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Summary

For two sediment cores from the western tropical North Atlantic and the Caribbean Sea, sea-sur-
face temperatures (SST) were reconstructed, based on planktonic foraminiferal census counts. For
SST estimates, the Modern Analog Technique (MAT; Prell, 1985) and the Transfer Function Tech-
nique (TFT; Imbrie and Kipp, 1971) was used.

Core M35003-4 (12.09 °N, 61.23 °W, 1299 m water depth) is located in the Tobago Basin near
the Grenada Passage (SE Antilles), a main gateway for warm surface waters from the North Equato-
rial Current (NEC) and the Guayana Current (GC), which both enter the Caribbean Sea. The age
model for core M35003-4 is based on a benthic 8O record and 19 "“C-age datums. Core M35003-4
covers the last 55,000 years, with mean sedimentation rates between 10 - 48 cm/ kyr. Planktonic fo-
raminiferal census counts were carried out at 5 cm sample intervals, equal to a mean time resolution
of 300-500 years.

Foraminiferal assemblages of core M35003-4 reveal a high temporal variability of the sea-surface
hydrography over the last 55,000 years. During glacial stages, abundances of high-latitude planktonic
foraminiferal assemblages increased relative to the tropical assemblages. Increased abundances of
Neogloboquadrina dutertrei, N. pachyderma (left coiling) and Globigerina bulloides, indicate an in-
crease in productivity, possible due to an expansion of today's upwelling areas off Venezuela due to
increased glacial trade wind intensity. Inferred seasonal sea-surface temperatures, estimated with TFT
and MAT, show a glacial-interglacial amplitude of 2.5° - 3 °C. Seasonal SST for the upper 0-150 m
indicates a shoaling of mixed-layer and the thermocline depths during these times. For marine isotope
stage 3 (MIS), surface and sub-surface temperature estimates are lower by 1 °C than during glacial
stage 2, which points to stronger trade wind intensities during this period. During MIS 3, inferred sur-
face productivities, estimated from organic carbon flux to the sea floor, are equal or slightly higher
than during the Holocene, while during stage 2 inferred productivity is low. Faunally-derived SST es-
timates agree well within the uncertainty of the methods with U¥';;-SST of the same core. A conspicu-

ous feature of the SST record is the opposite direction of the thermal evolution compared to northern
hemisphere climatic records, such as the GISP 2 ice-core 8O record during Termination I. SST esti-
mates from core M35003-4 during Heinrich event 1 and the Younger Dryas period show a warming at
the core location, whereas North Atlantic sediment cores and Greenland's GISP 2 ice core 8O dis-
play a cooling. Conversely, during the northern hemisphere warm Belling-Allerod period, SST at the

core location decrease.
Core M35027-1 (17.64 °N, 67.17 °W, 1814 m water depth) is located in the northern Venezuela

Basin, on the western side of the Anegada Passage. According to the benthic 8"O record and by com-



parison with the SPECMAP stack, core M35027-1 extends back into marine isotope stage 10
(340,000 years B.P.). Planktonic foraminiferal census counts are carried out at 2.5 cm sample interval
for the last glacial-interglacial cycle (marine isotope stage 6 to Holocene), giving a mean time resolu-
tion of 800 years. Planktonic foraminiferal assemblage variations are similar to those seen in core
M35003-4, but display lower amplitudes. Estimated SST amplitudes for Terminations I and II are 2 °-
2.5°C and 1.5 °C, respectively. During the last interglacial, SST in the northern Venezuela Basin are
1 °C colder than Holocene SST.

SST estimates from cores M35003-4 and M35027-1 are compared to other published paleoceano-
graphic records from the equatorial and North Atlantic, and to the climatic record from the GISP 2 re-
cord. The equatorial hydrography during the last glacial is mainly influenced by variations in the zo-
nality of the trade winds, which in turn is driven by precessional forcing of the monsoon system with
periodicities from 7.4 - 8.6 kyrs (McIntyre and Molfino, 1996). As proposed by Mclntyre and
Molfino (1996), increased upwelling should lead to a warming within the Caribbean and the Gulf of
Mexico. High resolution SST estimates from core M35003-4 display the local response to varying in-
tensity of the trade winds. Enhanced upwelling in the southern Caribbean seems to have compensated
the expected effect on Caribbean SST due to advection of surface waters from the equatorial and

southern Atlantic.

Zusammenfassung

Fiir zwei Sedimentkerne aus dem westlichen, subtropischen Atlantik und der Karibik wurden
Palio-Meeresoberflichentemperaturen (Sea Surface Temperatures, SST), basierend auf der Faun-
enzusammensetzung planktischer Foraminiferen, rekonstruiert. Fiir die SST-Berechnungen wurden
die Modern Analog Technique (MAT; Prell, 1985) und die Transfer Funktion Methode (Transfer
Function Technique, TFT; Imbrie und Kipp, 1971) angewendet.

Kern M35003-4 (12.09°N, 61.23°W, 1299 m Wassertiefe) stammt aus dem Tobago Becken, nahe
der Grenada Passage, wo warme Oberflichenwassermassen des Nordiquatorial Stroms (NEC) und
des Guyana Stroms (GC) in die Karibik einflieBen. Das Altersmodel fiir den Kern M35003-4 basiert
auf der Messung benthischer Sauerstoffisotopen sowie 19 AMS "C Datierungen an planktischen Fo-
raminiferen. Danach umfasst der Sedimentkern die letzten 55 000 Jahre mit mittleren Sedimentations-
raten zwischen 10 - und maximal 48 cm / 1000 Jahren. Die Fau-nenzusammensetzung der plank-
tischen Foraminiferen wurde in Intervallen von 5 cm, entsprechend einer zeitlichen Aufldsung von
300 bis 500 Jahren, bestimmt.

Die Foraminiferenfauna dokumentiert eine hohe zeitliche Variabilitit in den Eigenschaften der

Meeresoberflichenwassermassen. Wihrend des Glazials ist die Hiufigkeit von planktischen Arten,



die charakteristisch fiir gemiBigte bis kalte Klimazonen sind, im Vergleich zu den tropischen Arten
erhoht. Die SST zeigen einen Glazial - Interglazial Temperaturunterschied von 2.5 °C bis 3 °C. Die
durch die Planktonforaminiferenfauna abgeleiteten saisonalen SST stimmen im Rahmen der fiir die
Methoden charakteristischen Genauigkeit mit U*;; — SST Abschitzungen am selben Sedimentkern
{iberein. .

Erhohte Hiufigkeiten von Neogloboquadrina dutertrei, N. pachyderma (links drehend) und Glo-
bigerina bulloides wihrend des Glazials deuten auf eine Zunahme der Produktivitit, moglicherweise
infolge einer nordwirtigen Ausweitung des Kiistenauftriebes vor Venezuela durch eine Intensivierung
des Passats. Die berechneten saisonalen Temperaturen der oberen 0 -150 m Wassertiefe wihrend die-
ser Zeiten indizieren eine Michtigkeitsabnahme der durchmischten Oberflichenwasserschicht und
Verflachung der Thermokline.

Wihrend des Isotopen Stadiums 3 (MIS 3) sind die berechneten Oberflichen- und Sub-Oberflich-
enwassertemperaturen rund 1 °C kélter als im Stadium 2 (MIS 2). Dies wird als ein Hinweis auf ver-
starkte Passatwindintensitiiten interpretiert. Die aus dem organischen Kohlenstoffgehalt der Sedi-
mente abgeleiteten Produktivititen sind im MIS 3 dhnlich bzw. leicht hoher als im Holozin, wohinge-
gen sie im MIS 2 deutlich niedriger sind.

Eine besonders auffillige Struktur der Paldo-Temperaturen von M35003-4 ist der im Vergleich
zur nordlichen Hemisphire entgegengesetzte Verlauf der Temperaturentwicklung wihrend des De-
glazials. Berechnete SST wihrend des Schmelzwasserereignisses ('Heinrich event') H1 und der Jiin-
geren Dryas zeigen eine Erwirmung im Tobago Becken an, wihrend in der nordlichen Hemisphire
eine deutliche Abkiihlung erfolgt. Im Gegensatz dazu wird wihrend des Balling-Allergd eine Abkiih-
lung in der SST abgeleitet, wiihrend in der nordlichen Hemisphire eine erste Erwirmung stattfindet.

Kern M35027-1 (17.64 °N, 67.17 °W, 1814 m Wassertiefe) liegt im nordlichen Venezuela Becken
auf der westlichen Seite der Anegada Passage. Die Alterseinstufung erfolgte mit Hilfe von ben-
thischen 8'*O-Messungen im Vergleich zur SPECMAP —Kurve. Danach reicht der Kern M35027-1
zuriick ins Isotopenstadium 10 (340 000 Jahre vor heute). Fiir den letzten Glazial - Interglazialzyklus
(MIS 6 - Holozin) wurden Planktonforaminiferenzihlungen in 2.5 cm Intervallen durchgefiihrt, was
einer mittleren zeitlichen Auflosung von 800 Jahren entspricht.

Die Fluktuationen der Planktonforaminiferenfauna zeigt einen #hnlichen Verlauf wie im Kern
M35003-4, jedoch mit geringeren Amplituden. Der SST-Hub fiir die Terminationen I und II betrigt
2°C bzw. 1.5 °C. Meeresoberflichentemperaturen wihrend des letzten Interglazials (Stadium 5.5)
waren im nordlichen Venezuela Becken rund 1°C kilter als heute.

Die SST entlang der Kerne M35003-4 und M35027-1 wurden mit Klimakurven aus dem dquato-
rialen und dem nordlichen Atlantik sowie Gronland verglichen. Wihrend des letzten Glazials wurde
die Oberflichenhydrographie im dquatorialen Atlantik im wesentlichen durch Variationen in der Zo-

nalitdt der Passatwinde geprigt. Diese wird wiederum durch den Einfluss der Prizession auf das Mon-
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soon System mit Perioden von 7.4 bis 8.6 ka (= 1000 Jahre) gesteuert. Von Mclntyre und Molfino
(1996) wurde vermutet, dass es durch verstirkten Wassermassentransport zu einem Aufstau warmer
Wassermassen und damit zu einer Erwirmung in der Karibik und dem Golf von Mexico fiihren sollte.
Die hochauflésenden SST-Berechnungen entlang M35003-4 spiegeln den lokalen Einfluss variieren-
der Passatwindintensititen wider. Der erhhte Auftrieb in der siidlichen Karibik wihrend des Glazials
hat hier den vermuteten Temperatureffekt durch Advektion von Oberflichenwassermassen aus dem

dquatorialen Atlantik kompensiert.



INTRODUCTION

1 Introduction

Ice-core records from Greenland have revealed a high temporal variability during the last glacial
of North Atlantic climate, with temperature shifts of up to 6-7 °C within a few decades (Grootes and
Stuiver, 1997). The rapid climate cycles start with an abrupt rapid warming, followed by a gradual
cooling at periods of 1.5 kyrs (Dansgaard-Oeschger-Events, Johnsen et al., 1992). During the terminal
cold stadials of theses cycles, increased abundances of ice-rafted debris (IRD) are observed in marine
records from the northern North Atlantic (Bond et al. 1993; Bond and Lotti, 1995; Rasmussen et al.,
1996), as far south as the region off Portugal (Lebreiro et al., 1996; Zahn et al., 1997). From this it has
been inferred that large-scale drifts of icebergs occurred over the northern North Atlantic, with the ac-
companying meltwater fluxes suppressing or even stopping the production of deep water, by lowering
surface water density (Samnthein et al.,1994: Maslin et al., 1995).

McAyeal (1993) proposed a conceptual model which involves internal ice-sheet stability-instabil-
ity processes: ice-sheet buildup accumulated ice masses up to a threshold, where basal melting due to
increased pressure occurred, and iceberg flotillas were released into the North Atlantic.

Another mechanism involves changes in the trade wind-monsoon system at low latitudes. Particu-
farly, linear and non-linear responses of low-latitude climate to the orbital precessional signal have
been inferred as a possible cause for sub-Milankovitch climate variability (Curry and Oppo, 1997).
During times of enhanced zonality of the trade wind circulation, warm waters were advected into to-
day's warm water pool of the Caribbean and Gulf of Mexico, while at the equator increased upwelling
occurred (McIntyre et al.,1989; McIntyre and Molfino, 1996; Little et al., 1997). During monsoon
maxima, when the tropical easterlies diminish, these warm waters are released into the North Atlantic
subtropical gyre and are delivered into the subpolar North Atlantic, causing the rapid melting of ice
and hence the Heinrich events (McIntyre and Molfino, 1996). A slightly modified conceptual model
is suggested by Little et al. (1997). Using the relative abundances of the polar species N. pachyderma
(left) as an upwelling indicator, they found a high variability of coastal upwelling off SW Africa dur-
ing the last glacial, with maxima in upwelling intensity preceding the North Atlantic Heinrich events
by approximately 3 kyrs. At times of increased trade wind strength, tropical and subtropical waters
are forced across the equator, enhancing the pool of warm waters to be transferred to the high lati-
tudes of the North Atlantic. The increased supply of warm waters to the northern high latitudes accel-
erates ice sheet growth and may lead to ice sheet instability and subsequent collapse (Little et al.,
1997).

In this thesis, sea-surface temperatures (SST) are reconstructed for 2 sediment cores from the
western tropical north Atlantic and the Caribbean Sea. The Caribbean is the source area for the Gulf
Stream and North Atlantic Drift system, which provides the high northern latitudes with heat and

moisture. As such, the Caribbean is a key position to link low-latitude paleoceanographic variability
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IntrRODUCTION

to high-latitude climate change as described previously.

Core M35003-4 is located in the Grenada Passage, one of the main gateways for warm waters en-
tering the Caribbean. Core M35027-1 is located in the northern Venezuela Basin, at the western end
of the Anegada Passage. Both sediment cores are expected to monitor the varying strength of cross-
equatorial heat flux.

Paleo-sea-surface and sub-surface temperatures are estimated by determination of the relative
abundances of planktonic foraminiferal assemblages. To assess the validity of SST estimates, SST are
reconstructed with the Modern Analog Technique (MAT; Prell, 1985) and the transfer function tech-
nique (TFT; Imbrie and Kipp, 1971). For core M35003-4, planktonic foraminiferal based SST are
compared to independent alkenone (U¥3;) SST estimates.

The resulting paleoceanographic reconstructions are compared to similar data from the equatorial
Atlantic, the Caribbean, and the North Atlantic. With these data, changes in the cross-equatorial and
northward heat transport and connections to rapid, sub-Milankovitch climate variability as seen from

Greenland ice-cores is discussed.

1.1 Core locations and oceanographic setting

Gravity cores M35003-4 and M35027-1 were retrieved during R/V METEOR cruise M35 from
April to May 1996 (Hemleben et al., 1998; Figure 1, Table 1).

Core M35003-4 is located at the western flank of the Tobago Basin at the SE Lesser Antilles, on
the Atlantic side near the Grenada Passage. The core lies at 1300 m water-depth, well above the mod-
ern fysocline of the Atlantic (Berger, 1968).

Core M35027-1 lies in the NE Venezuela Basin, at the Atlantic side of the Anegada Passage.

Both cores represent different environmental settings: Core M35003-4 in the south is influenced
by higher terrigenous inputs from Amazon and Orinoco River suspension load (Miiller-Karger et al.,
1995), leading to higher sedimentation rates due to dilution of pelagic sedimentation. Core M35027-1

in the north, on the other hand, shows mainly pelagic sedimentation.



INTRODUCTION

Figure 1. Position of cores and surface samples used in this thesis. Bathymetry of detailed
map shows isolines of 1000 m and 2000 m water depth.

i




Table 1. Location of core top samples and sediment cores

INTRODUCTION

Station Latitude Longitude  Water depth (m) Device Recovery (m)
M35002-1 12.0317 -61.1767 1506 GKG' 0.5
M35003-4 12.0830 -61.2330 1299 82 9.63
M35003-6 12.0850 -61.2450 1299 GKG 047
M35004-1 14.4100 -61.6617 2885 GKG 0.38
M35005-1 15.4533 -62.2317 2289 RKG 0.36
M35006-6 16.4217 -62.4533 888 RKG 0.33
M35008-1 18.0317 -64.1633 2820 RKG 0.37
M35010-2 18.9333 -64.0900 2696 RKG 0.25
M35012-6 18.3050 -63.6267 1121 RKG
M35013-3 18.3150 -63.4500 899 RKG 0.26
M35014-1 17.8417 -63.7367 1604 RKG 0.32
M35015-1 17.9933 -63.4517 1230 RKG 0.31
M35018-1 17.5750 -65.3700 1728 RKG 0.3
M35019-1 17.6717 -65.4350 1815 RKG 0.32
M35020-2 17.9300 -65.6700 2005 RKG 0.4
M35023-3 17.6033 -65.6817 1192 RKG 0.21
M35024-6 17.0433 -66.0017 4710 RKG 0.35
M35026-2 17.5083 -67.0433 3815 RKG 0.41
M35027-1 17.6483 -67.1667 1814 SL 11.06
M35030-1 16.7550 -78.6100 1298 RKG 0.2
M35033-1 16.9133 -79.0183 1124 RKG 0.18
M35035-1 16.8933 -79.1317 1252 RKG 0.2
M35039-1 17.9267 -79.1450 1142 RKG 0.23

'RKG and GKG: box corer

2SL:gravity core

Today, warm waters of the North Equatorial Current (NEC) and the Guyana Current (GC), which

comprise the northwestern extension of the Atlantic's cross-equatorial surface flow, enter the Carib-

bean through the Grenada Passage and the Lesser Antilles Passages (Stramma and Schott, 1996;
Schott and Molinari, 1996). These warm waters are further advected by the Caribbean Current into
the Gulf of Mexico, and later reach the North Atlantic to contribute to the Gulf Stream and North At-

lantic Drift current (Kinder et al., 1985) (Figure 2).
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% boreal winter upwelling w\ Trade Winds #” Ocean Circulation
@ »  winter and summer position of ITCZ

Figure 2. Ocean and atmospheric circulations schematics, based on Schott
and Molinari (1996), Stramma (1991), Peterson and Stramma (1991), and
Kinder et al. (1985).

During boreal winter and spring, trade winds are strongest, and the volume of Atlantic water en-
tering the Caribbean is largest. During this season, coastal upwelling along the continental margin of
Venezuela occurs due to increased Ekman transport (Kinder et al., 1985, Muller-Karger and Castro,
1994). Higher concentrations of phytoplankton during the cold boreal winter seasons northwest of To-
bago island, in the islands wake, are possibly caused by higher phytoplankton abundance due to up-
welling or deep mixing, since the Orinoco plume is located south of Tobago.

During boreal summer and fall, when the Intertropical Convergence Zone (ITCZ) is at its northern
position, trade wind intensity and coastal upwelling in the southern Caribbean weaken, and river dis-
charge from the Orinoco reaches up to Tobago island, as shown by Coastal Zone Color Scanner
(CZCS) images which display high phytoplankton pigment concentration in the area (Muller-Karger
and Castro, 1994).

Pelagic sedimentation in the southern Caribbean is influenced by high input amounts of terrige-
nous material, coming from the Amazon river and to some extent from the Orinoco (Milliman and

Meade, 1983; Bowles and Fleischer, 1985).
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InTRODUCTION

Because of sill-depths ranging from 1000 m to 2000 m, Caribbean deep-water is mainly com-
prised of intermediate Atlantic deep water masses: North Atlantic Intermediate Water (NAIW) and
Upper North Atlantic Deep Water (UNADW) enter the Caribbean through the northern Windward
and Anegada Passages with sill depths of 1650 m and 2000 m, respectively. (Sturges, 1975; Metcalf,
1976). Antarctic Intermediate Water enters the Caribbean along the eastern and southeastern passages

of the lesser Antilles with sill depths between 750 m and 950 m (Wiist, 1964 ; Stalcup, 1971).

..



MUATERIALS AND METHODS

2 Materials and methods

2.1 Sample preparation and analytical procedures

In general, the cores were sampled in 5 cm intervals. To enhance the time resolution, sample den-
sity in core M35027-1 was further increased to 2.5 cm intervals between the core top and 395 cm core
depth (see also chapter 3.1). Sedimentation rates at the site of core M35003-4 are high, so that stra-
tigraphic resolution at 5 cm sample intervals sufficed for the detection of fine-scale paleoceano-
graphic variability.

For estimation of physical properties and measurement of chemical parameters (total organic car-
bon, inorganic carbon, carbonate phases with X-ray diffractometry), sample volumes of 5 ml were
taken. 10 ml samples were taken for micropaleontological investigation and stable isotope analysis on
benthic foraminifera.

All samples were weighed and dried at 50°C. Water content and dry bulk density were estimated
from the difference of wet and dry weight. Samples for micropaleontological investigations were wet

sieved over a >63 pm sieve, and then further subdivided into 150-250 um and >250 um subfractions.

2.1.1 Isotope measurements

The stratigraphy of the cores is based on benthic stable oxygen isotope and '“C AMS stratigraphy.
Stable isotope measurements were made on the epibenthic species Cibicidoides wuellerstorfi, C. kul-
lenbergi, and C. pseudoungerianus. Below 450 cm depth in core M35003-4, the measurements were
done on Uvigerina peregrina, since epibenthic species abundances were low in the deep core sec-
tions. To generate a composite 8'O record for this core, the epibenthic 8'*O signal was adjusted to
the Uvigerina scale by adding 0.64°/,, (Duplessy et al., 1984).

3-5 specimens were picked for each measurement from the size fraction >250 um. Prior to iso-
tope analysis, the samples were ultrasonically rinsed in methanol for 10 seconds, and then transferred
to a CARBO KIEL automated carbonate preparation device that is linked online to a FINNIGAN
MAT 251 mass spectrometer. Reproducibility of & '*O-measurements was 0.066 °/, as determined by
80 replicate analysis of an internal carbonate standard (Solnhofen Limestone). All isotope data are re-
ferred to the PDB scale.

For core M35003-4, “C-AMS measurements were carried out on 12 monospecific samples of the
planktonic foraminifera Globigerinoides ruber (white) at the Leibniz-Laboratory of Kiel University.
Additionally, 8 "*C-AMS datings from mixed planktonic foraminiferal samples which contained G.
ruber and Globigerinoides sacculifer (Riihlemann et al., subm.) were used. In general, between 500
and 1000 specimens were picked. The '“C-AMS datings were carried out at the Leibniz-Laboratory

AMS facility at Kiel University using a 3 MV Tandetron system, and applying analytical procedures

- .-



MATERIALS AND METHODS

described in Nadeau et al. (1997) and Schleicher et al. (1998). After cleaning with 0.5 ml 30% HO,,
the H,O, wet samples were evacuated, and sample CO, for '“C determination was released using con-

centrated H;PO, at 80°C.

2.1.2 Faunal analysis: Planktonic foraminiferal census counts and factor analysis
Following the convention of the CLIMAP Group, planktonic foraminiferal census counts were

done on the >150 pm size fraction and, whenever possible, a minimum of 300 specimens was

counted. This number is a compromise between counting efforts and statistical precision (Chang,

1967). Lower numbers will lead to higher statistical errors, particularly for less abundant species. For

example, the 26 error for a relative abundance of 20 % on a 300 specimen count is less than 5% (van
der Plas and Tobi, 1965). To achieve a higher statistical precision the test numbers to be counted must
be unproportionally increased.

To facilitate the counting and determination procedure, the >150 pm size fraction was subdivided
into subfractions of 150 pm - 250 ym and >250 pm. Because of high abundances of pteropod tests and
fragments, the >250 um size fraction for all samples from core M35027-1 was further subdivided into
250 pm - 400 pm and >400 pm subfractions. These subsamples were then subdivided with a mi-
crosplitter into subsets containing 150 - 200 specimens. The species percentages were calculated by
combining the counts of all subfractions.

43 plankton foraminiferal species and morphotypes have been differentiated. Planktonic forami-
niferal taxonomy follows the species concepts of Bé (1977), Kennett and Srinivasan (1983), Saito et
al. (1981), and Hemleben et al. (1989). Following Kipp (1976), intergrades between Neogloboquad-
rina pachyderma (dextral) and N. dutertrei were identified and labeled as P/D intergrades. Globo-
ratalia menardii and G. tumida were grouped together (Dowsett and Poore, 1990; Pflaumann et al.,
1996), since a discrimination between both species in fossil samples is difficult.

Statistical investigation of the relative abundance information of planktonic foraminiferal commu-
nities in cores M35003-4 and M35027-1 was conducted by principal component analysis (PCA,
Davis, 1986). This method was first introduced by Imbrie and Kipp (1971) and summarizes the rela-
tive abundance information of a modern reference data set (=modern core-top data) with a Q-mode
PCA into statistical plankton foraminiferal assemblages, so called 'factors' (Imbrie and Kipp, 1971).
In a second step, the core-top factor model is applied to down core data by simple matrix operation
(Joreskog et al., 1976).

In this thesis, a modern reference data set of 750 core-tops was compiled from published core-top
foraminiferal census counts from Pflaumann et al. (1996), SPECMAP (Imbrie et al., 1990), and 19
new Caribbean core top data (this thesis) from the Atlantic between 65°N and 40°S (Figure 3). PCA
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was performed using Fortran routines CABFAC and THREAD (Imbrie and Kipp, 1971; Klovan and
Imbrie, 1971).

60° 60°
30° 30°

0° 0°
-30° -30°

“90° 50° 30° 0°

Figure 3. Location of the modern reference core top samples.

2.2 Reconstruction of sea-surface temperatures

Using the relative abundance information of planktonic foraminifera Imbrie and Kipp (1971) de-
veloped a method for quantitative reconstruction of past sea-surface environments such as sea-surface
temperature and salinity. The method is based on the assumption that the pelagic ecosystem of today
remained essentially unchanged during the Pleistocene. In particular, it is assumed that the ecological
response of a species or a species assemblage to physical and chemical parameters of the ocean has
remained the same through time (Imbrie and Kipp, 1971). The concept of the method is to compare
species abundances in fossil samples with a compilation of a modern set of surface samples and to de-
duce environmental parameters (e.g., sea-surface temperature (SST) or ocean productivity) from a
comparison with its modern analogs.

In this study, SST is estimated using two different techniques:
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a) development of a transfer function with regression analysis which relates variations in forami-
niferal assemblage (factors, see above) to overlying SST (Transfer Function Technique, TFT; Im-
brie and Kipp, 1971). A stepwise 2™ degree nonlinear regression analysis with factors and SST

was performed with the STATVIEW software. The resulting transfer function has the form

SST(,=ff*k,+f;*kz+ ..... ji*k9+f|*klo+ _____

1
foxk + [ Fxk +.  f F %k +k M
which is in matrix notation
SST =F K+K, (2)

where SST., is the core top SST, f, (F in matrix notation) are the planktonic foraminiferal assem-
blages (factors 1 - n), k, (K in matrix notation) are the regression coefficients, and k, (K, in matrix
notation) is a constant.

The resulting SST Transfer Function from the regression analysis was applied to down-core as-
semblages from cores M35003-4 and M35027-1.

b) a direct comparison of foraminiferal census data of a sample with unknown SST with forami-

niferal census data of samples with known SST by means of their similarity, assuming that similar

assemblages have lived in similar environments (Modern Analog Technique, MAT; Prell [1985]).

As has been demonstrated previously (Prell, 1985; Pflaumann et al., 1996; Gonzalez-Donoso and

Linares, 1998), SST estimates derived from modern assemblages using MAT reflect in situ SST from

the modern calibration (control) data set more accurately than TFT. Additionally, MAT is shown to

be less susceptible to effects of so called no-analog conditions. No-analog-conditions can be dis-

cerned, for example, if species abundances in samples exceed their maximum abundances of a mod-

ern reference data set (Hutson, 1977, Prell, 1985).

For the MAT SST estimation, the Squared Chord Distance as the best index of dissimilarity was

used (DSML; Overpeck et al., 1985). This method compares the faunal information of a sample with

unknown SST with faunal information from the modern assemblage control data set. SST is then esti-

mated by a weighted average of the 'measured' temperature (interpolated SST at core top location

from Levitus and Boyer, 1994) with the best analogs (=highest similarity or lowest dissimilarity). For

SST estimation 10 best analogs were used.
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D ,=Z (P‘IIZ _P‘/L/zv) 3)

S :Z <P1‘*P/k) (4)

t:—-lr (5)

where Dj is the Squared Chord Distance as dissimilarity index, Sj is the similarity index, Py and Px
are the k" species of the /™ and j* samples of the analog and subject data matrix, respectively, ¢ is
estimated SST, and T, is the SST of the " analog sample. A highly similar analog sample for a sub-

Ject sample will have a dissimilarity near zero and a similarity near one.

Table 2. Comparison of MAT (Squared Chord Distance) and SIMMAX (Scalar Pro-
duct) SST estimates for caloric warm and cold SST at 0-50 m water depth.

MAT SIMMAX
Squared Chord Distance Scalar Product
T, T, T, T,

Number of core tops 750 752
Mean dissimilarity / mean
similarity index 0.10/0.95 /0.96
Correlation coefficient R 0.99 0.99 0.98 0.98
R? 0.98 0.98 0.95 0.95
Mean Standard deviation of
selected best analogs 0.74 0.74 0.85 0.83
Standard deviation (SD) of
residuals 1.10 1.05 1.56 1.45

Another MAT technique, the SIMMAX technique (Pflaumann et al., 1996), uses the Scalar Prod-
uct as a measure of similarity. The technique also uses a geographical distance weighting for SST es-
timation, which improves the precision of the SST estimation with respect to a calibration run (Pflau-
mann et al., 1996). However, in case of a broad geographical range of selected best analogs, the dis-
tance weighting may dominate the similarity weighting during the SST estimation, thus giving artifi-
cial higher or lower SST estimates. Without distance weighting, the scalar product gives a lower cor-
relation coefficient during calibration and is therefore rejected (Table 2).

For the modern reference data set (see above), mean seasonal SST of the upper 0-50 m (the aver-
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age of winter and summer SST at the O m, 30 m and 50 m depth level) were assigned, which were ex-
tracted from the World Ocean Atlas 1994 (Levitus and Boyer, 1994). To cover both hemispheres, ca-
loric seasons instead of calendar seasons were used, so that the cold season is always colder than the
warm season.

As planktonic foraminifera inhabit the upper few hundred meters of the water column (e.g., Hem-
leben et al., 1989), the TFT and MAT technique can also be used to estimate the temperature of
deeper water layers (Pflaumann et al., 1996, 1999). For deep water layers, the annual temperature of
the 75 m, 100 m, and 150 m layer are extracted from the World Ocean Atlas 1994. Since the modern
seasonal signal for these water-depth levels is small, I use the annual water temperature. From the
temperature gradient between the surface and the deep-water layers, changes in the thermocline depth
can be inferred.

SSTo.som-estimations from TFT and MAT show high correlation with 'measured’ LEVITUS 94 sea
surface temperature (Figure 4 A and 5A, 5C, 5E). A higher accuracy for MAT based SST estimations
is indicated by lower standard deviation of the residuals (estimated - measured SST). Both methods,
MAT and TFT, tend to underestimate SST at the warm end, and to overestimate SST at the cold (Fig-
ure 4 B and 5B, 5D, 5F), due to the limits of the modern reference data set. To estimate correct SST at
the warm and cold end, warmer / colder 'measured' SST than existing would be necessary.

To investigate the sensitivity of planktonic foraminiferal assemblage based SST estimates, both
techniques are used for the seasonal 0-50 m level. For deep-surface water temperature estimates, only

the MAT is used.
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Figure 4 A). Comparison between estimated SST vs. measured SST (0-50 m water
depth) of the modern calibration data set; B) Residual statistics of MAT and TFT.
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2.3 Estimation of bulk carbonate and metastable carbonate phases

Carbonate dissolution has the potential to alter down-core species abundances distribution through
selective dissolution of thin-walled tests that are mainly secreted by warm-water species. As such,
dissolution may skew the SST estimates towards colder temperatures (Le and Shackleton, 1992; Le
and Thunell, 1996). To gain control on dissolution-driven SST artifacts, the down-core carbonate
preservation of M35003-4 was determined by measurements of total and organic carbon, as well as
the composition of the carbonate phases.

For core M35003-4, organic and inorganic carbonate analyses have been performed on 3 cm
spaced samples (C. Riihlemann, University of Bremen, unpubl. data.).

Organic and total carbon were determined on 5 cm? dried sediment samples using a LECO C-200
analyzer. Carbonate was estimated by subtracting organic carbon from total carbon content (CaCOs:=
[Unitrorcarson - Unitogcarson] #8.33).

The precision for total carbon of the analyses was < 3 weight %. Aragonite, low and high magne-
sium calcite (LMC and HMC, respectively) were determined by X-ray diffraction. Samples were
carefully ground with an achate mortar and pestle. The sample powder was mounted on an aluminium
holder that was transferred to a multi-holder cassette. X-ray analyses were done with a PHILLIPS X-
Ray DIFFRACTOMETER (PW1170 sample exchange, PW 1830 generator, and PW 1710 control
unit). Data output was processed with MacDiff v3.2 (Petschick, 1996), quantitative estimation of the
carbonate phases was done by quantification of peak area (Tucker, 1996), and comparison to refer-
ence samples (synthetic calcite for 100 % LMC and a Red Sea coral for 100 % aragonite; N. Andre-
sen, unpubl.; Reijmer et al., 1988; Milliman, 1974). Concentration of carbonate phases is given in %

CaCO;.
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3 Results
3.1 Stratigraphy and age models

3.1.1 Core M350034

The age model for core M35003-4 is based on the benthic 8"O record (Figure 6) in conjunction
with 19 “C-AMS dates (Table 3), and on comparison with the GISP2 ice core.

The benthic 8O record (Figure 6) shows the last glacial-interglacial transition between 200 and
300 cm core depth, and the isotope stage 3/2 boundary as displayed in a "0 increase at 450 cm core

depth.
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Figure 6. Benthic 80 record of M35003-4. Vertical lines and numbers give the
position and reservoir corrected '“C-ages in years B.P. Additional age control
points are the anomalies in the benthic Cd/Ca ratio (A. Stiiber, 1999), which corre-
spond to Heinrich events 1 - 4. C.wuellerstorfi 8O have been adjusted by

+0.64°% 0.

The §"*O-change during Termination I is 1.5 %o, and exceeds the concomitant mean-ocean 8.

-change by 0.25 %o. This amplitude is distinctly smaller than that observed at mid-depth core sites in
the North Atlantic, and implies that ambient bottom water temperatures changed only little (AT1°C)
during Termination I, if water mass effects on seawater 8"0 are assumed to be minor. At the end of
the LGM, at 290 cm core depth, an abrupt decrease in 8O by 0.9 %o is observed which, according to

the C- dates (13.8 "“C -kyrs, equiv. 15.7 cal. kyrs), is coeval with North Atlantic ‘Heinrich’ event 1

(H1). The Younger Dryas (Y.D.) climatic rebound is documented in the isotope record with an only

small increase in benthic 80 between 210-240 cm, but is confirmed by "“C- datings of 10.4 "C-kyrs

at 225 cm (equiv. 12.2 cal. kyrs) which fit well into similar datings at northern North Atlantic sedi-
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ment cores (e.g. Sarnthein et al., 1995). The 8O minima at 900 and 945 cm core depth correspond to
the marine isotope substages 3.31 and, most likely, 3.33 with ages of 50 and 55 kyrs, resp. (Martinson
et al., 1987).

Conventional "“C-ages were corrected for the reservoir effect of 400 years (Hughen et al., 1998).
For a first age scale the '“C-ages <20 kyrs were converted to calendar years, considering the changing
and variable A "“C-content of the atmosphere in the past, by using the CALIB conversion routine of
Stuiver and Reimer (1993) and Stuiver et al. (1998). For "“C-ages older than 20 kyrs, corrections ac-

cording to Laj et al. (1996) were applied (Table 3). Additional age control points are directly com-

pared to the GISP 2 8"0 record as follows:

Table 3. '*C-AMS dates and calendar years for core M35003-4.

Convertiaal Age “Cage (400 Cllendrage
Sample ID Sample depth (cm) Species  BP(years) Bt years) (years)
KIA4H3*  M35003-4 3.0 Mixed planktic foraminifera 380 30 -20 0
KIASBS*  M35003-4 98.0 G ruber (pink) 5300 50 4900 5650
KIA 4223 M35003-4 110.0 G ruber (white) 5920 40 5520 6300
KIASO84  M35003-4 163.0  Mixed planktic foraminifera 8480 60 8080 8950
KIA 4224 M35003-4 190.0 G nier (white) 9150 50 8750 9920
KIA 4225 M35003-4 225.0 G ruber (white) 10800 90 10400 12220
KIA 4226 M35003-4 2575 G niber (vwhite) 12220 70 11820 13940
KIA 4227 M35003-4 290.0 G nder (vhite) 14210 90 13810 15670
KIA 4228 M35003-4 3100 G ruber (white) 16140 100 15740 17410
KIA 6973 M35003-4 380.0 G nider (white) 20260 110 19860 23900
KIA 4229 M35003-4 420.0 G nier (white) 23230 210 22830 26620
KIA 4230 M35003-4 450.0 G naber (white) 25060 260 24660 28660
KIA4{15*  M35003-4 463.0  Mixed planktic foraminifera 27030 220 26630 29550
KIA4116*  M35003-4 508.0  Mixed planktic foraminifera 29480 260 29080 32780
KIA 4231 M35003-4 542.5 G nider (white) 30840 520 30440 34824
KIA41I7* M35003-4 563.0  Mixed planktic foraminifera 32460 350 32060 35710
KIA4118*  M35003-4 618.0  Mixed planktic foraminifera 36290 560 35890 38443
KIA 6974 M35003-4 650.0 G nier(vhite) 39680 1090 39280 39230
KIA 4232 M35003-4 680.0 G ruber (white) 41200 2030 40800 41300

X XCages fromRihlemamet al, subm

The benthic foraminiferal Cd/Ca record from the same core displays short-lived maxima at 300,
380, 460, and 650 cm core depth (Stiiber, 1999). Similar maxima have been found in mid-depth sedi-
ment cores from the northern and mid-latitude North Atlantic during 'Heinrich’' meltwater events and
have been used to infer ventilation minima during these events (Willamowski, 1999). The Cd maxima
in core M35003-4 reflect the ventilation minima during HI through H4 with radiocarbon ages of
14.78 kyrs (H1 is located between "“C age datums of 290 cm and 310 cm), 19.86 kyrs, 26.18 kyrs (H3
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is located 3 cm below a ""C age datum), and 39.28 kyrs. Radiocarbon datings and ''C-ages of the
'Heinrich' events were converted into calendar years by direct comparison with corresponding ages of
the stadials in GISP 2 record.

Final tuning of the age scale was done by graphical correlation of the curve structures of total or-
ganic carbon (TOC) and carbonate records of core M35003-4 relative to the GISP2 ice core 8O rec-
ord (Figure 7). During stage 3, these proxy-records display rapid fluctuations that resemble concomi-
tant Dansgaard-Oeschger (D-O) variability in the Greenland ice core record. The triplet of TOC
maxima between 498 cm - 548 cm core depth and the slightly broader maximum immediately below
closely mirror the sequence of interstadials 8 through 5 (37-32 cal. kyrs) in the ice core record. These
structures are also seen in the carbonate record, which inversely follows the TOC curve. Likewise, the
two broad TOC maxima which run along with two broad carbonate minima at 670 cm- 730 cm and
760 cm - 830 cm core depth mirror interstadials 12 through 9, and 14 to 13. Interstadials 15, 13, 11,
10, and 9 are not well resolved in the proxy records, but I take the sharp changes in the proxy signals
at 845 cm, 750 cm, and 620 cm core depth as a clear indication for the abrupt transitions into intersta-
dials 14, 12, and 8.

TOC and carbonate during Termination I also closely track variations in the GISP2 8"O record
(Figure 7). The early Termination I warming into the Bglling/Allergd is followed in the proxy records
by intermittent TOC increases and decreased carbonate contents. Immediately before the onset of the
shifts in the proxy records, a short-lived maximum in carbonate contents coincides with a peak in
benthic Cd/Ca, which is taken as the correlative with the North Atlantic's 'Heinrich’ event H1. The
Younger Dryas cold event in the ice core record is displayed in the proxy records as a transient TOC
and a salient carbonate maximum. The close fit of the proxy signals in core M35003-4 to the GISP2
"0 record during stage 3 and Termination I indicates that a link existed between climate variability
in the northern North Atlantic region and climate and ocean variability in the western subtropical At-
lantic. I take this as justification for using the structural coherence of the climatic and paleoceano-
graphic signals with the Greenland ice core to derive a fine-tuned age model for core M35003-4. Ac-
cording to the age model, the core reaches 55 cal. kyrs at 940 cm (i.e., oxygen isotope event 3.33 of
Martinson et al., 1987). Sedimentation rates vary between 10 and 48 cm/1000 years, yielding a tem-

poral resolution at 5 cm sampling intervals of 300 - 500 years.
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Figure 7. Age model for core M35003-4 and 'calibration' to the GISP 2 ice core. A)
8'"0 record of benthic foraminifera (0-400m: Cibicidoides sp., converted to U. pere-
grina [+0.64°/], below 400 cm U. peregrina, B) Cd/Ca ratio in benthic foramini-

fera (Stiiber, 1999), C + D) carbonate and total organic carbon content (C. Rithlemann,
unpubl. data), E) 8O ice of GISP 2 (Grootes et al., 1997).

