c appears in most of records warmer than MIS 7e, but both peaks are ~3°C below PI values. In the
western Equatorial Pacific, the classical bi-phase structure of MIS 7 is more clearly expressed. In some records
(e.g. MD05-2925), both peaks are of similar magnitude, while in others (e.g. ODP-871), MIS 7c appears slightly
warmer. Sites with multi-proxy reconstructions further reveal structural and amplitude discrepancies. For instance,
at site KX97322-4, the 6'*0,-SST record shows no significant variability, whereas the Mg/Ca-based reconstruction
exhibits a distinct two-peak pattern with SSTs approaching PI values during MIS 7e and 7c¢. In the China Sea, both
records indicate a more pronounced MIS 7c compared to MIS 7e, although their absolute SST anomalies relative

to PI differ across proxies.
S1.4 Indian Ocean basin

The MIS 7 SST evolution in the Indian Ocean is reconstructed from 14 records across 10 sites distributed across
the southern (3 cores), eastern (2 cores), western (1 core), and northern (4 cores) sectors of the basin (Fig. S2).
The SST signal is characterized by large heterogeneity, which does not appear to follow a clear spatial pattern
across sub-basins. While all records show a distinct MIS 7e peak, with temperatures ranging approximately ~2°C
relative to PI, the expression of TIIla and MIS 7¢ is more variable. Some cores display a two-peak morphology
(e.g. MD04-2881, MD98-2152), whereas others do not record any warming during MIS 7c¢ (e.g. RC27-61). In
addition, some records show a more intense MIS 7a compared to 7¢ (e.g. ODP-722), or exhibit a delayed MIS 7c
peak centered around 210 ka (e.g. MD04-2881). Interestingly, the only core located within the Agulhas Current
region (MD96-2077) does not record any distinct TIIla event. Instead, MIS 7 is expressed as a continuous warm
plateau. At the three-proxy site RC11-120, major discrepancies are observed between the 6'*0,-derived SST and
both the MAT- and Mg/Ca-based reconstructions, highlighting substantial proxy-related differences in this region.

S1.5 Other seas

The “Other seas” category includes four sites from the Caribbean Sea (ODP-1002, ODP-999, MD(02-2575, and
MD94-480) and one from the Mediterranean (PRGL1) (Fig. S2). In the Caribbean Sea, all four records consistently
show a well-defined MIS 7e, with SST amplitudes reaching up to 5°C, except for ODP-1002, which displays an
exceptional amplitude during TIII (~11°C), the highest value observed across the entire dataset. In contrast, TIlla
is not recorded at these sites; MIS 7 is instead expressed as a gradual cooling trend from MIS 7a toward MIS 6. In
the Mediterranean Sea, the 8'30,-SST record from PRGL1 shows a two-peak morphology, slightly shifted toward
younger ages compared to the broader dataset (~230 ka and 210 ka). The UX’3,-SST reconstruction at the same site

exhibits a flatter pattern, highlighting discrepancies between different SST proxies in this marginal sea.
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Fig. S2: Same as Fig. S1 but for Equatorial Pacific (between 10°N and 10°S), Indian Ocean and other seas.

S1.6 South Atlantic basin

The MIS 7 SST evolution in the South Atlantic is reconstructed from 28 records across 20 sites, the majority of
which (15/20) are located along the central and eastern margin of the basin between 20°S and 53°S (Fig. S3). The
remaining five sites are situated in the equatorial zone, between —1°S and —9°S. The equatorial sites display a
coherent pattern, with well-defined MIS 7e and 7c peaks, the latter being more amplified. SSTs during MIS 7e

and 7c are generally 1-2°C warmer than Pl in this area. The amplitude of TIIla varies notably, ranging from values
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similar to TIII (e.g. 2°C in GeoB1113-4) to significantly weaker expressions (e.g. 2°C vs. 6°C in ODP-662).
Across the broader South Atlantic, no clear latitudinal gradient in SST variability is evident. Instead, two dominant
MIS 7 morphologies are observed. The first includes records with a well-defined MIS 7e, more pronounced than
MIS 7c. The second group includes records with flatter and noisier SST trends, where MIS 7e and 7¢ are not
clearly distinguishable as the warmest phases of the interval (e.g. TN057-06, RC13-228). This apparent proxy-
dependence, illustrated by contrasting results at GeoB1028-5 depending on the SST proxy used, suggests that

reconstruction method plays a significant role in shaping interpretations of MIS 7 SST variability in this region.
S1.7 South Pacific basin

The South Pacific (>10°S) is represented by nine records from seven distinct sites, distributed across the eastern
(GeoB3327-5) and western (all other cores) sectors of the basin (Fig. S3). The only site from the southeastern
Pacific (GeoB3327-5) exhibits a clear two-peak structure, with MIS 7c¢ more pronounced (+1°C relative to PI)
than MIS 7e (similar to PI), which remains close to PI levels. In the western South Pacific, SST records generally
show well-defined TIII and MIS 7e peaks, with the exception of ODP-1125. These peaks are of similar or even
greater amplitude than MIS 7c. Compared to other basins, the South Pacific records are relatively consistent in
structure, although inter-proxy biases remain apparent. For example, at site SO136-GC3, the morphology of 6'*0,-
and UX'3,-based SST estimates differ substantially.

