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Introduction

The Auxiliary Material consists of six supplementary figures.  Supplementary Figures (1-6) are referenced in the main body of the manuscript.

Supplementary Figure S1. Agulhas Bank (ABS, MD02-2594, G. ruber) and Chatham Rise (MD97-2120, G. bulloides) [Pahnke et al., 2003; Pahnke and Zahn, 2005] SST (a) and planktic 18O (b). Green markers are MD97-2120 radiocarbon ages and black markers are MD97-2120SST tie points to Vostock deuterium record. Chatham Rise record is from the south Pacific and 5º farther south than MD02-2594.
Supplementary Figure S2. The MD02-2594 SST record on the timescale of Martínez-Méndez et al. [2010] (red) compared to the same record as transferred to the EDC3 timescale (blue).
[bookmark: _GoBack]Supplementary Figure S3. Testing MD02-2594 on the GICC05 timescale. (a) MD02-2594 G. bulloides 18O on the time scale published by Martínez-Méndez et al. [2010] (red) compared with MD02-2594 G. bulloides 18O on the GICC05 timescale (blue). (b) Age difference (∆ age, black line) along MD02-2594 between the timescales of GICC05 and MM2010 used in (a). Black squares with error bars are 14C  age markers along MD02-2594, black squares without error bars are tie points with the EDML time scale [Martínez-Méndez et al., 2010]. Blue line is NGRIP maximum counting error for GICC05 from 0-60 kya.
Supplementary Figure S4. Comparison of 18O from G. ruber (MD02-2594, smoothed to 1000-year windows) and modeled 18Osw derived from sea level [Arz et al., 2007; Grant et al., 2012]. Similar inflection points (marked by arrows) support the age model for core MD02-2594 based on updated calibrations [Reimer et al., 2013] for empirical radiocarbon dating.
Supplementary Figure S5. Removal of glacial-interglacial and decadal variability from EDC D temperature is achieved by (a) first smoothing the EDC temperature record (gray) to 1000-year windows (blue) and 7500-year windows (orange) [data from Jouzel et al., 2007]. To smooth the record, it was resampled at a high, even spacing (every 10 years) and then averaged within the respective time windows. (b) The difference between the two curves (black curve, Residual T) is the resulting millennial-scale record without decadal or glacial-interglacial variability.  As an exercise, we performed the same analysis of EDC D using the AICC 2012 age model (gray line) [Veres et al., 2013]. (c) Original MD02-2594 SST (red) and the resulting adjusted SST when the millennial-scale contribution from Antarctica is resampled at the sampling resolution of MD02-2594 and subtracted (dark red). The adjusted timeseries using the gray curve from the alternative ice core AICC 2012 age model above (pink). (d) Original ∆18Osw (green) compared to Δδ18Osw  calculated from the residual SST on the EDC ice core age model (dark green) and alternative AICC 2012 age model (blue). 
Supplementary Figure S6. Comparison of 18Osw changes upstream in the Agulhas Current (CD154 17-17K, orange) [Simon et al., 2013] with Agulhas Bank 18Osw (MD02-2594, green).
References:



Arz, H. W., F. Lamy, A. Ganopolski, N. Nowaczyk, and J. Pätzold (2007), Dominant Northern Hemisphere climate control over millennial-scale glacial sea-level variability, Quaternary Science Reviews, 26(3-4), 312–321, doi:10.1016/j.quascirev.2006.07.016.
Grant, K. M., E. J. Rohling, M. Bar-Matthews, A. Ayalon, M. Medina-Elizalde, C. B. Ramsey, C. Satow, and A. P. Roberts (2012), Rapid coupling between ice volume and polar temperature over the past 150,000 years, Nature, 491(7426), 744–747, doi:10.1038/nature11593.
Jouzel, J. et al. (2007), Orbital and Millennial Antarctic Climate Variability over the Past 800,000 Years, Science, 317(5839), 793–796, doi:10.1126/science.1141038.
Martínez-Méndez, G., R. Zahn, I. R. Hall, F. J. C. Peeters, L. D. Pena, I. Cacho, and C. Negre (2010), Contrasting multiproxy reconstructions of surface ocean hydrography in the Agulhas Corridor and implications for the Agulhas Leakage during the last 345,000 years, Paleoceanography, 25(4), PA4227, doi:10.1029/2009PA001879.
Pahnke, K., and R. Zahn (2005), Southern Hemisphere Water Mass Conversion Linked with North Atlantic Climate Variability, Science, 307(5716), 1741–1746, doi:10.1126/science.1102163.
Pahnke, K., R. Zahn, H. Elderfield, and M. Schulz (2003), 340,000-Year Centennial-Scale Marine Record of Southern Hemisphere Climatic Oscillation, Science, 301(5635), 948–952, doi:10.1126/science.1084451.
Reimer, P. J. et al. (2013), IntCal13 and Marine13 radiocarbon age calibration curves 0-50,000 years cal BP, Radiocarbon, 55(4), 1869–1887, doi:10.2458/azu_js_rc.55.16947.
Simon, M. H., K. L. Arthur, I. R. Hall, F. J. C. Peeters, B. R. Loveday, S. Barker, M. Ziegler, and R. Zahn (2013), Millenial-scale Agulhas Current variability and its implications for salt-leakage through the Indian-Atlantic Ocean Gateway, EPSL, 383(C), 101–112, doi:10.1016/j.epsl.2013.09.035.
Veres, D. et al. (2013), The Antarctic ice core chronology (AICC2012): an optimized multi-parameter and multi-site dating approach for the last 120 thousand years, Climate of the Past, 9(4), 1733–1748, doi:10.5194/cp-9-1733-2013.


Aoy Mt o

Molcnenin Alas kg vty and ik o Noth A cliac
i e o 8000y

Koy A Dy e
L ——

s 1 i
Curot e oy o o, G s, ke, . 0%

St B and o S o Uit ot CHOSNT UK

[r——

P e s, U
iy

e Ay M ot £ e s S P16

N
s
o e s

Sty i T DI 2504 55T o e o M -
e A e oo o o et e £

Nl
o i e e
SRS e D e
5 ik s i g s g DS 25, ks
B T T
T e e

S 1o 4 . DL 29 s 0
feormibiymieton ey S
S S i (e e et ¢ e o A
Ao e s R 1. 5t et b

Sty e S Ko s o iy o D