The resulting age control points are summarized in Table 4. By applying this age model to core
M35003-4, the age-shifts for converting '“C-ages to calendar years lie within published ranges (e.g.
Voelker et al., 1998) (Figure 8).
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Table 4: Age control points of M35003-4

Depth

(cm) Event Age (cal.kyr)
0.0 '"C age datum 0.0
98.0 'C age datum 3.7
110.0 ™C age datum 6.3
163.0 'C age datum 9.0
190.0 'C age datum 9.9
225.0 "Cage datum 12:2
257.5 "“Cage datum 13.9
290.0 'C age datum 15.7
310.0 'C age datum 17.4
380.0 'C age datum and H-event 2 239
420.0 'C age datum 26.6
450.0 TOC maxima, corresponding to end of IS 4 28.7
463.0 '“C age datum, immediately before H3 29.6
508.0 '“C age datum, TOC minima,stadial between IS 6 and IS . 32.8
548.0 '“C age datum, TOC maxima, corresponding to IS 7 352
563.0 “C age datum, stadial between IS 7 and IS 8 35:7
613.0 TOC maxima, corresponding to begin of IS 8 383
650.0 '“Cage datumand H 4 39.2
693.0 TOC maxima, corresponding to end of IS 12 433
728.0 TOC maxima, corresponding to the begin of IS 12 453
763.0 TOC maxima, corresponding to IS 13 46.9
828.0 TOC maxima, corresponding to IS 14 51.6
863.0 TOC maxima, corresponding to IS 15 53:5
928.0  TOC maxima, corresponding to the end of IS 16 54.8
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Figure 8. Age shift of “C-ages to calendar ages, modified from Voelker et al. (1996).

3.1.2 Core M35027-1

According to the benthic oxygen isotope record, core M35027-1 from near the Anegada passage
covers the last 3 glacial-interglacial cycles and reaches back into MIS 10 (Figure 9). Ages are as-
signed by comparison with the SPECMAP stack (Imbrie et al., 1984, 1990) and with the standard
curve of Martinson et al. (1987). To compare the data with other paleoceanographic records, age con-
trol points <30 kyrs are converted to calendar years using “C-shifts of Laj et al. (1996) and Voelker et
al. (1998).

Sedimentation rates vary between a minimum of 1.2 cm/1000 years at the MIS 4/3 boundary, and
5.2 cm/1000 years during stage 5 and at the 3/2 boundary. The mean sample interval of 2.5 cm for the
planktonic foraminiferal census counts between the last Interglacial to Holocene, and 5 cm between

MIS 6 to MIS 5, results in a mean time resolution of 790 years and 2 kyrs, resp.
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Figure 9. Benthic 8'*O record of M35027-1 (A) compared with the SPECMAP stack
(B, Imbrie et al., 1984, 1990).

Benthic 8'°0 changes during Terminations I and II are 1.8 ° and 2.1 */s; during Terminations III

and IV changes are 1.5 %/, and 1.6 %,. These amplitudes exceed the concomitant mean-ocean §'°O,,

—change of Termination I (1.2 %, Labeyrie et al., 1987; Fairbanks, 1989) by 0.6 %/ to 1.0 %o, and re-

flect changes in temperature and/or salinity of intermediate depth water masses entering the Carib-

bean.
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Table 5. Age control points for M35027-1. Ages for MIS 2.2
and 3.1 are corrected to calendar years according to Laj et al.
(1996) and Voelker et al. (1998).

Depth (cm) Event Age (kyrs)
10 End of Term I 104
50 MIS 2.2, 49850 kyr 20.9
90 MIS 3.1 5255420 28.9

180 MiS '3-3 S5L5
190 MIS 4.2 64.1
240 MIS:5 .1 78.3
360 MIS™5 .5 1238
410 MIS 6.2 3835 1
440 MIS: 6.3 141.3
460 MIS 6.4 149.3
530 MIS 6.6 183.4
550 MIS 7.1 193.2
610 MIS 7.3 215:85
650 MIS 7.4 225 .8
700 MIS 7.5 241.2
730 MES. 8.2 249.0
790 MIS 8.4 267:5
870 MIS: 8.6 298.0
910 MIS#9 ] 34.0:. 0
965 MESA9. 3 384, 0

A general higher proportion of UNADW during glacial times has been inferred by a better carbon-
ate preservation of Caribbean sediments (e.g. Haddad and Droxler, 1996, Lembke, 1997). UNADW
may indeed be the source of glacial cooling, as this water mass conceivably forms to the north of the
glacial North Atlantic polar front where SST was low (Duplessy et al., 1988; Duplessy et al., 1992;
Sarnthein et al., 1994).

3.2 Distribution of modern planktonic foraminiferal assemblages

3.2.1 Planktonic foraminifera in the Caribbean Sea
Planktonic foraminifera have been counted in 21 sediment surface samples from the Caribbean

Sea as a supplement to the modern Atlantic reference data set between 65°N and 40°S.
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Figure 10. Distribution of the most abundant planktonic foraminiferal species in a schematic profile.
A) annual SST for the upper 150 m of the core locations (according to Levitus and Boyer, 1994), B)
Distribution of G. ruber (white and pink, RUW and RUR, resp.), G. sacculifer (with and without sac,
SAC and TRL, resp.), G. glutinata (GLU), N. dutertrei, (DUT), G. aequilateralis (AEQ), and G.
menardii- G. tumida group (MENT).

The distribution of planktonic foraminifera within the Caribbean shows only small faunal vari-
ability (Figure 10). As expected, tropical-subtropical species, e.g. Globigerinoides ruber (white +
pink), G. sacculifer (with and without sac-like end-chamber), and Globorotalia menardii - G. tumida
group, dominate the planktonic foraminiferal assemblage. Within the most abundant species there is
no significant trend according to the variations in deep-water SST and the thermal structure of the up-
per water column.

In 2 surface samples, M35004-1 and M35013-3, the abundance of the species group Globorotalia
menardii - G. tumida is below 1 %, indicating an age older than Holocene. Therefore, these samples

are not included in the modern reference data base.

3.2.2 Factor analysis
Using the CABFAC routine (Klovan and Imbrie, 1971), a Q-mode factor analysis was done on
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750 modern Atlantic planktonic foraminiferal core top data. In this study 28 planktonic foraminiferal

species and morphotypes have been used (Table 6).

Table 6. Statistics of the modern reference data set.

Standard
Variable Average Deviation Minimum Maximum
Globigerina aequilateralis 2.13 2.21 0.00 15.10
Globigerina bulloides 11.69 12.93 0.00 73.70
Globigerina calida 0.50 0.86 0.00 5.50
Globigerinoides conglobatus 0.41 0.84 0.00 10.00
Globorotalia crassaformis and
subspecies 0.54 0.99 0.00 7.60
Sphaeroidinella dehiscens 0.13 0.42 0.00 5.00
Beella digitata 0.25 0.42 0.00 2.40
Neogloboquadrina dutertrei 4.21 7.09 0.00 49.10
Globigerina falconensis 1.85 4.17 0.00 35.90
Globigerinita glutinata 6.10 5.08 0.00 35.70
Globorotalia hirsuta 0.86 1.54 0.00 8.60
Globorotalia inflata 8.29 9.75 0.00 61.00
Candeina nitida 0.04 0.18 0.00 2.10
Pulleniatina obliquiloculata 0.85 2.12 0.00 20.10
Neogloboquadrina pachyderma
(left coiling) 9.57 22.63 0.00 99.10
Turborotalita quinqueloba 2.61 6.20 0.00 44.60
Globigerinoides ruber (r) 2.13 3.97 0.00 21.80
Globigerinoides ruber (w) 15.93 16.67 0.00 78.20
Globigerina rubescens (red +
white) 0.69 1.35 0.00 8.30
Globigerinoides sacculifer
trilobus 5.06 6.65 0.00 40.00
Globigerinoides sacculifer
sacculifer 2.14 3.26 0.00 23.50
Globorotalia scitula 1.02 1.48 0.00 9.30
Globigerinoides tenellus 0.56 1.20 0.00 11.40
Globorotalia truncatulinoides
(left + right coiling variety) 2.58 3.42 0.00 19.80
Orbulina universa 1.19 1.87 0.00 19.60
Globorotalia menardii - G.
tumida complex 3.44 6.58 0.00 58.60
Neogloboquadrina pachyderma
- N. dutertrei intergrades 1.68 4.56 0.00 40.10
Neogloboquadrina pachyderma
(right coiling) 4.16 9.25 0.00 81.10
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Table 7. Statistics of PCA.

Variance Cumulative
Variance
% %
Factor 1 33.12 33.12
Factor 2 23.84 56.96

Factor 3 13.13 70.09
Factor 4 10.84 80.93
Factor § 5.63 86.56
Factor 6 3.52 90.08
Factor 7 1.89 91.97
Factor 8 1.76 93.73
Factor 9 1.52 95.25

Table 8. Varimax factor score matrix*.

VAR. FACTOR ! FACTOR 2 FACTOR 3FACTOR 4 FACTOR S FACTOR 6 FACTOR 7FACTOR 8 FACTOR 9

acqu 0.105 0.004 -0.003 0.020 0.033 -0.001 0.036 0.008 -0.027
bull -0.042 0.949 0.024 -0.119 0.020 0.043 -0.247 -0.018 -0.017
cali 0.022 -0.003 -0.001 0.021 -0.004 0.007 0.027 0.003 0.022
con 0.021 -0.003 0.000 0.005 0.001 0.000 -0.016 0.000 0.023
cras 0.011 -0.005 0.000 0.018 0.070 -0.009 0.006 0.014 0.008
dchi 0.001 -0.002 0.000 0.002 0.028 -0.004 0.000 -0.006 0.018
digi 0.006 0.001 -0.001 0.010 0.012 -0.002 0.003 0.000 0.002
dut 0.031 0.018 -0.009 -0.001 0.547 0.024 0.036 0.762 0.048
falc 0.025 -0.001 -0.010 0.166 0.035 -0.005 0.015 -0.192 0.629
gluti 0.172 0.245 0.009 -0.002 -0.051 0.005 0.897 -0.011 0.007
hirs 0.011 0.016 -0.006 0.063 -0.011 -0.003 -0.040 -0.012 0.153
inf -0.032 0.133 -0.004 0.922 0.009 -0.165 -0.016 0.056 -0.162
niti 0.003 0.000 0.000 -0.001 -0.002 0.000 0.004 0.004 -0.006
obl 0.020 -0.003 0.002 -0.016 0.179 -0.004 0.010 -0.115 0.064
pacli 0.007 -0.043 0.979 0.022 -0.010 -0.042 -0.049 0.027 -0.018
quin -0.015 0.103 0.199 -0.082 0.043 0.062 0.216 -0.094 0.157
rur 0.141 -0.014 0.005 -0.005 -0.026 -0.010 0.104 0.126 -0.327
ruw 0.920 0.000 -0.003 0.017 -0.178 0.028 -0.170 0.116 0.122
rus 0.033 0.020 -0.001 0.011 -0.026 -0.026 0.026 -0.007 0.010
tril 0.252 0.014 -0.004 -0.020 0.346 0.015 -0.110 -0.399 -0.413
sac 0.114 -0.012 0.003 -0.007 0.162 0.004 0.015 -0.175 -0.137
scit 0.011 0.052 -0.007 0.038 0.004 -0.03t 0.039 -0.026 0.118
ten 0.030 -0.002 -0.002 0.012 -0.017 0.005 0.021 0.016 0.055
trus 0.051 0.037 -0.014 0.177 -0.011 -0.033 -0.093 -0.046 0.357
univ 0.028 0.024 0.002 0.063 0.011 -0.058 0.021 0.076 -0.104
mentum 0.070 -0.035 0.009 0.012 0.689 -0.055 0.042 -0.297 0.168
pdi -0.009 -0.035 0.014 0.204 -0.028 0.281 0.114 -0.193 -0.161
par -0.023 -0.018 0.025 0.127 0.033 0.936 -0.037 0.045 0.032

* bold numbers indicate high factor scores for characteristic foraminiferal spe-
cies
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The factor analysis of the modern planktonic foraminiferal assemblage distribution in the Atlantic
yielded 9 factors that explain >95 % of the total variance of the original data (factor model 750-28-9:
Table 7, Figure 11). The Atlantic-wide distribution pattern of these 9 factors closely resembles that of
earlier factor models (e.g. Imbrie and Kipp, 1971; Kipp, 1976; Molfino et al., 1982).

Factor 1 covers tropical to subtropical waters and is dominated by G. ruber (w) (Tropical/Sub-
tropical Assemblage; Table 8). Factor 2 represents temperate to cold waters of high northern and
southern latitudes, and low-latitude upwelling areas in the eastern Atlantic. G. bulloides has highest
factor scores on this assemblage (Subpolar to High Latitude Assemblage; Table 8). Factors 6 (high
loadings of right coiling N. pachyderma) and 7 (high factor loadings of G. glutinata) according to
their geographic distribution may be viewed as subgroups of Factor 2 and were included there. The
Polar Assemblage (Table 8) is contained in Factor 3, and is characterized by high factor loadings of
left coiling N. pachyderma. Factor 4 consists mainly of G. inflata, and covers oceanic areas between
subtropical and boreal waters (Transitional Assemblage; Table 8).

Factor 5 is located in restricted areas of the equatorial eastern Atlantic, off NW-Africa and the
Gulf of Guinea. The G. Menardii - tumida complex and N. dutertrei have high factor scores on this
factor (Gyre Margin Assemblage of Kipp (1976); Table 3). High factor loadings of Factor 8 are lim-
ited to the coastal upwelling area off Namibia. N. dutertrei has high scores on this factor (South At-
lantic Coastal Upwelling Assemblage; Table 8). Factor 9 is restricted to the mid-latitude North and
South Atlantic at the border of the tropical-subtropical assemblage, with G. falconensis as a character-
istic species.

From their contribution to the overall variance, and from their geographic distribution, Factors 1
to 6 obviously are of greater (paleo-) oceanographic relevance than the Factors 7 to 9, which display
only small and restricted geographic distributions and lower factor loadings. Still, these factors are

kept in the computational scheme for SST estimation to enhance the significance of the estimates.
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Figure 11. Geographic distribution of 9 varimax assemblages of a Q-Mode Factor Analysis of
750 core tops. Crosses give the location of 750 core tops, compiled from Pflaumann et al.
(1996), Imbrie 1990 (SPECMAP Archive # 1), and Caribbean core tops (this thesis).

3.3 Late Pleistocene planktonic foraminiferal assemblages and SST estimates

3.3.1 Tobago Basin: Core M35003-4

Figure 12 shows the down-core distribution of characteristic planktonic foraminiferal species in
M35003-4. During glacial times the abundance of warm water species such as G. ruber (white) and
G. sacculifer trilobus, is decreased. Conversely, high-latitudinal 'cold' faunal components, particularly

G. bulloides, show increased abundances.
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Figure 12. Distribution of characteristic planktonic foraminifera species
in core M35003-4; A and B: % right and left N. pachyderma, resp., C: %
N. dutertrei, D:% G. bulloides, E: % G. menardii and G. tumida group,
F: % G. sacculifer trilobus, G: cumulative % of G.ruber pink and white.
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Today, the occurrence of G. bulloides in the Caribbean is closely linked to seasonal upwelling off
Venezuela during boreal winter (Cariaco Basin; Peterson et al., 1991; deMiro, 1971). Abundances of
N. dutertrei, which dwells in nutrient-enriched sub-surface water masses, preferentially in the thermo-
cline near the deep chlorophyll maximum (Sautter and Thunell, 1991; Fairbanks et al., 1982), are in-
creased during MIS 3. During MIS 2 and 3 high abundances of polar species N. pachyderma (left re-
ticulate variety) up to 12 % are observed. Increased abundances of this species outside polar waters
have been associated with upwelling conditions (Ufkes and Zachariasse, 1993; Giradeau and Rogers,
1994; Little et al., 1997, Ufkes et al. 1998, Ivanova et al., 1999). Thus, in combination with higher
abundances of G. bulloides and N. dutertrei this suggests an increase in nutrient availability, possibly
due to a shoaling of the thermocline or upwelling.

The tropical species group G. menardii-tumida shows maximum abundances during the Holocene,
whereas the glacial and deglacial sections are mostly barren of this species.

As in the case of the down-core variation of planktonic foraminiferal components, the variation of
factor loadings along core M35003-4 also displays systematic changes (Figure 13). Superimposed on
the rapid variability is a general change in assemblage structure which occurs in two steps. During
MIS 3, factor loadings of the tropical assemblage (Factor 1) are low with values between 0.7 and 0.8.
Loadings of the high-latitude subpolar and polar Factors 2 and 3 were higher, loadings of the equato-
rial Gyre Margin Factor 5 and upwelling Factor 8 were likewise increased. A first change in plank-
tonic foraminiferal fauna and factor loadings occurs during late MIS 3, immediately before 'Heinrich'
event H3 (Figure 8). Abundances of the Tropical Assemblage (Factor 1) increase to nearly Holocene
levels, and the Polar-Subpolar Assemblage (Factors 2 and 3), as well as the Gyre Margin (Factor 5)
and South Atlantic Coastal Upwelling (Factor 8) faunas decrease. A second step occurs during Termi-
nation I, when the Polar-Subpolar Assemblage (Factors 2, 3) gradually decreases to disappear entirely
from the faunal record in the early Holocene.

The derived factor model represents the faunal assemblages well, as seen in high communalities
which remain above 0.8. It is only during early MIS 3 that communalities drop below 0.8. In this in-
terval, a sample at 935 cm core depth contains high abundances of G. ruber (pink) which exceed
maximum abundances of this species in the modern reference data set thus indicating non-analog con-
ditions.

The faunal evolution-derived changes are reflected in equivalent changes in the SST record (Fig-
ure 14), showing a high temporal variability for the last 50 kyrs. Core top SST estimates are close to
the modern temperature, within the statistical errors of the method. During glacial stages, similarity

values are on average between 0.85 and 0.9, in contrast to Holocene values above 0.95 (Figure 14D).
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Figure 14. MAT SST estimates for core M35003-4. A) estimated seasonality, B) seasonal SST,.
som estimates, C) annual SSTs.;som estimates, D) similarity measure, E) standard deviation of
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dard deviations of selected best analogs (Figure 14E+D), indicating a lower precision of SST esti-
mates at these times (Gonzales-Donoso and Linares, 1998), compared to the calibration with the mod-
ern reference data set. TFT-SST's generally compare to MAT estimates but show systematic differ-
ences, which is discussed in section 4.1.1.

SSTo.som during glacial stage 3 is about 2.5 - 3 °C colder than during the late Holocene, compared
to a temperature amplitude between the LGM and Holocene of 2 °C-2.5 °C. During MIS 3, short term
SSTo.som minima are observed, with a duration of 3 kyrs to 5 kyrs, followed by distinct temperature
maxima, reminiscent of the Dansgaard-Oeschger events seen in Greenland ice cores (e.g., Grootes
and Stuiver, 1997). A first major warming step of 2.5 °C occurs at the stage 3/2 boundary (29 - 27.5
cal. kyrs), immediately before 'Heinrich' event 3, followed by a general decrease in SST during MIS 2
toward the LGM. At the end of the glacial, an abrupt but short-lived SSTo.so increase of 2 °C is ob-
served at 15.5 cal. kyrs, coeval with the North Atlantic meltwater event, Heinrich 1.

SST reconstructions from the Columbia Basin, based on planktonic foraminiferal census counts
and the TFT method, found comparable SST variations (Prell, 1976), with a Holocene-LGM SST am-
plitude between 2-3°C and minimum SST during stage 3.

During Termination I, SSTo.s0n is in antiphase with North Atlantic climate: During the Bglling-
Allergd period, SST's are colder than before and after, and the Younger Dryas period between 11 to
12.6 cal. kyrs shows a relative warming of about 1.5 - 2°C (see discussion below).

Comparison with the factor model (Figure 13) shows that the inferred SST changes are largely
driven by fluctuations of the Tropical-Subtropical Assemblage (Factor 1), in conjunction with varia-
tions of the Subpolar-Polar Assemblage (Factors 2, 3), and the Upwelling Assemblage (Factor 8).

Estimated seasonality in the Tobago Basin varies between 1.8 °C during the Holocene and 2.4 °C
during the last glacial, with highest seasonality during stage 3 (Figure 14A). The increase in seasonal-
ity is mainly caused by decreased SST during the cold season, possibly pointing to an increase of ad-
vection of colder waters and / or an increase of upwelling or shoaling of the thermocline during boreal
winter.

To reconstruct the temperature structure of the upper 150 m, sub-surface 'SST' are reconstructed
with MAT for the 75 m, 100 m, and 150 m water level (Figure 14C). Today, mixed-layer depth at the
core location is approximately 60 m, according to water temperature profiles (Levitus and Boyer,
1994, Figure. 15). Thermocline depth, if defined by a fixed temperature limit of 20 °C (Houghton,
1991), is at 150 m.

- 40 -



Resuers

SST (°C) SST (°C) SST (°C)
0 5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
0 4111111111[A|11[ ........ l;.:._“nlxx“l..“l ;;;;;;;; ll[l11<lllL[llll|lllll -------- ]‘.“'
50 ‘iY’D' /,:_fLGM /'__ MIS 3 /""'
- 100 3 3 /
E 150 3 E ¥ E
£ 200 E d 3
g 250 ; /
w300 3 3 / E /
T 350 3 3 3 /
Za00d i i/
4503 A By
500 -""I""I""T"" ""l"":""I"!‘I""P"' ""l"":""l""‘Tl""l"" LA A

0 5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30

Figure 15. Reconstruction of vertical temperature profiles at the site of core M35003-4, A) Younger
Dryas time slice, with modern winter (grey) and summer (dashed) SST (Levitus and Boyer, 1994). B)
LGM time slice, colors as in A, C) average MIS 3 time slice, colors as in A.

Except for the 150 m water level estimate, which is approximately 1.5 °C warmer than in situ
temperatures, core-top deep-surface SST estimates are close to the modern sub-surface SST within a
precision of 1 °C. The offset for the 150 m water-depth level is caused by the general problem of the
MAT near oceanic frontages. Compared to the northern Caribbean deep-surface temperatures, deep
surface-water temperatures in the Tobago Basin are colder. For SST estimates, a fixed number of 10
best analogs is used, and due to missing analogs within this oceanic front, temperature estimates are
biased by using good analogs outside the front (e.g., from inner Caribbean samples.)

On average, estimated deep-water SSTss.150m during MIS 3 is 16 °C, e.g. 7°C colder than during
the Holocene, indicating a shoaling of the thermocline to between 100 m to 60 m water depth (Figure
15C).

For the last glacial maximum a thermocline depth similar to that of MIS 3 is indicated by similar
deep-water SSTs (Figure 15B).

Superimposed on the shallow thermocline depth during MIS 3 are several short-lasting (1-2 kyrs)
warm events, indicating a deepening of the thermocline. On average, these warm intervals are spaced
2-3 kyrs apart from each other.

Sub-surface temperatures show the same trend as surface temperatures, but with sub-surface SST
amplitudes being enhanced over those of surface SST:

. a first warming, concomitant with a deepening of the thermocline to nearly Holocene levels imme-

diately before H3, followed by a stepwise cooling (shoaling of the thermocline again) towards the

LGM»
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« at the end of the last glacial, a sharp transition from shallow to deeper thermocline depths below

150 m during H1, followed by a shoaling of the thermocline during the Belling/Allerad,

+ during the Younger Dryas, thermocline depth appears to have been the same or slightly shallower
compared to the Holocene, indicated by the slightly lower annual SST s (Figure 15A).

In summary, estimated surface and sub-surface-water SST point to shallower thermocline and
mixed-layer depths during the last glacial, which is possibly caused by stronger trade wind intensity
during the cold season. Strengthening of trade winds during the last glacial has also been inferred
from dust flux rates in the tropical Atlantic (Ruddiman, 1997) and by increased upwelling intensity in

the equatorial Atlantic (MclIntyre et al., 1989; McIntyre and Molfino, 1996).

3.3.2 Northern Venezuela Basin: Core M35027-1

Planktonic foraminiferal census counts were carried out along core M35027-1 from MIS 6 to the
early Holocene. The fauna is dominated by tropical species (Figure 16). Similar to the southern core
M35003-4 fluctuations in relative abundance of warm water species G. ruber and G. sacculifer are
opposite to those of colder water species like G. bulloides and N. dutertrei.

During glacial stages 4-2, abundances of G. bulloides and N. pachyderma (left and right) are in-
creased, at the expense of the tropical-subtropical species G. ruber and G. sacculifer.

Similar to M35003-4, N. dutertrei shows maximum abundances during MIS 3, during interglacial
stage 5, and during glacial-interglacial Terminations II and I. During the last glacial, N. dutertrei and
G. bulloides principally vary in antiphase as is expected from their cold vs. warm habitat preferences
(Hilbrecht, 1996).

As has been previously described, the species group G. menardii-G. tumida shows a general gla-
cial-interglacial change in abundance, with maxima during interglacial stages (e.g. Ericson and Wol-
lin, 1956; Ericson et al., 1961; Imbrie and Kipp, 1971).

As with core M35003-4, statistical planktonic foraminiferal assemblages are estimated by apply-
ing factor model 750-28-9. Three assemblages dominate the planktonic foraminiferal fauna of core
M35027-1 (Figure 17): Factor 1 (Tropical-Subtropical Assemblage), Factor 2 in combination with
Factor 7 (Subpolar-Temperate Assemblage), and Factor 8 (South Atlantic Coastal Upwelling Assem-

blage).
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Figure 16. Distribution of characteristic planktonic foraminiferal species in core
M35027-1: A and B): % right and left N. pachyderma, resp., C): % N. dutertrei,
D):% G. bulloides, E): % G. menardii and G. tumida group, F) % G. rubescens,
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Figure 17. Communality and varimax (factor) assemblages F1 to F9 of Core
M35027-1.

The amplitudes of faunal changes in the northern Venezuela Basin are of lesser magnitude than in
the Tobago Basin (Figures 12 and 16), indicating only gradual changes of sea-surface conditions at
the northern core during the last 150 kyrs. Although time resolution is lower than in the southern core

M35003-4, similar high frequency oscillations (4 to 10 kyrs) in the relative abundances, particular for

-44-



REesuLts

N. dutertrei and G. ruber, are recognized.

Low abundances of the tropical assemblage during stages 5 and 3 are accompanied by low com-
munalities, indicating that planktonic foraminiferal assemblages of core M35027-1 have only poor
modern foraminiferal counterparts during these intervals. High abundances of G. rubescens, exceed-
ing the maximum abundances in the reference data set at 15, 20, 27, 46, and 105 kyr (Figure 16), are
not responsible for low communalities.

The Subpolar - Temperate Assemblages (Factor 2, 7) show higher abundances during MIS 4 and
MIS 2. During stage 3 this assemblage is only slightly more abundant than during interglacials.

Interestingly, the South Atlantic Upwelling fauna (Factor 8) shows maxima during early and late
MIS 5 and during glacial stage 3.

MAT temperature estimates (SSTo.som) for core top samples agree well with the modern “in situ*
SSTs (Figure 18). MAT similarities are above 0.9, but as for core M35003-4, standard deviations of
the selected 10 best analogs increase from Holocene values of 0.2 °C - 0.5 °C to glacial values around
1:88C.

Estimated SSToso along core M35027-1 reveal a high temporal variability over the last 150 kyrs,
with lower SST amplitudes when compared to the southern core M35003-4. Coldest surface SSTs oc-
cur during glacial stages 6, 4, and 2. Low SST are also indicated for stage 5. The SST change between
LGM and Holocene is 2 °C - 2.5°C, whereas during Termination 2, the SSTosom change between
MIS 5.5-6.2 is only 1.5 °C.

M35027-1 SSTo.som record agree well with previous SST estimates from the Caribbean (Imbrie
and Kipp, 1991; Imbrie et al., 1973; Prell, 1976; McIntyre et al., 1976). In contrast to CLIMAP recon-
structions (MclIntyre et al., 1976), the last Interglacial, MIS 5.5, was approximately 1°C colder than
the Holocene. SSTs similar to today are observed during late stage 5 and early stage 4.

Seasonality, estimated from MAT varies between 2 °C during the Holocene and 2.5 °C during
MIS 4 and MIS 2. TFT seasonality estimates vary between 1.5 °C during the Holocene and a maxi-
mum of 3 °C during MIS 5 and MIS 3 (compare section 4.1.1, Figure 21A).

Sub-surface MAT temperature estimates (annual T 7sm, T 100m, and T som) likewise reveal a high
variability, e.g. in deep surface water structure during Termination II, early MIS 5, and MIS 3 to the
LGM (Figure 18C). Estimated sub-surface temperatures from core tops are close to modern in situ
temperatures. Today, mixed-layer and thermocline depths at the core-location are 80 m and 200 m, as
indicated by uniform warm temperatures above 70 m and the continuous temperature decrease below

(Figure 19A, B).
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Figure 19. Reconstruction of temperature - water depth profiles, A) M35027-1: glacial cold
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summer SST; Levitus and Boyer, 1994), B) M35027-1: average MIS 3 time slice, C) M35003-
4: LGM time sclice for core M35003-4, D) M35003-4: MIS 3 time slice.

During MIS 6, 5 (at 115 kyrs and 110 kyrs), 4 (65 kyrs) and early MIS 2 (at 25 kyrs), a shoaling
of the thermocline approximately to 100-150 m is indicated by lower SSTs.150m sub-surface tempera-
ture signals, if a fixed temperature limit such as the 20 °C isotherm for tropical waters is taken
(Houghton, 1991). This shoaling is smaller than the inferred shoaling at the southern core location of
M35003-4 (Figure 19). Today, the position of M35027-1 is located far away from possible upwelling
areas, therefore, the inferred shoaling of the thermocline during the glacial cold stages may indicate a

general trend for the tropical Caribbean Sea.
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4 Discussion
4.1 Reliability of SST estimates: multi-proxy comparison

4.1.1 MAT versus TFT estimates
A particular problem in the estimation of past SST from planktonic foraminiferal assemblages are
so called no-analog conditions. No-analog conditions occur (Imbrie and Kipp, 1971; Hutson, 1977;

Mekik and Loubere, 1999), if

1. SST conditions within the down-core data are outside the range of SST variation in the calibration
data set;

2. relative abundances of the species are not directly controlled by SST;
3. ecological preferences of the species change through time;

4. carbonate preservation has modified the faunas in a way that is significantly correlated with SST.

The first and the third assumptions are difficult to assess from the down-core record, the second
assumption should be testable with the calibration set. Sedimentological processes, e.g. carbonate dis-
solution, can modify the relative abundances of foraminiferal species within a data set. Although
there is no independent measure to detect no-analog conditions, they can be discerned by evaluating
communalities within a factor model. Another indication is if one or several species exceed their
maximum abundances in the calibration set (Hutson, 1977). Diverging SST estimates from different
SST estimation techniques, such as the MAT and TFT, can further reveal the existence of no-analog
conditions.

For the interpretation of the SST records from the Tobago Basin and the northern Venezuela Ba-
sin, namely the high-frequency oscillations seen in core M35003-4, it is critical to evaluate possible
influences of no-analogs on the SST estimates. To check for such artifacts, SST were estimated with
MAT and TFT (Figure 20 and 21).

M35003-4
Despite the similarity of SST patterns derived from TFT and MAT, glacial SSTy.son derived from
TFT is systematically colder than MAT estimates by 1.5 °C-3.0 °C. Core-top MAT estimates for the

cold (Tc) and warm (T.) seasons and TFT-derived T, are close to observed seasonal SSTs of today,

whereas TFT-derived T, estimates are 0.8°C lower than modern T..
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Figure 20. Comparison of MAT and TFT 0-50 m SST estimates for core M35003-4. A) estimated
seasonality , B) seasonal MAT (stippled = Tw, black = Tc) and TFT (grey area Tw-Tc), C) similar-
ity measure of MAT, D) communality of the TFT factor model 750-28-9. Black arrows mark mod-
ern SST and seasonality levels.

The offset in SST from both techniques may be explained by the observation (from residual
analysis of the calibration run) that TFT has a greater tendency to underestimate SST than MAT at the
warm end. Furthermore, a co-occurrence of tropical / subtropical faunas with polar / subpolar faunas
is observed in glacial samples from core M35003-4 which does not occur in the control data set and,

therefore may cause additional 'distortion' of the TFT SST estimates. Still, the factor model yields

-49-



Discussion

good communalities, whereas MAT, in the absence of true modern analogs, displays decreased simi-
larity coefficients and uses a higher SST range from selected best analogs to derive glacial SSTs (sec-
tion 3.3.1, Figure 14).

Even though SST estimates from MAT and TFT are offset, the general structure of the SST rec-
ords from both techniques is identical, displaying the same temporal variability. It may thus be con-
cluded, that no-analog conditions did not affect SST reconstructions. This contention is supported by
the observation, that the offset between glacial SST estimates from TFT and MAT does not change
significantly through time. As such, both techniques are considered to reliably monitor glacial SST

variability within the range of uncertainty of either method.

M35027-1

TFT and MAT SST along core M35027-1 estimates are offset by about 1 °C during the early
Holocene and mid-stage 5, with generally colder TFT SSTs (2 °- 3 °C) during the last glacial period
(Figure 21). The general trend in the TFT and MAT SST estimates, however, is similar. TFT esti-
mates during late MIS 5 show a greater temporal variability with higher SST amplitudes. During MIS
4 both techniques show, in part, opposing SST fluctuations. Similar differences are also seen in the
seasonality signal (Figure 21A), which shows higher amplitudes for TFT, particularly during stages 3
and 5, opposite to the MAT estimates.

The observed differences between both methods are caused by the same mechanisms as described
above for M35003-4, but with different effects. MAT estimates closely follow fluctuations of G. bul-
loides, which show only small-amplitude variations in abundance, and therefore explain the smaller
SST variations during stage 5 and 3 for the MAT estimates. In comparison, TFT estimates are mainly
driven by the combined fluctuations in the abundance of the Subpolar-Temperate Assemblage (Factor
2, G. bulloides) and the South-Atlantic Upwelling Assemblage (Factor 8, N. dutertrei), thus explain-
ing the higher temporal variability of the TFT estimates during MIS 3 and 5.

Compared to the relatively small faunal changes in core M35027-1, the corresponding large TFT
SST may overestimate 'true' SST changes. MAT, on the other hand, appears to be relatively insensi-
tive to minor faunal changes, because this method derives SST from averaging environmental infor-
mation of widely dispersed analogs, in which little faunal changes do not have a great impact on the
selection of the analogs, whereas TFT interprets directly SST from the erected factor model and trans-

fer function.
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Figure 21. Comparison of MAT and TFT 0-50 m SST estimates for core M35027-1. A) estimated
seasonality , B) seasonal MAT (stippled = Tw, black = Tc) and TFT (grey area Tw-Tc), C) similar-
ity measure of the MAT, D) communality of the TFT factor model 750-28-9. Black arrows mark
modern SST and seasonality levels.

4.1.2 Organic SST proxy: U*y,

Ravelo et al. (1990) and Andreasen and Ravelo (1997) have shown that planktonic foraminiferal
assemblages in the tropics are not well correlated to SST, but are more closely related to sea-surface
hydrographic parameters like mixed-layer depth, thermocline depth and seasonality. Particularly,
planktonic foraminiferal assemblages from planktonic hauls in the equatorial Pacific during an El

Nifio-La Nifia succession show distinctive imprints of primary productivity and mixed-layer depth
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such that SST would be overestimated during periods of enhanced productivity (Watkins and Mix,
1998). Comparison of independent SST proxies is needed to evaluate the reliability of SST estimates
from planktonic foraminiferal faunal changes.

For core M35003-4, the U*3; SST-record has been generated by Riihlemann et al. (subm.). This
widespread technique for estimating past SSTs is based on long-chain, unsaturated ketones (alke-
nones) which are found in marine sediments (e.g. Brassell, 1983). This method is based on the obser-
vation that microalgae of the class Prymnesiophyceae, particular the coccolithophorides Emiliania
huxleyi and Gephyrocapsa oceanica (e.g. Volkmann et al., 1980; Marlowe et al., 1984; Conte et al.,
1995) have the capability to synthesize alkenones whose extent of unsaturation changes with growth
temperatures (Brassell et al., 1986; Prahl and Wakeham, 1987).

As inferred by Miiller et al. (1998), alkenone SST-estimates in the tropical Atlantic most likely
represent annual mean SST from 0 to 10 m water depth with a precision of +1.0 °C. This is confirmed
by the U¥3; SST estimate of 28.3°C for the core top sample at site M35003-4, which is close (within
the error of estimate) to today‘s annual mean SST of 27.5 °C (Figure 22) at 0-10 m water depth (Levi-
tus and Boyer, 1994). Glacial-maximum U*3-SST estimates are 24 °C yielding a SST shift during
Termination I of some 3°C which agrees well with the annual mean SSTo.s0m estimates from MAT
and TFT. During the early Holocene and Termination I, U*3-SST estimates are close to MAT-de-
rived SST with a constant difference of 1 °C, whereas the difference between U*y; and the TFT esti-
mates is 2-3 °C. The offset to slightly higher warm SST estimates from MAT around 13 cal. kyrs re-
mains within the standard error of MAT and U*3; methods and is therefore not significant.

During isotope stage 2, alkenone SSTs are nearly identical with annual MAT SSTo.som. The differ-
ence between TFT and U3, in this section is higher to between 1.5 °C - 2 °C.

Considering the faunal evidence which points to an increase in surface productivity during the
glacial (see also section 3.31), MAT and TFT SSTs may underestimate 'true' SST (e.g. Watkins and
Mix, 1998). Nevertheless, for the last 30 kyrs MAT SSTs are close to alkenone SSTs, thus pointing to

MAT as the more 'reliable' SST estimator.

5P



Discussion

2
YD Hi H2 H3 H4
UK;SST &
30 -
28 -
8 Zi: iy Y “:,_.-.:-- %:‘ 5 2l .; .:"1‘-""- u ,’é & annual mean MAT SST .,
o 221 ’ i3
20 '

SST (‘C)

D 06 T 10 20 "ES 30" 35 VGUNISS. TRl Vs G0
age (cal.kyr)

Figure 22. Comparison of MAT and TFT derived SST with SST from U*;; (Riihlemann et al., subm.).
Modern annual mean SST at 0-10 m is 27.6 °C and 27.2 °C for 0-50 m water depth.

4.1.3 Influence of carbonate dissolution on foraminiferal faunal assemblages
Millennial-scale climate and ocean variability are documented in numerous paleoceanographic
data sets throughout the world's oceans. Rapid changes of deep-ocean circulation resulted in rapid
carbonate dissolution cycles at sites where carbonate corrosive AABW alternated with carbonate satu-
rated NADW (e.g. Keigwin and Jones, 1994; Boyle, 1992). During the last glacial, better ventilation

of upper deep water and mid-depth levels in the North Atlantic has been inferred from numerous ben-

thic 8"C and Cd/Ca records (e.g. Marchitto et al., 1998; Oppo et al., 1995; Boyle and Keigwin, 1987).
This also caused enhanced carbonate preservation in the Caribbean during the glacial (Haddad and
Droxler, 1996). For core M35027-1 enhanced carbonate preservation during glacials is also docu-
mented in increased carbonate contents and higher contents of high-magnesium calcite (HMC), a
metastable carbonate phase susceptible to dissolution (Lembke, 1997; Figure 23).

Core M35003-4, at a water depth of 1300 m, is influenced today by varying contributions of Up-
per North Atlantic Deep Water (UNADW) and Antarctic Intermediate Water (AAIW). Systematic
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shifts between nutrient-laden CO,-enriched AATW and well-ventilated carbonate-saturated UN-
ADW (or Glacial North Atlantic Intermediate Water [GNAIW] sensu Duplessy et al., 1988) during
glacial-interglacial and possibly also millennial-scale climate change could potentially lead to
changes in carbonate preservation/dissolution at the site of core M35003-4.

Selective loss of fragile planktonic foraminiferal tests from warm-water species, e.g. G. ruber or
G. sacculifer, during periods of enhanced carbonate dissolution may skew SST-estimates from plank-
tonic census counts to colder temperatures (Berger, 1968, 1970; Le and Thunell, 1996). To evaluate
the possible influence of selective carbonate dissolution on the distribution of planktonic foraminif-
eral abundances and inferred SST, records of carbonate content, high-magnesium-calcite (%HMC),
total organic carbon (TOC), benthic foraminiferal abundances, and planktonic foraminiferal fragmen-
tation (%FRGM= fragments * [whole+fragments]”'*100) are used to indicate the state of carbonate
preservation/dissolution along core M35003-4 (Figure 24).