S1.8 Selection of records

We excluded a few records from the stacking process (see Section 3.1 in the main text). Specifically, we removed
records that (1) display a pattern of variability markedly different from the regional trend, or (2) show SST
estimates that strongly disagree with those derived from another proxy at the same site. This includes 14 §'%0,-
based SST records (ODP-1144, MDO01-2416, MD05-2904, KX97322-4, ODP-806, MD97-2140, RC13-110, V19-
30, MDO02-2529, MD97-2141, ODP-999, TN057-06, GeoB1028-5 and SO136-GC3) and one Mg/Ca-based SST
record (ODP-1144).
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Fig. S3: Same as Fig. S1 but for South Atlantic (<0°) and South Pacific (>10°S). The two §'80,— SST records of the MDO07-
3077 core correspond to SST records from two different species of planktonic foraminifera: Neogloboquadrina pachyderma

(top curve) and Globigerina bulloides (bottom curve) (this study).

S2. Chronologies

Chronologies were established by aligning oceanic basins onto ice core and speleothem archives, that differs
among the considered basins. In the North Atlantic and Mediterranean basin, the records are aligned to the
Greenland Synthetic Curve (Barker et al., 2011). In the North and Equatorial Pacific basin, the alignment procedure
differs slightly between sub-basins. The North- and Equatorial-East Pacific records are aligned to the synthetic
Greenland temperature record (GLT syn). In contrast, the North- and Equatorial-West Pacific records are aligned
to a reference record, itself aligned to the Sanbao speleothem record (Cheng et al., 2016). In the South Atlantic,
South Pacific and Indian Ocean basins, the records are aligned onto reference records, themself aligned to the

EPICA Dome C ice isotopes records (Jouzel et al., 2007). Finally, the Caribbean records are aligned through a



stepwise procedure. Core MD02-2575 was first aligned to U1385 using benthic 8'%0, as direct alignment of SST
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signals with North Atlantic SST records was not feasible due to large discrepancies between the record

Subsequently, ODP-999 and ODP-1002 were aligned to MD02-2575 using both Mg/Ca and 6'*0 SST records.

Fig. S4 presents the alignment of each site (blue curve) to its reference (black curve).
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138 Table S1: Locations, available proxies used in this study, SST type and original references of the sites used in this study. All UK’s; records are considered to reflect annual conditions,
139 except for ODP-982. Due to its specific location above 48°N in the North Atlantic, and following the authors’ recommendation, this record is interpreted as reflecting seasonal

140  variations (Tierney and Tingley, 2018).

Core Lat Long | Elevation Basin Method Species SST Mean Reference
©) ©) (m) (SST) type resolution
(kyr)

11JPC 56.23 -27.65  -2707  North Atlantic 8180 G bulloides  Apnual 0.95 [

64PE-174P13 29.76  2.40 -2912 South Atlantic 3180 G. ruber Seasonal 2.75 21

ELT49-018 46.05 90.16 -3282 Indian MAT  Na Seasonal 1.51 31
Equatorial T. sacculifer

ERDC-093P -2.24  157.01 -1604 Pacific 3180 : Annual 1.80 4]

GeoB1028-5 20.10  9.19 -2209 South Atlantic 31%0 Bulk Annual 1.70 5]

GeoB1028-5 20.10  9.19 -2209 South Atlantic UKy Na Annual 2.09 61
Equatorial

GeoB1105 -1.67 -12.43 -3231 Atlantic MAT Na Seasonal 1.61 7
Equatorial T. sacculifer

GeoB1105 -1.67  -12.43 -3225 Atlantic Mg/Ca ' Annual 2.19 81
Equatorial

GeoB1112 -5.77  -10.75 -3122 Atlantic 3180 G. ruber Annual 1.94 51
Equatorial T lifer

GeoB1112 577 -10.75 3122 Atlantic Mg/Ca ' S¥HMY Annual 1.94 8]
Equatorial

GeoB1113-4 -5.75  -11.04 -2374 Atlantic 3'%0 G. ruber Annual 1.63 [

GeoB3327-5 4324 -79.99 -3531 South Pacific UK, Na Annual 3.23 [10]

