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Changes in the mean background climate state
Orbital frequencies

ENSO modulations
Temporal relationships
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Eustatic sea-level and bottom water temperature:
Evidence from 6'%0 and Mg/Ca measurement of
bentic foraminifera
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The last 5 My

warm period
Less ice

More ice
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Temp =16.9 - 4.38 (d¢c - Ow) + 0.1 (dc-0w)?




Foraminiferal Mg/Ca: A new Paleothermometer

CaCO, +Mg" ---K_----> MgCO, + Ca’’

Culture studies
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) Russell et al., 2004
Langen et al., 2005

Sediment traps
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Annand et al., 2003

Core tops
A= 0.095

N. pachyderma l. Core tops (Niirnberg, 1995)
e G.sacculifer culture (Niirnberg et al., 1996)
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Proxies

/ Foraminifera: unicellular animals \
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Atmosphere and ocean conditions during ENSO

December - February Normal Conditions

vember - February El Nifio Conditi .
December - Fabruary EI Nifo Coaditions December - February La Nifa Conditions
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Clement & Cane model
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Cores Location

107N

Latituwudde

L]
180 150'W 120'W

Longitude

Site 846 3°S 90°W  Site 847 0°N 95°W
Site 806 0°N 159°E  MD-40 2°N 141°E




5180 asymmetry of tropical Pacific established ~1.6 Ma
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Temperature asymmetry of tropical Pacific established ~1.6 Ma
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Eastern Equatorial Pacific SST and productivity records (ODP site 846)
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Obliquity modulation occurs
throughout the record with
increasing amplitude at 3Ma

Long-term cooling trend
~1°C/Myr with no significant
change at 3Ma in contrast with the
benthic 8'%0 record

SST and PP are coupled on orbital
time scales: cold T=high PP

But only weak link between SST
and PP on long time scales




Benthic 3180 UK'y7 Temperature In C37 Total ETP
A Period kyr) B Period (kyr) C Period (kyr) D Period {kyr)
100 44 2319 100 41 2319 100 41 z% 19 A00100 41 23 19

01 02.03.04.05 01 .02 03 .04 05 01 02 03 04 05 01.02.03.04 .05
Frequency {cycles/kyr) Frequency (cycles/kyr) Frequency (cycles/kyr) Frequency {cycles/yr)

Strong obliquity but only weak precessional powers




UK’ ;, Temperature and Inverse In C;; Total

UK Temperature leads -In C; Total
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Orbital Obliquity

SST&PP are
coherent and nearly
in phase with the
benthic 620 record
but out of phase
with low latitude
insolation at the
obliquity band 1.e.,

cold SST and high
PP correlates with
low obliquity and
warm SST and low
PP correlates with
high obliquity.
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Cross-spectral analysis between SST and G. ruber 68O

Figure S2
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Variance both in the eccentricity and obliquity bands.  most of the variance is in the obliquity band;

SST lead ice volume by ~4ky in the eccentricity band ~ maximum SST = minimal in equatorial insolation
SST lead ice volume by 10+4 ky




Sea Surface Temperature (°C)
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Tropical and extra-tropical forcings
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Corollary

On orbital time scale, the
consistency in G-I SST
variability between the
eastern and western
equatorial Pacific
suggests a common
forcing likely
atmospheric CO,. But, 1s
there also a secondary
ENSO signature?

On longer time scales-
why there 1s such a
difference between the
SST records from the
EEP and WEP?
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The Timor Sea records
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ENSO-like forcing on Oceanic Primary Production during the late-Pleistocene
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A strong precessional
signal with opposing
trend between the
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An ENSO modulation?
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MERIDIONAL SST GRADIENT, °C

Equatorial Pacific thermal gradients during the last degalciation

YD B-A LGM

o-I""I""I""I"'

Greenland

IIIII
0 5 10 15 20
AGE, ky B.P.

MD38-ODP846
MD38-V2130
MD38-TR16322

ZONAL SST GRADIENT, °C

TR16319-ODP846
TR16319-V2130
TR16319-TR16322

24

23

A\J
B R i IR



Equatorial Pacific “salinity gradients” gradients during the last degalciation
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Equatorial Pacific SST lead on ice volume?
The Sulu Sea record
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SUMMARY

Changes in the mean background climate state:
from permanent El Nino to La Nina
Orbital frequencies:

Strong obliquity signal likely forced from the high
latitude. Precession strong in monsoon dominated
region

ENSO modulations:

significant tropical dynamics superimposed on globally
forced G-l changes. ENSO may not be the best analog

Temporal relationships
The Pacific lead is still controversial