In general, carbonate preservation at the core location must have been as good as or even better
than during the Holocene, indicated by a higher carbonate and higher HMC content. Nevertheless,
carbonate content and %FRGM for most parts of the records are negatively correlated, i.e. maxima in
%FRGM correlate with minima in carbonate content (Figures 24b, c). This pattern is particularly well
developed during stage 3, where fragmentation shows a quasi-cyclical distribution and reaches up to
50% in sections with minimum carbonate content. This correlation points to periodically enhanced
carbonate dissolution. Conversely, intervals with increased fragmentation of planktonic foraminiferal
tests and low carbonate contents correlate with higher proportions of the <63pm size fraction, point-

ing to increased dilution with terrigenous material.
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Figure 23. Comparison of carbonate preservation and SST.som for M35027-1. A) cold and
warm season MAT SSTo.som, B) fragmentation of planktonic foraminifera, C) relative abunan-
dance of benthic foraminifera, D) HMC content in % of carbonate (modified from Lembke,
1997), E) carbonate content of the sediment (modified from Lembke, 1997).
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The correlation between elevated TOC levels (Figure 24B), low carbonate contents, and high
%FRGM further indicates periodic carbonate dissolution during periods of enhanced biological pro-
ductivity as increased concentrations of TOC would generate higher concentrations of CO, in porewa-
ter through post-depositional decomposition, thereby promoting carbonate dissolution. The link to
productivity is supported by increased abundances of benthic foraminifera (Figure 24E) which dwell
on high organic fluxes to the seafloor (Herguera and Berger, 1991).

Comparison with the SST record (Figure 24A), however, shows that there is no direct correlation
between cold SSTo.som anomalies and inferred increased carbonate dissolution. The abrupt increases in
%FRGM at 53, 45, and 37 cal. kyrs, for instance, do not correlate with similarly abrupt SST de-
creases. Likewise, the cold SST anomalies at 42 and 33.5 cal. kyrs do not correlate with equivalent
anomalies in the dissolution indices, while the cold anomaly at 47.5 cal. kyrs does correlate with a
subtle increase in fragmentation and also with an increase in %HMC which would indicate enhanced
carbonate preservation.

Therefore, while proxy records that are susceptible to carbonate dissolution display a high degree
of variability, the correlation between enhanced carbonate dissolution and cold SST is not tight. Thus,
millennial-scale SST variability which is observed along core M35003-4 should not be an artifact of
varying states of carbonate preservation, but is considered to represent true millennial-scale SST vari-

ability in the Tobago Basin.

4.2 Low- vs. high-latitude ocean variability - an interhemispheric comparison

Paleoenvironmental records from the Greenland GRIP and GISP2 ice cores display millennial-
scale variability, the Dansgaard-Oeschger cycles, with periods of 1.5 kyrs and 3 kyrs during the last
glacial (e.g. Dansgaard et al., 1993; Grootes et al., 1993; Taylor et al., 1993). From rapid fluctuations
in the isotope composition of the ice cores, mean-annual temperature shifts over Greenland of up to
6 °C have been inferred (Grootes and Stuiver, 1997). In North Atlantic sediment cores sudden in-
creases in the coarse lithic fraction (>150 pm), reduced planktonic foraminifera fluxes, and a lowering
of sea-surface salinities have indicated massive iceberg discharges, the so-called 'Heinrich' events
(Heinrich, 1988; Bond et al., 1992, 1993; Bond and Lotti; 1995). These Heinrich events, occurring
every 5-10 kyr, have been linked to maximally cold stadials recorded in the ice cores (Bond et al.,
1993). The sporadic freshwater flux accompanying the iceberg discharges into the North Atlantic may
has led to changes in deep water formation by lowering surface water density (Sarnthein et al., 1994;
Maslin et al., 1995; Jung, 1996).

Millennial-scale variability is also observed in paleoceanographic records outside the northern

North Atlantic region: Records from the mid-latitude North Atlantic and tropical Atlantic display mil-
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lennial-scale SST variability, which is linked to rapid changes in thermohaline circulation (e.g. Keig-
win and Jones, 1994; Curry and Oppo, 1997; Keigwin and Boyle, 1999). Other records from the low-
latitude Atlantic document millennial-scale variability in wind-driven upwelling intensities (e.g.
Wang et al., 1995; MclIntyre and Molfino, 1996, Little et al., 1997; Martinez et al., 1999). Outside the
Atlantic millennial-scale variability has been observed, for example, in Indian Ocean upwelling inten-
sity (Schulz et al., 1998) and in eastern Pacific oceanic oxygen minimum zones (Kennett and Ingram,
1995; Behl and Kennett, 1996).

From the evidence of millennial-scale ocean variability occurring in the high northern North At-
lantic, the tropical Atlantic and Indian Ocean, and in the Pacific, teleconnections via the atmosphere
and / or ocean thermohaline circulation have been suggested (Stocker, subm.).

Comparison of the isotope records from Greenland and Antarctica reveals that the fast tempera-
ture changes over Greenland during the last glacial have an analog in the temperature record from
Antarctica, but that Greenland warming events lag behind their Antarctic counterparts in the interval
between 50 to 20 kyr (Blunier et al., 1998). A link between the hemispheres through the ocean's ther-
mobhaline circulation (THC) has been proposed that the North Atlantic region warms up and the south
Atlantic cools down during times of strong THC (Crowley, 1992; Stocker, 1992; Weaver and Hughes,
1994). Numerical models produce convective instabilities in the North Atlantic by advecting salinity
anomalies to the convection sites, causing a slow-down of overturning, or, in extreme cases, an abrupt
shut-down of convection after salinity anomaly due to freshwater influx have reached a critical
threshold value (Rahmsdorf, 1995; Paillard and Labeyrie, 1994). Slow-down and periodic halts of the
THC cause the North Atlantic to cool down and, due to a reduced heat export, warming of the South
Atlantic (e.g. Manabe and Stouffer, 1997).

Another mechanism for interhemispheric climate coupling involves rapid changes in atmospheric
circulation. Combined responses of climate to varying changes in insolation due to precessional forc-
ing have been inferred to drive varying zonality of low-latitude winds, thus causing changes in equa-
torial and coastal upwelling. Fluctuation in upwelling intensity in the low-latitude North and South
Atlantic, and in the equatorial Atlantic, due to changing trade wind intensity have been linked to the
North Atlantic Heinrich events due to changes in advection and heat transport from the low-latitude to
the high northern Atlantic (McIntyre and Molfino, 1996; Little et al., 1997).

Numerical models which have tested the sensitivity of the climate system to changes in atmos-
pheric greenhouse gases such as methane, carbon dioxide and vapor content, indicate a symmetrical
response of SST in the North and South Atlantic (Hansen et al., 1984; Webb et al., 1994; Manabe and
Stouffer, 1994).
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Figure 25. Variation in surface ocean hydrography and productivity at the site of M35003-4 in com-
parison with 8'*O from GISP 2 (A), B) Evolutionary SST and sub-surface temperature diagram for the
upper 150 m, C) Surface productivity, estimated from organic carbon and a paleoproductivity equa-
tion (Sarnthein et al., 1992). The dashed line gives the sedimentation rate, D) Organic carbon (unpubl.
data, C. Riihlemann).

How does the observed millennial-scale variability from the Caribbean records of M35003-4 and
M35027-1 display the effectiveness of these interhemispheric linkages?

Core M35003-4 displays millennial-scale variability in planktonic foraminiferal assemblages and
resulting sea-surface temperatures. The time resolution of 300-500 years is sufficiently high to detect
the response of the ocean to millennial-scale climate variability such as the 'Heinrich' events and D/O
cycles.

During stage 3, between 55 and 30 kyrs, foraminiferal assemblages and SST, in conjunction with
organic carbon content of the sediment indicate a shoaling of the thermocline, mixed-layer depths,

and enhanced productivity (Figure 25). Using the equation of Sarnthein et al. (1992), primary produc-
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tivity is estimated from TOC content of the sediments (Figure 25C). From these estimates, productiv-
ity during glacial stage 3 is similar or slightly higher than during the Holocene. Interestingly, produc-
tivity during isotope stage 2 is lower than before and after, although SST and subsurface SST indicate
a shoaling of mixed-layer and thermocline depths. Thus, in addition to enhanced nutrient availability
due to shallower mixed-layer and thermocline depths, a further fertilization due to river input as is
seen today during the boreal summer seasons (Muller-Karger and Castro, 1994) may have contributed
to enhanced productivity during MIS 3. Alternatively, the TOC of the sediments is partly of terrige-
nous origin (see below.)

As is described in section 3.1.1, TOC maxima along core M35003-4 have been correlated to the
GISP2 warm interstadials 14 - through 5, thus linking high productivity intervals to warm interstadi-
als in the ice core record (Figure 25A, B). Using the '“C dates along this core alone and considering
uncertainty in age-shifts for converting '“C ages into calendar years of 3-4 kyrs (Voelker et al., 1998),
a correlation of the high-productivity intervals to the cold stadials would also be possible. Linking to
stadials is constrained, however, by periodic benthic Cd/Ca maxima along core M35003-4, which are
coeval with Heinrich events 1 - 4 (Stiiber, 1999).

Atmospheric methane content during the warm interstadials is higher than in the cold stadials,
which is suggested to have been caused by humid conditions in the tropics (Brook et al., 1996). If so,
have the fluctuations of TOC content at site M35003-4 during MIS 3 been caused by terrigenous riv-
erine input? Between 30 and 55 kyrs, contribution of the <63 pm sediment size fraction is generally
high, between 94 and 97% (Figure 24), indicating dilution of pelagic sedimentation by terrigenous in-
put. Low TOC contents at 43 kyrs and 46 kyrs correlate with minima in percent of the <63 pm size
fraction, which may indicate a relationship of TOC and terrigenous input. However, carbon isotope
measurements from organic carbon and C/N ratios yield no-evidence for an input or varying input of
organic terrigenous matter (C. Riihlemann, personal communication, 1999).

To evaluate a possible influence of varying freshwater input at the site of core M35003-4 on pro-
ductivity, MAT SSTo.som is compared to the oxygen isotope record of the planktonic foraminifera G.
ruber (pink) (Riihlemann et al., subm., Figure 26). The Glacial-Holocene change is 1.8 /o0, Which cor-
responds to a temperature increase of 3-4 °C, if an ice volume effect of 1-1.2 % (Schrag et al., 1996;

Fairbanks, 1989) and a temperature change of 0.2 %/, per 1 °C are taken into account. This finding is

consistent with estimated foraminiferal and Us; SST changes. During MIS 3, planktonic 8"%0 varies

coherently with SST fluctuations, except in the time interval between 50 and 53 kyrs, where a nega-

tive 8'*0 excursion occurs while SST decreases.
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Figure 26. Annual MAT SST.son for core M35003-4 in comparison with the oxy-
gen isotope record of G. ruber (pink) (S. Mulitza, unpubl. data).

It is interesting to note that negative 8'80 excursions (A 0.2-0.3 %) occur during H4, H3, and H2.
MAT SST estimations at these times show an inconsistent pattern with decreased SST during H4 and
H2, and an increase of SST immediately before H3. Today, the seasonal difference in surface salinity
is about 3 PSU (Levitus and Boyer, 1994). The salinity relationship obtained in surface water samples

of the eastern and southern Caribbean Sea gives a decrease in 880 of 0.3%%,. per PSU decrease in sa-

linity (S. Mulitza, personal communication, 1999). Thus, the planktonic 880 excursions around H-
events are insignificant with respect to the present seasonal and regional salinity variation in the study
area.

For the last glacial, a southward dislocation of the ITCZ has been proposed due to equatorward
compression of climate zones (Mix et al., 1986a, b). During this time, higher input of eolian sedi-
ments into the tropical Atlantic and enhanced productivity in the equatorial Atlantic have been caused
by enhanced zonal wind intensity (Ruddiman, 1997; Mclntyre et al., 1989; McIntyre and Molfino,
1996). Consistent with this evidence are cooler SSTo.som and sub-surface SST, indicating a shoaling of
mixed-layer and thermocline depths at site M35003-4. Today, enhanced trade wind intensity during
boreal winter leads to upwelling along the northern continental margin off Venezuela (Kinder et al.,
1985; Muller-Karger and Castrot, 1994). A more southern position of the ITCZ may thus promote an

expansion of the upwelling areas further north as has been inferred for the Venezuela Basin in the
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Caribbean from enhanced carbonate accumulation (Bowles and Fleischer, 1985). During MIS 3, SST,
som and subsurface SST indicate an even stronger trade wind intensity. Recently, enhanced productiv-
ity induced by upwelling during MIS 3 off Cape Blanc, NW Africa, has been related to increased me-
ridional wind strength (Martinez et al., 1999).

During most of isotope stage 2 and LGM with increased zonality in trade wind intensity, upwel-
ling and productivity off Cape Blanc was much lower than before. These long term variations were at-
tributed to changes in local wind stress and seasonality that are related to variability in monsoon in-
tensity (Martinez et al., 1999).

A comparison of the SST record from core M35003-4 with SSTs from core M35027-1 (northern
Venezuela Basin) and core V28-127 (SW Colombia Basin; Prell and Hays, 1976) shows that low
SSTs during stage 3 are also observed elsewhere in the Caribbean (Figure 27). Advection of upwelled
cooler waters seems also to have contributed to lower SST at these times in the SW Colombia Basin
and the northern Venezuela Basin. Additionally, U*3; SST from ODP Site 1002¢ in the Cariaco Basin
also show a cooler MIS 3, which compares to the M35003-4 SST record (J. Schuffert, pers. comm.;
Herbert and Schuffert, subm.). Furthermore, the high variability in SST during stage 5 in M35027-1 is
comparable to that in core V28-127. Both cores indicate lower SST for the Caribbean during the last
interglacial than for the Holocene.

For the equatorial Atlantic, McIntyre and Molfino (1996) suggest a nonlinear response of climate
to precessional forcing to have caused sub-Milankovitch variation in upwelling intensity by changing
the equatorial wind field. Higher zonality in the trade winds drives warm water across the equator into
the Caribbean and Gulf of Mexico, while equatorial upwelling is enhanced. McIntyre and Molfino
(1996) further suggest that at times of maximum monsoon strength and lower trade wind and upwel-
ling intensity, this warm water pool is released into the North Atlantic, producing the rapid melting of
ice and hence triggering 'Heinrich' events. To test this conceptual model, the Caribbean SST estimates
are compared to SST estimates from the equatorial Atlantic (cores RC24-16 and V30-40; McIntyre et
al., 1989), to variations in the abundance of Florisphaera profunda of core RC24-08 (McIntyre and
Molfino, 1996), to mid-latitude North Atlantic SST from cores SU90-03 (Chapman and Shackleton,
1998) and 15612 (Kiefer, 1998), and to the GISP2 climate record (Figure 28). Except core SU90-03,
SSTs for cores RC24-16, V30-40 and 15612 are recalculated with MAT for the 0-50 m water-depth
level using published foraminiferal census counts (SPECMAP archive #1; Imbrie at al., 1990; Kiefer,
1998).
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Figure 27. Comparison of SST estimates from core M35003-4 with Caribbean SST of cores M35027-
1 and V28-127 (Prell, 1976). For core V28-127, SST was recalculated using the census counts of
Prell and Hays (1976; CLIMAP Project Members, 1994) and the MAT. For stratigraphic comparison,
the carbonate zonation, which is suggested to compare to the oxygen isotope stages, the planktonic
foraminifera zonation of Ericson et al. (1961), and the faunal datums based on "“C and thorium-
ionium dates of Broecker and van Donk (1970) are given.

ny



Discussion

1 1 1 1
N £ W W
o g O FLO®, IO

b R
o O,

= NN
& ONOE-OQ. O}

N
(o]

22

S8Tp.eii('C)F= TFESST o, L) SHT o (1D 880 (%/,, vs SMOW)
(6)]

18

26
2L

SSTO-SOm (“C)

18
28

24
20
16

SSTo.50m ('C)

SSTos0m ('C)
(=)

Y
D

MR tat .
O pERaTS Y

g

10 15

20

GISP2

15612

’
.

s, .
CenseTer

M35027-1

sarmane
D

M35003-4

NWH oo N

l'Illlll‘lll!llvl.lllIll'll'!llrlll"lllllI'

2530 3540 45 50 5560, 65,70
age (cal.kyr)

- 6-

RO O & OO

epunjoud ‘4%



Discussion

Figure 28. (previous page) Comparison of equatorial Atlantic SST, Caribbean and North Atlantic
SST with 80 record of GISP2 for the last 70 kyrs: cores RC24-16 and V30-40 from Mclntyre et
al. (1989) with SST recalculated using MAT and census counts published in Imbrie et al. (1990);
core RC24-08 (% of deep dwelling coccolithophoride Florisphaera profunda; McIntyre and
Molfino, 1996); Caribbean SST of M35003-4 and M35027-1 (this thesis); core SU90-03 (SST
estimates with transfer function FA20 for the Atlantic, Chapman and Shackleton, 1998); core
15612 (recalculated SST from census counts from Kiefer (1998).

The abundance of F. profunda is included into the comparison since abundance variations of this
coccolithophoride, which lives in the deeper euphotic zone, are assumed to record changes in thermo-
cline and mixed layer depths. Maxima in abundance occur, when the mixed layer is deep and the
abundance of other coccolithophorides is reduced due to lower nutrient availability (McIntyre and
Molfino, 1996).

Time resolution of the cores compared is different, ranging from roughly 1 kyr in cores RC24-16,
V30-40, M35027-1, and, in part, core 15612 (during Termination I and sections >45 kyrs) to below
1 kyr in the other cores. Additionally, the age models of the cores are based on different methods, e.g.
oxygen isotope stratigraphy using the SPECMAP stack to stratigraphic correlation alone (cores
RC24-16, V30-40 and M35027-1), and 8'*O stratigraphy in conjunction with detailed “C-age datums
in the other cores. Uncertainties in converting '“C-ages to calendar years between 25- 40 kyrs, which
can be as high as 4 kyrs (e.g. Voelker et al., 1998), further make an assessment of lead and lags of cli-
matological signals difficult. Thus, without additional independent age control points such as ice-
rafted detritus (IRD) or benthic Cd/Ca ratios as markers for sea-surface and deep-water responses to
‘Heinrich' events (e.g., Bond and Lotti, 1995; Willamowski, 1999, Stiiber, 1999), a comparison of the
different cores is rendered circumstantial at best.

According to the concept of McIntyre and Molfino (1996), higher SSTs within the Caribbean are
expected during times of enhanced trade wind intensities. Enhanced trade wind intensity at the equa-
tor, indicated by abundance minima in F. profunda and low SSTo.som, from which increased upwelling
in the equatorial Atlantic is inferred, occur between 35 to 38 cal. kyrs and 20 to 23 cal. kyrs. At the
same time, upwelling is also indicated by low surface and sub-surface SST in core M35003-4 in the
Tobago Basin, while core M35027-1 still shows high SST and a slight shoaling of mixed-layer and
thermocline depths.

For 'Heinrich' event 3, the Caribbean cores exhibit an increase in SST, while in the equatorial At-
lantic SST is also elevated. Core RC24-08 at the equator displays a minimum in the abundance of F.
profunda, indicating increased trade wind intensities. In the North Atlantic, core SU90-03 shows a

distinct SST.,, minimum, while core 15612 still remains at low SST,.som. However, using a calibration
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set with caloric SSTo . , a distinct SST minimum at H3 is seen (Kiefer, 1998).

During H2, equatorial upwelling is low, indicated by high abundances of F. profunda. At this
time, a decrease from relative high SSTo.som to low SSTo.som in core V30-40 coincides with tempera-
ture minima in Caribbean cores M35003-4 and M35027-1.

A conspicuous feature of the SST records is the apparent opposite trend in SST between the equa-
torial and subtropical cores (RC24-16, M35003-4, and M35027-1) on one hand and the North Atlantic
cores (SU90-03 and 15612) on the other.

During 'Heinrich' event 1, between 14.5-18 cal. kyrs, core RC24-16 and core M35003-4 display a
warming of about 2 °-3 °C. Equatorial upwelling intensity, inferred by increased abundance of F.
profunda in core RC24-08, is also decreased at this time. However, core V30-40 SST evolution seems
to follow more the SST evolution seen in the North Atlantic cores SU90-03 and 15612. In core
M35027-1, the increase in SST occurred about 1.5 to 2 kyrs before 'Heinrich' event 1.

During the Bglling-Allergd period, the mid- and high-latitude North Atlantic region exhibits a
warming as is inferred from SST estimates of cores SU90-03 and 15612 and GISP2 8'*O, while in the
subtropical core M35003-4 a subtle decrease in SST is observed.

During the Younger Dryas period, between 11-12.6 cal. kyrs, SST at the site M35003-4 was
warmer than before and after. For the same period, the SST records from equatorial cores RC24-16
and V30-40 also show a warming at these locations. Conversely, equatorial core RC24-08 indicates
enhanced upwelling during the Younger Dryas period.

A higher productivity during the Younger Dryas period, caused by enhanced trade wind intensity,
is also inferred from productivity records from the Cariaco Basin (Peterson et al, 1991; Hughen et al.,
1996 and 1998; Lin et al., 1997). Following the first meltwater pulse Ia ( Fairbanks, 1989), the for-
merly closed Cariaco Basin (sill depth between 120-145 m), was connected again to the open Carib-
bean circulation. During the Younger Dryas planktonic foraminiferal faunas, stable isotopes of multi-
ple planktonic foraminifera, and laminae-thickness' in the sediments reveal higher productivity in-
duced by upwelling. A cooling event during the Younger Dryas is also inferred by pollen records
from the Costa Rican Cordillera, showing a downslope shift of upper forest line by 300-400 m, which
indicates a temperature drop of about 2 °-3 °C (La Chonta Stadial, Islebe et al., 1995).

However, Cariaco Basin alkenone SSTs from ODP Site 1002c also show a warming during
Younger Dryas (J. Schuffert, pers. com.; Herbert and Schuffert, subm.), and would confirm the SST
estimates from nearby Tobago Basin core M35003-4.

Thus, the evidence from the tropic-subtropical SST records is inconclusive, but a warming of the
tropical Atlantic during the Younger Dryas is predicted from GCM studies due to the teleconnection
of low and high latitudes via the thermohaline circulation (Manabe and Stouffer, 1988; Rahmstorf,
1994). The tropical warming seems to be caused by a slow-down of the thermohaline circulation due

to suppressed NADW formation, caused by meltwater-induced instabilities of the sea surface in the
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high northern North Atlantic, and, consequently, a reduced heat export to the North Atlantic region.

The equatorial upwelling record of RC24-08, inferred from abundance variations of F. profunda,
shows cyclic variations in intensity with periods of 7.6 to 8.4 kyrs (McIntyre and Molfino, 1996). On
the other hand, sea surface temperatures of the Caribbean sediment cores, particularly those from
high-resolution core M35003-4, do not follow these variations in a way expected by Mclntyre and
Molfino (1996); rather, the M35003-4 SST record seems to show variations in the intensity of the NE
trade winds, which causes shoaling and deepening of mixed-layer and thermocline depths at this loca-
tion with a period of approximately 2-3 kyrs. If the mechanism suggested by Mclntyre and Molfino
(1996) exists, the warm pool must be located further north in the Gulf of Mexico.

In summary, the comparison of SST records from the equatorial and subtropical Atlantic, the Car-
ribbean Sea and the North Atlantic is inconclusive. The comparison may indicate some connection
between the intensity of ocean thermohaline circulation and SST evolution in the tropical-subtropical
Atlantic during the Termination 1. However, the comparison also reveals the necessity for more high
resolution SST records and better areal coverage of the tropical-subtropical Atlantic to resolve the

fine-scaled regional variations in hydrography through time. Further, additional stratigraphic informa-

tion such as benthic 8 C and Cd/Ca records for fine-scale stratigraphic correlation between cores is
needed. Only then paleoceanographic concepts can be tested with greater fidelity that links low- ver-

sus high latitude climate variability with changes in ocean thermohaline circulation and interhemi-

spheric marine heat transport.
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5 Conclusions

Sea-surface temperature estimates along two sediment cores from the western subtropical North
Atlantic are used to reconstruct environmental variability in the area during the late Pleistocene.

Foraminiferal census counts along core M35003-4 from the Tobago Basin reveal a high temporal
variability of sea-surface hydrography over the last 55 kyrs. During glacial times, abundances of high-
latitude planktonic foraminiferal assemblages increased over those of tropical assemblages. Increased
abundances of N. dutertrei, N. pachyderma (left and right coiling) and G. bulloides, all indicate an in-
crease in productivity, possibly due to a northward expansion of Venezuelan upwelling due to in-
creased glacial trade wind intensity. Inferred seasonal SST, estimated with the Transfer-Function
Technique (Imbrie and Kipp, 1971) and the Modern Analogue Technique (Prell, 1985), show a gla-
cial-interglacial change of 2.5° - 3 °C. Seasonal SST for the upper 0-50 m, annual 'SST' at 75 m,
100 m and 150 m, indicate a shoaling of mixed-layer and thermocline depths during glacial stages due
to enhanced wind intensity. For marine isotope stage 3, surface and subsurface temperature estimates
are colder than full-glacial stage 2 and also imply shallower thermocline depths, which may indicate
stronger trade wind intensities during this period. During MIS 3, inferred surface productivities are
equal or slightly higher than during the Holocene, possibly caused by a shallower thermocline in con-
junction with higher nutrient supply by river input, while during stage 2 inferred productivity is low.
Both faunally derived SST estimates agree well with each other within the uncertainty of the methods,
and with independent U*',-SST along the same core.

Planktonic foraminiferal assemblages in the northern Venezuela Basin display a high variability
during the last 150,000 years. During the last 50 kyrs, variations in planktonic foraminiferal assem-
blages follow those seen in core M35003-4, but at lower amplitudes. Estimated SST changes for Ter-
minations I and II are 2°-2.5°C and 1.5°C, respectively. During the last interglacial, SST in the
northern Venezuela Basin is 1 °C colder than during the Holocene.

SST estimates from MAT and TFT for cores M35003-4 and M35027-1 show comparable SST
fluctuations through time, but with generally cooler TFT SST estimates. During the Holocene, a con-
stant offset of 1 °C is observed, which increases during the glacial stages to 2 °-3 °C. A likely expla-
nation of these differences may be the different response of both methods to changes in the planktonic
foraminiferal assemblages.

The Caribbean SST estimates are compared to published paleoceanographic records from the
equatorial and North Atlantic and the climatic record from GISP 2. The equatorial hydrography dur-
ing the last glacial is influenced mainly by variations in the zonality of the trade winds, which in turn
is driven by precessional forced changes in the monsoon system with periodicities from 7.4-8.6 kyrs
(MclIntyre and Molfino, 1996). As proposed by Mclntyre and Molfino (1996), a higher zonality in the

trade winds drives warm water across the equator into the Caribbean and Gulf of Mexico, while equa-
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torial upwelling is enhanced. However, located in the Grenada Passage, one of the main gateways for
warm surface waters entering the Caribbean Sea, core M35003-4 SSTs mainly display the response of
the ocean at this site to varying strength of the NE trade winds. Indicated by periodic SST decreases
in core M35003-4, trade wind intensities may have varied with a period of 2-3 kyrs. Enhanced upwel-
ling in the southern Caribbean seems to have compensated for the effects of predicted warming due to
the advection of warm surface waters from the equatorial and southern Atlantic.

A conspicuous feature is the opposite direction of SST signals in cores M35003-4, M35027, and
RC24-16 from the subtropical / equatorial Atlantic compared to northern hemisphere climatic records
such as the GISP 2 isotope record during Termination I. Core M35003-4 SST estimates during Hein-
rich I and the Younger Dryas period show a warming at the core location, whereas North Atlantic
sediment cores and Greenland's GISP2 ice core imply a cooling. During the northern hemisphere

warm Bolling-Allerad Period, on the contrary, SST at the core location decrease.
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APPENDIX

Abbreviations species

aeq Globigerinella aequilateralis (Brady) (Globigerinella siphonifera
(d’Orbigny 1839)

bul Globigerina bulloides (d'Orbigny, 1826)

cal Globigerinella calida (Parker, 1962)

cav Globorotalia cavernula (Bé, 1967)

con Globigerinoides conglobatus (Brady, 1879)

cra Globorotalia crassaformis (Galloway und Whissler 1927).

deh Sphaveroidinella dehiscens (Parker and Jones, 1865)

dig Globigerinella (Beella) digitata (Brady, 1879)

dut Neogloboquadrina dutertrei (d'Orbigny, 1839) = Globigerina eggeri

fal Globigerina fulconensis (Blow, 1959)

gl Globigerinita glutinata (Egger, 1895)

hirs Globorotalia hirsuta (d’Orbigny, 1839)

humi Turborotalita humilis (Brady, 1884)

inf Globorotalia inflata (d’Orbigny, 1839)

men Globorotalia menardii (d’Orbigny, 1865) = Globorotalia cultrata

nit Cundeina nitita (d’Orbigny, 1839)

obl Pulleniatina obliquiloculata (Parker and Jones, 1865)

pal Neogloboquadrina pachyderma (sinistral) (Ehrenberg, 1861)

par+ N. pachyderma (dextral) + PD/I

qul left coiling T quinquelobu

qur right coiling T. quinqueloba

qui Turborotalita quinqueloba (Natland 1938) = Globigerina quinqueloba

rur Globigerinoides ruber (pink) (d'Orbigny, 1839)

uw Globigerinoides ruber (white) (d’Orbigny, 1839)

rus Globorotalita rubescens (white + red) (Hofker, 1965) = Globigerinoides
rubescens

tri Globigerinoides sacculifer (trilobus) = Globigerinoides quadrilobatus
(d’Orbigny), without sac

sac Globigerinoides sacculifer (sacculifer) (Brady, 1877).

sci Globorotalia scitula (Brady, 1882)

ten Globoturborotalita tenella (Parker, 1958) = Globigerinoides tenellus

trl Globorotalia truncatulinoides (sinistral) (d’Orbigny, 1839)

trr Globorotalia truncatulinoides (dextral) (d’Orbigny, 1839)

tum Globorotalia tumida (Brady, 1877)

univ Orbulina universa (d’Orbigny, 1839)

mentum G.menardii - G.tumida group

uvu Globigerinita uvula (Ehrenberg, 1861)

pdi Intergrades between N. pachyderma (dextral) and

N. dutertrei. (Kipp, 1976) .
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Appendix I : AM35003-4, stable isotopes

M35003-4, stable isotopes

‘Cibicidoides Uvigerina Cibicidoides Uvigerina
Sp. Sp. sp. sp.
depth(cm)  8°C'.. &§%0%, 6°C'. 5"%0%, depth (cm) s"c., 50, 8¢, - %0,

10 1.15 2.23 365 1.14. 3.41
15 0.68 2.25 370 1.14 3.43
20 1.04 2.10; . ‘ 375 1.15: 341
30 0.31! 2.43; : | 380 1.29: 3.70
35 1.18! 2.20; ‘ ‘ 385’ 1.23! 3.73
40| 1.08! 2.18! i P 390i 1.24; 347
50 0.99! 2.07; : o 395; 1.37; 3.63
55 0.83] 2.24 j B 400. 1.22; 3.73°  -0.940. 4.380
60/ 1.19! 2.13] i L 405: 1.18! 3.36) ;
65 0.93; 2.16 ! b 410 1.02] 3.98/  -0.700! 4.260
70 0.91 2.05 t 415! 1.35; 3.67] |
80 1.20 2.14 420 1.23 382  -0.700! 4.500
85 1.22 212 | 425 1.31 3.61
90 1.18 207 430 1.32 369; -0.750] 4.250
95 1.30 227 440 -0.890 4.830
100 1.07 2.06 450 1.05 3.27]  -1.080 4.400
105 1.12 2.16 460 1.14 321  -0.620 3.980
110 1.09 221 470 -0.910 3.990
115 0.98 2.11 480 -0.760 4.070
120 1.12 2.27 490 -0.940 4.220
125 0.91 2.21 500 -1.050 4.270
130 1.04 2.29 510 0.775 3.649
135 0.60 1.32 520 -0.912 3.947
140 0.94 2.07 530 -0.935 3.408
145 0.88 2.18 540 0.91 3.53 -0.108 3.954
150 1.01 2.20 560 -0.765 3.577
155 1.10 2.09 580 -0.998 3.751
160 0.95 2.33 600 0.86 2.92 -1.097 3.804
165 0.84 2.04 620 1.12 3.51 -0.570 3.900
170 0.89 2.39 630 1.16 3.40 -0.690 3.830
175 0.78 2.20 640 -0.920 4.060
180 0.87 257 650 -0.810 3.700
185 0.72 2.50 660 -1.060 4110
195 0.75 2.42 670 1.06 3.22 -1.030 4.170
200 0.68 263 680 1.12 3.44 -1.020 3.930
205 0.79 2.29 690 -0.940 4.260
210 0.98 213 700 -0.940 4.090
215 0.69 241 710 -0.990 4.310
220 0.57 252 720 -0.930 4.080
225 0.68 262 730 -0.780 3.860
235 0.57 2.89 740 0.87 2.90 -0.920 3.800
240 0.52 2.37 750 -0.970 4.140
245 0.70 3.02 760 -0.910 4.160
250 0.62 2.92 770 -1.150 4.080
255 0.68 2.92 780 -1.110 4.100
260 0.79 3.08 790 -0.990! 4.170
265 0.61 2.94 800 -0.950 4.100
270 0.53 3.19 810 -1.260 4.060
275 0.53 2.75 820 -1.080 4.210
275 0.45 2,59 830 -1.030 4.080
280 0.46 3.35 840 0.80 282 -1.030 4.010
280 0.43 234 850 -1.010 4.090
285 0.95 3.28 860 -1.100 4.190
285 0.41 1.98 870 0.76 326/ -0.930 4.030
290 0.52 2.87 880 0.58 275]  -1.170 3.890
295 0.52 2.95 890 0.84 3471  -0.780 3.720
295 0.36 2.71 900 1.23 3451 -0.650 4.080
300 1.22 372 910 1.03 356] -1.220 4.040
305 1.28 3.78 920 0.73 318, -1.510 4.270
305 1.03 3.21 930 -0.830 4,400
310 1.25 3.73 a 940 0.75; 266[ -0.710 3.870
315 1.33! 3.70; i 950 | -0.870 3.960
320 1.21) 3.82] 955/ | -0.780 4.150
325 1.21 3.80' | '
330 1.19 3.80 ;
335 1.31 3.70
340 1.20 3.70
350 1.36 3.57
355 1.10 3.75 | |
360 1.25 3.40] [ |




Appendix 11: M35003-4, measurements of CaCO3 and TOC

TOC €CaCo3 TOC CaCo3 T0C CaCo3
depth (cm) . (wt.-%) (wt.-%) depth (cm) (wt.-%) (wt.-9%) depth (cm) (wt.-%) (wt.-%)
5 0.90 11.9 600 0.84 11.6 950 0.66 2.8
15 0.86 111 605 0.49 21.8 955 0.71 2.7
25 0.80 9.4 610 0.77 13.7
35 0.69 9.7 615 0.63 17.5
45: 0.49 7.8 620 0.32 24.5
55! 0.76 11.3 625 21.1°
65 0.92 10.4, 630 0.47 20.3:
751 0.67, 7.4 635! 0.58: 14.71 |
85| 0.81] 11.9] | 6401 : 19.8] . ‘
95! 0.85] 12.3] | 6451 0.90 14.31 ‘
105 0.61] 14.3] | 6501 0.58 19.3] |
115 0.78 13.91 | 655] 0.38 19.31 | ‘
125 0.66 14.8] | 660] 0.69 15.5 i
135 0.54 15.8 665] 0.77 13.8 | i
145 0.60 12.6 670 0.61 18.1 : ;
155 0.80 11.0 675 0.71 15.2 I !
165 0.62 11.9 680 0.46 20.0 z ‘
175 0.71 11.4 685 0.60 15.4 !
185 0.72 10.9 690 0.80 11.9
195 0.80 10.2 695 0.79 10.6 ,
205 0.79 10.7 700 0.75 12.7
215 0.53 16.7 705 0.75 10.2
225 0.46 22.0 710 0.69 9.5
235 0.57 12.4 715 0.73 8.7
245 0.66 11.2 720 0.83 8.5
255 0.75 10.1 725 0.80 8.0
265 1.42 5.6 730 0.79 11.1
275 0.77 11.4 735 0.76 11.2
285 0.54 22.0 740 0.69 18.9
295 0.27 28.1 745 0.34 23.7
305 0.37 16.4 750 0.25 19.5
315 0.49 20.6 755 0.61 13.5
325 0.56 16.3 760 0.62 11.4
335 0.50 14.8 765 0.62 13.8
345 1.18 9.2 770 0.65 14.6
355 0.41 17.2 775 0.65 12.2
365 0.45 16.6 780 0.67 13.7
375 0.53 14.5 785 0.64 12.1
385 0.46 21.7 790 0.67 11.0
395 0.51 13.4 795 0.74 10.7
405 0.39 18.1 800 0.75 11.9
415 0.34 13.8 805 0.78 11.0
425 0.47 17.0 810 0.75 10.3
435 0.60 13.9 815 0.76 9.4
445 0.42 22.9 820 0.70 9.7
455 0.68 16.0 825 0.79 9.2
465 0.39 25.0 830 0.67 9.5
475 0.47 15.0 835 0.50 9.0
485 20.7 840 0.71 12.1
495 18.5 845 0.47 20.1
500 19.2 850 0.50 16.1 i
505 19.2 855 0.42 21.0 :
510 25.3 860 0.66 14.1 |
515 15.2 865 0.64 16.9 |
520 18.1 870 0.67 14.6
525 23.7 875 0.61 14.3
530 20.5 880 0.33 23.9
535 14.8 885 0.19 18.6
540 15.2 890 0.25 18.1 |
545 0.88 10.2 895 0.35 15.7 |
550 0.47 21.2 900 0.59 16.1
555 0.70 12.4 905 0.38 16.4
560 0.45 24.6 910 0.47 9.6 ,
565 0.41 19.7 915 0.35 10.4
570 0.65 12.3 920 0.57 6.3 ;
575 0.77 11.5 925 0.64 6.2 ; |
580 0.83 12.2 930 0.74 6.7 ! 1
585 0.88 9.3 935 0.71 2.7] | l :
590 0.93 12.8 940 0.64 10.5] | | l
595 0.92 9.2 945 1.10] -0.8] | | |




Appendix Ill: M35003-4, XRD measurements

Aragonite Aragonite Aragon.:z
LMC (% of HMC (% of (% of LMC (% of HMC (% of (% of LMC (% of HMC (% of (% of
Teufe CaCO;)  CaCO;)  CaCO;)  Teufe CaC0;) CaC0;)  CaC0s) Teufe CaC03;) CaC0;)  CaCOs)

20 62.75 6.70 30.55 435 44.21 12.96 42.82 825 69.67 3.94 2%
25 68.46 5.67 25.87 440 38.97 21.99 39.04. 830 46.95 1.45 510
30 59.57 3.66 36.78 445 37.03 20.73 42.24 835 76.54 3.00 254
35 75.49 3.66, 15.74:. 450° 44.46 11.18] 44.36 - 885 57.98 11.79 352
40. 69.90 6.41! 23.68' 455, 37.78 16.59: 4562, 890! 49.81: 23.59 25 £:
45, 64.87. 4.11] 31.021 460! 31.03; 24.73] 44.241! 895! 49.79 17.35 2%
55" 62.25 4,75) 33.00] 465, 33.89! 21.53] 44,58 300! 4544 16.57. 37.%
60! 65.45] 3.08! 31.47] 470, 38.14! 12.83] 49.03 ] 905! 50.66 14.25; 35.1"
651 65.19] 4.75] 30.06] 475] 40.60' 11.25] 48.15/] 910 56.08 7.68; 2t
70| 52.941 5.53] 41.53] 480j 38.88! 15.63 45.49]] 915 57.99 5.09 36
75; 72.24) 1.35] 14.28] 490] 45.29; 13.52 41.18]] 920] 48.501 3.36! 48142
80! 61.29] 2.30! 36.40]] 495] 44.48i 8.62 46.90 | 925] 47.711 1.86 50.4
851 62.12 4.54 33.33]! 515 56.60! 8.29 35.10; | 930 56.20! 379! 400
90 61.23 217 36.60] 520 4451 9.38 46.11 935 40.44 5.07' 54.4%
95! 69.94 2.44] 27.61 525 45.73! 14.04 40.23 940 51.67; 10.94] 37.3%
100 59.78 4.62] 35.60 530 46.12] 9.31 4457 945 42.76 5.62] 516
105 63.80 3.72 32.48 535 52.72| 7.70 39.58 950 42.60 1.75! 55.6¢
110 58.66 4.25 37.09 535 56.54/ 7.66 35.81 955 39.62 2.34] 58.0<
120 57.57 2.63 39.80 540 57.86] 10.30 31.84 !