GeoB3603-2 35.13 1754 -2840 South Atlantic UK37 Na Annual 1.76 [11]

GIK23414-6 53.54 -20.29 -2201 North Atlantic MAT Na Seasonal 1.61 [12]
Equatorial

GL1180 -8.45  -33.55 -1037 Atlantic 3180 G. ruber Annual 2.00 [13]
Equatorial

GL1180 -8.45  -33.55 -1037 Atlantic Mg/Ca  G. ruber Annual 2.00 [13]
Equatorial

GL1180 -8.45  -33.55 -1037 Atlantic UK'3; Na Annual 2.00 [14]
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141

142
143
144
145
146
147
148
149
150
151
152
153
154

U1385 3757 -10.13  -2587  North Atlantic 50 G bulloides  Appual 0.18 81]
U1385 3757 -10.13  -2587  North Atlantic MAT Na Annual 0.20 [82]
U1429 31.62  129.00 732 North Pacific 8180  G. ruber Annual 0.23 [83]
U1429 31.62 129.00 =732 North Pacific Mg/Ca  G. ruber Annual 0.23 [83]
U1429 31.62  129.00 732 North Pacific UKy Na Annual 0.23 [83]
U1446 19.08  85.74 -1430  Indian 5180  G. ruber Annual 1.20 [84]
U1446 19.08  85.74 -1430  Indian Mg/Ca  G. ruber Annual 2.84 [84]
quatorial Bulk
V19-30 338 -83.52 3091  Pacific e Annual 0.91 73]

[1] Elmore et al., 2015; [2] Scussolini et al., 2013; [3] Howard et al., 1992; [4] Le et al., 1992; [5] Wefer et al., 1996; [6] Schneider et al., 1995; [7] Wefer et al., 1999; [8]
Niirnberg et al., 2000; [9] Sarnthein et al., 1994; [10] Ho et al., 2012; [11] Peeters et al., 2004; [12] Candy et al., 2018; [13] Nascimento et al., 2021; [14] Rouyer-Denimal et
al., 2023; [15] Imbrie et al., 1992; [16] Imbrie et al., 1989; [17] Zhang et al., 2021; [18] Herbert et al., 2001; [19] Niirnberg, 2022; [20] Holbourn et al., 2005; [21] Gebhardt et
al., 2008; [22] Martrat et al., 2007; [23] Desprat et al., 2006; [24] Viveen et al., 2013; [25] Rincon-Martinez et al., 2010; [26] Niirnberg et al., 2008; [27] Romero et al., 2015;
[28] Ziegler et al., 2010; [29] Li et al., 2009; [30] He et al., 2008; [31] Tachikawa et al., 2014; [32] Lo et al., 2017; [33] Mashiotta et al., 1999; [34] Jia et al., 2018; [35] This
study; [36] Bahr et al., 2015; [37] Calvo et al., 2001; [38] Voelker et al., 2011; [39] Bard et al., 2009; [40] Martinez-Méndez et al., 2010; [41] Chen et al., 2002; [42] Stuut et
al., 2002; [43] Pahnke et al., 2003; [44] de Garidel-Thoron et al., 2005; [45] Oppo et al., 2003; [46] Windler et al., 2019; [47] Jacobel et al., 2025; [48] Gibson et al., 2014; [49]
Billups et al., 2014; [50] Hodell et al., 2003; [51] Hasenfratz et al., 2019; [52] Hayward et al., 2008; [53] Peterson et al., 2020; [54] Li et al., 2011; [55] Biihring et al., 2004;
[56] Wei et al., 2007; [57] Caballero-Gill et al., 2012; [58] Herbert et al., 2010; [59] Dyez et al., 2016; [60] Pena et al., 2008; [61] Ruddiman et al., 1989; [62] Shackleton et al.,
1990; [63] Medina-Elizalde et al., 2005; [64] Dyez et al., 2014; [65] McManus et al., 1999; [66] Venz et al., 1999; [67] Schmidt et al., 2006; [68] Frigola et al., 2012; [69]
Cortina et al., 2015; [70] Brathauer, 1996; [71] Becquey et al., 2003; [72] Martinson et al., 1987; [73] Lyle et al., 2002; [ 74] Vogelsang et al., 2000; [75] Clemens et al., 1990;
[76] Crosta et al., 2004; [77] Pelejero et al., 2006; [78] Hodell et al., 2000; [79] Lea, 2004; [80] Naafs et al., 2012; [81] Hodell et al., 2022; [82] Singh et al., 2024; [83] Clemens
etal., 2018; [84] Clemens et al., 2021.
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