125 66.07 2.81 31.13 545 48.41 11.89 39.70 f

130 60.40 4.69 34.91 550 44.22 10.24 45.54| [HMC= High Magnesium Calcite ‘

135 58.19 4.46 37.35 555 49.85 10.96 39.20{ |LMC= Low Magnesium Calcite i

140 53.80 8.41 37.79 560 44.03 19.03 36.94] | A= Aragonite I

145 59.43 6.03 34,54 565 49.65 14.98 35.38 \

150 58.07 3.62 38.31 570 52.85 5.28 41.87 ! .
160 45.69 11.96 42.35 575 51.91 4.77 43.32 i .
170 65.39 4.14 30.46 580 57.10 10.85 32.05 ! ]
175 57.79 6.93 35.28 585 50.39 6.55 43.07

180 55.31 11.16 33.52 590 51.65 12.50 35.85

185 58.81 4.58 36.61 595 54.89 10.58 3453

190 63.17 9.06 27.76 600 46.98 17.89 3513

195 58.51 7.81 33.68 605 60.80 6.60 32.60

200 55.06 6.13 38.81 610 46.73 10.30 42.98

205 51.04 7.76 41.20 615 49.58 14.23 36.20

210 50.16 14.54 35.29 625 45.40 13.34 41.25

215 45.45 13.23 41.32 630 46.49 13.30 40.20

220 37.65 15.67 46.68 635 57.82 8.31 33.87

225 38.06 15.18 46.76 640 52.46 1273 34.81

235 51.54 6.01 42.45 645 44.91 16.50 38.58

240 42.51 14.67 42.82 650 53.02 10.66 36.32

245 56.28 12.12 31.60 660 53.08 5.65 41.28

265 47.13 14.07 38.80 665 61.86 7.21 30.93

270 51.13 8.48 40.39 670 47.34 12.16 40.51

275 50.12 7.96 41.92 675 51.15 10.70 38.15 i

280 40.41 15.98 43.61 680 52.53 11.04 36.43 1

285 39.35 20.95 39.69 685 52.11 5.16 42.72

290 45.01 20.03 34.96 690 60.07 7.68 32.25

300 42.02 25.93 32.05 695 56.48 3.94 39.59

305 45.98 9.26 44.76 700 53.28 9.31 37.41

310 54.07 11.80 34.13 705 52.38 7.91 39.71

315 44.02 12.49 43.49 710 51.71 7.11 41.18

320 50.91 7.64 41.45 715 49.58 7.36 43.06

325 42.53 12.09 45.38 720 49.30 6.01 44,69

335] 43.52 11.23 45.25 725 50.12 6.54 43.34

340! 40.23 15.11 44.66 730 40.77 6.47 52.76 !

345  45.82 11.80 42.38 735 4458 7.58 47.84 |

350 41.41 19.21 39.38 740 47.40 14.98 37.62 !

355] 43.74 17.01] 39.26 745 48.16 18.11 33.72 j

360] 47.35 13.18 39.47 750 50.62 11.12 38.26

365] 43.44 13.40 43.16 755 55.80 11.39 32.81

370] 43,12 14.99 41.89 760 53.11 9.71 37.18

375] 44.55 15.86 39.59 765 55.77 8.17 36.06 !

380! 37.53 20.50 41.97 770 35.69)! 48.98 15.33 |

385 37.69 2017 42.15 775 38.32 34.66 27.01] r,

390 36.33 21.16 42.50 780 58.76 568 3555 i

395 43.61 10.54 45.84 785 62.15 11.18 26.66 |

400, 38.75 21.33 39.92 790 60.90 8.09 31.01

405 39.21 22.23 38.56 795 59.20] 2.45 38.35

410 36.30 25.66 38.04 800 60.45! 253 37.02

415 41.39 12.96 45.65 805 60.83 4.23 34.94

420 36.97 18.28] 44,74 810 58.89 5.65 35.46 !

425 39.75 12.40] 47.85 815 60.16 7.54 32.29 ]

430! 39.22 14.28| 46.50 820/ 59.60 1.80 38.60




Appendix [V: M35003-4, foraminiferal census counts

. water
depth (cm) Lat Long depth(m) counted aeq bul cal cav con cra deh dig dut fal gy hir  hum inf

0 12.0830 -61.2330 1299 358 48 00 00 00 10 00 02 00 88 00 72 00 00 00
5 12.0830 -61.2330 1299 508 43 06 03 00 09 00 00 00 94 00 57 00 00 00
10 12.0830 -61.2330 1299 439 62 02 00 00 05 00 02 00 137 00 59 00 00 00
15 12.0830 -61.2330 1299 441 18 07 05 00 02 00 00 00 98 00 63 00 00 00
20° 12.0830 -61.2330 1299 526 73 03 05 00 07 00 00 03 90 00 92 00 00 00
25 12.0830 -61.2330 1299 593 37 05 05 00 13 03 00 02 133 00 89 00 00 00
30 12.0830 -61.2330 1299 710, 41° 10 00 00 00 00 00 03 92 01 77 01 00 00
35| 12.0830 -61.2330 1299 495! 36 10 04 00 04 06 00 00 63 00 79 00 02 00
40 12.0830. 61.2330° 1299 432 63 18 01 00 01, 01 00 00 47 00 120 00 00 00
45 12.0830 612330 12990 509, 28 06 00 00 02 02 00 00 61 00 100 00 00 00
50 12.0830. -61.2330° 1299 _ 532 66' 34 03 00 04 03 01 00 63 00 91 00 00 00
55/ 12.0830. 61.2330' 1299, 485/ 35 04 02 00 12; 08 02 00 47 02 91 00, 00 00
60: 12.0830' 61.2330° _ 1299] _ 403] 60 05 00 00 02 05 00 00/ 47 00 109 00 00 00
65/ 12.0830! -61.2330] 1299, 660! 27| 0.4, 131 00 05 00/ 02 02 52 02/ 106 02 00 00
70| 12.0830! -61.2330 1299 380, 50 18 11 00 03] 03 03 00 71 00/ 84 00 00 00
75] 12.08301 -61.2330 1299]  704] 44| 16 04] 00 00 03 03 00 67 00 85 00 00 00
80/ 12.0830] 61.2330 1299] 4831 52| 3.3 10/ 00 02 06 02 00 37 00/ 151 00, 00 02
85| 12.0830] -61.2330 12091  386] 36| 1.0/ 00/ 00 10 03] 00 00 34 00 93 00 00 00
90| 12.0830] -61.2330 1299]  489] 57| 16/ 08 00/ 04/ 04 02 00 27 00| 104 00 00 00
95| 12.0830] -61.2330 1299] 385 30/ 28 08 00 08 00 02 00 32[ oo 76 00 00 04
100] 12.0830] -61.2330 12909] 5200 21| 21| 17] 00 10 00/ o0/ 02 35 00 67 00 00 00
105! 12.0830] 61.2330 1299]  392] 20/ 23] 03 00/ 10 00/ 00 00 31 00 77 00 00 00
110] 12.0830] -61.2330 1290]  533] 17| 15 11| 00/ 04[ 00/ 00/ 02 21 00/ 56 00 00 00
115| 12.0830] -61.2330 1299]  387] 3.0/ 22| 04| 00 02 02/ 00 oo 18 00 82 00/ 00 00
120] 12.0830] 61.2330 1299]  588] 23| 08 18] 00/ 07 00/ 00 02 43 00 87 00 00 00
125] 12.0830] 61.2330 1200]  454] 48 22| 04] 00/ 02] 00/ 00/ 02 35 00 86 00 00 00
130 12.0830| -61.2330 12909] 606] 19| 22| 07 00/ 03 03 00 00 45 00 89 00/ 00 00
135] 12.0830] 61.2330 1299] 6471 76| 25/ 1.7/ 00 04| o8] o0 00 35 041 78 00/ 00 00
140] 12.0830] -61.2330 1299] 612] 4.3] 24| 27| 00 08 00 00 00 29 o0/ 108 00/ 00 00
145| 12.0830] -61.2330 12001  394] &8 33 03] 00 13 00 00 03 36 00 71 00 00/ 00
150 12.0830] -61.2330 1299] 642] 44| 37/ 12| 00 03] 00 00/ o5/ 53 00| 98 00 00 00
155] 12.0830] -61.2330 1209|352 48| 20 00| 00 12 00 oo oo/ 76 00 76 00 00 00
160 12.0830] -61.2330 1299] 636] 56| 89| 13 00 04] 00 00 02 54 00 81 00 00/ 00
165 12.0830 -61.2330 12909]  315] 38| 32| 10 00/ 05/ 00/ 00 o04] 30 00/ 138 00 00/ 00
170] 12.0830] 61.2330 1299 433 46| 7.1] 34, 00 04| 00 00 o06] 52 oo 76l 00 00 00
175] 12.0830] -61.2330 1299 432 81| 63] 09 00 02/ 00 00 02 58 02 76 00 00/ 00
180| 12.0830| 61.2330 1299]  525| 7.6 93] 23] 00 04/ 00 00 00/ 61 00 61 00 00 00
185] 12.0830] 61.2330 1299] 368] 50/ 56 15 00 09 06 00/ 00/ 22 00 90 00 00 00
190| 12.0830| -61.2330 1299 582 36| 98 17 00, 02 09 00/ 02/ 26 03 84/ 00/ 00 00
195 12.0830] -61.2330 1299]  383] 46| 69| 05 00 03] 05 03] 00 72/ 00/ 82 00/ 03 00
200| 12.0830] -61.2330 1299 453| 46| 66| 02 00 04/ 07 00 02 60/ 02 82 00 00 00
205] 12.0830] -61.2330 1299 596 74| 67| 05 00 01 02 00/ 00/ 49 02 51 00 00 00
210| 12.0830] -61.2330 1200] 554) 29| 11.4, 18| 00 00 02 00 00 47 00 72 00l 00} 00
215| 12.0830] -61.2330 1290 e42] 50 11.4] 09 00/ 02 16/ 00/ 00 25 02 64/ 00 00/ 00
220] 12.0830] -61.2330 1200] 412] 85 99 o041 00, 13 05 00/ 00 26/ 09 156 00/ 00 00
225] 12.0830] 61.2330 1299]  444] 67| 116 00| 00/ 05 17/ 0ol 00 25 00 95 04/ 00 00
230] 12.0830] -61.2330 1299]  418] 65 91| 00/ 00 05 17 00 00[ 26 00/ 91| 00 00 00
235] 12.0830] 61.2330 1299] 612| 39 121] 08| 00| 01 16/ 00/ 00 29 00 85 00 04 00
240| 12.0830] -61.2330 12001 405| 35| 158 0.7 00 06/ 09 00/ 04 43 00 89 00 00 04
245| 12.0830] 61.2330 1200]  572] 24| 116 03] 00 03] 16/ 00/ 00/ 46/ 00 110 00/ 00 00
250] 12.0830] -61.2330 1299]  366] 6.3] 116/ 06/ 00 06/ 1.4 00/ 00 46/ 06 103 00 00 00
255| 12.0830] -61.2330 1299]  615| 1.4 11.9] 02| 00, 08 24/ 00l 00 46 02 74 00/ 02 00
260| 12.0830| 61.2330 1299  336] 45 137] 00| 00 03] 18 00 00 48 01 73 00 00 0.1
265| 12.0830] -61.2330 1299] 736! 16| 125 03] 00 04 23 00 00 41 12/ 80 01 01 01
270] 12.0830] -61.2330 12091 592| 38| 11.9] 14| 00 05 24/ 00 00 46/ 06 95 00 00 00
275| 12.0830] 61.2330 1200]  668| 23| 11.1] 05/ 00, 02 15 00/ 02 31 02 64/ 00 04 00
280] 12.0830| -61.2330 1290]  404| 6.1 68 06/ 00 05 24/ 00; 00 40 10 81 00 00 00
285| 12.0830] -61.2330 1299 503| 7.1 44| 06 00/ 05 06/ 00 08 25 08 94/ 00 03 00
290/ 12.0830] -61.2330 1290 339 12.3] 21| 04, 00| 15 03] 00 07 26 01 91 00 00 00
295| 12.0830] -61.2330 1200 455 10.2] 50/ 03 00/ 1.3 19 00/ 01 25 12/ 97 00/ 00 00
300| 12.0830] -61.2330 1209]  316| 154 6.7 00 00| 07 21/ 00/ 08/ 15 08 103 00 00 04
305| 12.0830! -61.2330 1200l 712| 88 108 07| 00 11, 24| 00 00 24 18/ 100 00 00/ 03
310| 12.0830] 61.2330 1200]  301] 65| 138 07/ 00 06 38 00 00 23 11 141 00 00 04
315] 12.0830] -61.2330 1209]  501| 44| 94| 05 00 15 24| 00/ 00/ 45 35/ 120, 00 00/ 00
320 12.0830] -61.2330 1209]  s61| 61| 94| 27 00 11/ 26/ 00/ 01 36/ 14/ 154! 02 00/ 05
325| 12.0830] -61.2330 1299, 532] 40| 98 05 00 19, 20 00 00 62 25 93 00 03 00
330] 12.0830] -61.2330 1299] 442] 54/ 98 25 00 11, 49] 00/ 03/ 58 09 58 00 00 00
335/ 12.0830] -61.2330 12909/ 391] 30] 80 00 00 14/ 35 00 00 45 14/ 101] 00/ 00 00
340] 12.0830] -61.2330 1299 323l 62 68 06 00 06 40 00 00 53] 15 71 00 00 06
345] 12.0830; -61.2330 1299] _401] 85 79 03 00 10 40 00/ 00, 50/ 03 142/ 00 00| 05
350] 12.0830] -61.2330 1299]  444] 92| 59 14/ 00 07, 25 00 00 7.0 16/ 104 00 00/ 00
355| 12.0830] -61.2330 1299  420| 4.7] 80/ 00 00 17 26 00 00 21 03 130, 00 00 00
360] 12.0830] -61.2330 1290 366] 52 92 12] 00 07 03 00 00 44 30 87 00 00 00
365] 12.0830i -61.2330 1299 448 36/ 98 06 00 07 08 00 01/ 42/ 09 92/ 00 00 02
370 12.0830] 61.2330] 1299/ 501, 10/ 88 1.4l 00 10{ 14/ o0l o0 62/ 12 113 02 00 01




Appendix IV: M35003-4, foraminiferal census counts

depth (cm)lmen nit obl pal par+ qul  qur qui rur ruw rus i sac ten trus  tum  univ
0O 16 00 08 00 08 00 00 00 154 427 04 88 58 04 00 00 00 00 06 06
5 25 07 15 00 01 00 00 00 204 341 09 89 55 00 00 00 16 16 00 19
10 14. 00 09 00 00 00 00 00 134 374 09 100 66 00 00 00 05 05 09 11
15, 16, 02 02 00. 00 00 00 00 150 415 11 136 43 05 00 00 00 00 00 25
20 26 13 07, 00 00 00 00 00 121 334 43 46 74 43 00 00 01 01 00 12
250 20 02, 10 00 00 00 00 00 126 352 03 103 59 05 02 00 00 00 00 25
3024, 04/ 03 00 00 00 00 00 156 367 07 98 62 05 00 00 10 10 03 35
| 14 02 06 00. 00 00 00 00 119 479, 00 107 51, 00 00 00 02 02 00 16
40, 03 04{ 01! 00 01/ 00/ 00 0.0 128 468 13 69 43 04 04 00 00 00 00 14
45 127 02. 1.0, 00/ 02 00 00 00 116 466 12 102 41 00 00 00 00 00 00 37
50. 04! 16, 04/ 00i 03 00/ 00 00 102 367 35 68 7.9, 05 01 00 03 03 01 42
55| 0.8/ 16, 1.0; 00/ 00 00/ 0.0 00 130 381, 19 11.1' 56 00 12 08 02 10 02 37
60 1.0 22| 17[ 00, 00: 00 0.0/ 00 161 285 47, 741 94 05 07 05 00 05 02 32
65 11/ 12! 00/ 07 03] 00/ 00 00/ 162 342 48 87 48 04/ 09 05/ 00 05 04| 37
700 34] 13; 11 00l 00/ 00 00 00 189: 316 53 50 55 05 08 00 03 03] 03 13
75 41 1.0, 17, 00; 01/ 00| 0.0/ 00 196 2641 50 94| 43 03 21 041 00 01 04] 30
80 39 12/ 17 00 00/ 0.0; 00 00 203/ 269, 41/ 58/ 33 02 06/ 00 00 00 00 21
85| 36/ 21| 18] 00/ 00 00/ 0.0/ 00/ 236 290 13] 114 54] 03 21/ 00 00/ 00 03 05
90, 08/ 18/ 14 00/ 00/ 00/ 00/ 00] 176 374 29] 72| 33| 04 18 02 00 02 02 16
95, 28 13 06/ 00/ 08 00/ 0.0/ 0.0; 210/ 384} 11| 79 34 00/ 1.3 04 00 04| 02 13
100 12 15/ 12 00; 02 00 00/ 00 212] 429 29] 81 31 00/ 02 00 00 00 00 00
105] 1.8/ 05/ 26/ 00 00/ 00 00 00 230 388 18 92/ 51 00 05 03 00 03 00 03
1100 1.9] 06/ 17| 00; 0.0 00 00/ 00| 218 462 11| 79/ 54/ 00/ 00 00 00/ 00 00 02
115| 07 05/ 16| 00/ 04/ 00 00 00 210/ 452 04] 86] 39/ 00 00 00 00 00 02 13
120) 17| 06| 09] 00, 00/ 00 00 00 211 405 14| 85 43] 00| 05 00 00 00 01 13
125) 111 11] 22| 00 02| 00 00 00] 174 383 09/ 11.2] 40 00 07 02 04/ 07 02 18
130, 15[ 06| 03] 00 01| 00 00 0.0 174] 418 23] 97 52[ 00 07/ 00 05 05 00 11
135 03| 02| 13| 00| 02 00/ 00 00 153] 388/ 24| 86 46/ 06 00 00 15 15 01] 1.7
140, 04| 09; 04| 00/ 00/ 00/ 00 00 108 418 39| 75 33 22 00 00 35 35 02 09
145! 05| 05/ 05/ 0.0/ 03] 00/ 00] 00 152 414/ 36/ 7.6/ 36/ 05 03 00 20 20 00 20
150 05 00| 12 00/ 00/ 00 00[ 00 176/ 30.1] 39 69 44| 20 03 00 59 58 02 14
155| 1.0{ 0.0/ 08/ 00/ 02 00f 00] 00 153 329/ 1.0 106] 50 08 02 00 7.8 7.8 04 04
160] 03] 03] 19/ 00/ 02 00 00| 00 130 343 40 47 40 1.3 06 03 30 33 05 13
165 0.0 00| 12/ 00/ 08 00 00/ 00| 132] 345 16 90/ 40 28 00 00 48 48 04 12
170, 15/ 00| 04/ 00 06| 00| 00/ 00| 166 307 17 59| 46| 1.3 06 02 50 52 08 08
175| 05 00| 12; 00/ 05 00 00/ 00| 16.2] 31.0] 25 97/ 14/ 07 00 02 39 42 12 12
180] 06| 00] 10/ 00/ 02 00 00 00| 17.1] 316 27/ 32 44] 08 00 00 48 48 02 11
185) 0.2 02| 09| 00 06 00 00 00[ 164 396/ 04/ 80 15 15 15 00 36| 36 06 02
190| 03} 02/ 07| 00/ 03 00 00 00[ 168 337 34/ 46 48 31 00 00 27 27 09 03
195 03] 00/ 1.0/ 00; 1.0/ 00/ 00/ 03] 206 260/ 18/ 10.3] 46 00 03] 00 44 44| 05 00
200, 09; 02 18/ 00/ 15 00 00 02/ 181] 302 35 68 38 09 00 00 24 24 13 07
205 00/ 00; 09/ 00/ 05 00 00 00/ 218 346] 28] 74/ 22| 05 00 o086 23 29 09 06
210l 05/ 00/ 18/ 00/ 00/ 00 00/ 00 182 316/ 38 60 47 02 00 02 20 22 14 05
215] 0.0 02| 09| 02 02 00 00 00 146 371 22[ 101] 36 02| 00 05 08 12 03] 12
220) 00] 00/ 03] 00/ 00/ 00/ 00 00| 143/ 273 86 68 15 00 00 01 05 06 00 05
225) 0.0 02; 07/ 00/ 00/ 00 00 00 11.3] 391 58 73] 20 00 00 00 03 03 00 04
230] 00| 05/ 05 00, 02 0.0/ 00| 00 148/ 347 50 93] 22 07 00 00 05 05/ 00 17
235 0.0/ 00[ 1.0/ 00/ 00/ 00/ 00/ 00 105/ 388 37 73] 58 07 02 01/ 09/ 10 00 08
240) 00 00/ 07 00 04/ 00/ 00 00 94] 343 49 53 22 41 09/ 02 04/ 07/ 00 07
245| 00/ 02| 07, 06/ 23] 0.0/ 00 00 56] 484 23] 22| 06| 1.3 03 00 30 30 00 07
250 00| 03] 16 00/ 00/ 00; 00| 00 147/ 254 40 79 22| 23] 06 00 32 32 00 16
255 0.0/ 02 11 06 13 00/ 00 00| 129 401 34| 64/ 20/ 02 00 00 25 25 00 00
260, 06| o0t 16/ 00/ 08 00 00 1.1 89 309 68 64/ 18 34 00 01 24| 25 00 06
265 0.0/ 00 11 03 16 00 00 0.0; 12.14] 341 29] 96/ 15 14| 01] 00 30 30 00 12
270f 06! 00/ 15 00/ 14 00 00 00| 100 323 42/ 64 22 32 00 041 24 25 00 06
2750 04] 00| 16] 12| 25 00| 00| 04| 11.3] 37.3] 54 83 18 16| 02 00 24 24 00 01
280 00/ 00/ 16/ 00/ 08 00/ 00/ 03/ 100 357 58 72 26/ 29 00 00 341 34| 00 02
285 00/ 00/ 00/ 00/ 01 00/ 00/ 00 90/ 424 15 115 37 08 08 04] 14 15 00| 09
290] 00/ 03 01 00/ 00/ 00 00 00 103] 343 26/ 155 16/ 1.1 05 00| 33 33 00 03
295 00/ 00/ 00/ 03 07/ 00/ 00 00 82 351 32 87 35 06 06 00 56 56 00 06
300f 00/ 00/ 00/ 00/ 00/ 00/ 00 00 7.0/ 248 93] 105 21| 25 00/ 00 26 26 00 06
305 00, 00, 00 28 07 00 00 00 69 264 42 115 40 18 06 02 29 31| 00 01
3100 00 00; 00/ 17| 07/ 00/ 00 00 120 281 06/ 66/ 28 17 00 00 10 1.0 00 041
315| 03] 00/ 00/ 19 05 00/ 00 00/ 108/ 290 35 96/ 37 05 03 00 16 16 00 04
3200 00/ 00/ 00 36/ 03 00 00 00/ 144] 195 27| 59 42 23 05 01 16 1.7 00 041
325) 00| 00/ 00/ 30/ 04/ 00/ 00 00 171] 244] 05 88/ 43| 08 05 01 26 28 00 05
330] 00] 00 00/ 22/ 08 00/ 00 00/ 158 250/ 251 68 45 22 18 00 18 18 00 00
335| 00| 00/ 00j 28 05 00 00 00/ 175 257 03 1241 40/ 28 03 00 12 12| 00 03
340; 00, 03] 00/ 43/ 25 00/ 00 03] 139 245 31| 11.8 43] 03 00 00 12 1.2 00| 06
345| 00 00, 00/ 45/ o6/ 00 00 00l 132 233 16 95 31, 06 03 00 06 06 00 02
350 02| 02 00 02 02 00/ 00/ 09 106/ 218 25/ 110 52| 23 07 00 20 20 00 18
355, 00] 00; 00] 45| 15 00 00] 00| 126 294] 15 130] 27 00 03 00 09 09 00 05
360/ 00 00 00 00 03 00 00 10 128 324 170 91 39 20 07 00 20 20 00 00
365/ 00, 02 00] 49/ 08 00 00 00 16.0] 31.2] 04/ 105 22( 00 00 00 21| 214 00l 06
370! ool 00! 00l 99 o5l 00 006{ 00 90 340 02 43 36 25 05 00 2.1 21| 00 02




Appendix [V: M35003-4, foraminiferal census counts

depth (cm)uvu  ment pdi par

0 00 22 06 02

5 00 25 01 00

10 00 23 00 00

15 00 16 00 00

200 00 26 00 00

25 00 20 00 00

30, 00/ 28 00. 00

35 00 14 00 00

40, 00/ 03¢ 0.1 0.0

45| 000 1.2/ 00, 02

50, 00! 05/ 0.0f 03

55| 00{ 1.0/ 0.0i 00

60| 00/ 12/ 00 00

65| 0.0 15/ 01| 02

70, 0.0{ 37i 00 00

75/ 00 45 041 00

80) 00/ 39 00/ 00

85| 00{ 39/ 00 00

90| 00| 1.0f 0.00 00

95| 00, 3.0, 08 00

1000 00/ 12| 00/ 02

105/ 00/ 1.8/ 00/ 00

110/ 0.0/ 19 00/ 0.

115] 00{ 098] 0.0/ 04

1200 00{ 18 0.0/ 00

125| 00 13 0.0/ 02

130 00/ 15 00/ 01

135/ 00] 04| 00 02

140 0.0{ 03] 0.0/ 00

145 0.0, 05/ 0.0f 03

150{ 0.0, 06/ 0.0] 0.0

155 0.0/ 14] 00/ 02

160{ 0.0, 08} 02/ 0.0

165] 0.0, 04| 00; 08

170 00] 23| 04 02

175/ 00| 16| 02 02

180 00| 08 0.0/ 02

185 0.0{ 0.7/ 0.0 06

190 00| 1.2} 02! 02

195 0.0, 08| 0.0/ 1.0

200 00 22| 07/ 09

205 00 09| 02/ 02

210 00| 20 00/ 00

215/ 00 03] 02/ 00

220{ 00/ 01] 00[ 00

225 00/ 00/ 00/ 00

230 0.0{ 00! 0.0/ 02

235, 00| 00/ 0.0/ 00

240 00| 0.0 04| 00

245 00| 00] 08 15

250 00/ 00/ 00 00

255{ 00/ 00} 00/ 13
260 00/ 06/ 03 06
265/ 00] 00/ 00] 16

270{ 0.0/ 0.6/ 00 14

275/ 00/ 0.1, 08 17

280 00 00/ 02/ 06

285/ 00/ 00 01 00

290! 0.0/ 0.0/ 00{ 00
205/ 00/ 00; 04 03
3000 0.0/ 0.0/ 00} 00

305/ 0.0/ 00 02 06

3101 00i 00/ 00] 07
315 0.0i 031 00/ 05

320] 00/ 00 01] 02
3251 0.0 00/ 04/ 00
3300 00 00; 05/ 03

335 00 00 05 00
340] 00, 00/ 19/ 06
345 00/ 00/ 02/ 05
350] 00/ 02 02 00
355] 00/ 00 03] 12
360] 00/ 00 03] 0.0
365/ 0.1] 00] 03] 04
370/ 0.0/ o0l 050 0.0




Appendix IV: M35003-4, foraminiferal census counts

water
depth (cm) Lat Long depth (M) counted aeq bul cal cav con ca deh dig dut fal glu hir  hum inf
375 12.0830 -61.2330 1299 547 1.7 7.5 0.0 0.0 2.6 0.5 0.0 00 43 02 112 0.0 0.0 0.5
380 12.0830 -61.2330 1299 403 46 10.0 0.9 0.0 0.9 2.2 0.0 0.0 2.8 0.0 9.7 0.0 0.0 0.2
385 12.0830 -61.2330 12938 472 7.6 6.7 0.6 0.0 1.0 1.3 0.0 0.0 2.6 0.0 16.6 0.0 0.0 0.0
390 12.0830: 61.2330 1299 453 4.5 8.0 1.3 0.0 1.3 3.2 0.0 0.0 2.9 06 104 0.0 0.3 0.1
395! 12.0830. 61.2330 1299 355 7.5 7.5 0.0 0.0 1.3 1.8 0.0 0.0 2.0 0.7 143 0.0 0.0 0.2
400 12.0830 -61.2330 1299 322 47, 50 03 00 28 34 00 00 16 00 115 00 00 00
405 12.0830. 61.2330 1299 285 4.1 32 00 00 20, 05 00 00 1.1 0.6 18.2 0.0 00 00
410! 12.0830; 61.2330. 1299 297, 81 73 06 00 14 23 00 00 40 06! 147 00 00 02
415! 12.0830: 61.2330° 1299’ 387, 34 7.8 05 00 21 15 0.0 0.0 260 13! 140 00 00/ 06
420! 12.0830: 61.2330 1299I 3741 211 87 04 00 1.1 20 0.0 0.0. 37 14 90 0.2i 0.0 02
425, 12.0830! -61.2330. 1299, 3571 321 74 02 00 21t 10 00 0.0 3.8 04/ 131, 00 00 08
430 12.0830; 61.2330 1299 608 1.9 89, 04 00 21 16 00 02 6.2: 2.0/ 10.8° 0.00 0.0/ 06
435] 12.0830] 61.2330! 1299! 456, 25 94! 041 00 170 1.4 000 00 65 00 109 00 03 01
440| 12.0830; -61.2330: 1299: 411 36 59 1.0 0.0 16/ 0.1 00 03 39 09 1271 00 0.0 00
445| 12.0830! 61.2330! 1299; 582! 36/ 62/ 00 00 18 07/ 00, 07: 40 04 130 00 00! 04
450; 12.0830, -61.2330! 1299! 4280 15 75/ 06/ 00 09 13 00 00 35 03 73 03 00 03
455! 12.0830; 61.2330; 1299: 600 1.3 54 0.0. 00 10. 18 00 0.0 671 0.0 95/ 00, 0.0 0.8
460! 12.0830{ -61.2330 1299| 309 2.1 38 09 00 06 25 00 04 23 08 163 0.0 00/ 00
465| 12.0830; 61.2330 1299 394 18/ 47} 00! 0.0 1.00 21 00 00I 37/ 00} 122 0.0 000 05
470! 12.0830! -61.2330 1299 345 2.4 127 04 0.0 1.3 1.3 0.0 0.7 4.2 4.0 7.8 0.4 0.0 04
475| 12.0830| 61.2330 1299 466 0.3] 124 0.0 0.0 1.1 3.4 0.0 0.0 5.1 0.3 9.0 0.0 0.0 0.0
480] 12.0830| 61.2330 1299 374 25| 16.0{ 03, 0.0f 05 1.2 0.0/ 03' 45 20/ 106! 00} 00/ 0.0
485 12.0830| 61.2330 1299 428 14} 136 0.5 0.0 1.9 1.9 0.0 0.0, 10.3 0.0 6.1 0.0 0.0 0.7
490! 12.0830| 61.2330 1299 459 22| 152 0.0 0.0 1.4 1.0 0.0 0.0 8.6 2.3 5.7 0.0 0.0 0.1
495| 12.0830| -61.2330 1299 538 0.4; 10.0 0.0 0.0 0.5 1.6 0.0 0.0/ 16.8 1.6 9.5 0.0 0.0 1.2
500| 12.0830| 61.2330 1299 392 08| 143 03, 00/ 17{ 08 00/ 0.0 97 27 111 0.0/ 0.0/ 00
505] 12.0830| -61.2330 1299 541 1.1 129 0.0 0.0 0.7 2.1 0.0 0.0 71 1.9 12.7 0.0 0.0 0.1
510{ 12.0830| -61.2330 1299 647 3.3] 17.0 0.4 0.0 1.5 2.6 0.0 0.0, 104 0.4 8.6 0.4 0.0 0.4
515| 12.0830| -61.2330 1299 414 22| 97, 02/ 00/ 19/ 10/ 00/ 02 184] 0.7 65 00/ 00} 05
520| 12.0830| -61.2330 1299 408! 26/ 193] 06/ 00 06/ 06/ 00/ 0.0f 102 1.0/ 72/ 02 00 02
525| 12.0830| 61.2330 1299 444 7.0 199 1.6 00| 16 1.3] 0.0 03] 6.3 2.1 72| 00/ 00| 01
530! 12.0830] -61.2330 1299 371 34| 143 05 00 07 1.9/ 00/ 00/ 38 21, 134, 07, 00 07
535] 12.0830] 61.2330 1299 402 1.8 101 23/ 00/ 08| 07/ 00 00} 124| 33 92 0.0/ 0.0, 23
540| 12.0830| -61.2330 1299 498| 34| 131 22, 00 1.0/ 20/ 00/ 00} 94 1.0] 104 0.0] 02 1.0
545| 12.0830| -61.2330 1299 401 4.0 74| 04/ 00/ 09 21 0.0, 00| 127 18/ 95/ 00/ 00| 05
550| 12.0830| 61.2330 1299 530 5.3] 13.2 1.0, 00/ 04 1.6 00/ 00; 97 1.5/ 1.1 0.0/ 00| 09
555| 12.0830] -61.2330 1299 407 41| 121 0.7, 00| 03] 22 00/ 03 78 10 113 00} 00 05
560! 12.0830] 61.2330 1299 085! 56/ 134/ 03/ 00| 06 12/ 0.0/ 0.0/ 55 05 154 0.0/ 0.0 03
565| 12.0830{ 61.2330 1299 449 54; 65/ 03/ 00/ 10 06/ 00/ 00 65 1.7 18.2 0.0/ 0.0/ 0.7
570| 12.0830| 61.2330 1299 360 2.8 153 0.0 00 1.1 06/ 00/ 00 139 06/ 122 0.0/ 00| 06
575| 12.0830| 61.2330 1299 609] 2.17 104/ 03/ 00, 09 03 00 0.0} 111 06; 166/ 00| 02/ 02
580| 12.0830; -61.2330 1299 609] 2.3} 182 05 00f 0.3} 07/ 00 00 125 08/ 11.0f 00 00/ 05
585! 12.0830] -61.2330 1299 364 1.1 154| 03] 0.0/ 1.1 05 00/ 03] 179/ 0.0/ 66 00 00 14
580] 12.0830| 61.2330 1299 374 6.7) 116 1.0{ 00/ 09} 0.1 0.0 0.0, 109 1.2 104 00/ 0.0/ 01
595| 12.0830| -61.2330 1299 319 2.1 93 04| 00 15 06/ 00j 0.0/ 11.2] 08 103 0.0, 0.0 06
600| 12.0830| -61.2330 1299 400 36| 178, 00/ 00 04 07 00/ 00 63 00 103/ 00/ 00/ 03
605/ 12.0830| -61.2330 1299 465 85| 142 03| 00, 09 03 00 03 30 03 97 0.0, 0.0 1.1
610| 12.0830{ -61.2330 1299 774 3.6/ 156 1.2 0.0 0.5 0.3 0.0 0.0 9.3 0.1 8.3 0.1 0.0 0.0
615( 12.0830( 61.2330 1299 557/ 10.2| 8.3 04| 00 13] 04 00/ 03] 7.2/ 04 121 0.0l 0.0, 01
620| 12.0830| -61.2330 1299 494 49| 154 1.0 0.0 1.1 1.0 0.0 0.3 5.1 0.0 15.9 0.0 0.0 0.4
625| 12.0830{ -61.2330 1299 500; 5.0 188/ 0.0/ 00 09 09 00 00 86/ 05 89 00 0.0 01
630 12.0830| -61.2330 1299 552| 7.1 17.3] 09| 00| 06 1.0 00 02/ 64| 0.0 142 0.5/ 0.0, 0.0
635/ 12.0830| 61.2330 1299 451 48| 156 09/ 00/ 09 07 00 00 79 12 1.7, 00/ 00/ 03
640{ 12.0830| -61.2330 1299 486 14| 242{ 08 00 0.9 01 00/ 00 78 1.1 137/ 00{ 00{ 04
645| 12.0830| 61.2330 1299 517 3.0/ 16.1 04/ 0.0 08 1.0, 00/ 03 114 19| 6.8 00/ 00 03
650] 12.0830] 61.2330 1299 516 49| 17.2 0.2 0.0 0.2 1.1 0.0 0.5 5.4 0.7] 115 0.2 0.2 0.1
655/ 12.0830| -61.2330 1299 378 3.6/ 159 1.8/ 00/ 05/ 07 00 05 57 00 120 0.0 0.5/ 06
660] 12.0830, 61.2330 1299 397, 2.7{ 155 05 0.0/ 03 15/ 00/ 06/ 86, 0.0/ 99 00/ 00 02
665; 12.0830{ -61.2330 1299 385 2.7, 158 04, 00/ 0.7/ 0.7/ 00 00/ 137/ 0.0 139 04 0.0/ 07
670| 12.0830| -61.2330 1299 370 2.3 16.2 0.4 0.0 0.2 0.9 0.0 0.0 11.7 04/ 129 0.0 0.0 0.0
675| 12.0830| 61.2330 1299 410 4.4) 142| 03, 00/ 05 1.1 0.0/ 00| 14| 03 85 03 0.0, 0.0
680| 12.0830| -61.2330 1299 527 6.1 115/ 04/ 00/ 03/ 0.7/ 00/ 00 57/ 07 135 00} 00 01
685! 12.0830| -61.2330 1299 535{ 3.4/ 126/ 0.7] 00/ 05/ 00 00/ 00 82 05 143 00{ 00, 00
690| 12.0830| -61.2330 1299 353 24| 19.2| 04/ 00/ 06/ 02 00/ 00 87 04 130 00/ 04/ 00
695| 12.0830| -61.2330 1299 328/ 20/ 126/ 00 00/ 12 08 00 0.0 130 1.2 93| 0.0 00/ 00
700! 12.0830| 61.2330 1299 519 24| 171 04/ 00/ 04 1.1 0.0; 00! 102 1.9/ 131 0.0/ 00{ 0.0
705| 12.0830] 61.2330 1299 466! 21} 117/ 07, 00; 03 08 00/ 00, 120/ 03] 137/ 00 00, 00
710( 12.0830| 61.2330 1299 441 31| 128/ 06{ 00/ 06/ 00 00 00; 11.3] 06/ 153/ 03] 00/ 00
715| 12.0830| -61.2330 1299 374 32, 86, 03 00 13 08/ 00| o0 126/ 08 86 00 00/ 03
720| 12.0830] -61.2330 1299 459 1.3 114{ 00/ 00/ 03/ 06/ 00/ 0.0/ 114 12 113 0.0} 00 041
725| 12.0830| -61.2330 1299 340 1.5/ 74 00, 00 07 1.1 0.0 00/ 153/ 09/ 700 0.0[ 00 00
730{ 12.0830| -61.2330 1299 439! 21| 128/ 00{ 00/ 05/ 07 00 00 114 07 80 00 00 00
735! 12.0830] -61.2330 1299 461 29/ 140/ 03 00 04! 0.1 00/ 00, 96/ 06/ 87 00 00 03
740| 12.0830| -61.2330 1299 434 63/ 153/ 03] 0.0/ o6/ 03/ 00 00 53 03 126/ 03] 00/ 00
745| 12.0830{ -61.2330 1299 484! 8.2 9.1 0.4/ 0.0 1.0/ 04/ 00 00 33 07 148 00/ 00 04




Appendix IV: M35003-4, foraminiferal census counts

depth (cm) men  nit

obl

pal par+ qui qur qui rur ruw rus i sac  sci ten trus tum  univ
375 00 00 00 107 18 00 00 00 102 319 02 78 29 24 02 00 33 33 00 01
380 00 00 00 76 01 00 00 00 133 285 00 118 21 13 08 01 21 22 00 00
385 03 00 00 05 04 00 00 00 118 308 26 97 25 13 00 00 28 28 00 05
3900 00 00 00 09 041 00 00 00 121 314 26 91 35 18 09 00 34 34 00 06
3951 0.0, 00 00 15 06 00 00 00 139 248 37 70, 55 22 04 00 28 28 00 11
400, 00 06 00 03 00 00 00 06 130 345 06 81 40 16 03, 06 56 62 00 08
405 00 03 00 06 02 00 00 00 65 444 24 86 09 20 00 00 27 27 00 09
210 00 02 00 12 00 00 00 00 52 361 43 64/ 21/ 18 06 00 18 18 00 05
a15] 00/ 00, 00 13, 00 00 00 00 91 343 45 86| 23] 26 06/ 00 16 16 00 10
220l 00/ 02 00 32 05 00 00 00 122/ 388 35 53 35 14 00 00 20 20 00 02
225 00/ 00 00 04 13 00/ 00 00 82 386/ 27 74/ 46/ 30 00 02 11 13 00 02
4300 00/ 00 00 38 00 00 00 00 101 278 34/ 62 71 34/ 00 00 20 20 00 07
235] 00/ 041] 00/ 41 04 00/ 00 00 114 275 46 106/ 26 12 03 00 27 270 00 10
240l 00 06| 00 40 00 00 00 00 118 310 38 88 40 23 03[ 00 19 19 00 04
445 00/ 02 00 45 00 00| 00 00 172 259 20/ 11.0{f 27 13 00 00 31/ 31 00 06
450/ 00/ 00 00 06 16| 00 00/ 00/ 180 415 06 74 28 00, 00/ 00 33 33 00 03
255 00/ 00/ 00 49 04 00 00 02 118 365 31 84| 26 07 02 02 41 43 00 04
2460/ 00| 00 00 08 00 00 00 00/ 91| 383 34/ 116 28 11, 00 02 13, 15 00 04
265 00| 02 00 06 03 00 00/ 00 118 436 10 88 21 06 00 00 39/ 39 00 05
470 00l 00| 00 18 05 00 00 00/ 120 327 25 71 33 07 02 00/ 33 33 00 02
475 00/ 00 00/ 11 06 00 00 03/ 143 290 14| 106/ 33 14 00 03 46 49 00 06
480] 03| 00 00 20 07 00 00 o0 88 300 24 91 35 20 03] 02 19/ 20 00 02
a8s5| 00/ 00| 00/ 12 05 00 00 00/ 124] 224] 28] 143 54/ 05/ 02/ 02 35 37/ 00 05
490 00/ 00 00 29 07 00 00/ 00 92[ 275 34/ 73] 55 20 03 01 37 39 00 03
495/ 00 00 00 37 34 00/ 00 00/ 95 269 21 64/ 22 03 00 01 35 37 00 04
500 00| 02 00 50 08 00 00 00/ 126/ 261] 20/ 40 18 24/ 00 00/ 27 27 00/ 05
505 02| 00/ 00 56 09 00 00 00 145 241 39/ 64 19 12 00 00/ 21 21 00 06
510 00| 05 00 25 15 00 00/ 00/ 1.1 221 25/ 65 31 07/ 05 06 23 30 00 12
515 00| 02 00 36 12 00 00 00 11.8 232 12| 87 31 02 00 00 46 46/ 00; 0.0
5201 00| 00| 02 50 08 00 00 02 100/ 243 08/ 74/ 34/ 08/ 00 00/ 30 30 00 14
525/ 00| 0.7] 00/ 27 06 00 00 00 84 194/ 18/ 109 28 03] 00 13 16/ 30 00] 13
5301 00| 03| 00 34 10 00 00/ 03] 64 234 38/ 107 33 07 03 03 26 29 00 15
535] 00| 02 00 39 21 00 00 00 93] 2370 33 65 21 16/ 00/ 05 15 20, 00 15
540 00| 04| 00| 80 16/ 00/ 00 00 88 233 20 32 24/ 14 00/ 06/ 24 30 00 18
545] 00/ 02 00| 47, 14| 00 o0 o4 128 260 07 86/ 18 04 00, 00 32 32 00 07
550l 00| 05 00| 42 16 00 00 o00] 92| 208 35 50/ 36/ 12 02 12 31 43 00 07
555 00/ 03| 00/ 48 23 00 00 00/ 83 260 17 91| 32 00 00 05 22 27 00 08
560/ 00| 03| 00 57 11 00 00 o00] 51 254] 30 81 34/ 09/ 02 03 17 20 00 11
565] 0.0/ 04| 00| 25 06 00 00 00 74 252 28 124} 24| 06/ 06 0t 13 14 00 22
570 00 03] 00 44 17 00| o00] o0 75 197 28 72| 36/ 08 00/ 03] 22 25 00 25
575 00| 00/ 00| 124] 41 oo 00| o02] 64 159 32 58 30/ 32] 04/ 01 22 23 00 05
sg0] 00| 00| 00 125 36 00 00 03] 54 167 39 39 21 16/ 03 03 13 16 00/ 08
s8] 00 00 03| 74| 69| 00, 00 00 77/ 214 19 41 14| 11 03] 00 30| 30/ 00 00
590 0.0l 041 00| 46 33 00 00 06 81 238 12/ 78 09 06 00 09 26/ 35 00 19
595 00| 00/ 00| 42| 24| 00| 00/ 00/ 114 285 38 72| 13 21 04 02 11 13 00 06
600l 00| 00 00| 118 14| 00/ 00| 04| 54 297] 22| 40] 25 22| 04 00 06 06/ 00 02
605 00| 01 00| 38 28 00 00 00 99 303 14 47 20 38 03 01 13 14} 00 06
510 04| 00 00| 76 22 00/ 00 00 76 314 30 43 18 10/ 00 o1 16 17 00 01
615 00/ 041] 00| 42| 07 00 00/ 00 92 209 29| 63 19 13 09 00 13 13 00 04
620, 00 01| 00 53 20 00 00 03 83 217 38 65/ 25 10 03] 00 26 261 00l 03
625 00 04] 00 27| 09 00 00/ 00 148 250 11| 62 16 00/ 03 03 27 30 00[ 01
630 00 00/ 00 45 14 00 00/ 00[ 113 206 29 31 18 34 00 01 21 23" 00/ 05
635 00 04| 00 47 29 00, 00| 00| 95 240 15 56 19/ 20/ 00/ 06 31 37 00/ 01
640l 00| 00 04 104 14| 00| 00| 04 78 168 18 34/ 17/ 14 00/ 01 39 40 00/ 01
645 00/ 04| 00/ 76 27/ 00 00 00 94] 189 33/ 68 29 24 00 00 33l 33] 00/ 03
650 00 01| 00 74, 18 00 00 00/ 68 208 33 77 23 38 05 04 12 16/ 00 05
655 00 00| 00| 46 00 00 00 00 83 257 23] 102] 22 23] 05 03 15 18 00 05
660l 00l 00 00 97 28 00 00 00 72 210 09| 7ol 46 05 19/ 03 32 36 00 01
865 00 00 00| 57, 14 00 00 00 7.3 194 21 80l 20/ 07] 00 00 43 43 00 04
570 00 04/ 00 86/ 13 00 00 00| 74 196 29 59 29| 29 04 00 27| 27| 00 02
6751 0.0/ 00 00| 57| 03 00 00 00 148 251 22| 62 11 19 03] 00/ 14/ 14 00 00
680l 00 02 00 27 11| 00/ 00/ 00| 133 279, 13 78 23 27 03] 00 11 11 00} 02
685 00 04| 00 44] 06 00 00] 00 119 254{ 07| 75 29 17 00| 01 36 37 00 07
890 00 00 00 64 02 00 00 00 109 186/ 23 7.2 23] 26 04 00, 36 36/ 0.0/ 04
6951 0.0 00/ 00| 105 20| 00 00 00 91 237 08 63 20 08 04/ 02 38 40 00 02
700 00 02 00 80 12/ 00 00l 00 80 243 19 46 20 00 00 00 27 27| 00 04
705 00 00 00 103 47 00 00 00, 109, 192, 06 7.3 25 08 08 01 35 36 00 07
710 00 02 03 118 08 00 00| 00 63 222 18 55 20 06 00 00 32 32 00 06
715 00, 00l 03 53 05 00 00 00 123] 262 13| 91| 24| 08 00/ 05 45 51 00, 03
720 0ol 00 16 118 131 00, 00| 00| 131 223 09 36/ 34| 09; 03] 03] 21| 24 00 01
725 00 00/ 09 52 1.1 00, 00] 00| 175 225 17/ 96/ 31 04/ 00 02 39 41 00 00
730 0.0/ 00| 18 43 14 00, 00| 00| 159 194 09 87/ 55 11/ 00/ 02 46 48 00] 02
7351 00/ 03 10, 58 03 00 00 00/ 188 167 09/ 116 28/ 03] 00/ 00 38 38l 00! 041
740, 00| 00 19/ 88 06/ 00/ 00, 00 131 180[ 26 67/ 34} 23 00{ 00, 1.0 100 00] 01
745 00| 02 16/ 14 00 00 00 00l 159 225 25| 11.7] 24 071 04l 00/ 10 10 00l 1.0




depth (cm)uvu  ment .pdi par
375 00. 00 04 14
380 00 00 00 01
385, 00. 03 00 04
390. 03. 00 01. 00
395, 0.0 00 02 04
400, 0.0. 00, 00 00
405, 00, 0.0 02 00
4100 00, 0.0/ 00. 00
415 00, 00! 00; 00
420, 00, 00] 05/ 00
425! 00/ 00/ 02. 1.1
430 02/ 00/ 00/ 00
435 00, 00 01/ 03
440 00° 00/ 00 00
445 00/ 00!/ 00 00
450, 00! 00 04/ 12
455/ 00/ 00/ 00/ 04
460 00/ 00/ 00/ 00
465 00| 00| 03] 00
470 00/ 00/ 00 05
475) 00 00/ 00/ 06
480 00/ 03] 03/ 03
485 0.0/ 00/ 00/ 05
490] 00/ 00/ o01] 06
495/ 00/ 00/ 03] 31
500, 0.0/ 00| 00/ 08
505 0.0 02| 04/ 05
510, 0.0] 00 01 14
515| 0.0/ 00/ 10/ 02
520, 0.0/ 00 08/ 00
525 0.0 00/ 03] 03
530/ 00/ 00| 03] 07
535 00/ 00 11 10
540, 00/ o00] 08/ 08
545 00| 00| 00| 14
s50] 00/ 00| 10/ 06
s55| 00| 00 05/ 18
s60 0.0/ 00| 00 11
565] 00| 00/ 00| 06
570 00/ 00| 00 17
575, 0.0/ 00/ 09 32
580 00/ 00/ 02| 34
585 00| 00 25/ 44
590/ 00/ 00| 04 29
595/ 0.0/ 00| 04/ 17
600l 0.0 00 00| 11
605 0.0/ 00/ 08 20
610, 0.0[ 01] o01] 21
615 0.0] 00 00/ o7
620, 0.0/ 00 03] 18
625 00/ 00/ o01] 08
630 0.0[ 00] 00/ 14
635] 00| 00| 07 22
640 0.0 00/ 00] 14
645 00/ 00/ o08/ 19
650 0.0 00/ o01] 17
655] 00/ 00/ 00 00
660 00/ 00| 00l 28
665 0.0 00/ 00 14
670 00 00] 02 11
675 0.0] 00/ 00/ 03
680] 00| 00/ 01 1.0
685/ 0.0/ 00/ 00 06
690 00| 00| 02/ 00
695 00/ 00[ 00 20
700, 00/ 00 00/ 12
705 00[ 00/ 03 14
710] 00/ 00] 00/ 08
715 00/ 00/ 05 00
720/ 00/ 00/ 00 13
725] 00/ 00/ 07 04
730, 00/ 00/ 00/ 14
735 0.0{ 00/ 00 03
740 00/ 00/ 03] 03
745 0.0{ 00/ 00 00

Appendix 1V: M35003-4, foraminiferal census counts



Appendix IV: M35003-4. foraminiferal census counts

water
depth (cm) Lat Long depth (M) counted aeq  bul cav con cra deh dg dut fal glu  hir  hum inf
750 12.0830 -61.2330 1299 645 57 138 041 00 08 02 00 08 40 00 97 00 00 04
755 12.0830° -61.2330 1299 431 10 175 05 00 05 05 00 00 65 04 102 04 00 03
760 12.0830 -61.2330 1299 537 16 152 05 00 08 05 00 00 80 12 148 00 00 05
765 12.0830 -61.2330 1299 509 40 16.1 08 00 07 06 00 00 51 11 105 00 00 03
770 12.0830 -61.2330 1299 537 3.1 1641 03 00 07 1.0 00 00 54 03 168 03 00 02
775 12.0830 -61.2330 1299 480 17. 160 00 00 ©06 06 00 00 130 12 118 00 00 01
780 12.0830 -61.2330 1299. 403 25 186 00 00 02 06 00 00 53 04 216 04 00 O.1
785! 12.0830. -61.2330 1299 478 1.9 169 00 00 07, 07 00. 00 115 14 147 00 00 06
790! 12.0830° -61.2330! 1299, 757 1.2° 192: 03 00 03 04 00/ 00 131 07 95 00 00 04
795! 12.0830i 61.2330! 1299 299, 10 124' 03 00 10, 03 00 00 37 07 74 00 00 10
800; 12.0830: -61.2330i 1299 430 13" 1414 00 00 08 02 00 00 97/ 03 103 00 00 02
805) 12.0830: -61.2330' 1299: 299" 1.0, 127! 0.7/ 00 13, 07/ 00 00 164/ 00, 50 00 00 03
810! 12.0830: -61.2330! 1299° 5421 02 180/ 02 00 01 02 00, 00 118 00 107 00 00 07
815 12.0830: -61.2330 1299 170 04] 1570 00 00 16/ 00 00, 00 141 00 24 00 00 04
820] 12.0830; -61.2330 1299 462! 0.8 196" 06' 00 04 01 00/ 00/ 139, 03 76 03. 00 06
825| 12.0830; 61.2330 1299! 321 03 165 00! 00 12 06/ 0.0 00 174 06/ 53 00 03 00
830 12.0830; 61.2330 12091 443| 04] 17.00 06; 0.0. 0.1 03 000 00 11.1] 00 101 00 00 00
835} 12.0830] 61.2330 1299 522 141 85! 041 00/ 23] o8 00 00 171 06, 68 00 00 00
840! 12.0830] 61.2330 1299 634] 2.3 104] 06/ 00 05 07, 00/ 00 48 03/ 165 00, 00 0.1
845| 12.0830| 61.2330 1299 448! 28| 114 06/ 00 08 06/ 00 00 31 00/ 143 00, 00 00
850| 12.0830 -61.2330 1299 509/ 56| 101 02/ 00, 06/ 06 0.0f 02/ 40/ 0.0 141 00 00 00
855! 12.0830| -61.2330 1299 559| 6.5 88 16| 00] 13| 041 00, 00/ 54 02 124 00, 00 00
860| 12.0830! -61.2330 1299 401 2.7 16.2] 03] 00/ 06 05 00/ 00 72/ 03 112 00 03 00
865| 12.0830] 61.2330 1299 356 24| 135 04| 00/ 05 07/ 00/ 00 71 04| 102! 00/ 00 04
870] 12.0830| -61.2330 1299 511 34| 152 03| 00] 06/ 0.1 00/ 00/ 47/ 00 155 00/ 00 03
875! 12.0830] -61.2330 1299 531 19/ 73] 06] 00 11 0.9/ 00 00 26/ 12| 114/ 02 00 01
880| 12.0830{ -61.2330 1299 382| 83 44/ 30/ 00 06/ 02 00/ 00 24 00 95 00 00 11
885| 12.0830] -61.2330 1299 382| 60/ 27/ 08 00 16/ 00 00 00 25 04 38 00 00 08
890| 12.0830| -61.2330 1299 414] 71| 135/ 12/ 00/ 1.8 08 00/ 00/ 33 00/ 126{ 00 00 01
895! 12.0830| -61.2330 1299 547 80/ 181 1.3/ 00 15 10/ 00/ 06: 48 10 90 00 00 03
900{ 12.0830| -61.2330 1299 308 6.1] 158/ 18/ 00/ 27/ 07 00/ 00/ 36/ 00/ 88 00 00 00
905/ 12.0830| -61.2330 1299 526 80/ 63| 20/ o0 23 11 00 00 52 08 156 00 00 0.0
910} 12.0830] 61.2330 1299 327] 6.5 143 14| 00/ 15 12| 00/ 05/ 20/ 14/ 208/ 00/ 0.0 041
915} 12.0830| -61.2330 1299 407 69| 107 20/ o0 13 03] 00 00 40/ 09 133 00 00 01
920| 12.0830] -61.2330 1299 332 79/ 161 40 00 08 08 00/ 00 25 00 156/ 00 00 01
925 12.0830| -61.2330 1299 472] 43] 123] 14| oo/ 01 22 00 00/ 66/ 00/ 106 00 00 00
930( 12.0830] 61.2330 1299 361 3.5 209 13| 00/ 07 29 00 00 55 07 144/ 00 00 00
935/ 12.0830] -61.2330 1299 3s6] 54| 62/ 30 00 10 08 00 04 66 00 80 00 00 00
940| 12.0830] -61.2330 1299 529 74| 92| o09] oo os] ool o0 00 12 46/ 101 00 00 00
945 12.0830| -61.2330 1299 342 31] 76| o04] 00l 04| 22/ 00 00 102 00f 110, 00 0.0, 0.0
950 12.0830{ 61.2330 1299 329 4.1 209 16/ 00, 02 33| 00/ ool 87 02 102 00/ 00 00
955/ 12.0830! -61.2330 1299 492 04| 55 00/ o0/ o9 39 00/ 00/ 88 12/ 108 00 00 00




Appendix 1V: M35003-4, foraminiferal census counts

depth {cm) men obl  pal par+ qul qur qui rur ruw  rus  td sac ten td tr trus  tum  univ
750 00 03 t8 48 02 00 00 00 91 223 21 107 42 35 03 01 33 34 00 12
755 00 02 t2 125 11 00 00 00 95 237 41 66 05 08 00 00 14 14 00 05
760 00 00 30 92 12 00 00 00 69 234 44 36 17 02 02 00 18 18 02 05
765 00 01 24 54 31 00 00 00 110 226 29 82 19 00 07 00 21 21 00 04
770 00 01 11 87 18 00 00 00 111 184 10 64 17. 26 00 00 27 27. 00 04
775 00: 00 23 23 19 00 00 00 114 207 29 62 32 06 03 01 26 27 00 06
780, 00 02 03 54 29 00 00 00 88 180 08 48 21 21 00 01 46/ 47 00 02
785. 00 00 18 89 14 00 00 00 97 198 33 29 11 00 00 01 25 26 00 00
790° 00: 03. 18 61 17 00 00 03 63 273 13 37 17 07, 01 01/ 34 36/ 00 01
795 00 00 13: 40 33 00/ 00 00 84/ 244 27 80 27 03 07 00 54 54 00 10
800. 00 00 11 60 25 00 00 00 71 282 19 83 27 06 06 00 36 36 00 00
805! 00: 00 23 23 23 00: 00 00, 124! 224! 23, 67 40, 03 00 00 64 64 00 00
8100 00° 00 15 65 16/ 00 00 00 58 2921 22 51 19 07/ 00 01/ 30 31| 00 0.2
815. 00 00 00. 24/ 32 00 00 00 92 382 16/ 36/ 20/ 00/ 00 00 48, 48 00| 04
820/ 0.0/ 00 06 68 17, 00, 00/ 00 56 285 25 35 04 23 00 00 39/ 39 0.0: 00
825/ 0.0; 00/ 09 09 28 00 00 03 131 298 28] 34/ 28 03] 00 00 25 25 00 00
830 00/ 00/ 16/ 14/ 10 00 00/ 00 24/ 422/ 20 54 09 11 00 00 24 24 00 0.0
835/ 00/ 00 00 03 19, 00/ 00, 00 60 369 1.0 86 34 00 01 00 41 41 0.0 00
840 00, 01; 06/ 17 19, 00/ 00/ 00 69 360 14 95 12/ 12. 00/ 00 29 29 00 01
845! 00i 03 08/ 03/ 01 00, 00; 00/ 152 271! 03] 146/ 38 03] 00/ 00 32/ 32 00 00
8501 00/ 00f 10/ 29/ 10/ 00/ 00/ 00; 122} 313} 05 93 28 12| 0o o01] 21 221 00l o1
855/ 0.0f 03] 1.1 18/ 08 00/ 00[ 00, 99/ 276! 23] 11.3] 43/ 11/ 00| 01 24 25 00 03
860. 00; 06/ 06, 7.1 22, 00/ 00 06 136 167 29| 75/ 24| 06/ 00/ 02 47/ 48 00/ 06
865, 0.0, 04/ 11 04 16 00/ 0.0/ 04| 137/ 279 18 95 35 04/ 00 00/ 36/ 36 00 00
870 00, 00/ 06 23 13i 00/ 00/ 00; 150/ 198/ 05 112 15 28 00/ 01 37 38 00 o8
875 0.0f 00f 14 02 21 00/ 00/ 0.0 203/ 27.1 12| 109/ 3.00 05/ 0.0/ 00 47, 47 00/ 05
880l 00, 00, 06 04 05 00 00/ 00 71| 439 04/ 75 06| 04 04 01 61 62 00 05
885 00, 00 18 00/ 04/ 00 00 00/ 33} 590{ 04] 74| 20/ 04/ 00/ 04 53 57 00 00
890 00/ 00/ 08 00 09 00 00/ 00 107 302 00/ 98 170 12/ 00| 07 20 27 00/ o9
895 00/ 00 10 03 10 00 00/ 0.0] 155 167 45 7.7 31| 00/ 00 o0.1] 39 40/ 00 05
900| 0.0/ 02/ 08/ 00/ 03 00 00 03 151 211 13| 109/ 23] 17/ 03] 00 50 50 00 02
905! 0.0f 00/ 08 00/ 17 00/ 00/ 00 217/ 163] 15 95 28 05 00 04 22| 286 00 13
910, 00/ 00! 11/ 00/ 25 00 00/ 00| 155/ 16.2] 09/ 87 09/ 00 09 01 14, 15 0.0/ 09
915/ 0.0/ 00/ 08 04/ 07/ 0.0, 0.0 0.0 200 191 1.8/ 103] 12| 00| 04| 06/ 43| 49 00/ 04
920] 0.0f 00/ 06 05 05 00 00 05 132 159/ 20 103 20/ ool 10 10 25 35 00 05
925 00 00] 11] 06 17/ 00/ 00/ 00 215 180/ 36/ 94| 15 00| 06| 170 20 36 00 08
930 00| 00] 02 04] 27 00 00/ 00| 149 140/ 51 53 16] 11 18] 15 09 24 00 o7
935/ 00} 00 06 00 12 00 00 00 300 237 08 80/ 10/ 00 00 12| 18 28 00 02
940{ 00, 00 08 09 15 00 00 00 106/ 379 03] 92/ 17 03] 03] 01 o041 02 oo 16
945/ 00/ 00/ 14| 00, 04 00 00 00 182 296] 31} 69 14] 00 12 02 20 22 oo o2
950 00/ 00; 02 00 06/ 00 00 00 100/ 278 45 49 02/ 00| 0o 04 10 14 00 04
955/ 0.0 00/ 131 0.0/ 05 00 00 00 210 336/ 20 57 13| 00| 04 o041 05 o6 00/ 19




depth (cm)uvu ment pdi  par
750 00 00 01 0.1
755 00 00 07 04
760 00 02 02 10
765 00 00 05 26
7700 00 00 01 17
775 00 00 04 14
7800 00 00 01 28
78! 00 00 03 1.1
7901 00 00 09 08
795 0.0 0.0 20 1.3
800l 00; 00 09 16
805! 0.0; 00 10 13
810/ 0.0 00 06 10
815 0.0, 0.0; 00 32
820 0.0: 00 00 1.7
825; 00 00 09 19
830/ 0.0, 00 03: 07
835] 00: 00 14 05
840/ 00; 00/ 01] 18
845 00{ 00/ 01/ 0.0
850/ 0.0 00/ 02, 07
855/ 0.0/ 00 06 02
860 00/ 00 13 10
865 00/ 00/ 09 07
870/ 0.0/ 00/ 00 13
875 00] 00 1.4/ 07
880 00| 0.0 05/ 00
885/ 0.0/ 00/ 0.0] 04
890! 00/ 0.0, 0.1] 08
895 00/ 0.0/ 10/ 00
900{ 0.0 0.0/ 00/ 03
905/ 0.0/ 00/ 14/ 03
910/ 0.0 0.0/ 06/ 19
g15] 00/ 00| 07 00
g20f 00| o00f 00/ 05
925/ 00 00 14/ 03
930l 00/ 00 13 15
935 00/ 0.0} 08 04
g40] 00| 00 01 14
945{ 00/ 0.0/ 04| 00
g50] 00 0.0/ 02 04
955/ 0.0/ 00/ 0.0{ 05

Appendix [V: M35003-4, foraminiferal census counts



Appendix V: M35003-4. plankionic foraminiferal assemblages (factors) and TFT SST estimates

Est.
Tc0-50 Est. Two-
depth (cm) age {cal.kyr) COMM. factor1 factor2 Factor 3 Factor4 Factor5 Factor 6 Factor 7 Factor 8 Factor 9 (°C) 50 (°C) seasonality
0 000 0963 0964 0036 0001 0015 0047 0033 0013 0170 0074 250 27.3 2.3
5 029 0901 0913 0.046 -0001 0016 0101 0020 0022 0193 -0.133, 251 274 2.3
10 058 0.971. 0939 0.040. -0.003 0013 0150 0.027 0002 0237 -0.086 245 271 2.6
15 0.87. 0.968 0.959. 0.050 -0.002 0.009 0081 0026 -0018 0158 -0.115 251  27.2 2.1
20 115 0.943° 0936 0070 0002 0019 0077 0018 0109 0204 0039 242 269 2.7
25 144 0977 0938 0066 -0.002. 0.011 0152 0027 0069 0236. -0095. 242 267 25
30 173 0960, 0.950° 0.067 -0.001° 0.016° 0.098 0021 0033 0171 -0.104 247 269 2.2
35 2.02 0989 0984 0057, -0.001 0.011° 0000 0028 -0.014, 0.120° -0.053. 248  27.0, 22
40; 2311 0.987) 0974/ 0.092] 0000 0011 -0.061, 0.028 0069 0.136 0036 243 267, 24
45 259, 0.988 0982, 0.062 -0.001] 0.014' -0.008] 0028, 0030 0.127; -0.054] 248] 27.0 22
50 2.881  0971] 0.961] 0.134] 0001, 0012° 0012, 0.031 0052] 0.148 -0.065 238 262 24
55i 317{ 0.979] 0976. 0.063i -0.001] 0.018. 0.018 0021] 0051, 0.090 -0.098 254, 274 17
60! 346, 0.901] 0.910] 0.084] 00011 0015, 0050/ 0.015. 0.170' 0.103' -0.151: 26.0! 27.4i 14
65! 3.75| 0.943] 0945 0.074] 0017/ 0019 0015 00211 0119 0128 -0.115] 254. 271 17
70| 404/ 0886 0.905| 0.092] 0.001] 0011 0070 0016 0101 0181 -0.102 246  27.0 2.4
75i 4.32] 0.862] 0876/ 0.09| 0002 0009, 0146 0.012] 0.126] 0.127] -0179' 254  27.2: 18
80. 4611 0.866] 0854 0.173] 0.005 0.008 00431 0012] 0268, 0.109 -0.142] 249 264 15
85 490 0.837] 0873 0.072] 0002] 0.003 0086 0016] 0121 0050 -0210{ 268 _ 27.9 12
90; 519! 0.941] 0.949; 0.092] 0.001{ 0.011] -0.046; 0.021] 0095 0.107] -0.097] 252 27.0 1.8
95 5.48] 0904] 0932 0.095 0002 0018 -0.010] 0.024] 0032] 0.102] -0.118 250 27.0 2.0
100 576/ 00916] 0.940] 0.071/ 0.001{ 0.006] -0.045] 0028/ -0.001] 0.120] -0.101] 250 27.2 2.3
105 6.03] 0.888] 0923 0082 0.002] 0.003] -0009] 0022] 0032 009 -0.139] 255 274 1.8
110 6.30] 0.916] 0945 0048/ 0.001] 0.006] -0.050] 0.023] -0.027] 0091 -0.095 253 27.4 2.1
115 6.55| 0.931] 0949 0.076] 0.001] 0.007] -0.064] 0031 0014/ 0091] -0.103] 252/ 271 2.0
120 6.80] 0.920; 0.941] 0.057] 0.001] 0.009] -0.015] 0.022] 0.052] 0.123] -0.117] 255 27.4 1.9
125 7.05] 0950] 0.958] 0.093{ 0.001] 0.008 0.005] 0.028] 0038 0078 -0.126] 254] 270 1.6
130 7.30] 0956] 0.962| 0.088] 0.001] 0.008] -0.011] 0027 0.032] 0108 -0.099 250/ 269 19
135 7.55| 0959 0.964] 0.098/ 0.000 0.015] -0.028] 0028 0.022] 0.102] -0.085] 247 267 2.0
140 7.80, 0985 0.977] 0.114] -0.001] 0.024] -0.070] 0.023] 0.056] 0.096 -0.007] 239 263 24
145 805 0.964] 0.965 0.108/ 0.000{ 0.016] -0.050] 0.029] -0.008] 0.120] -0.060] 24.1] 265 24
150 8.30] 0.889] 0908 0.161] 0.000] 0.029] 0.010] 0017] 0.103] 0.143] -0.076] 23.7] 26.1 24
155 8.55| 0.920] 0.937] 0.101] -0.003 0.038] 0.079] 0025 0026/ 0.135] 0065 242 265 2.4
160 8.80| 0.952] 0.925 0.264] 0.003] 0.005 -0.012] 0029] 0.013] 0.158] -0.026] 218 249 3.1
165 9.02] 0964] 0.951] 0.162] 0.001] 0027/ -0.027] 0.039] 0.149] 0073] -0.052] 241] 260 1.9
170 9.20] 0.898| 0.906] 0.227] 0.003] 0.019] 0031 0030 0032] 0.137] -0.060] 227 254 2.8
175 9.38] 0909 0915/ 0205 0.001] 0.015] 0.053] 0029] 0025 0.127] -0.096] 233] 257 24
180 956 0884 0.879] 0.264] 0.003] 0.010] -0.004] 0030] -0.011] 0.195] -0.043] 217 251 35
185 9.74] 0.948] 0.950| 0.168 0.002] 0.014] -0061] 0038] 0020 0094 -0052] 235 259 24
190 9.92] 0910] 0.902] 0280 0.005 0.001] -0.044; 0031 0025 0107 -0055 221] 250 2.8
195 1025 0.834| 0.847) 0.229] 0.005] 0.006] 0097 0050 0065 0.144] -0.168] 235/ 259 23
200 1058 0.893] 0.898/ 0.215] 0.005| 0.009] 0.054] 0050 0060] 0.147] -0.103] 232] 257 25
205 10.91] 0.864] 0.893] 0.176] 0.002{ 0.008] -0.007] 0029 -0.026] 0.149) -0.113] 235 262 2.7
210 11.23] 0.891] 0.876] 0.311] 0.006] -0.014] 0.022] 0028 -0.002] 0.128] -0.098] 22.1] 250 28
215 11.56] 0.961] 0.927] 0284 0.009] 0.012] -0.024] 0034] -0059] 0067 -0.103] 226/ 249 2.3
220 11.89| 0.897] 0.844] 0346 0.007] -0.011] -0.040] 0.026] 0214] 0.0838] -0.094] 22.3] 244 2.2
225 1222| 0969 0.929] 0.299] 0.005] -0.015] -0.066] 0.033] -0.003] 0.094] -0.048] 21.9] 247 28
230 12.49| 0948) 0925 0.263] 0.004] -0.009] -0.036] 0033] 0025 0086 -0.112] 230 252 2.2
235 1275 0.981] 0.934] 0.309] 0.005| -0.015] -0.045/ 0.035] -0.028/ 0.084] -0.048] 218/ 245 2.7
240 13.01] 0.970] 0876] 0426/ 0.007] -0.014] -0.043] 0036] -0.017[ 0.130] -0.019] 200/ 235 35
245 1328/ 0.978] 0.926] 0.269] 0.015] 0.008] -0.105| 0065 -0.014] 0.160] 0083 204 245 4.1
250 1354| 0904| 0.849] 0.389] 0.006] -0.006] 0.025/ 0.027] 0.088] 0.115 -0.099] 21.3] 241 27
255 1381] 0.963] 0.922] 0.290, 0.018] -0.005] -0.049] 0060/ -0.053] 0.141] -0.022] 21.4] 247 3.3
260 14.07) 0.953| 0.878/ 0405 0.012] -0.010] 0.005] 0.049] -0.029] 0.119] -0.011 205/ 238 3.4
265 14.34] 0.961] 0.908] 0.344| 0.013] 0.001] -0.008/ 0.069] -0.035] 0.094] -0.047] 21.4] 242 2.9
270 1461] 0968 0905 0.360/ 0006 -0.001] -0.006] 0065 0.021] 0.122] -0.010] 208/ 240 3.2
275 14.87|  0.965] 0927 0.289] 0.034] 0.001] -0.041] 0074 -0.065] 0088 -0037] 218 246 2.9
280 15.14] 0.964| 0.950{ 0.217] 0.003] 0.017] -0.030! 0041] 0.007] 0.106] 0.000] 22.4] 252 2.9
285 1540] 0.994] 0984 0.137] 0.000/ 0.013] -0.042] 0030/ 0006 0.052| -0.043] 24.1] 261 20
290 1567| 0.931] 0951 0.109] -0.002] 0.021] 0.015 0025 0037] 0013 -0.108] 254, 268 14
295/ 16.11]  0.961] 0.959] 0.183] 0.007| 0.034| -0.038] 0.034] 0038 0057| 0004] 230/ 255 25
300! 16.54] 0.810{ 0.850] 0.266] 0.001] 0.025/ 0.008] 0.017] 0.104] -0.002] -0.072] 236 256 2.1
305 16.98] 0.940] 0.891] 0.361] 0.082] 0.015] 0.033] 0.044] 0046] -0.005 -0.060] 21.8 242 24
310 17.41)  0.948: 0.849] 0.437| 0.053] -0.008] -0.033] 0049 0139 0076] -0.068] =208 234 2.7
315 17.87] 0954 0.909] 0.322] 0.055] 0.007] 00290 0.043] 0.105] 0072] -0.041] 21.8] 245 26
320 18.34| 0.875| 0.777] 0.391] 0.116] 0.013] 0017] 0.026/ 0287] 0098 -0.111 218 238 2.1
325| 18.80; 0.862] 0.840| 0.326] 0.088] 0.005! 0.067] 0030 0.078/ 0131 -0.118] 221 24.6 2.6
330! 19.26| 0.860] 0.847] 0.312] 0.067] 0.001] 0.050, 0039 -0.001 0156 -0.114  22.0/ 248 2.9
335! 19.73] 08711 0.860, 0273] 0.078] -0.002] 0.064] 0029 0.094] 0065 -0.180] 236/ 254 18
340! 20.19] 0.894] 0877] 0.240] 0.1291 0.031] 0092] 0053 0.036] 0074 -0.175] 234 254 2.0
345 20.66] 0.911] 0.842] 0.314] 0.132] 0.007] 0.057] 0038/ 0.215] 0.106] 0.157] 23.1] 24.8 17
350/ 21.12] 0.894] 0.868/ 0266 0.013] 0.013] 0.141] 0028] 0.156] 0.102| -0.122] 230 252 2.2
355/ 2158/ 0954 0.907| 0276/ 0.120] -0.003] 0.008] 0.058/ 0.119] 0020/ -0.153] 239 255 1.6
360} 2205 0953] 0928] 0285 0.008] 0005 0003 0037 0026 0085 -0039] 2211 248 2.6
365 2251] 0930 0.897] 0.287] 0.125] 0.002] 0.005' 0.039] 0025 0098] -0.124] 22.6] 250 2.3
370| 22.97| 0975/ 0.898] 0.270] 0.244] 0013] -0.029] 0.026! 0.062] 0.174] 0018 222 253 3.1




Appendix V- M35003-4, planktonic foraminiferal assemblages (fuctors) and TFT SST estimates

depth (cm) age (cal.kyr) COMM. factor 1

Est

Tc0-50 Est TwO-

factor 2 Factor 3 Factor4 Factor5 Factor6 Factor 7 Factor8 Factor8 (°C) 50 (°C) seasonality

375 2344 0963 0901 0248 0271 0028 0021 0.053 0.063 0.114 -0.041 231 258 2.7
380 2390 0942 0884 0311 0202 -0.003 0012 0027 0034 0051 -0.139 229 25.1 22
385 2424 0964 0914 0267 0016 0007 0021 0036 0211 0058 -0.083 234 25.1 1.7
390 2458 0960 0933 0271 0.026 0011 -0018 0.027 0064 0.070 -0.067 226 24.9 2.3
385 2492 0910 0866 0306 0047 0015 -0019 0.031 0220 005 -0.105 23.1. 248 1.8
400 2526, 0950 0.947 0.192 0.011° 0025 -0.056 0.023. 0.088 0.061. -0.036 235 256 2.2
405 2560 0.990. 0.962° 0.157. 0.012° 0020 -0.102° 0.026 0.157; 0.055' 0.023 23.7 26.0 2.3
410! 25.84' 0.980: 0.938° 0.259 0.030. 0.013° -0.050 0028 0.132! 0.109. 0.023 218 248 3.0
415! 26.28° 0.982; 0938 0275 0.035 0019 -0.049 0.024] 0.125. 0.068 -0.026 223 24.7 24
420i 26.62; 0967/ 0939 0240 0.075 0012} -0.068; 0.030° 0.004; 0.126° -0.005 218 249 3.1
425| 26.96° 0990 0.953 0242: 0.012, 0.022. -0.0471 0.053: 0.086: 0097 -0.014! 22.2 24.8 26
430! 27.30. 0.843! 0.893; 0.319. 0.109° 0.021, 0.035. 0.023' 0.096 0.137; -0.030' 21.4' 243 2.9
435! 2764 0.949° 0889 0325/ 0.1151 0000, 0.058] 0.034* 0.080° 0.128! -0.109: 22.1, 245, 24
440: 2798/ 0.966: 0.933, 0231 0.1050 0009 -0.013; 0.0231 0.134! 0.090| -0.070: 23.3 25.5. 2.1
445 28.32) 0.891! 0.868] 0.247{ 0.122f 0.017i 0025 0018 0.168/ 0.083! -0.160! 240, 25.6 1.6
450 2866/ 0936 0935 0.188] 0015 0016/ -0.063i 0.054] -0.029] 0.125] -0.061| 22.9 25.6 28
455 29.00] 0970 0945 0.182] 0115 0035 -0.004] 0029 0.027] 0.162] -0.036! 22.7; 25.4: 27
460 29.35| 0.984] 0.960, 0.174] 0.019) 0.011] -0.042! 0027/ 0.157] 0.040] -0.049! 24.4: 26.1! 1.7
465 29.69] 0981/ 0.967| 0.159] 0.013! 0.026! -0.063] 0.028/ 0.053] 0.106! -0.021| 23.2 25.7. 25
470 30.05/ 0.953] 0900, 0357 0.048] 0017{ -0.019] 0.043] -0.031] 0.100i 0.012 20.6! 23.9 33
475 30.41] 0917] 0869/ 0.371] 0.035] -0.004; 0.038] 0.046/ 0.008/ 0.097| -0.098 2186 242 27
480 30.77| 0.978/ 0.865/ 0.465| 0.059/ -0.017| 0.020{ 0.046] 0.016] 0072 -0.033 20.3 23.3 3.0
485 31.13] 0.897{ 0.788/ 0419/ 0.039] -0.003] 0204 0.047] -0.051] 0.142] -0.181 215 241 26
490 31.49; 0.950, 0.837| 0444 0.084] -0.002| 0086 0.051] -0.083] 0.163] -0.006 20.2 236 34
495 31.85/ 0.953] 0.807| 0.328| 0.101{ 0.045| 0.178/ 0.109] 0.051] 0.369] 0.002 20.2 234 3.2
500 32.21| 0.929] 0.796| 0448/ 0.141] -0.004] 0.050f 0.051] 0.080] 0.252| 0.009 19.5 231 3.6
505 3257 0.903] 0.795/ 0.429] 0.162] -0.004| 0044] 0.041] 0.140] 0.178] -0.072 20.6 23.5 29
510 32.90] 0.840| 0.747| 0.538] 0.081| -0.012] 0.127] 0.074] 0.012] 0.244] -0.073 19.3 22.8 35
515 33.20] 0905/ 0.765 0.310{ 0.099] 0.021| 0.252] 0.045] 0.003] 0.378] -0.069 211 24.0 29
520 3349 0.955| 0.749] 0.554] 0.145] -0.022| 0.116] 0.043] -0.054| 0.208| -0.060 19.7 23.0 33
525 33.79/ 0922/ 0.705| 0.617| 0.089] -0.027| 0.129] 0.049] -0.053] 0.073] -0.094 19.9 228 29
530 34.08/ 0961] 0822 0.503] 0.099| 0012 0.053] 0.050{ 0.121] 0.024; -0.054 20.3 23.0 2.8
535 34.38/ 0939/ 0817 0372 0.119] 0082 0.144| 0.056! 0.075 0.288/ -0.011 19.8 23.1 3.3
540 3468 0959 0.781| 0452 0242] 0.032| 0065 0.049] 0.084) 0267 -0.003 20.2 23.2 3.1
545 3497/ 0.930] 0852 0267/ 0.132] 0.029] 0.146] 0.063] 0.080, 0.282] -0.060 21.7 244 2.7
550 35.23| 0.930| 0.770| 0.483| 0.135] 0.033] 0.110] 0.050| 0.120{ 0.235] -0.018 19.1 225 34
555 35.41| 0970 0.858 0409 0.135/ 0.013] 0.086] 0.083] 0.076] 0.154| -0.064 20.8 237 2.9
560 3560 0.976] 0.830| 0.464| 0.165 -0.005 0.039] 0.058; 0.166] 0.103] -0.040 20.5 234 3.0
565 3581 0.953| 0.868| 0.302| 0.071] 0.025/ 0082] 0.039] 0.281] 0.084{ -0.090 22.6 24.6 2.0
570 36.08] 0.954| 0.709] 0528/ 0.136] -0.002| 0201 0.078] 0.121} 0.299| -0.061 19.0 22.0 3.1
575 36.34| 0.931] 0.642] 0431, 0379 0.018] 0.153] 0.115| 0.299] 0246, -0.038 215 23.3 1.8
580 36.60| 0.958) 0.577) 0591 0.378] -0.007| 0.156] 0.119] 0.078] 0.298] -0.008 20.3 224 2.1
585 36.86] 0.951] 0.663] 0466| 0215 0043} 0212} 0.165] -0.026{ 0.417] -0.015 20.6 22.9 24
590 37.12] 0.953| 0.818| 0407 0.142| 0015 0.128] 0.115] 0.080; 0.248 -0.027 20.3 23.4 31
595 37.38| 0.956| 0.867| 0314} 0.116] 0.018] 0.086 0.073] 0.077| 0.266; -0.053 21.1 24.0 29
600 37.64| 0985/ 0.789] 0487 0.306{ -0.021, -0.008] 0.054] -0.003] 0.171] 0.004 20.5 240 35
605 37.90] 0.954] 0.861] 0421 0.106| 0.022| -0.051] 0.080] 0024, 0.116] -0.032 20.0 23.4 34
610 38.16/ 0.984| 0.834| 0428 0.198| -0.014] 0.029] 0.084| -0.034] 0.240{ 0.005 20.4 238 3.5
615 38.37) 0.956] 0.898] 0.290! 0.112{ 0.005{ 0.019] 0.045| 0.118] 0.187] -0.036 21.7 245 28
620 38.49] 0.962| 0.759] 0541 0.164] -0.007| 0029 0.080] 0.204] 0.117| -0.062 19.6 22.5 2.9
625 38.62| 0.917| 0.755/ 0530/ 0.080| -0.028/ 0.063] 0.058/ 0.002] 0.212| -0.084 19.4 23.0 3.6
630 38.74| 0.924| 0.705/ 0576, 0.139] -0.023] 0022/ 0.066| 0.174] 0.194] -0.044 18.3 21.7| 3.5
635 38.86| 0.957| 0.787 0510 0.141] 0.006] 0.056] 0.096; 0.086| 0.193] -0.015 19.2 22.7| 35
640 38.98] 0.951] 0.541} 0.721| 0.297| -0.028] 0.065| 0.064] 0.097| 0.178] 0.002 17.5 20.9; 35
645 39.11] 0.918] 0.692] 0.529] 0239 0.005] 0.172] 0.089] -0.023] 0.251] -0.040 20.4 23.2| 2.9
650 39.23] 0.957| 0.737| 0.576] 0.228) -0.021] 0.060{ 0.077| 0.074] 0.105] -0.056 19.8 23.0 3.2
655 39.70i 0.973] 0.822] 0503 0.132] -0.014; 0.055 0032 0.066] 0.099| -0.092 20.3 231 2.8
660 40.18] 0.956] 0.741] 0.508| 0.294/ -0.007| 0.125| 0.107{ 0.031| 0.175] -0.065 211 23.9 2.8
665 40.65] 0.944] 0691 0541 0170 0.002] 0.191] 0.069] 0.148] 0.281| -0.049 18.9 219 3.0
670 41.13] 0951] 0689 0548/ 0.257| -0.020] 0.144] 0.061| 0.131] 0260, -0.033 19.8 225 2.8
G 4160 0918/ 0.782] 0423] 0.158] -0.022] 0.100] 0.039] 0.028] 0.284| -0.090 20.6 236 3.0
680 42.08] 0948/ 0864 0380/ 0077 -0.008) 0018{ 0.056] 0.144] 0.140{ -0.089 21.3 239 2.6
685 42.55] 0.949] 0.826] 0428 0.117) -0.007] 0.064] 0.046; 0.160| 0.184] -0.065 204 233 29
690  43.03] 0927 0664] 0620 0.192] -0.033 0.107] 0.033] 0.118] 0.180] -0.079 18.9 22.0 31
695 43427 0952] 0765/ 0401, 0297 0.005/ 0.142] 0.079; 0.032 0.300] -0.010 218 242 24
700 43.70] 0.966] 0.747] 0.529] 0.224) -0.016] 0.075! 0.064] 0.099] 0.241] 0.012 19.4 22.7 34
705 43.99] 0924] 0.713] 0423} 0.305] -0.001] 0.158] 0.064| 0.185 0.271] -0.082 21.6 23.6 1.9
710 4427] 0962 0.734] 0444 0.335] 0004 0.107{ 0.047 0.185] 0.257| -0.003 214 23.8] 24
715 4455 0925/ 0849 0291 0.145] 0.022| 0.146| 0.030] 0.040] 0.265; -0.063 21.7 244} 2.7
720 4483 0917 0737 0377 0338/ 0.000] 0.104! 0.055] 0.121] 0.296] -0.042 223 243 2.0
_—’723 45.11] 0840/ 0.770] 0.244| 0.142] 0011 0213] 0.041] 0043] 0.317] -0.132 22.3 24.8 2.5
730 45371 0838/ 0.729] 0419 0.131)] -0.006/ 0.193] 0.067| 0.041] 0.231] -0.133 21.0 238 2.8
735 4561 0786/ 0667 0.446| 0.172] -0.014/ 0.182] 0.033] 0.061] 0.172] -0.214 21.1 236 25
740; 45.84| 0.894| 0695 0.523] 0.270] -0.031] 0070| 0.034 0.157| 0.118] -0.138 20.9 234 2.5
745! 46.071 0.885/ 0.821] 0.345| 0.045| -0.003] 0.050| 0.024| 0.222 0.0421 -0.191 235 24.8 1.3




Appendix V: M35003-4. plankionic foraminiferal assemblages (fuctors) and TET SST estimates

Est.
: Tc0-50 Est. TwO{
depth (cm) age (cal.kyr) .COMM. ‘factor 1 factor2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 .Factor 8 ‘Factor 9 :(°C) 50 (°C) !seasonality
750 46.31:  0.941: 0.819 0475 0.149 -0.005 0078 0.028 0.041 0.037: -0.117: 21.0 23.6 2.6
755 46.54° 0950 0.729 0.517. 0.346: 0019 0.037 0039 0023 0.156. -0.064 20.9 24.0, 3.0
760 46.77: 0957, 0746 0508 0265 -0.004 0049 0052, 0.164 0201 0.014 19.8 23.1: 3.3
765 47.06: 0939. 0778 0519 0.166 -0.009 0.058 0.106 0.054 0.103. -0.089. 20.2 23.3 3.0
770 47.42; 0.928: 0.678 0.561. 0260, -0.015 0.048 0.070 0.237. 0.125° -0.082: 19.9 226 2.7
775 47.78! 0.927; 0.716. 0.526° 0.075. -0.018; 0.172° 0078 0.115. 0.281; -0.057! 18.7| 22.3! 3.5
780 48.14: 0.933. 0626 0.629; 0.159: -0.013; 0.025° 0.1000 0.320. 0.117! -0.020! 17.3i 20.6i 3.2
785/ 48.50] 0.938; 0.659: 0.556| 0.259! -0.004/ 0.102, 0.058' 0.178' 0.288! -0.003] 18.8! 21.7 2.9
790| 48.86] 0971 0.746/ 0.536/ 0.165] -0.011] 0.101 0.064 -0.012! 0.291] 0.040! 19.1] 22.8 3.7
795| 49.22] 0935] 0800 0403] 0.118] 0.042] 0.178] 0079 -0012] 0.281 i -0.030} 20.3] 23.5 3.2
800! 49.59] 0.972j 0.842] 0430; 0.165 0.000 0089 0081] 0.020] 0.191] -0.026 20.5! 23.7 3.2
805/ 49.95) 0885/ 0738/ 0.387| 0.068; 0.014] 0.227/ 0075 -0.050! 0.352] -0.050: 20.7| 24.1] 3.4
810; 50.31] 0.974! 0785 0504 0.170] -0.005! 0.080; 0.063] 0.006! 0.256' 0.016 19.4 23.0! 3.6
815] 50.67| 0973] 0.840] 0.347| 0.057] 0.008/ 0.054! 0.103' -0.171 0.315! 0.044 20.6 24.7 4.1
820] 5103 0976/ 0739, 0.524| 0.176] -0.005/ 0.094] 0.074/ -0.069' 0.318] 0.059 19.4 23.1 37
825/ 51.39] 0932 0.761] 0418] 0.030] -0.016] 0.141] 0.091] -0.067] 0.382] -0.013 20.0 24.2 4.2
830! 51.72] 0974] 0.873] 0.391] 0.033] -0.017{ 0.012] 0.058/ -0.049; 0.219] 0.070 19.7 23.9 4.2
835 51.99] 0967] 0892 0.231] 0.006] 0.013] 0.136/ 0.059] -0.048] 0.304] 0.021 216 25.2 36
840 5226] 0986 0918/ 0.328{ 0.044{ 0.003] -0.020 0073/ 0.134 0.097] -0.010 21.3 24.1 2.8
845 52.53| 0922| 0856 0.367] 0.014! -0.017) 0.048/ 0.035 0.137] 0.009] -0.178 23.3 247 1.4
850 5280, 0968/ 0905/ 0.328] 0.077] -0.006|/ -0.004| 0.049] 0.130] 0.089] -0.088 22.2 245 2.3
855 53.07) 0962 0.906] 0.318] 0.052] -0.001] 0.062] 0.041] 0.121] 0.074] -0.109 225 24.6 2.1
860 53.34/ 0870 0664] 0.557] 0.229] -0.012| 0.105] 0065 0.116/ 0.151] -0.122 20.0 22.8 2.8
865 5354| 0938] 0854 0412] 0.020{ -0.002{ 0.065] 0060/ 0046/ 0.135/ -0.101 20.9 23.8 28
870 5364/ 0884 0730/ 0.517; 0.074] -0.013] 0.070] 0.062| 0.197] 0.070] -0.160 20.7 23.0 2.3
875 53.75| 0841 0.857| 0.253] 0.010] 0.021] 0.006] 0.050, 0.122] 0.045] -0.151 23.9 25.6 1.7
880 5385 0980, 0969 0.146] 0.007] 0.052| -0.086] 0.026/ -0.003] 0.089] 0.038 22.6 25.5 29
885 5395/ 0.983] 0.967| 0.065] -0.003] 0.041] -0.099| 0.032] -0.131] 0.088] 0.084 23.0 26.2 3.2
890 54.06] 0967/ 0.882] 0411 0.007] -0.011| -0.003] 0.056] 0.079] 0.068| -0.080 21.3 23.7 2.5
895 54.16] 0.813| 0.658] 0.583] 0.020] -0.016{ 0.080] 0.039] 0.058] 0.087] -0.146 19.9 22.9 3.0
900 54.26) 0864] 0.763] 0.501] 0.010] -0.020{ 0.062| 0.042| 0.025 0.047] -0.149 21.2 237 25
905 5437) 0.744] 0.699| 0.280] 0.006| 0.012| 0.082] 0.037] 0.326/ 0.101] -0.230 23.7 251 1.4
910 54.47{ 0.869] 0.653] 0.522| 0.014| -0.015] 0.021] 0.083] 0.372] 0.025] -0.154 20.8 22.3 1.5
915 5457) 0774] 0.739] 0.382] 0018/ 0.005| 0.053] 0.029] 0.201] 0.073] -0.181 224 24.4 2.0
920 54.68) 0.864] 0.669] 0.571] 0.030] -0.028/ 0.058) 0.047] 0.233] 0.011] -0.168 20.7 22.7 1.9
925 54.78| 0.751] 0.696| 0.408] 0.025| -0.009| 0.096| 0.044| 0.142] 0.144] -0.219 21.6 24.2 2.6
930 54.88| 0.855| 0.554| 0.682] 0.028] -0.034| 0.062] 0.084| 0.198] 0.128] -0.123 17.6 20.9 3.3
935 54.98/ 0666 0.731] 0.187] 0.004| 0.005 0.037 0034] 0.102] 0.186] -0.223 237 26.5 2.8
940 55.09! 0968 0.944| 0.257| 0.024{ 0.013] -0.060] 0063] 0019 0.038 -0.004 22.3 24.8 26
945 55.19| 0.902| 0.863] 0.254] 0.003] -0.002] 0.061 0033 0116/ 0251 -0.104 22.0 24.9 3.0
950 55.29| 00958] 0.761] 0.570] 0.011] -0.040] 0037 0054 0008 0216 -0.031 18.5 22.7 4.2
955 55.40] 0877/ 0.874, 0.183] 0.003] 0.005/ 0.013] 0.036/ 0.107] 0.240] -0.092 22.8 25.8 3.0




Appendix VI: AM35003-4. MAT SST estimates

mean mean mean
mean mean analog analog analog
analog analog annual annual annuatl
depth age Tc0-50m Tw0-50m T75m T100m T150m
(cm)  (calkyr) DSML STDEV  (°C) STDEV _ (°C) STDEV  (°C) STDEV _ (°C) STDEV _ (°C) STDEV  SIM
0 0.0 0.075 0.009 26.0 0.2 276 0.4 25.2 1.0 238 1.5 20.7. 2.0 0.962
5 0.3 0.058 0.009 25.9 02 27.8 0.2 25.6 0.5, 24.4 1.0 21.6 1.7 0.971
10 0.6 0.076 0.006 259 0.3 21.7 0.4 25.3 1.0: 24.0 1.5 21.0 2.0 0.962
15 0.9 0.066 0.013 26.0 0.3 27.7. 0.2 25.4: 0.5: 24.0 1.0 20.9 1.7, 0.967
20 1.2 0.072 0.012, 25.9 0.1 279 0.2 25.8° 0.4: 24.8 0.7 22.2 1.2 0.964
25 1.4 0.063. 0.010 25.4 1.2 27.2 1.0 24.1 2.5 22.3; 3.2 19.2: 3.6 0.969
30 1.7 0.068. 0.009 25.7 1.0, 21.5' 0.8 24.9; 2.0: 23.4! 2.7i 20.3 3.0 0.966
35 2.0; 0.077; 0.008: 26.1; 0.5 27.5 0.4: 25.0 1.0, 229 2.1 18.5! 35 0.962
40: 2.3 0.076; 0.014! 25.8; 0.3 27.8 0.4 25.8 0.4/ 248 0.7 22.1 1.1, 0962
45 2.6 0.075! 0.009: 26.0 0.2i 27.9] 0.3 25.8 0.6 4.7 1.0 22.0: 1.6 0.963
501 2.9 0.070; 0.009! 25.9! 0.1 27.9! 0.1} 26.0° 0.1} 25.1; 0.1 227 0.3 0.965
55| 3.2 0.056; 0.011] 25.7 0.5! 27.7! 0.5 25.7| 0.6 24.7, 0.9/ 220 15 0.972
60 35 0.074| 0.009! 25.9, 0.3. 27.9! 0.2} 25.9; 0.5 24.9| 0.8 224 1.2 0.963
65 37 0.048] 0.009: 259 0.1 27.9 0.2 25.8 04 248 0.7 221 1.2, 0.976
70 4.0 0.061} 0.010 259 0.2 279 0.2| 258 0.4 24.8 0.7 221 1.2 0970
75 4.3 0.077 0.011 259 0.2 279 0.2 25.9 0.5 250 0.8 224 1.2 0962
80 46 0.086 0.011 258 0.5 27.6 0.9 24.9 2.8 238 2.9 213 26l 0957
85 49 0.094 0.009 258 1.0 27.6 0.9 25.2 2.2 239 2.8 21.0 3.2  0.953
90 52 0.063 0.015 25.8 0.3 217 0.3 25.7 0.4 24.7 0.7 22.0 1.1 0968
95 55 0.075 0.013 25.9 0.2 27.8 0.2 257 0.5 245 0.9 21.8 14 0.963
100 58 0.100 0.019 259 0.2 27.8 0.2 25.7 0.5 245 0.9 21.8 1.4 0.950
105 6.0 0.089 0.013 26.0 0.2 278 0.2 25.6 0.5 243 1.0 214 1.7 0.956
110 6.3 0.100 0.013 26.1 0.4 21.7 0.2 25.5 0.5 240 1.0 20.5 1.9 0.950
115 6.6 0.098 0.014 26.0 0.5 276 0.3 25.5 0.5 24.2 0.9 20.8 1.9 0.951
120 6.8 0.062 0.018 26.0 0.2 27.8 0.2 25.6 0.5 244 1.0 214 1.7 0.969
125 71 0.071 0.010 259 0.2 27.9 0.2 25.8 0.4 248 0.7 221 12 0.965
130 7.3 0.060 0.015 25.9 0.4 27.8 0.4 258 0.5 24.8 0.8 22.2 1.3 0.970
135 76 0.072 0.013 25.9 0.2 27.8 0.3 25.5 0.9 24.2 1.7 21.2 2.9 0.964
140 7.8 0.089 0.014 25.8 0.4 217 0.4 25.7 0.5 24.6 0.8 219 1.4 0.956
145 8.1 0.069 0.013 25.9 0.2 279 0.2 25.8 0.4 24.8 0.7 22.2 1.2 0.965
150 8.3 0.103 0.016 259 0.2 27.9 0.2 25.8 0.4 24.8 0.7 22.2 1.2 0.948
156 8.6 0.105 0.015 25.6 0.5 275 0.6 254 0.7 24.2 1.1 214 1.8 0.948
160 8.8 0.120 0.012 253 14 274 0.9 24.1 36 228 4.0 204 3.6 0.940
165 9.0 0.108 0.011 25.9 0.2 27.8 0.2 25.7 0.5 246 0.9 218 1.5 0.946
170 9.2 0.122 0.017 25.9 0.2 27.8 0.2 25.6 0.5 245 0.9 218 1.5 0.939
175 9.4 0.115 0.013 2563 1.2 27.4 1.0 24.2 3.2 23.0 3.7 204 37 0.943
180 9.6 0.149 0.014 253 1.2 274 1.1 241 3.5 23.0 37 20.5 34 0.925
185 9.7 0.125 0.018 255 0.5 275 0.6 254 0.6 243 0.9 215 1.6 0.938
190 9.9 0.146 0.019 24.8 1.8 271 1.2 23.1 4.1 22.0 44 19.6 3.9 0.927
195 10.2 0.142 0.013 25.0 1.6 27.0 1.3 23.0 4.1 218 4.1 19.5 3.6 0.929
200 10.6 0.102 0.005 248 1.9 26.8 1.6 230 4.2 218 43 19.4 37 0.949
205 10.9 0.118 0.016 249 1.8 27.0 1.2 231 4.0 21.9 4.0 19.4 35 0.941
210 11.2 0.144 0.012 244 1.8 26.5 14 216 4.2 20.3 44 18.0 3.9 0.928
215 11.6 0.138 0.015 243 1.9 26.4 1.2 20.8 4.2 19.3 4.3 171 37 0.931
220 11.9 0.182 0.019 25.0 1.5 27.2 1.0 23.2 4.1 22.0 4.4 19.6 4.0 0.909
225 12.2 0.181 0.018 24.7 1.7 27.0 1.2 22.5 4.6 213 5.0 19.1 4.6 0.909
230 12.5 0.145 0.017 254 1.1 27.4 0.9 24.0 3.7 23.0 3.8 20.5 35 0.928
235 12.7 0.152 0.015 24.9 1.8 26.7 1.0 218 4.1 19.9 4.5 17.2 39 0.924
240 13.0 0.171 0.022 23.1 1.5 25.7 0.8 18.9 29 17.2 3.3 156.3 26, 0915
245 13.3 0.214 0.012 24.3 1.7 26.5 1.4 22.7 3.6 21.3 43 18.7 3.8l 0.893
250 13.5 0.164 0.020 245 1.8 26.9 1.2 22.3 44 21.1 4.6 18.8 4.1 0.918
255 13.8 0.204 0.013 24.0] 1.9 26.5 1.3 21.5 44 20.2 4.8 18.2 4.3 0.898
260 14.1 0.178 0.014 23.0 1.7 25.7 1.0 18.3 2.9 16.5 3.1 14.9 2.8 0.911
265 14.3 0.182 0.019 23.2 1.9 25.7 1.0 18.4 2.7 16.6 2.8 14.9 2.3 0.909
270 14.6 0.162 0.013 23.7 21 26.0 1.4 20.3 3.8 18.5 4.1 16.2 35 0.919
275 14.9 0.191 0.012 245 2.1 26.9 1.2 22.2 4.4 20.9 47 18.6 4.1 0.905
280 15.1 0.173 0.012 248 1.6 27.0 1.0 229 3.9 215 4.3 19.0 3.8 0.914
285 154 0.106 0.009 252 1.0 26.9 1.0 24.1 2.2 226 3.0 19.5 35 0.947
290 15.7 0.125 0.009 257 0.7 273 0.6 25.1 1.0 23.5] 1.9 19.9 32 0.938
295 16.1 0.153 0.009 25.0 1.0 27.0 1.0 25.0 1.0 24.0i 11 211 1.6 0.923
300 16.5 0.226 0.015 243 1.9! 26.0 1.1 20.9] 3.4 18.7 3.7 15.5 3.1 0.887
305 17.0! 0.204 0.019 23.0 1.5! 25.3 0.7 19.01 2.1 17.2 24 14.9 1.6 0.898
310 17.4 0.195 0.017 22.3 0.8: 25.0 0.8 18.5 22 171 2.4 14.8 1.6 0.902
315 17.9 0.176 0.012 238 1.8 26.2 1.3 211 4.0 195 44 17.1 4.0 0.912
320 18.3 0.217 0.018 238 2.0 26.3 14 20.9 4.2 194 44 17.1 39 0.891
325 18.8 0.205 0.021 24.6 1.8 26.6 1.2 216 4.1 20.1 4.2 178 3.7 0.898
330 19.3 0.216 0.021 24.0 1.9 26.3 1.3 20.7 4.2 19.4 4.3 17.3 3.7 0.892




Appendix VI: M35003-4, MAT SST estimates

Est. Est. Est
annual  annual annual
depth Est. TcO- Est Tw0- T75m T100m .T150m  #best
(cm) STEV ~ 50m(°C) 50m(°C) (°C) (°C) °C) ‘Ana

0 0.005 26.0 27.6 25.2: 23.8 20.7! 10

5  0.005 25.9 27.8 256 244! 21.6i 10
10! 0.003: 25.9; 27.7: 25.3; 24.0; 21.0! 10
15} 0.007; 26.0 27.7| 25.4: 24.0: 20.9! 10
20 0.006! 25.9. 27.9 25.8 24 8. 22.2! 10
25 0.005 254 27.2; 241! 22.3! 19.2 10
30:  0.005i 25.7; 27.5: 24.9 23.4; 20.3: 10
35, 0.004{ 26.1; 27.5! 25.0: 22.9; 18.5. 10
40 0.007i 25.8! 27.8 258! 24 8 221} 10
45 0005 260, 279, 258]  247i 220 10
50°  0.004] 25.9 27.9! 26.0 25.1] 22.6 10
55/ 0.0051 25.7 27.7 25.7 247 220 10
60! 0.004 25.9 27.9 259 24.9 22.4 10
65 0.005 25.9 27.9 258 24.8 22.1 10
70 0.005 25.9 27.9 25.8 24.8 22.1 10
75 0.006 25.9 27.9 25.9 24.9 22.4 10
80 0.005 25.8 276 24.9 23.9 21.3 10
85 0.004 25.8 276 252 239 21.0 10
90 0.007 25.8 27.7 25.7 24.7 22.0 10
95 0.007 25.9 27.8 25.7 24.5 21.8 10
100 0.010 259 27.8 257 24.5 21.8 10
105 0.006 26.0 27.8 25.6 24.4 214 10
110 0.007 26.1 27.7 25.5 24.0 20.5 10
115 0.007 26.0 27.6 255 24.2 20.8 10
120 0.009 26.0 27.8 256 244 21.4 10
125 0.005 25.9 27.9 25.8 24.8 22.1 10
130 0.008 25.9 27.8 258 24.8 22.2 10
135 0.007 259 27.8 25.5 24.2 21.3 10
140 0.007 258 27.7 257 246 21.9 10
145 0.007 25.9 27.9 25.8 24.8 22.2 10
150 0.008 25.9 27.9 258 24.8 22.2 10
155 0.008 25.6 275 25.4 24.2 214 10
160 0.006 25.3 274 241 229 20.4 10
165 0.005 259 27.8 25.7 24.6 21.8 10
170 0.008 259 27.8 256 24.5 21.8 10
175 0.006 25.3 274 242 23.0 204 10
180 0.007 25.3 274 241 23.0 20.5 10
185 0.009 25.5 275 254 24.3 21.5 10
190 0.009 248 271 23.2 220 19.6 10
195 0.006 25.0 27.0 23.0 21.8 19.5 10
200 0.003 24.8 26.8 23.0 21.8 19.4 10
205 0.008 24.9 27.0 23.1 219 19.4 10
210 0.006 24.4 26.5 21.6 20.3 18.0 10
215 0.008 24.3 26.4 20.8 19.3 17.1 10
220 0.010 25.0 27.2 23.2 22.0 19.6 10
225 0.009 24.7 27.0 22.5 21.2 19.1 10
230 0.009 254 274 24.0 23.0 20.5 10
235 0.007 24.9 26.7 21.8 19.9 17.2 10
240 0.011 23.1 25.7 18.8 17.2 15.3 10
245 0.006 243 26.5 22.7 21.3 18.7 10
250 0.010 24.5 26.9 22.3 21.0 18.8 10
255 0.006 24.0 26.5 215 20.2 18.2 10
260 0.007 23.0 25.7 18.3 16.5 14.9 10
265 0.009 232 25.7 18.4 16.6 14.9 10
270 0.006 23.6 26.0 20.3 18.5 16.2 10
275 0.006 245 26.9 222 20.9 18.6 10
280 0.006 24.8 27.0 22.9 21.5 19.0 10
285 0.005 25.2 26.9 241 22.6 19.5 10
290 0.005 25.7 27.3 25.1 23.5 19.9 10
295 0.005 25.0 27.0: 25.0 24.0 21.1 10
300 0.007 24.3 26.0i 20.9 18.7 15.5 10
305 0.010: 23.0 25.3! 19.0 17.2 14.9 10
310 0.009; 22.3 25.0 18.5 17.1 14.8 10
315 0.006 23.8 26.2 211 19.5 17.1 10
320 0.009 238 26.3 20.9 19.4 17.1 10
325 0.010 246 26.6 21.6 20.1 17.7 10
330 0.011 24.0 26.3 20.7 19.4 17.3 10




Appendix VI: M35003-4, MAT SST estimates

mean mean mean
mean mean analog analog analog
analog analog annual annual annual

depth age Tc0-50m Tw(-50m T75m T100m T150m

(cm) (calkyr) DSML  STDEV  (°C) STDEV_ (°C) STDEV_ (°C) STDEV _ (°C) STDEV _ (°C) STDEV  SIM
335 19.7i  0.201 0.022 24.2 2.0 26.2 14 20.8 40 19.1 4.1 16.7 35 0.900
340 20.2.  0.200 0.018 24.5. 2.1 26.7, 1.2 22.0 4.2 20.7 4.1 18.2 3.4 0.900
345 20.7¢  0.193.  0.024: 23.0 1.8 25.5: 1.3 19.2; 3.4, 17.7: 33 15.5 2.6 0.904
350 21.1;  0.150 0.008 25.1; 1.6 26.9 1.2 22.7; 4.0 21.2 4.4 18.8 40, 0925
355, 216 0.208 0.018; 249 1.7, 26.8; 1.1 22.3 4.0i 20.71 4.4 18.1] 43! 0895
360; 22.0. 0.178.  0.016: 25.0; 1.3 26.9i 0.9 23.0 3.7 21.5: 4.1! 18.91 36 0911
365/ 225! 0.204, 0.017 24.6! 1.8! 26.8; 1.3i 22.2; 4.2 21.0! 43 18.6 38 0.898
370!  23.0 0.274:  0.012; 24.2; 1.9! 26.2! 1.2] 21.11 3.8: 19.7¢ 4.1 17.3 3.4 0.863
375[ 234 0.276'  0.012i 24.3 2.1] 26.5: 1.2] 21.3 4.0 19.7 4.2i 17.4' 34 0.862
380 23.9 0.245:  0.019! 23.5! 1.8, 25.8: 1.0: 19.5 35 18.1] 35 16.0° 27 0.878
385 24.2 0.140;  0.012] 25.5° 0.9 215 0.8| 24.8 2.8 23.7 2.9 21.1j 28 0.930
390 246/ 0.158:  0.014] 24.8 1.2 26.8; 1.2] 228! 3.71 215! 3.9 18.9| 3.6 0.921
3951 249 0.1800  0.018| 24.7 1.8 27.11 1.2] 2341 41| 21.9: 4.4 19.71 39; 0910
400] 253 0.168/  0.017 253 0.8! 27.3 0.8 246 2.7, 235 28 209 27| 0916
405/ 256 0.149 0.015 25.1 1.21 271 1.2 25.2 1.3 24.2 1.3 215 1.8, 0.926
410 25.9 0.159 0.014 23.7 1.6 25.9 1.3 21.3 3.5 19.7 4.0 171 35 0.921
415 26.3 0.158 0.012 24.0 1.6 26.1 14 22.0 33 20.4 37 17.6 33 0.921
420 26.6 0.198 0.016 24.7 1.5 26.7 1.1 22.2 3.8 20.7 4.2 18.3 37 0.901
425 27.0 0.157 0.011 24.5 1.8 26.5 1.3 21.4 3.9 19.5 4.4 17.0 40/ 0922
430 27.3 0.215 0.015 24.7 1.8 26.7 1.2 21.8 4.1 20.2 4.6 18.0 4.1  0.893
435 27.6 0.186 0.019 24.9 1.7 26.9 1.2 225 42 21.2 4.4 18.8 4.0,  0.907
440 28.0 0.163 0.017 25.7 0.4 215 0.7 24.9 22 23.7 28 21.0 28/ 0918
445 28.3 0.191 0.020 24.9 1.7 271 1.1 23.0 4.1 21.8 4.1 19.3 3.6 0.905
450 28.7 0.174 0.014 24.8 1.7 27.0 1.2 23.0 3.9 21.8 4.0 19.5 3.6 0.913
455 29.0 0.195 0.014 25.3 1.7 271 1.1 23.3 3.8 22.0 4.1 19.5 3.8 0.903
460 29.3 0.143 0.014 25.5 0.5 27.2 0.7 24.6 2.1 233 2.7 20.6 2.7 0.929
465 29.7 0.151 0.012 25.2 0.9 27.2 0.8 24.5 2.7 23.5 2.8 20.9 27 0.924
470 30.1 0.206 0.018 22.1 2.6 24.8 2.0 19.0 3.1 17.5 3.2 15.5 25 0.897
475 30.4 0.227 0.023 24.2 2.0 26.3 1.2 20.7 4.0 19.2 4.0 17.0 33 0887
480 30.8 0.185 0.016 23.0 1.5 25.5 0.6 18.5 2.0 16.6 2.2 14.6 15 0.908
485 31.1 0.191 0.037 23.4 1.6 25.7 0.9 18.3 2.8 16.9 29 15.3 2.7 0.905
490 315 0.235 0.026 234 1.7 25.8 0.9 18.8 28 17.1 3.0 15.4 27 0.883
495 31.8 0.242 0.030 21.8 1.2 24.8 0.9 17.0 0.5 15.6 0.6 14.2 0.6 0.879
500 322 0.283 0.018 234 1.9 26.1 1.2 19.7 4.0 18.3 4.1 16.4 3.4 0.859
505 32.6 0.242 0.027 23.1 1.8 257 1.2 18.8 34 17.4 34 15.5 26 0.879
510 329 0.208 0.032 22.5 1.7 25.2 0.8 17.3 1.0 156.7 0.6 14.2 0.6 0.895
515 33.2 0.244 0.028 23.8 1.9 26.2 1.3 20.8 4.0 19.6 4.0 17.4 34 0.878
520 335 0.238 0.024 224 23 24.8 1.7 17.6 1.0 16.0 0.6 14.5 0.8 0.881
525 33.8 0.249 0.027 22.3 2.7 24.7 1.8 18.4 2.2 16.7 2.1 14.7 15 0.876
530 34.1 0.208 0.018 20.6 3.1 23.5 25 17.7 14 16.5 1.2 14.9 11| 0.896
535 344 0.231 0.023 22.7 1.8 25.3 1.0 18.4 2.6 16.8 24 14.8 1.6/  0.885
540 347 0.270 0.024 22.1 1.1 25.0 0.8 17.4 1.3 16.0 11 14.2 0.6 0.865
545 35.0 0.212 0.022 23.5 1.9 25.9 1.3 19.5 39 18.2 38 16.2 3.1 0.894
550 35.2 0.234 0.027 22.6 1.2 25.2 07 17.7 1.3 16.1 11 14.3 0.5 0.883
555 35.4 0.215 0.019 22.5 1.2 25.3 0.7 17.7 1.3 16.0 1.1 14.2 0.5 0.892
560 35.6 0.217 0.017 23.1 1.5 25.6 0.6 18.0 1.3 16.0 1.1 14.1 0.4 0.892
565 35.8 0.166 0.015 24.2 1.7 26.4 1.5 21.8 4.0 20.4 4.5 17.9 4.3 0.917
570 36.1 0.235 0.024 22.5 17 252 0.8 17.3 1.0 16.7 0.6 14.2 06  0.882
575 36.3 0.336 0.018 22.3 1.6 25.3 1.3 18.3 3.0 16.8 3.2 15.0 2.8, 0.832
580 36.6 0.325 0.020 20.1 23 231 24 17.2 0.7 16.2 0.9 14.9] 1.1 0.838
585 36.9 0.291 0.042 20.8 2.2 23.8 2.1 17.0 0.5 15.8 0.6 14.4 0.7, 0855
590 371 0.254 0.014 23.4 1.9 26.0 1.3 20.0 3.7 18.5 3.8 16.2 3.1 0873
595 374 0.201 0.018 23.7 1.9 26.1 1.2 19.9 3.9 18.4 4.0| 16.4 34] 0900
600 37.6]  0.298 0.015 225 14 254 0.7 17.3 0.7 15.7 0.6, 14.2 05 0.851
605 37.9 0.212 0.017 22.6 1.2 253 0.5 18.3 1.9 16.8 2.1 14.8 15/ 0.894
610 38.2 0.270 0.010 22.9 1.6 25.6 1.0 18.7 29 17.0 3.1 15.1 27| 0.865
615 38.4 0.187 0.010 248 1.6 26.9 14 22.9 3.9 214 44 18.8 4.2 0.906
620! 385 0.242 0.019 23.0 1.6 257 1.0 18.6 29 17.0 3.1 15.1 28 0.879
625 386 0.230 0.037 22.5 1.6 254 1.2 17.9 28 16.6 3.0 15.1 28/ 0885
630 387 0.276 0.018 23.1 1.7 257 14 19.3 37 17.8 338 15.7. 34, 0862
635 38.9 0.249 0.020 22.2 11 25.2 0.7 17.5 1.2 16.0 1.1 14.3] 05 0875
640 39.0 0.305 0.013 17.0 1.5 20.1 0.9 17.0 1.3 16.5] 1.2] 15.7 1.0. 0847
645! 39.1 0.289 0.034 221 11 25.2 0.8i 1714 0.5 15.6; 0.6! 14.2 06 0.855
650!  39.2 0.260 0.013 22.0 22 24.8 17 176 1.3i 16.0! 111 14.3 0.7] 0.870
655 39.7 0.207¢  0.027 23.0 1.5 253 0.6 18.6 2.0 16.9 2.0 14.8 14 0.897
660 40.2)  0.283 0.022 21.9 2.2 24.9] 1.6 17.2 0.7 16.7 0.6 14.3 0.7 0.859
665 40.70  0.259 0.022 21.4i 2.0 2431 2.1 17.3 0.7 16.1 1.0 14.8 1.1 0.871




Appendix VI: M35003-4, MAT SST estimates

Est. Est Est.
annual  annual  annual
depth Est. TcO- Est. Tw0- T75m T100m T150m  #best
{cm) STEV 50m (°C) 50m (°C) (°C) (°C) (°C) ‘Ana
335 0.011: 242 26.2 20.8 19.1. 16.7/ 10
340 0.009 245 26.7 21.9. 20.7 18.2! 10
345 0.012; 23.0 255 19.1; 17.7! 15.5° 10
350 0.004: 25.1. 269 22.7. 21.2, 18.8 10
355 0.009. 24.9; 26.8 22.3, 20.7; 18.1! 10
360 0.008: 25.0: 26.9; 23.0 21.5: 18.8! 10
365  0.009: 24.6! 26.8 222! 21.0 18.6 10
370' 0.006! 24.2! 26.2; 21.1 19.7 17.3! 10
375 0.006. 24.3: 26.5. 21.3 19.7 17.4, 10
380 0.010 23.5 258 19.5! 18.0: 16.0' 10
385! 0.006 255 275 24.8| 23.7 211 10
390, 0.007i 24.8! 26.8 228 21.5 18.9 10
395! 0.009; 24.7, 271 23.1; 21.9 19.7 10
400;  0.009 253 27.3 246 235 20.9 10
405i 0.007 25.1 27.1 25.2 24.2 215 10
410 0.007 237 25.9 21.3 19.7 17.0 10
415 0.006 24.0 26.1 219 204 17.5 10
420 0.008 247 26.7 22.2 20.7 18.3 10
425 0.006 245 26.5 214 19.5 17.0 10
430 0.007 24.7 26.7 21.8 20.2 18.0 10
435 0.009 249 26.9 225 21.2 18.8 10
440 0.008 25.7 27.5 25.0 23.7 21.0 10
445 0.010 24.9 271 23.0 21.8 19.3 10
450 0.007 24.8 27.0 23.0 21.8 19.5 10
455 0.007 25.2 27.1 233 22.0 19.5 10
460 0.007 25.5 27.2 246 233 20.6 10
465 0.006 25.2 27.3 24.5 235 20.9 10
470 0.009 22.2 24.8 19.0 17.5 15.5 10
475 0.011 24.2 26.3 20.7 19.2 17.0 10
480 0.008 23.0 25.5 18.5 16.6 14.6 10
485 0.019 23.3 25.7 18.3 16.9 15.3 10
490 0.013 234 25.8 18.8 17.1 15.3 10
495 0.015 21.8 24.8 17.0 15.6 14.2 10
500 0.009 234 26.1 19.7 18.3 16.4 10
505 0.013 231 25.7 18.8 17.3 15.5 10
510 0.016 22.5 25.2 17.3 15.8 14.2 10
515 0.014 238 26.2 20.8 19.5 17.3 10
520 0.012 224 248 17.6 16.0 14.5 10
525 0.014 22.3 24.7 18.3 16.7 14.7 10
530 0.009 20.6 23.6 17.7 16.5 14.9 10
535 0.012 227 253 18.4 16.8 14.8 10
540 0.012 221 25.0 17.4 16.0 14.2 10
545 0.011 235 25.9 19.5 18.2 16.2 10
550 0.014 22.6 25.2 17.7 16.1 14.3 10
555 0.009 225 253 17.7 16.0 14.2 10
560 0.009 23.1 25.6 18.0 16.0 14.1 10
565 0.008 242 264 218 20.4 17.9 10
570 0.012 225 25.2 17.3 15.7 14.2 10
575 0.009 223 25.3 18.3 16.8 15.0 10
580:  0.010 20.1 23.1 17.2 16.2 14.9 10
585 0.021 20.8 23.8 17.0 15.8 14.4 10
590 0.007 234 26.0 20.0 18.5 16.2 10
595 0.009 237 26.1 19.9 18.4 16.4 10
600 0.007 225 25.4 17.3 15.7 14.2 10
605 0.009 226 25.3 18.3 16.8 14.8 10
610 0.005 229 25.6 18.7 17.0 15.1 10
615 0.005 248 26.9 22.9 21.4 18.8 10
620 0.010 23.0 25.7 18.6 17.0 15.1 10
625 0.018 225 254 17.9 16.6 15.1 10
630] 0.009! 23.1 257 19.3 17.8 15.7 10
635] 0010 222 252 175 16.0 14.3 10
640! 0.006] 17.0 20.1] 17.0 16.5 15.7 10
645: 0.017 221 25.2 17.1 15.6! 14.2 10
650; 0.007 220 24.8 17.6 16.0 14.3 10
655  0.014 23.0 25.3 18.6 16.9 14.8 10,
660 0.011 219 24.9| 17.2 15.7 14.3 10
665/ 0.011 21.4| 24.31 17.3 16.1 14.7 10




Appendix VI: AM35003-4, MAT SST estimates

mean mean mean

mean mean analog analog analog

analog analog annual annual annual

depth age Tc0-50m Tw0-50m . T75m T100m T150m

(cm)  (cal.kyr) DSML STDEV_ (°C) STDEV__ (°C) STDEV _ (°C) STDEV _ (°C) STDEV__ (°C) STDEV _ SIM

670 411 0.299 0.016 223 1.5 25.3 0.8 17.2 0.7 15.6 0.5 141 0.5 0.851
675 416 0.243 0.028 23.4 2.0 25.9 14 19.7i 4.0 18.3 4.1 16.3 34 0.878
680 421 0.181: 0.014 23.4' 1.7, 25.8 1.1 19.4 33 17.7 3.3 15.4' 2.6 0.910
685!  42.6 0.229: 0.011} 24.8! 1.9 27.1] 1.2 23.1 4.1] 218! 4.3 19.4; 3.8 0.885
690; 43.0 0.287 0.028: 21.5' 3.5 23.9, 2.7 17.5! 1.1} 16.1! 0.5! 14.71 0.8 0.856
695! 434! 0.312: 0.024! 22.6: 12 254! 06 17.4; 0.6 15.7 0.5: 14.2] 0.6 0.844
700 437 0.305! 0.016, 22.3, 0.9 25.2 0.7 17.6! 1.2 16.0: 1.1! 14.2, 0.6 0.847
705  44.0; 0.293; 0.021! 23.1 1.7 25.7| 1.2 18.8] 3.5 17.41 3.5 15.6! 3.0 0.854
710 44.3] 0.322! 0.012; 23.3 1.8 25.8 1.4 19.4| 37 17.8 4.0 15.8! 3.7 0.839
715 44.5! 0.217] 0.017! 24.0! 2.1} 26.3! 1.2 20.8! 4.0 19.2! 4.2 17.1 36 0.892
720 448 0.298i 0.022] 22.7i 1.4 25.6! 1.1l 18.3; 28 16.7 3.0i 15.01 28 0.851
725 451 0.246 0.020; 2411 2.0 26.4] 1.3, 21.5! 4.1 201 4.2| 17.8i 3.7 0.877
730 454 0.246 0.027 2341 17 25.5! 0.9 18.4! 2.5 16.6, 2.3 14.7 171 0877
735| 456 0.255 0.033 23.2 1.7 25.7) 1.1 18.7 3.2 17.3| 3.0! 16.3 21 0873
740 45.8 0.280 0.023 23.2 1.7 258} 1.1 18.8 3.4 17.2| 3.4 15.4 27 0860
745 46.1 0.159 0.025 24.2 190 26.5| 14 218 4.2 204 4.5 18.0 4.1 0921
750 46.3 0.213 0.023 23.0 1.5 25.51 0.6 17.6 1.0 15.6 0.5 14.0 04! 0834
755 46.5 0.322 0.019 217 1.8 24.8! 1.7 17.2 04 15.8 0.7 144 0.8! 0.839
760 46.8 0.267 0.022 22.4 1.2 25.3 0.8 17.7 1.2 15.9 1.1 14.1 0.6 0.867
765 471 0.233 0.022 220 1.2 25.0 1.1 17.5 1.2 15.9 1.1 14.2 0.5 0.883
770 474 0.279 0.017 22.0 1.1 25.1 0.8 17.4 1.3 15.8 1.1 14.1 0.5 0.861
775 47.8 0.217 0.026 221 1.1 25.2 0.8 171 0.5 15.6 0.6 14.2 0.6 0.892
780 48.1 0.283 0.009 19.0 3.1 22.3 29 16.8 0.4 16.9 0.5 14.9 0.7 0.859
785 48.5 0.317 0.019 21.5 1.7 24.6 1.7 171 0.5 16.7 0.7 14.4 0.8 0.841
790 48.9 0.270 0.014 21.3 1.9 24.3 2.1 17.3 0.7 16.0 1.0 14.7 1.1 0.865
795 49.2 0.232 0.028 22.9 2.1 25.5 1.0 18.6 2.8 16.8 26 14.8 1.8 0.884
800 49.6 0.244 0.019 23.2 1.9 25.6 0.8 18.3 2.3 16.4 2.3 14.7 1.8 0.878
805 49.9 0.259 0.031 22.9 2.6 25.2 2.1 19.1 3.4 17.6 34 15.9 29, 0870
810 50.3 0.272 0.014 206 2.4 23.8 2.5 17.2 0.7 15.9 1.0! 14.7 11 0.864
815 50.7 0.295 0.019 22.1 24 25.0 2.0 18.7 3.8 17.7 4.0 16.2 3.6 0.853
820 51.0 0.298 0.009 18.4 2.0 217 23 171 0.7 16.3 0.9 15.3 1.0 0.851
825 51.4 0.273 0.030 22.7 1.9 25.6 1.3 18.7 3.5 17.3 3.6 156 3.0 0.864
830 517 0.247 0.013 20.3 3.0 233 26 171 1.0 15.7 1.0 14.6 11 0.876
835 52.0 0.225 0.014 24.2 2.0 26.4 1.2 20.9 4.0 194 4.5 174 41 0.888
840 52.3 0.186 0.015 23.7 1.9 26.0 14 20.2 38 18.4 42 16.1 36 0.907
845 52.5 0.189 0.019 25.3 1.2 26.8 11 22.1 39 203 4.0 17.5 3.8 0.906
850 52.8 0.187 0.014 23.9 2.0 26.0 13 19.9 3.9 18.2 4.1 16.2 3.5 0.907
855 53.1 0.158 0.009 25.8 0.9 275 0.7 248 27 235 2.8 20.4 3.0 0.921
860 53.3 0.299 0.027 23.2 2.2 25.8 15 19.5 4.1 18.2 4.1 16.3 34 0.851
865 53.5 0.182 0.021 23.0 1.8 25.7 1.2 18.8 34 17.3 3.4 154 26 0.909
870 53.6 0.226 0.029 22.7 1.5 25.5 0.9 18.0 24 16.4 23 14.7 1.7 0.887
875 53.7 0.177 0.018 25.2 1.6 27.3 1.0 23.9 36 22.7 3.6 20.2 3.3 0.912
880 53.9 0.157 0.013 23.6 1.6 26.0 1.2 21.9 3.3 20.4 3.8 17.8 3.4 0.922
885 54.0 0.144 0.020 23.0 1.4 257 0.8 22.7 1.3 21.8 1.3 19.1 1.8 0.928
890 54.1 0.183 0.016 234 1.8 25.5 1.1 19.3 3.0 17.6 3.2 15.3 2.6 0.909
895 54.2 0.243 0.039 23.0 2.5 255 23 20.2 4.0 19.0 43 17.0 4.0 0.879
900 54.3 0.218 0.029 245 1.9 26.7 1.1 21.5 4.1 20.0 44 17.6 3.8 0.891
905 54.4 0.175 0.012 252 1.6 27.3 1.1 239 3.6 22.7 36 20.2 3.3 0.912
910 54.5 0.225 0.028 22.7 1.4 255 14 19.9 3.3 18.7 3.6 16.4 33 0.888
915 54.6 0.205 0.023 24.9 1.7 271 1.2 23.1 4.2 221 4.2 19.8 3.9 0.898
920 54.7 0.238 0.032 23.1 1.7 26.1 13 19.9 3.8 18.4 4.1 16.4 3.7! 0.881
925 54.8 0.205 0.030 23.9 1.8 26.2 1.4 20.5 44 19.3 4.4 17.2 39 0.897
930 54.9 0.260 0.037 22.1 1.1 25.0 0.8 17.4 13 16.0 1.1 14.3 0.5 0.870
935 55.0 0.176 0.020 24.9 1.8 27.0 1.2 23.1 4.0 219 4.0 19.4 3.5 0.912
940 55.1 0.193 0.011 23.9 1.8 26.3 1.2 22.2 3.5 20.7 4.1 18.3 39 0.904
945 55.2 0.149 0.013 24.6 1.8 26.8 1.3 223 43 21.2 4.4 18.9 3.9 0.925
950 553 0.236 0.028 22.0 1.1 25.0 0.8 17.5 1.3 16.0 11 14.2 0.6 0.882
955 55.4 0.173 0.011 24.6 1.8 26.8 1.3 22.3 4.3 21.2 4.4 18.9 3.9 0.914




Appendix VI: M35003-4, MAT SST estimates

Est. Est. Est.
annual  annual  annual
depth Est. TcO- Est. TwO- T75m  T100m T150m  #best
(cm) STEV ~ 50m(°C) 50m (°C) (°C) (°C) (°C) Ana
670  0.008 223 25.3 17.2 15.6 14.1° 10
675 0.014 233 25.9 19.6 18.3i 16.3 10
680  0.007: 234, 25.8 19.4 17.7 15.4 10
685  0.005 248 27.1! 231 21.8 19.4. 10
6900  0.014] 215 24.0° 17.5; 16.1; 146 10
695/  0.012 226 25.4] 17.4] 15.7; 14.2 10
700 0.008 22.3! 25.2] 17.6! 16.0! 14.2 10
705,  0.011! 23.1; 257! 18.8! 17.4) 15.6 10
7100 0.006' 23.3 258 19.4: 17.8 15.8 10
7150 0.009, 24.0! 26.3. 20.7] 19.2i 17.1; 10
7200 0.01 22.7 255, 18.3; 16.7 15.0! 10
725/ 0.010 24.1 26.4 21.5! 20.1 17.7 10
730  0.014 23.1 255 18.4] 16.6 14.7 10
735  0.017 23.2 25.7 18.6 17.3 15.3 10
740]  0.011 23.2 25.8 18.8 17.2 15.3 10
745]  0.013 24.2 265 218 20.4 18.0 10
750 0.012 23.0 25.5 17.6 15.6 14.0 10
755  0.010 21.7 248 17.2 15.8 14.4 10
760,  0.011 22.4 25.3 17.7 15.9 14.1 10
765  0.011 22.0 25.0 175 15.9 14.2 10
770,  0.008 22.1 25.1 17.4 15.8 14.1 10
775 0.013 22.1 25.2 17.1 15.6 14.2 10
780,  0.004 19.0 22.3 16.8 15.9 14.9 10
785  0.010 21.6 24.6 17.1 15.7 14.4 10
790  0.007 21.3 24.3 17.3 16.0 14.7 10
795  0.014 22.9 25.5 18.6 16.8 14.8 10
800/ 0.010 23.2 25.6 18.3 16.4 14.7 10
805 0.016 22.9 25.2 19.0 17.6 15.9 10
810  0.007 20.6 238 17.2 15.9 14.7 10
815/  0.010 22.1 25.0 18.7 17.7 16.2 10
820 0.004 18.4 21.7 17.1 16.3 15.3 10
825 0.015 22.7 25.6 18.7 17.3 15.6 10
830] 0.006 20.3 23.3 17.1 15.7 14.5 10
835  0.007 24.2 26.4 20.9 19.4 17.4 10
840 0.008 23.7 26.0 20.1 18.3 16.1 10
845  0.010 25.3 26.8 22.1 20.3 17.4 10
850!  0.007 239 26.0 19.9 18.2 16.2 10
855]  0.005 25.8 275 248 235 20.4 10
860 0013 232 25.8 19.4 18.2 16.3 10
865  0.011 23.0 257 18.8 17.3 15.4 10
870 0.015 22.7 255 17.9 16.4 14.7 10
875/  0.009 25.2 27.3 23.9 227 20.2 10
880  0.007 236 26.0 21.9 20.4 17.8 10
885  0.010 23.0 25.7 22.7 21.8 19.1 10
890;  0.008 23.4 25.5 19.3 17.6 15.3 10
8951  0.020 23.0 25.5 20.2 19.0 17.0 10
900  0.014 245 26.7 215 19.9 17.6 10
905/  0.006 25.2 27.3 23.9 22.7 20.2 10
910] 0.014 22.7 25.4 19.9 18.7 16.4 10
915  0.011 24.9 27.1 23.1 22.0 19.7 10
920!  0.016 23.1 26.1 19.8 18.4 16.4 10
925/  0.015 23.9 26.2 205 19.3 17.2 10
930 0.019 22.1 25.0 17.4 16.0 14.3 10
935]  0.010 249 27.0 23.1 21.9 19.4 10
940  0.006 23.9 26.3 22.2 20.7 18.3 10
945]  0.006 246 26.8 22.3 21.2 18.9 10
950, 0.014 22.0 25.0 175 16.0 14.2 10
955]  0.005 246 26.8 223 21.2 18.9 10




Appendix VII: M35027-1, planktonic foraminiferal census counts

water
depth depth
(cm) LAT LON (cm) counted aeq but  cal cav con cra deh dig dut fal glu  hir hum inf men  nit
0.0. 17.6483 -67.1667 1814 7199 49 00 01 00 03 01 04 00 S5 00 117 00 00 00 41 04
25 17.6483 -67.1667 1814 410 47 00 00 00 08 00 00 00 79 00 113 00 00 00 29 17
50 17.6483 -67.1667. 1814 747. 43 03 00. 00 02 03 02 00 58 00 165 00 00 03 38 1.1
7.5, 17.6483: 67.1667. 1814 3%9° 40 00 09 00 11 00 00 0O 44 00 87 00 00 00 38 08
10.0. 17.6483' -67.1667  1814: 7072 65 10 15 00 04 01 02 01, 17, 01 210 00 00 00 28 07
12.5! 17.6483: -67.1667 1814: 349° 52 00 00 00 02 00 01 00 39 00 80 00 06 00 20 06
15.0, 17.6483] 67.1667; 1814: 684: 58 13 03 00, 05 05 0.0/ 00 47/ 00 142 00 00 00 14 09
17.5! 17.6483. 67.1667; 1814! 384, 277 12; 18 00 06 0.1 00 01 37, 00; 1020 00 00 00 13 01
20.0/ 17.6483! 67.1667! 1814! 586° 21 10 06 00 07 04 01 00 32 04 166, 00 09 00 02, 00
22.5] 17.6483. 67.1667; 1814| 315! 52! 13, 06 00 04/ 03 00 00: 21 00, 78 00 00 00 01 01
25.0/ 17.6483| 67.1667| 1814 434] 45 18, 00 00 01 00 00 02 21 o6l 145 00 00 03 00 00
27.5] 17.6483| 67.1667| 1814 332 40 170 00/ 00; 06/ 02/ 00 00 19/ 04i 99l 00 00 03 03 00
30.0] 17.6483| 67.1667| 1814 487! 34{ 1.1 01! 00/ 04 04 00/ 00 12{ 00 236 00 00 01 00 01
32.5| 17.6483| 67.1667| 1814 341) 31| 39! 16/ 00/ 13/ 01/ 00 00i 56/ 00 83 00 00 07 00 00
35.0 17.6483| -67.1667] 1814 450! 41| 341 02 00 06 05 00 05 18 00 1500 00/ 00 04 00 00
37.5] 17.6483| 67.1667| 1814 339! 62 23] 16/ 00, 08 02 00, 05 18 05 145 00, 05 01 00 00
40.0/ 17.6483 67.1667| 1814 602! 83/ 37 00/ 00 11 03] 00/ 00/ 131 07 221 0.0E 0.7[ 02; 01] 00
42.5| 17.6483] 67.1667] 1814 346! 75/ 44| 18 00, 13 15 00/ 11} 21 27 181 00/ 00 14 0.1 00
45.0] 17.6483| 67.1667] 1814 439 72/ 198 00/ 00 19 08 00/ 05 22 00 180/ 00/ 00 07/ 00, 00
47.5] 17.6483| -67.1667| 1814 321 81| 84 05/ 00; 12 04 0.0/ 00/ 14/ 05/ 137 00 05 03 03 00
50.0 17.6483| 67.1667| 1814 467/ 25/ 34 61 00/ 03] 05 00/ 00/ 42 00 232 00 00/ 05 00 o041
52.5| 17.6483] 67.1667| 1814 330 7.0/ 34| 05| 00/ 05 08/ 00/ 10 20 10 150 00/ 00 02 00/ 00
55.0 17.6483| 67.1667| 1814 4341 75/ 49 08 00/ 23] 10/ 0.0 00/ 29/ 00} 170, 00: 00/ 06/ 08 00
57.5| 17.6483| -67.1667| 1814 369 7.1 64/ 00f 00/ 23 041 00/ 09, 21 09 177 00/ 00 07 01 00
60.0| 17.6483; 67.1667| 1814 611 45 39/ 01/ 00/ 02 00f 00/ 01 1.6/ 26/ 19.00 0.0/ 00 07/ 00 01
62.5| 17.6483] 67.1667| 1814 328/ 29/ 84/ 00/ 00 12 1.0 00/ 00 23} 07} 140 00 00 02 04 00
65.0| 17.6483| -67.1667| 1814 511 52| 66| 03/ 00 12 09 00 00/ 19 1.1 248 00 00 14/ 12 00
67.5| 17.6483| -67.1667| 1814 312 29| 120/ 00/ 00/ 07/ 10/ 00/ 00/ 07 08 195 00/ 00 12/ 09 00
70.0| 17.6483| -67.1667| 1814 506! 63/ B84/ 00/ 00/ 03] 01 00 01 15/ 1.0/ 175/ 00 00/ 03] 00/ 00
72.5| 17.6483| 67.1667| 1814 321 17 62| 09 00 12 08 00 06/ 23 06| 164/ 00 00 10, 00 00
75.0] 17.6483| 67.1667| 1814 445/ 21, 28/ 04/ 00/ 08 05 00/ 1.0 33 08/ 150/ 00 00 08/ 00 00
77.5| 17.6483| 67.1667| 1814 321 36/ 46| 15/ 00 00/ 15 00 00 28 07 127 00, 07 06/ 15 00
80.0| 17.6483; -67.1667| 1814 716] 141 18/ 00|/ 00| 19 041 00/ 00/ 30/ 09/ 220 00 00/ 09 09 00
82.5| 17.6483] 67.1667| 1814 352 10/ 0.3 o041/ 00/ 08/ 04/ 00 00/ 26/ 00 144 00/ 00/ 08 09/ 00
85.0] 17.6483| -67.1667{ 1814 413] 15/ o8| 00/ 00/ 14 15 00/ 07 39 00/ 135 00/ 00/ 15 07 00
87.5| 17.6483| 67.1667| 1814 360 29/ 18 00 00/ 07 02 00/ 00 46/ 00 139 00 00 14 01 00
90.0| 17.6483| -67.1667| 1814 7200 15/ s51f 00| 00| 15 03] 00/ 00 61 19/ 158 00/ 00{ 21 01| 00
92.5| 17.6483] -67.1667| 1814 319] 43| 00| 28/ 00| 04 04/ 00/ 00/ 68 07 92 00 00 14 01 00
95.0f 17.6483] -67.1667 1814 393] 46/ 37/ 02 00, 03 02 00/ 00 67 10/ 118 00 00 31 00} 02
97.5| 17.6483| -67.1667| 1814 365 44| 32, 02 00| 08 1.0/ 00/ 00/ 79/ 06 151 00 00l 20 00 00
100.0[ 17.6483| 67.1667| 1814 a60| 50/ 16| 01l 00l 04 o041 00 00f 107 04} 145 00 00 17/ 00 00
102.5| 17.6483| 67.1667| 1814 384| 520 27 00 00/ 03 05 00 09 115 13| 145 00 00, 11 02/ 00
105.0| 17.6483| 67.1667| 1814 355 26/ 16| 00/ ool 03] 10 00/ 03] 88 08 178 00 00 04/ 02 00
107.5| 17.6483] 67.1667| 1814 384 45 29| o08 o0 13 o0 00/ 03 t06 06/ 99/ 00 00 10 00 00
110.0{ 17.6483| 67.1667{ 1814 483 45| 42( 01] 00/ 04 04/ 00/ 04 62/ 04 146/ 00 00 06 00/ 00
112.5| 17.6483| -67.1667| 1814 356/ 60/ 54 07/ 00 14/ 04/ o0/ 01 67 00 144 00 00 16/ 07 00
115.0{ 17.6483| 67.1667| 1814 333 43| 32 00/ o0/ 1.1 03] oo o0s 73 11 112 00 05 03 01 00
117.5| 17.6483] 67.1667| 1814 a08| 44| 42/ 04/ 00/ 1.3] 03[ 0o o00f 70 00 128 00 00 08 01 00
120.0| 17.6483] -67.1667] 1814 3g8| 51| 33/ 00/ oo 20 18 00 02 54 07/ 189 00 00 02 01 00
122.5/ 17.6483| -67.1667| 1814 319 43| 39| 00| 00| 07 24/ oo 10 85 00/ 163 00 00 00 00 00
125.0] 17.6483] -67.1667| 1814 424] 31| 34] 10/ 00 o2 o3/ ool 07 61 05 163 00 00 10 00/ 00
127.5| 17.6483| -67.1667| 1814 205/ 40f 44] 02/ 00 00 ool 00 09 93 00 1.1 00 00 02 04/ 00
130.0{ 17.6483| -67.1667| 1814 213] 59| 18] 00 00 07 09/ o0 o5 100 00[ 136, 00 00/ 02 00] 00
132.5/ 17.6483| -67.1667] 1814 380| 40/ 1.3] 1.3] o0o0f 03 12/ 00/ 08/ 77 00 170 00 00 05 00 00
135.01 17.6483| -67.1667{ 1815 321] 23/ 08| 00l 00/ 05 02 o0 02 65 00/ 179 00 13 02 00 00
137.5| 17.6483] 67.1667| 1816 395 2.8 24, 06 00 07 07 00/ 00 108 06 122, 00, 00 00 00 01
140.0| 17.6483! -67.1667| 1817 a78]” 26| 46| 00/ 00 01 00 00 02 77 00/ 149 00/ 00 12 02 00
1425/ 17.6483| -67.1667] 1818 395] 19| 07 00| 00 00 03] 00/ o1 91 00} 127, 00 00 14 00 00
145.0{ 17.6483| 67.1667{ 1818 381 29 22| 13| 00/ 04| 06/ 00/ 00f 49 22/ 194 00; 11 00 00 00
147.5| 17.6483| 67.1667; 1818 412] 32| 45 05 00/ 05 01 00/ 07{ 79 00 122 00 00, 11| 00/ 00
150.0] 17.6483| -67.1667] 1818 3471 64, 49 00 00/ 05 08 00 02 41 08 140 00 00 0.5/ 00/ 00
152.5| 17.6483! 67.1667! 1818 383 1.7] 29/ 00 00/ 16 07 00/ 02 80 07 119 00 00 16 0.0E 0.0
155.0f 17.6483| 67.1667] 1818 490, 18 23! 06 00 12 03 00, 00 78 00 196 00i 03 1.1 01 00
157.5! 17.6483| -67.1667] 1818 284 30 69 00 00 11 02 00 00/ 107 00 59 00 00/ 19 00 00
160.0! 17.6483/ 67.1667| 1818 331] 35/ 35 00/ 00 05 09 00 00/ 85 05l 193] 00 00{ 15 00 00
162.5] 17.6483! -67.1667| 1818 393 46/ 30/ 04/ 00/ 1.0/ 04 00 00 80 00 64| 02/ 00l 17, 05 00
165.0] 17.6483| -67.1667| 1818 5531 50 60 05 00 08 00 00 00 80 00 139/ 02 00 04 00 0.0
167.5| 17.6483| -67.1667| 1818 312] 75 15 02/ 00/ 07 09/ 00 00 44 00 166 00 00 02 07/ 02
170.0| 17.6483| -67.1667| 1818 410 35| 51/ 00/ 00 o6 02 00 02 62 00/ 183 00 0.0/ 04 05 01




Appendix ViI: M35027-1, planktonic foraminiferal census counts

depth .
(c;:n) obl pal par+ ‘qul qur qui .rur ruw  rus  td sac ten trus  tum  ‘univ. uvu  ment pdi  par
00 06 00 08 00 00 00 117 302 56 143 44 02 02 03 04 07 04 28 00 44 04 05
25 04 00 01 00 00 00 124 296 13 111. 84 09 00 01 00 01 05 49 00 35 01 00
500 06 03 02 00 00 26 90 273 85 68 38 07 20 04 03 07 08 28 00 45 041 09
75 09 00 09 00 00 00 183 304 44 90 74 13 00 07 00 07 07 14 00 45 08 00
100 07, 05 03 00 00 00 93 288 76 83 27 05 05 04 07 11 04 18 00 32 03 00
125 06, 00 00, 00 00 00 171 346 34 123 47, 11 11 00 19 19 11| 12 00 32 00 00
150 09 03, 00 0.0 00 00 148 320 28 97, 43 06/ 00 03, 22 25 04 19 00 18 00 00
175 05 06/ 03 00 00i 00 155 376/ 53 80 38 12 00 04 21 24 04] 16 00 1.8 03 00
200, 09 09, 07/ 00 00 22 11.3] 342 106, 461 16 09 09 02 21 22 06 13 00 08 03 04
225 14] 00 07, 00 00; 00 156 346] 54/ 84/ 59 06 36/ 01 38 39 08 06 00 09 01 06
2500 09 02| 03] 00 00 00 141] 453/ 43 49 17, 06 12 00 09 09 03 08 00 03 03 00
275 000 000 11 00 00l 00 169 469 38 41 33 00 21 04/ 05 09 01/ 12, 00 04 06 04
3000 03[ 00 01 00 00 11 36/ 380 179 37 1.1 00 01] 03/ 01; 04 01] 08 00 01 00 041
325 17] 00] 15 00 00 00 114/ 365 74/ 64| 30 17, 17 020 20 221 00 1.2 00 00 07, 09
3500 o9l 12] 18 00 00 02 108/ 381 52 64 24, 10 221 02 12 14 00/ 15 00 00 06 12
375 100 00/ 12/ 00 00/ 00] 11.7] 352] 70 46| 21/ 16 48 00 04/ 04l 00 08 00 00 07, 05
400 03] 00 22/ 00 00 00 71 368 50 43 21 00, 14| 00 05 05 00 04/ 00 04 01 21
425/ 04] o5 03] 00 00| 00 98 299 44/ 65 15 11 1.1] 00 05 05 01] 05 00 01/ 03 00
450] 11| 14} 02 00/ 00 00 149 297 29 87 27 00/ 29/ 00 01 02 00 09 00 00 00 02
475/ 01] 05/ 00 00 00/ 00/ 98/ 286/ 58 106/ 35 11 21| 00/ 02] 02 00/ 09 00 03 00 00
5000 00/ 00 01 00/ 00/ 00 118 281 11.1] 30 13 00| 10/ 00/ 02 02 00/ 04/ 00 00 01 00
525/ 00/ 15 00/ 00/ 00/ 00| 128/ 321 26| 82 29 10 15 00 17| 171 00 13 00/ 00 00 00
550/ 01| 08/ 09/ 00 00 00 103 301] 23] 99 23] 08 38 01 03] 04 00 05 00 08 00 09
575 00/ 18/ 02 00 00 00 89 272 44] 64] 23] 44/ 35 00 10 10 00 07/ 00 o041 02 00
60.0] 00/ 26/ 07/ 00 00/ 1.1 109 296] 79 54| 14| 26 16/ 00 11 11 00| 04| 00 00 01 06
625 00/ 14/ 14| 00 00/ 00 95 319 63| 44 15 42[ 21 00l 16 16 07 04 00 11 07 07
650, 00/ 11 14/ 00 00/ 06 78 277 37 46| 17| 03] 40 00/ 06/ 06 00 07 00 12 06 09
675 0.0/ 15 09] 00; 00/ 00 141] 259] 53] 22{ 25 15 23] 00| 19/ 19/ o0l 03] 00 09 09 00
7000 00 00/ 01] 00/ 00/ 10/ 69 388 91 37 20 10 10 00 05 05 00 03 00 00 00 01
725/ 00/ 18/ 06/ 00/ 00/ 00 63 402 48/ 59 34 06| 36 00 05 05 00 05 00 00 00 06
7500 00| 12 12] 00/ 00] o00] 124] 337 65 72 34] o8 32 00| 12 12 00 05 00 00 04 08
775/ 00/ 30 23] 00/ 00 00| 108 349 60| 60/ 07 07/ 30 00 12 12 00/ 03] 00 15 22 o1
80.00 0.1] 43 o1 00 00 00| 64 294 95/ 89 22/ 18 17 00| 16/ 16| 00 04 00 09| 00 01
825 00/ 59/ 06 00 00| o0l 103 374 11.3] 63 27 06 18 00| 07 07 00 03 00 09 08 00
850 00| 33 48 00/ 00 0.0 107 383 47 42 18 o8] 27 03] 23] 26 00 05 00 07 10 38
875 06 30 10 00/ 00 o0/ 88/ 406 60 56/ 30 00/ 30 03 13 16 00 04 00 01 1.0 00
900 00| 10/ 15 00 00 00 12.7] 354/ 49 50/ 12| 00/ 10| 03] 11 13 00 04 00 o041 02 13
925 07| 28/ 20/ 00 00 00 121] 365 51 53 29/ ool 28 00 11 11 00 1] 00 04] 1.1 09
950, 00] 12| 31j 00/ 00 o5 104 323 20/ 88 25/ 20/ 20 05/ 10 15 00 1.1 00 00 11 20
975 00/ 12| 06 00 00 00 109 31.6] 61] 54 24| 12| 24| 05/ 15 20 00 10 00 00 086 00
1000, 0.0/ 17] 27 00/ 00/ 00 93] 324] 59/ 62 21 04 17 03] 21 23 00| 06 00 00 13 15
1025/ 01] 25] 13] 00/ 00 06| 73] 301 19 57 30 25 25 02 35 37 00/ 05 00 02 13 00
105.00 02| 08/ 23 00 00 o0 54 346] 48 74| 24/ 08 24| 041] 23] 23] 00 05 00 02 13 10
1075 0.0/ 18 09/ 00/ 00 00 79 315 68 62| 38 12/ 25 08 28 36 00 05 00 00 09 00
1100 0.0/ 26| 52/ 00 00 00/ 93] 313 21| 65 14/ 26/ 26/ 06 23] 30 00 06 00 00 08 44
1126 00| 12/ 06 00 00/ 06 7.6 327 99 26/ 230 170 12 00 15 15 00| 05 00 07 04 01
115.00 0.0/ 32| 11 00 00 o5 56 391 37 58 39 16/ 05 07 23 30 00 03 00 01 00/ 11
117.5] 00| 08/ 04/ 00/ 00/ 00/ 99 384/ 72/ 52 21] 08 13 02 14 16 00 03 00 01 04 00
120.0f 00/ 30 08 00 00 00 96 259 9.0/ 50 22 15/ 37 04 o086 09 00 07 00 041 01 07
1225 02| 16| 12| 00( 00| 08| 11.2] 2908/ 39 54/ 24 00| 31 04| 19 23] 00 03 00 00 10 02
1250/ 01] 10/ 32| 00/ 00 05/ 94| 337 54/ 68 32 10 00 12 13 25 00 04 00 00 19 12
1275 04] 07| 35/ 00/ 00/ 00/ 132 350/ 29| 38 27| 22[ 15 05/ 170 23] 00 07 00 04/ 20 15
130.0f 0.0 18/ 20/ 0.0/ 0.0/ 00/ 11.4] 318 56/ 37| 20 14 1.1 00| 32 32 00 18 00 00 o098 11
1325/ 02| 0.0/ 15/ 00/ 00[ 00/ 136 31.7] 20 51| 23] 26] 26/ 16 13 28 00 06/ 00 00 02 13
1350, 05| 51 08/ 00 00 13] 141 277] 95 45 171 25/ 00/ 03] 11 14| 00 05 00 00 02 06
1375 07] 12/ 01] 00/ 00 00| 126/ 285 65 58 34/ 24| 35 00 28 28 00 05 00 00 041 00
1400 03] 29 27 00; 00, 02 95 207/ 93| 41] 25 27/ 10 00 28 28 00 04 00 02 05 22
1425 03] 05/ 25/ 00[ 00 00| 149 311 59 67/ 42] 18 05 0.4 39 40 00 04 00 00 20 05
145.0] 06] 39/ 07| 00 00 00 144] 205 129] 31 12/ 28 06 00 13 1.3 00 04 00 00 07 00
1475) 13] 00/ 15[ 00l 00/ 00 125 299 85 72| 16/ 26 05 00 03 09/ 00 07 00 00 15 00
150.00 1.0, 16/ 27/ 00/ 00| 00 107 316/ 11.7] 27 12 12| 12| 00| 14 14| 00 05 00 00 06 21
1525/ 07) 00, 07| 00/ 00/ 00| 169 323 82 45 17 14] o0 02 20 22 00 06 00 00 00 07
155.0/ 1.0] 22| 43] 00/ 00/ 03] 96| 271 87 23] 27/ 14/ o6 03] 22 26 00 12 00 041 09 34
1575, 07| 0.0[ 19/ 00/ 00/ 10/ 135 315/ 67 44/ 30 10/ 10 00 48 48 00 10 00 00 10 10
1600 02| 00 29| 00 00 05 89 2071 33 33 44| 09 08 05 54 58 00 05 00 00 08 21
1625 0.9 04/ 1.1] 00] 00| 00| 116] 454 34] 32 25 17/ 04 00 20 20 00 02 00 05 1.1 00
165.0] 041] 07; 25/ 00; 00 00/ 81 359 36/ 44/ 18/ 33 11 00 28 28 00 01 00 00 02 24
167.5| 1.0, 00/ 02/ 00/ 00 00/ 134 359 14] 57 25 27, 21| 03] 18 22 00/ 02 00 07 02 00
1700, o1l 06| 18 o0 00 00 122 305 49 41 231 41 12 01 19 19 00/ 04] 00 05 08 10




Appendix Vil: M35027-1. plankionic foraminiferal census counts

water
depth depth
(cm) LAT LON (cm) counted aeq bul cal cav con cra deh dig dut fal glu hir hum 'inf men nit
F172.5 17.6483 £7.1667 1818 3758 52 28 03 00 09 00 OO0 00O 654 06 113 00 00 00 00 00
1750 17.6483 £7.1667 1818 %9 55 35 00 00 13 07 00 00 86i 00 88 00 00 07 06 03
177.5 17.6483 £7.1667. 1818 348 60 29 06 00 14 02 00 10 77 00 106 00 00 02 01 00
180.0° 17.6483- 67.1667. 1818 408 6.7, 55 05/ 00 09 041 00 00 53 00 1172 00 00 04 01 00
182.5, 17.6483: 67.1667] 1818! 361 102 28 00, 00 19 07, 0.0i 06!/ 48 00 141 00 00 08 02 00
185.01 17.6483; 67.1667/ 1818 526 7.2 43 00 00 08 06 00 05 18 03 133 00 00 02 07 00
187.5) 17.64831 -67.1667| 1818’ 311 7.7, 50 08 00 23 01/ 00i 01 13 16 15 00 00 10 00 00
190.0; 17.6483! -67.1667; 1818’ 400, 52 76 07 00 100 05 0.0 01 18 05 147 00 00 13 10 00
192.5! 176483 67.1667! 1818, 359, 78 59, 08 00 04 09 00 03 29 08 126' 00 00 10: 0.1, 01
195.00 17.6483! -67.1667] 1818| 435° 92 53 00 00 05 06 00 00 17 00 182 00 00 1.1 01 01
197.5! 17.6483; 67.1667| 1818! 301, 82 33/ 23/ 00 07 02 00i 00 34 00 117/ 00i 00 00 02 00
200.0/ 17.6483! -67.1667| 1818| 427. 114 47/, 00, 00/ 07: 07 0.0 00/ 21 00 176 00/ 00 03 00 00
202.5) 17.6483! 67.1667! 1818 349° 135, 25/ 17/ 00 03 02 00/ 00 30 00 133 0.0: 00 00 01 00
205.0/ 17.6483; -67.1667; 1818 491 55/ 36/ 1.0/ 00/ 15 01 00/ 06! 39 16 162/ 00/ 00/ 02 00 0.0
| 2075 17.6483! 67.1667| 1818 327] 51 06 06 00 08 03] 00 00] 39 06l 222 00 00 02 00 00
210.0/ 17.6483; -67.1667| 1818 571 72! 17/ 00/ 00/ 08 09 00, 03] 4.1 00 134/ 0.0 00/ 05 00 00
212.5| 17.6483] 67.1667; 1818 392| 114 06/ 13; 00/ 05 13 0.1 04/ 6.1} 0.0} 1300 00/ 00 00 00 00
215.0] 17.6483| -67.1667| 1818 516/ 5.7f 22 05/ 00/ 08 05/ 00/ 00 63 03 161/ 00/ 00f 00/ 0.0 0.0
217.5| 17.6483| 67.1667| 1818 369] 53] 18 00 00 22 13 00 00 86 06 1171 06/ 00l 00 00 00
220.0{ 17.6483| -67.1667; 1818 539 92! 12, 03/ 00/ 09 08 01 08/ 83 06/ 125 00, 00 02 00 00
222.5| 17.6483| -67.1667) 1818 391 79/ 0.0 o8 00 07/ 19 00 00 69 08 155 0.0/ 00/ 00/ 0.0/ 00
225.0) 17.6483| -67.1667] 1818 581 4.1 02/ 09, 00 16/ 18 00/ 00] 96/ 00/ 144 00, 00/ 00 00 00
227.5{ 17.6483| -67.1667| 1818 394! 7.00 1.2 1.7] 001 1.1 34/ 041 00/ 69 05 110 02 00/ 00 00 0.0
230.0/ 17.6483 -67.1667| 1818 441 52| 25/ 03 00 14/ 10 00/ 03 68 00 159, 00; 00 00/ 0.0 00
232.5| 17.6483| -67.1667| 1818 393 58/ 05 08 00 06 19/ 0.1 0.0/ 87/ 00/ 178 0.0/ 00 00, 0.1 0.0
235.0] 17.6483; -67.1667] 1818 544/ 49| 13 04 00/ 06/ 31 00/ 03] 65 06/ 209 00 00 00 00 00
237.5| 17.6483| 67.1667| 1818 308/ 35 05/ 20 00 05 13 01 02| 9.0/ 00/ 198/ 00/ 0.0 0.0/ 0.1 0.0
240.0] 17.6483| -67.1667; 1818 500 68/ 1.8 1.1 0.0/ 08/ 35 00/ 05 63 04 163 00 00/ 00, 00 0.0
2425/ 17.6483| 67.1667| 1818 367, 63 03 06/ 00 08 27/ 02 00 101 00 156/ 00/ 00, 00/ 04| 0.0
245.0{ 17.6483| -67.1667( 1818 496 43| 1.3 1.3/ 00/ 1.t 30 01 03] 88/ 00/ 139/ 00 00/ 00/ 03 00
247.5| 17.6483| 67.1667; 1818 36/ 95/ 09 13 00/ 05/ 05 00/ 04/ 80 09 185 00l 00/ 00/ 07 00
250.0/ 17.6483| -67.1667| 1818 s67 86 09| 05 00/ 18 27 02 07 68 00 152 00 00 02 08 0.0
252.5| 17.6483| 67.1667| 1818 349 42| 09 09/ 00/ 13 26/ 01/ 09| 77/ 00 145 00/ 00/ 00 03/ 00
255.0{ 17.6483| -67.1667; 1818 471 48| 09| 23] o0/ 23] 23 00, 08 84 04/ 1170 00 00 00 21 00
257.5| 17.6483| 67.1667{ 1818 342 33 05/ 07/ 00/ 20 08 01 07| 7.3/ 00; 141] 00/ 00{ 00 40 00
260.0{ 17.6483| -67.1667{ 1818 554 7.0 14 14| 00/ 13] 05 00/ 01 7.7, 0.0{ 108/ 0.0f 00 00/ 81| 0.0
262.5| 17.6483| -67.1667| 1818 385 6.0/ 0.0/ 11 00/ 29/ 02 0.0/ 05/ 1171 00{ 99 00 00/ 00 88 00
265.0, 17.6483| 67.1667; 1818 6541 8.1 1.0, 15 00/ 17 01 00/ 03 96/ 00 118/ 00/ 00f 00f 50 00
267.5| 17.6483| -67.1667] 1818 304 6.5 16/ 11 0.0/ 21 0.7l 00/ 05| 113] 00| 104/ 00 00f 00 82 00
270.0, 17.6483| -67.1667| 1818 s84] 63/ 17/ 12| 00/ 16 03/ 00/ 03] 11.1] 00 140 03 00/ 01| 48 01
272.5| 17.6483| 67.1667| 1818 328) 132 05| 15 00/ 17, 07/ 00/ 02 125 05 73] 00 00 00 44| 0.1
275.0| 17.6483| 67.1667| 1818 543 69| 03 1.1 0.0/ 18/ 06/ 0.0} 00/ 59 09 172 00/ 03 00 37 00
277.5| 17.6483| -67.1667| 1818 314 75/ o05] 05/ 00/ 37/ 05 00/ 05 66 00] 140 00/ 00 00 54/ 00
280.0| 17.6483| 67.1667| 1818 601 58 1.1 29/ 00| 19 04| o0/ o041 69 00/ 109 00 00, 001 39 02
282.5| 17.6483| -67.1667| 1818 360/ 68/ 00 07 00/ 09 05 00/ 07/ 73 07 107 00 00/ 00; 25 00
285.0| 17.6483| -67.1667| 1818 460 35/ 15/ 18 00/ 12/ 03] 00/ 05 83 05 132 00 00 00 23 01
287.5| 17.6483| -67.1667| 1818 372 48 13| 04/ 00 1.1 o06] 00 04/ 83 04 97 00 00 00 63 00
290.0{ 17.6483| 67.1667| 1818 664; 3.3} 1.3 13| 00|/ o5 07 o0o0f 00 62 00/ 122 00l 00/ 00 50 00
292.5| 17.6483| -67.1667| 1818 404 30 17/ o04] oo 10/ 10/ oof o0/ 63 00 102 00/ 00f 00 7.0; 00
295.0; 17.6483| 67.1667| 1818 677 5.0/ 1.1 07 00/ o8 18 00 00/ 62 02 123 00 00 00 61 02
297.5] 17.6483| -67.1667| 1818 389] 46| 08 00 00 25 16/ 00/ 06/ 85 00/ 107 00 00/ 00 44 01
300.0, 17.6483| -67.1667; 1818 583 12| 30 17 00/ 15/ 15/ 00/ 04/ 37 04/ 125 00/ 00} 00] 47 01
302.5| 17.6483| -67.1667| 1818 319; 27| 4.2 14, 00/ 14/ 07 00/ 00/ 42/ 00 130/ 00/ 00 00 40 00
305.0] 17.6483| -67.1667; 1818 602 66/ 1.3 15/ 00/ 09/ 07/ 00/ 00 6.1} 00 173 01 00/ 0.0/ 26/ 00
307.5| 17.6483| 67.1667| 1818 353 14| 53] 00 00 06 07/ 00 00 51 07 114 00/ 00/ 00 54/ 00
312.5| 17.6483| -67.1667| 1818 302 33/ 18] o8 00 16 20 o0 08 91 00 49 00 00 00 41 0.2
315.0, 17.6483| 67.1667! 1818 550 29 15 16/ 00 27 271 00/ 02 72/ 00/ 116 00/ 00 00 54 00
317.5| 17.6483| -67.1667! 1818 314 66/ 42| 07/ 00 23 141 0.1 071 51| o071 133 00/ 00/ 00 44 00
320.0, 17.6483| 67.1667| 1818 668/ 4.0f 55 17| 00| 34/ 40 01/ 00/ 46/ 00/ 104 00 00/ 00 41 0.0
322.5] 17.6483| -67.1667] 1818 360 46 3.9 13 00 22 24 o1l 07/ 66 00 128 00 00 00 52 00
325.0] 17.6483| -67.1667| 1818 529! 33! 28 1.1 00/ 29 26 041 0.1 73 00, 97/ 00/ 00 00 62 01
3275 17.6483! -67.1667| 1818 334 34/ 46/ 09 00 16/ 38 01 00, 70/ 00 96/ 00/ 00 01 41 00
330.0f 17.6483| 67.1667| 1818 570/ 5.3 41 16, 00 30 45 00 03] 84 00 117 00 00 00 63 00
3325/ 17.6483| 67.1667| 1818 354] 40/ 34 29/ 00} 33, 43 02 00 71 0.0/ 13.9{ 00/ 00{ 00/ 3.0 0.0
335.0, 17.6483| -67.1667| 1818 631 34 1.8 18 00 28 42/ ool 03 98/ 00/ 119/ 00/ 00 00 41 00
337.5! 17.6483| -67.1667| 1818 366/ 7.6/ 271 22 00 +1 28/ 00 00 57/ 06 116 00/ 00/ 00 26 03
340.0] 17.6483| 67.1667| 1818 673 62| 24 17/ 00/ 29 33] 02 02 92/ 00/ 136 00/ 00 0.0I 28 05
3425/ 17.6483| 67.1667, 1818 408! 64| 5.1 1.1 00 18 14 03] 00 63 00 143/ 00/ 00 00 29 03
345.0| 17.6483| -67.1667] 1818 496 4.3 1.3 1.3] 0.0 11 3.0 0.1 0.3/ 88 0.0{ 139/ 00 00/ 00/ 03] 00




Appendix VII: M35027-1, plankionic foraminiferal census counts

depth :

{cm) obl par+ qul qur rur ruw  rus tn sac ten tr trus  tum univ. uvu  ment pdi par
1725 04 26 06 00 00 06 147 317 45 51 36 32 26 02 23 25 00 05 00 00 06 0C
1750 01 12° 29 00. 00 00 221 197 41 72 30 29 12 00. 52 52 00 02 00 06 15 15
1775 02° 19 00 00, 00 00 174 282 52 57 30 26 13 08 27 35 00 03 00 01, 00 00
180.0 010 24 1.3, 00. 00 00 147: 290 44 64 28 20 20 07, 28 35 00 04 00 01 03 10
1825. 01j 06 00 00 00 00 138 322, 28 88 14 11 06 01, 15 16 00. 05 00 02 00 00
1850, 03. 27 11' 00 00 00 73 379 49 69 19 03 24 06 23 29 00 04 00 07 00 11
1875 10 16 16 00 00 00 71 385 66 25 18 08 25 02 17 19, 00 1.4 00 00 16 00
19000 01 16/ 14 00 00, 00 112 31.2] 52 68 35 00 10 09 14 22/ 00/ 05 00 10 03 12
1925] 02, 00 08/ 00/ 00 08 97 356 16 83 31 16 16 01 07/ 08 00| 06 00 01 00 08
1950, 02] 16/ 16/ 00 00 00, 146i 293" 41/ 33 1.2 05 41 06 09, 15 01/ 06 00 01 00 16
1975 02/ 08 16/ 00/ 00/ 00 149] 352/ 62, 32 16 08 16/ 01] 08 09 00 06 00 02 00 16
20000 06 1.0/ 17] 00/ 00/ 00; 124 295 62 48 12 10 16 06 14/ 20 00 05 00 00 01 16
2025 03] 25/ 33 00/ 00 00| 107] 354/ 25 35 1.9 08 25 01 05 07{ 00 05 0.0 01 08 25
2050, 0.4 06 11 00 00 00 158! 296/ 55 50 1.1 1.0 16/ 04 18 22 00/ 15 00 00 05 06
2075/ 00 00/ 18] 00 00 00 183] 288 54/ 57/ 13 12 12 03 09 12/ 00/ 05 00 00 18 00
2100 06 06 24] 00 00] 00 158 313 54/ 40, 19 25 25 02 15 16/ 00/ 10/ 00/ 00/ o8 16
2125 06] 00/ 25 00 00/ 00/ 142/ 253 67 80 30 00 17 08 10/ 19 00/ 09 00 00 00 25
2150, 01] 06/ 28/ 00 00/ 00| 17.3] 265 54 54/ 25 19 13 12| 02 14] 00/ 09 00 00 19 o9
21751 03] 00/ 00} 00/ 00 00| 143] 318 47 58 23] 23 18 04/ 11 15 00l 11 00 00 00 00
2200, 03] 09] 17/ 00| ool 03] 135 333 39 44/ 13 18/ 21| 041 05 o086 00/ 06 00 00 06 11
2225/ 14 00/ 1.1 00/ 00/ 00| 11.2] 390/ 38 48 08 15 08 00 00 00 00 08 00 00 11 00
2250, 02 04/ 28/ 00 00 00 151] 304 45 50 33 09 09 01 09 09 00 20 00 00 17 11
2275/ 06 00 1.0/ 00/ 00 00/ 170/ 29.1] 14| 74/ 16/ 24| 05 00 15 15 00 16/ 00 00 05 05
2300, 06/ 03] 07 00] 00/ o00[ 160] 315 20/ 62 26 14 20 03] 03] 06/ 00 14/ 00 00 02 o05
2325! 06| 00 05 00 00 00| 147 272 1.0 76 2.1/ o5 36/ 10 15 25 00| 22[ 00/ 01 00 o0s
235.00 03] 06| 06 00/ 00 06 116] 234/ 56| 73] 30 28 06 05 05 10 03 22 00 03] 03 o023
2375 06| 00 05/ 00 00 o00] 143] 258] 29[ 72 35/ 24] 20 o7 07 15 00 17/ 00/ 01 05 00
240.00 07/ 00l 18 00/ 00 00| 144 272 22/ 62 20 29 00/ 02 26 29 00/ 16 00/ 00/ 09 09
2425 19 00/ 12 00] 00/ o0 184 227 06/ 61 21| 18 12 05 21 26 00/ 37 00 04 00 12
2450, 09 00/ 11 00| o00] o0 159 255/ 56/ 61{ 33 22[ 05 00 15 15 o1 19 00/ 03] 05 05
2475 05| 00] o04] 00 00 o00] 179] 242 35 47 14] 13 00/ 02 15 17 00 11| 00 07 00 04
2500, 06/ 00/ 09/ 00/ 00/ oof 135 262] 37/ 67/ 36 19/ 00/ 02 09 12 00| 19 00 08 00 09
2525 06 00/ 13 00 00 00| 175 274/ 35 95 19/ 04 04/ 03] 12 15 00| 10 00 03] 09 04
2550, 05 04| 11 00 00 o00] 126] 299 53] 53 14 19 o04] 02 06/ 08 1.1 o08] 00 33 04 08
2575] 04| 00/ 02/ 00 o0 o0o0f 178] 316] 19 46/ 15 10 15 o5 13[ 19 o041 09 00 41 02 00
2600, 03] 03] 01] 00 00 oo] 148 279 47 61 14 11 o6 00 04 04 00 14| 00 81 01 00
2625/ 07 00/ 00/ 00 00 o00f 194] 185 33] 62 25 22/ 16 03] 20 23 00| 10 00 88 00 00
265.00 03] 03] 07 00 o00] 00| 150 228/ 41 65 22] 21 o6 01 05 06 20 10 00| 70 04 03
2675 03] 00] 03] 00/ 00 oo| 146] 210/ 38 81 30/ 05 16 01 08 10 03] 14 00 85 03 00
2700 06 03] 17/ 00 00/ o00] 125/ 187 72 72| 36 12| 09 04 10 14 00 16 00 48 12 06
2725 02| 00 o00] 00/ 00 00 154] 185 39 65 28 24/ 10/ 01 18 170 15 20 00 59 00 00
2750 06| 03] 06/ 00 00 13 11.3] 174] 117 €3] 18 19 03] 03] 07 11 22/ 1.1 00 59 03 03
2775] 05| 00/ 00/ 00 00/ 00 146/ 256/ 4.0/ 76/ 39 05 00/ 01 1.1 12 19 07 00/ 72 00 00
2800, 06/ 03] 00 00 00 03 95 283 39 62 39 33 14/ 00 18 16/ 46/ 12| 00 85 00 00
2825/ 04| 00] 00/ o0 o0 00| 160 316/ 13 73 29 26/ 20/ ool 12 12 30/ o8 00 54 00 00
2850, 04/ 05/ 05/ 00 00 00 111 352 59| 52| 24 18 05 o041 03] 04 19 07/ 00 42/ 00 05
2875/ 05/ 00 06 00 00 00 120 206 25 76f 22 22 18 02 05 07/ 47 13 00] 11.1] 02 04
290.0f 06/ 00/ 00/ 00 00 00 111 399 42 40 26 04 21/ 00/ 07/ 07/ 33 05 00/ 83 00 00
2925/ 05 00, 00/ 00 00 00 149 388/ 04 52 32 00/ 19 00| 08 08/ 28 05/ 00/ 98 00 00
2950/ 08/ 00/ 08 00 00/ 02 154/ 280/ 2.0{ 49/ 31 18] 23] 00 15 15 33 02 00 94 o086 02
2975 07/ 00/ 13 00/ 00/ 00 158 256/ 25 67 42 13| 25 01 05 05/ 43] 05 00/ 87 06 06
30000 02| o04] 22 00 00 00 88 352 52/ 47 14 13| 09] 00/ 20 20 46/ 06 04 93 05 17
3025/ 03] 00 00 00 00 00 142 257/ 64| 102] 30/ 00 07 02 30 31 24 03 00 63 00 00
305.0, 03] 00/ 09/ 00 00/ 04 123 206 130 31 18] 22[ 00 o5 34 39 31/ 03 00 58 00 09
3075/ 03] 00 00/ 00/ 00 00] 158 254 7.7 71| 15 21] 35| 00 18] 18 25 02/ 00 79 00 00
3125/ 15| 00f 00/ 00/ 00/ 00/ 97/ 256/ 126/ 83/ 16/ 08/ 24/ 03 09 12| 59 02 00/ 100/ 00 00
3150, 0.6] 00| 15/ 00 0ol 00 87 277 54 59 17 25 1.1, 041 11| 13| 53 03 00 107 02 13
3175/ 12| 00/ 02 00/ 00/ 00[ 73] 209 105 78 27 00 14/ o041 o8] o9 37 05 00 80 00 02
32000 07 00/ 07 00 00 00 75 286 44/ 79 29/ 13/ 09 01 06 07 39 05 00 81 02 04
3225/ 07/ 00/ 00/ 00 00 00/ 87 277 56/ 75 13 06 28 00 01 01] 32/ 06 00 84 00 00
3250/ 08/ 00/ 06 00/ 00 00/ 99 332 44/ 73] 17/ 04| 18 03] 03 06 20 03 00 82 06 00
3275 08/ 00/ 05 00 00 00 72/ 313 78 67 29 00 09 00 02 02 41 08 00 82 05 00
3300! 03] 00: 05 00 00 03 69 268 39 53 25 10 16 00 02 02/ 39 03] 00 102 02 03
3325/ 05/ 00 07 00 00 00 102/ 250! 62 49, 15 00 14/ 00/ 00 00 36 10 00/ 65 00 07
3350, 05 001 13 00] 00 00] 78 267 28 75 22 10 13 00 00 00 29 16 00 70 10 03
3375/ 05 00 03] 00/ 00/ 00 84] 331 32| 67] 29 00/ 13 00 00/ 00 14 11| 00 40 02 02
3400, 09| 00/ 05 00/ 00/ 00 122 247 24| 63] 30, 05 07 00/ 01 o01] 17 11] 02] 45 00 05
3425/ 03] 00f 00/ 00/ 00/ 00 120 278 35 61 24/ 05 20 00 00 00 06 03 00 34 00 00
3450 09l 00 1.1 00/ 00 ool 159 255 56 61 33 22/ 05 00 15 15 01| 19 00 03 05 05




Appendix VII: M35027-1, plunktonic foraminiferal census counts

water
depth depth
(cm) LAT LON (cm) counted aeq bul cal cav con cra deh dig dut fal  glu hir hum mnf men nt
347.5' 17.6483 57.1667 1818 356 56 93 20 00 37 15 04 00 61 00 110 00 00 00 32 05
350.0' 17.6483 67.1667 1818 556 50 38 1100 46 17 01 00 76 06 143 00 00 00 41 06
352.5] 17.6483 67.1667. 1818 319 38 80 02 00 50 10 01 00 69 00 105 00 00 00 27 12
355.0! 17.6483 67.1667 1818 541. 31 34 14 00 55 20 01 02 83 05 120 00 00 02 52 11
357.5! 17.6483 67.1667. 1818 406 46 43 00 00 40 09 02 02 68 04 105 00 00 00 67 13
360.0. 17.6483. 67.1667. 1818 651. 39 57, 10 00 36 1.2, 02, 06, 51 03 112 00 00 00 70 06
362.5! 17.6483, 57.1667, 1818, 370! 48 13 04 00 33 17, 03] 00, 89 00 95 00 00 00 48 04
365.0] 17.6483, 67.1667, 1818, 603 42 19 05 00 19 01, 02 06 49 00 151 00 00 02 75 07
367.5] 17.6483, 67.1667, 1818, 387, 32 20 09 00 37 01, 0.1, 04 78 04 133 00 00 02 28 00
370.0] 17.6483, 67.1667, 1818 476 49 78 1.0. 00, 18 00 02 01 14, 00 122 00 00 08 37 01
3725! 17.64831 67.1667, 1818. 380 45 42 11 00 34 07 00 07 4.1 00 147 00 00 06 01 00
375.0; 17.6483. 67.16671 1818, 755, 43 21| 08 00 34 00, 01, 07. 27, 14 145 00 00 14 41 00
377.5] 17.6483; 67.1667 1818, 380, 44: 33 06, 00 17, 03] 01 17 48 00 100, 00. 00 07 36 00
380.0] 17.6483] 67.1667] 1818, 646/ 39 80 07, 00, 08 00/ 01 10 18 00 998 00 00 10 42 0.1
3825 17.6483] 67.1667) 1818/ 393, 51/ 21 12| 00 15 02 02 05 27 00 162, 00 00 07 13 03
385.0] 17.6483 67.1667) 1818] 510, 45, 31| 00 00 24 15 00/ 05 40 00 85 00 00 01, 21 01
387.5] 17.6483] 67.1667) 1818] 340/ 31| 56/ 01] 00 12 00 00; 07/ 52 00 129 00 00 11 09 0.1
390.0] 17.6483] 67.1667| 1818] _ 464] 70, 49, 19 00 26 06 04| 01} 39 00 118 00 00 12 11 0d
392.5] 17.6483] 67.1667] 1818]  381] 59 15/ 21| 0.0{ 1.7 17} 00l 00/ 40 00 118 00; 00 33 00 0.1
395.0] 17.6483] 67.1667| 1818 _ 532] 6.1, 32| 09 00/ 30 30/ 00 00/ 64/ 11, 162, 00 00. 15 0.1 00
400.0] 17.6483] 67.1667| 1818]  582] 47| 60 19 00| 36 20/ 00[ 05/ 46 04/ 168 00 00/ 20, 04 00
4050 17.6483] 67.1667| 1818] 365 3.3 56/ 05 00 07 16 00/ 05| 50/ 00; 149 00[ 00 27 00 _ 00
410.0] 17.6483] 67.1667] 1818] 501] 28| 45 23] 00| 04| 07 00/ 05/ 40/ 03/ 1260 00 00 13 02 02
4150] 17.6483| 67.1667] 1818] 381| 58| 1.6/ 23] 00 07| 04] 00 06/ 74| 16 196 00 00 12 00_ 00
420.0] 17.6483| 67.1667| 1818] 52| 69, 31| 07 00 14| 04] 00/ 07| 48 03/ 197 00 00 13 00 01
425.0| 17.6483| 67.1667| 1818]  319] 7.0/ 17| 15 00 18 02 00/ 00| 71| 07l 109, 00 00 27; 00 03
430.0] 17.6483] 67.1667] 1818] 509] 91| 35 12| 00| 05| 05 00/ 00/ 54| 00 125 00 00 16 00
435.0] 17.6483] 67.1667] 1818] 352 109] 2.3] 07| 00| 07| 08 00/ 07/ 67 07 111 00} 00 22 07
440.0] 17.6483| 67.1667| 1818] 433 88| 50/ 10| 00| 25 00 00/ 00] 641] 00 163] 05 00 10/ 01
450.0] 17.6483| 67.1667] 1818] 512] 64| 23, 21| 00| 1.8 15 00] 08 37 04 132] 00 00 13 o0t




Appendix VII: M35027-1, planktonic foraminiferal census counts

depth

(cmjobl  pal par+ qul Qur qui rur ruw rus A sac ten tus  tum univ ‘uvu  ment pdi par

3475 07 00 00 00 00 00 158 285 20 46 17 05 00 01 06 06 07 05 00 39 00 ocC
3500 12 03 11 00 00 00 162 196 20 62 21 14 08 00 03 03 08 18 00 49 04 07
3525 01 00 00 00 00 00 217 224 42 38 43 07 00 00 14 14 10, 07 00 37 00 00
3550 08 00 05 00 00 00 188 199 19 66 30 05 09 00 01 _ 01, 02 08 00 54 05 ool
3575 01 00 00 00 00 00 211 158 4.1, 101 27 15 04 00 02 02 00, 12 00 67 00 00
3600 04. 08 11, 00 00 00 182 202, 28 63 34. 20 08 00 01 01, 05 06 01 74 04 07
325 09 00 047 00 00 04: 181 1990 17/ 11.7] 17 30 13 _ 00 02 02, 23 09 00 70 04 00
3650 07: 00 05 00 00 00 201 207, 50, 58 31 09, 12 00, 06 06 00 1.2 00 75 05 00
3675 06 00 00 00 00 00 194/ 190; 39 82 28 22 13 00 06 06 23 14/ 04 51 00 00
370.0; 03 00 12 00 00 00 121 321! 45 47 14 05 15 00/ 02 02 06| 11 00 43 07 06
3725 03, 00 00i 00. 00 00 85 257, 56 9.9 35 06 45 00 10 10 19, 1.0 00 211 00 00l
3750, 09, 00, 08 00/ 00: 00; 34 393 24| 85 15 03 21| 00, 15 15 00 14| 00, 41 08 00
3775 1.0l 11, 06/ 00 00 00] 58 331 39 119 1.4 00 1.1 06 13 19 33 1.0 00 70 08 0.0
3800, 02] 00; 01] 00/ 00 00] 11.1] 383] 42| 68 21/ 05 16/ 00, 02 02 14 03 00 57 00 01
3825 05 00/ 01 00, 00| 00 105 335 21] 6.0/ 21| 16| 43 00, 04 04 18 06 00 31 00 o1
3850, 03[ 00/ 05] 00 00/ 00 138 342] 18] 121 27| 14 28 04| 03 04 00 07 00 22 05 0.0
387.5| 1.3) 00/ 03] 00/ 00/ 00| 118 301] 23] 55 09 06 82 00 10 10, 04 13 00 13 00 03
3900, 03 00 06 00/ 00 00/ 92 337/ 40/ 83 15 08 12/ 00/ 07] 07 02 04 04 13 02 04
3925 1.0, 19| 05 00 00, 00| 95 348 28 94/ 08 09] 14 01] 21| 21, 01] 03 00 01 05 00
39501 ©01) 04 07 00 00| 00] 85 242 37 76/ 21 11 o04] 00 12 12| 00 1.1] 00 041 04 04
4000, 02| 04) 1.6/ 00| 00/ 04] 64] 283/ 33] 53] 22[ 04/ 15 05 27| 32| 00 07 00 04 03 07
4050/ 00 00, 41| 00! 00[ 00| 88 378 10/ 63 06/ 05 20 05 25 311 00 04 00 00 09 32
4100, 02, 03] 60, 00 00| 00| 115/ 290] 46/ 65| 17 07| 50 02] 14| 16/ 02 07| 00| 04 25 35
4150/ 000 05 23] 00! 00/ 00] 142/ 247 42 60] 22 05 21 02] 13 15 00| 06| 00 00 09 14
4200/ 00/ 03] 4.0, 00/ 00| 03 7.3 288 42 67, 17 07] 17 00 30 34] 00| 1.3 03 00 16 24
4250, 00 07] 13 00 00/ 00/ 78] 261 47 97 10| 07| 60 00 27 28 00 15 00 00 03 10
4300 01; 04i 28 00/ 00/ 00| 103 325] 4.1 44| 16| 12| 12 00 23 23 00| 13 00 00 15 12
43501 00| 00| 30/ 00 00 00/ 99| 314] 35 40[ 13] 07] 35 00 39 39 00 06 00 07 09 21
4400; 01| 1.0] 29| 00| 00| 00| 7.0 339] 44/ 26] 10| 10/ 15 00 12| 12 00| 08 00, 01 05 24
4500 01] 00] 17 00] 00| 00 93] 298] 33| 64] 27| 17 46| 01] 34 34 00 16/ 00| 01 13 03




Appendix VIII: M35027-1: Planktonic foraminiferal assemblages (factors), and TFT SST estimates

Est. Tc O-Est. Tw
depth 50m 0-50m
(cm) age (kyrs) COMM. Factor 1 Factor 2 Factor 3 Factor4 Factor 5 Factor 6 Factor 7 Factor8 Factor9 (°C) (°C) seasonality
0.0 7.4 0.963 0.844. 0.077- 0.000. 0.019 0.144 0.029 0.149 0.034 -0.145 26.0 27.2 1.3
2.5: 8.1 0.960° 0933 0075 0.000 0.017 0157 0.016° 0.158° 0.111. -0.146 254 27.0 1.6
5.0i 88 0.952. 0899 0.132: 0.024; 0.023 0096 0.015 0.322 0.101" -0.036 244 26.6 22
7.5! 94, 0.898 09200 0.052: 0.001 0.020. 0.095 0018 0.114;, 0.066 -0.150: 26.3 27.7 1.4
10.0] 10.11 0959 0.892 0.158 0.015. 0020 0.005 0.014; 0366 0.019. -0.058 25.7 26.9 1.2
12.51 10.8; 0939/ 0.954; 0.048. -0.001! 0.019 0060 0.016; 0.054: 0.055 -0.133 26.1: 27.5 14
15.0! 11.4: 0.958' 0.940/ 0.1200 0.008! 0.020: 0.035. 0.018] 0.195. 0.093° -0.105 25.2' 26.7 1.5
17.51 12.1; 0.952! 0.960/] 0.0861 0.013] 0.023° -0.021: 0.019. 0.083. 0.103 -0.068 24.9, 26.8 2.0
20.0' 128" 0935 0014, 01320 0033 0023 -0071! 0028 0249 0115 0005 240 264 24
22.5! 1351 0930/ 0.953: 0.080; -0.001] 0.028° -0.027! 0.032; 0043/ 0.063 _-0.080 25.2 27.0 1.8
25.0! 141 0974 0959 0.107 0.005! 0.023. -0.111, 0.024] 0.123; 0.116! -0.010 24.0 26.4 24
27.5 148: 0956 0957 0078 0.001! 0.025 -0.115 0.032] 0.043] 0.126] -0.027 24.1: 26.7 2.6
30.0! 15.5 0.876; 0.855. 0.152] 0.006] 0.016: -0.125° 0.018! 0.314]  0.074! 0.048 23.6 26.4 2.7
32.5| 16.2 0.958; 0.952 0.148: 0.000| 0.037| -0.028, 0.046 0.032] 0.155i -0.028 23.0! 258 28
35.0 16.8 0.983 0.954! 0.162; 0.030/ 0.027; -0.091! 0.050 0.159, 0.0891 -0.029 23.7 258 2.1
37.5 175/ 0955/ 0936 0.142] 0.002] 0.023] -0.100: 0037 0.190{ 0.102] -0.020 24.0 26.2; 2.2
40.0 18.2] 0.977| 0809 0201 0.004] 0021 -0.108 0.069] 0296/ 0.082 0.018 23.1 25.3] 2.3
425 189/ 0965 0.905| 0232} 0.016] 0.052] -0.061] 0.020{ 0.285| 0.070; -0.016 23.1 25.1{ 2.0
45.0 19.5 0.948 0.802 0.157| 0.037 0.024] -0.038 0.023) 0.291 0.073) -0.127 256 26.5! 0.9
47.5 20.2] 0.956/ 0.907| 0309 0.018] -0.002| -0.013] 0027; 0.155| 0.011] -0.111 23.4 24.9. 1.5
50.0 20.9] 0.908) 0811 0224 0.004, 0018 -0.075| 0018 0411 0.152) -0.034 22.7 24.7 2.0
52.5 214) 0967/ 0938/ 0.177| 0.039] 0.022] -0.053] 0.021] 0.199] 0.070] -0.071 24.4 26.0 1.6
55.0 21.9] 0969/ 0918 0230 0.024] 0018 -0.005] 0046/ 0241 0.060| -0.092 24.0 25.5 15
57.5 224 0.955/ 0880, 0295/ 0.052] 0.027| -0.052] 0.020] 0286 0.066] -0.031 22.6 24.7 2.1
60.0 229 0.949 0.883 0.225{ 0.074] 0.038| -0.088] 0.030 0.314 0.071 0.003 23.2 25.3 2.2
62.5 23.4| 0.958] 0907 0.303] 0.041] 0.015 -0.070] 0.044] 0.157| 0.096] 0.012 21.4 24.3) 3.0
65.0 239] 0.976] 0827 0316/ 0.037| 0.039 -0.060] 0.044| 0.422] 0.066] -0.004 21.9 23.9; 2.0
67.5 24.4] 0922] 0.792{ 0426] 0.049] 0.022] -0.094| 0.024] 0.305] 0.079] -0.040 20.5 22.9 24
70.0 249 0.965 0.912 0.278 0.008| 0.005| -0.117| 0.030 0.178; 0.089; 0.037 21.6 24.6 3.0
72.5 254 00984 00945 0.223] 0.042] 0.026/ -0.093] 0.038] 0.146/ 0.089] 0.015 22.4 25.1 2.7
75.0 259 0.960] 0936 0.161] 0.031] 0039 -0.055{ 0040 0.194] 0.102, -0.054 24.0 25.9 1.9
775 26.4 0.961 0.942 0.185| 0.075{ 0.038] -0.058] 0.036 0.133 0.097| -0.022 23.2 256 24
80.0 269 0934 0871 0185 0.107] 0.040] -0.025/ 0.012] 0.353] 0.047] -0.019 24.5 26.4 1.9
82.5 27.4| 0.936] 0931 0088 0.132] 0.039 -0.075] 0.013] 0.162] 0.096] -0.029 24.8 26.9 2.1
85.0 279 0974 0946 0097 0.077| 0.073] -0.077] 0.101] 0.140] 0.150; 0.009 23.3 25.9 26
87.5 284) 00982 0960 0.118] 0.065] 0.050, -0.070 0.024| 0.127{ 0.137| -0.002 23.5 26.0 25
90.0 289| 0963] 0917 0214] 0026/ 0061] -0.046] 0.049] 0.187| 0.180] -0.009 21.8 246 2.8
92.5 206/ 0969] 0954] 0059 0065 0.065] -0.026] 0.043] 0.080] 0.194] -0.029 23.9 26.4 25
95.0 30.4] 0983 0.943] 0.184] 0.034| 0.100] 0.020; 0071] 0.129] 0.152] -0.061 22.5 248 2.3
97.5 31.1] 0970 0916] 0.186] 0.031] 0.069 0.000 0019 0217] 0209 -0.027 22.2 248 25
100.0 319 0.975 0.917 0.139] 0.042 0.073| 0.041 0.061 0.201 0.248) -0.019 224 25.0 26
102.5 32.6 0.979 0.807 0.177; 0.066] 0.064| 0.074] 0.030 0.213 0.253| 0.032 216 24.7 3.1
105.0 333 0980 0929 0.150] 0.019] 0.040] 0.019] 0056 0.240] 0.177| 0.021 22.7 25.5 28
107.5 34.1 0.961 0.929 0.151 0.045| 0.057, 0.058] 0.026 0.093| 0.242) 0.006 22.2 25.3 31
110.0 34.8 0.981 0.922 0.205{ 0.070} 0.053] -0.011 0.135( 0.187 0.168] -0.008 221 247 27
112.5 35.5 0.945 0.902 0.232 0.035/ 0.049] -0.031 0.021 0.180 0.199] 0.026 21.3 245 3.3
115.0 36.3] 0993 0963] 0.142] 0074] 0.034] -0.018] 0.049] 0066 0.171, 0053 22.5 25.7 3.2
117.5 370/ 0975 0946 0171 0019] 0.030] -0.038] 0.026| 0.113| 0.183] -0.003 22.5 254 2.9
120.0 378 0928 0852 0218 0084 0023 -0.017{ 0034 0349 0.155 -0.027 22.9 25.0 22
122.5 385/ 0969 0899 0207] 0.047] 0.017] 0020 0039 0257 0.217] -0.033 22.3 24.8! 25
125.0 39.2] 0980 0932] 0.187] 0.029] 0.051] -0.019] 0.062] 0.219] 0.141] -0.024 22.8 25.1] 23
127.5 200/ 0963] 0924] 0172 0.019] 0.032] 0.004] 0073] 0.111] 0.245; -0.019 22.1 25.2] 3.1
130.0 40.7] 0.965] 0910/ 0137 0.045] 0.041] 0.014] 0.051] 0.196] 0.272] -0.005 22.3 25.2| 29
132.5 414] 0966] 0907| 0.143] 0.001] 0040 -0.007| 0.052 0.269] 0.213] -0.031 22.9 25.4] 24
135.0 422 0.911 0.849 0.141 0.138] 0.025{ -0.022] 0.027 0.330 0.193} -0.053 241 25.9 1.8
137.5 429| 00933 0894 0153 0031 0.024] 0068 0022 0.184] 0.264] -0.030 22.5 25.4! 2.9
140.0 43.7 0.938 0.884 0.225{ 0.079 0.055] -0.003] 0.072 0.215 0.213} 0.001 21.5 24.4, 2.9
1425 444 0928 0909 0.108] 0.012] 0072} 0034] 0039 0.184] 0211 -0.071 23.6 25.9 2.3
145.0 451 0809 0742] 0198 0.111] 0031] -0.031] 0009 0422 0.158] -0.034 22.8 24.9 2.1
147.5 259 0928 0002 0205/ 0.002] 0039 0.027] 0.030] 0.162] 0.191] -0.079 22.6 25.1 2.5
150.0 466| 0905 0886 0212 0.044] 0036, -0.075/ 0070; 0.187] 0.161] 0.008 21.9! 25.0 3.0
152.5 47.3 0.901 0.891 0.152] 0.001 0.056/ -0.011 0.029 0.151 0.233! -0.051 22.6 25.5] 2.8
155.0 48.1] 0940 0837 0197/ 0.063] 0.064; -0.009] 0.102| 0.362] 0.226 0.007] 21.3 239‘% 2.6
157.5! 48.8 0.922 0.886| 0226/ 0.006] 0.067 0.047] 0.050] -0.006 0.276! -0.021| 21.3 24.8; 36
160.0} 496| 0972 0876/ 0221 0005 0076 0.006] 0.074] 0313] 0213 0.037] 20.6| 238 3.1
162.5 5031 0073 0954] 0099 0.007] 0.054] -0.045( 0027 -0.026] 0216 0.021] 22.6i 26.0| 34
165.0 510 0088 0929 0229 0019] 0030/ -0.021] 0082 0.135] 0.213 0.034 21.11 24.5| 3.4
167.5 518/ 0970, 0938 0.132] 0.001] 0.026] -0.043] 0023] 0.224] 0.135 -0.029 24,1] 26.2 2.2
170.0 5251 0.961] 0884 0245 0.019] 0.026] -0.026] 0.049] 0.287] 0.179] -0.022 21.8} 24.4! 2.5




Appendix VIII: M35027-1: Planktonic foraminiferal assemblages (factors), and TFT SST estimates

Est. Tc O-Est. Tw
depth : 50m 0-50m
{cm) age (kyrs) COMM. ‘Factor 1 Factor2 Factor 3 Factor4 Factor5 Factor6 Factor 7 Factor 8 Factor9 (°C) (°C) seasonality
172.5 532 0936 0926 0.146. 0.069 0.025 -0.030 0.023 0.145 0.166° -0.042 235 26.0 24
175.0 540 0.720. 0.755. 0.167: 0.036. 0058 0.108 0060 0.161 0.216 -0.170 23.2 258 26
177.5 547, 0887 0.885] 0.150. 0.049. 0.028. 0.023 0.016 0.149, 0.218 -0.084: 23.4° 25.8 2.5
180.0 555 0925 0.904! 0223, 0.066° 0.030. -0.008° 0.046 0.142, 0.158: -0.073 22.8: 25.1! 24
182.5 57.6. 0943, 0927/ 0.158" 0.015: 0.032: -0.003. 0.020; 0.183° 0.127! -0.092 24.2; 26.0. 1.8
185.0! 59.81 0.984; 0.961] 0.174! 0.063: 0.026! -0.074 0.046! 0.106' 0.074! 0.013] 23.1 25.7! 2.6
187.5! 61.9: 0.965: 0.944] 0.183: 0.038; 0.051] -0.126! 0.02%: 0.084; 0.099 0.057 22.0, 25.2) 3.2
190.0: 64.11 0968 0918/ 0284] 0.046! 0039 -0.045 0050, 0.171i 0.063 -0.055 22.5! 24.6! 2.1
192.5 64.8) 0.985 0.955| 0.219; 0.006! 0.028] -0.040i 0.046/ 0.110] 0.080° -0.041 23.0| 25.2 22
195.0 655 0.922! 0.863] 0.242) 0.045! 0038 -0.096 0.053' 0.291] 0.124; -0.055' 22.7 24.7! 2.0,
197.5! 66.2] 0.932] 0.924] 0.145] 0.021] 0.018! -0.087 0.057] 0.131] 0.164] -0.036; 23.3! 26.0! 2.7
200.0! 669/ 0919 0877 0.227| 0.029] 0.025] -0.075! 0057 0274 0.106! -0.046 2311 25.1] 2.1
202.5! 676] 0935 0.924] 0.132) 0.060] 0.028! -0.083! 0.083! 0.158] 0.140] -0.015 23.5! 26.1) 2.6
205.0 6841 0.824] 0.889] 0.194] 0018/ 0.031] -0.0591 0.035] 0.260! 0.144] .0.047 23.2 2541 2.2
207.5] 69.1] 0921 0.842] 0.145] 0.003] 0.030[ -0.057| 0028/ 0400/ 0.128/ -0.097 25.0 26.0! 1.0
210.0i 69.8 0.923] 0.907| 0.130] 0.017| 0.041| -0.062] 0.058 0205 0.166/ -0.060 23.8 26.0 22
2125 705/ 0876/ 0.873] 0.110; 0.001] 0031 0042 0082 0234 0.155/ -0.119 24.7 26.6 1.9
215.0 712 0903] 0858 0.164] 0.019] 0.028] -0.004] 0.054] 0.302] 0.182] -0.109 238 25.6 1.7
217.5 71.9] 0947 0.923] 0.125] -0.001| 0.021{ 0.018] 0022 0.156/ 0230 -0.046 23.3 26.0 2.7
220.0 726/ 0.950| 0920/ 0.109] 0.023] 0.031] -0.007{ 0.052] 0.174] 0236] -0.031 233 26.0 27
2225 73.3] 0978 0945 0.088] -0.001] 0.026{ -0.043] 0031 0.195] 0.189] -0.004 238 26.4 2.6
225.0 74.0] 0.949] 0899] 0096 0.011] 0032] 0030 0058/ 0237 0.252] -0.081 23.7 25.9 2.2
227.5 74.7) 0.906] 0.904] 0.107] 0.000] 0.027| 0.027/ 0.036] 0.164] 0.191] -0.105 244 26.5 2.2
230.0 755 0952 0.907| 0.158/ 0.009] 0.012} -0.005 0.036/ 0243 0.191] -0.090 23.8 257 2.0
232.5 76.2| 0943 0.874] 0.132] 0.000{ 0.025 0053 0033 0323 0.211] -0.091 23.8 25.7 1.9
235.0 76.9] 0.945 0831] 0.187| 0.022| 0.021) 0.045] 0.025| 0.434] 0.144] -0.083 23.9 254 1.5
2375 776/ 0950 0851 0.147| 0.001] 0.022] 0.060{ 0.023] 0.386] 0.205] -0.097 23.8 25.5 1.7
240.0 783| 0.930] 0883 0.161] 0.001] 0.035 0.013] 0.047] 0294] 0.173] -0.069 23.5 25.6 2.0
2425 79.2] 0871] 0.807] 0.120] 0.001] 0.032] 0.102] 0.043] 0327 0.264] -0.125 23.3 25.5 22
245.0 80.2| 0907 0864 0.137] 0.001] 0.024] 0.067] 0033] 0266/ 0230 -0108 23.6 25.8 2.2
247.5 81.1) 0.881] 0.811] 0.146] 0.002| 0.025] 0.037] 0.025 0.376] 0221 -0.088 234 254 2.0
250.0 82.1] 0932 0888 0.133] 0.001] 0.029] 0054/ 0.039] 0285 0.174] -0.098 242 26.0 1.8
252.5 83.0/ 0910] 0882] 0.119] 0.001] 0.021] 0.060] 0037 0248 0.175] -0.148 24.9 26.5 1.6
255.0 84.0/ 0946] 0921 0.104] 0.011] 0027 0.081 0040 0.183 0211 -0.030 235 26.2 2.7
2575 849| 0918] 0902] 0.096] 0.001] 0.022] 0.050] 0.017] 0224] 0.195 -0.054 24.2 26.6 24
260.0 859 0909] 0898/ 0.106] 0.010] 0.017] 0.1475] 0009 0.178] 0.157] -0.062 24.1 26.7 2.6
262.5 868 0.794] 0749 0.071] 0.000] 0.027] 0.323] -0.001] 0240 0229] -0.113 23.6 26.7 3.2
265.0 87.8) 0890, 0846, 0.113] 0.010] 0021 0231 0020 0248 0.193 -0.093 23.6 26.3 26
267.5 88.7| 0.900{ 0825 0.121] 0.002] 0.017] 0328 0.011] 0215 0.195 -0.111 232 26.1 2.9
270.0 89.7] 0.893] 0793 0.164{ 0.011] 0.030] 0.258] 0037 0332 0215 -0.109 224 25.1 27
2725 90.6] 0784/ 0759 0.075| -0.002] 0.031] 0304 0.004] 0168 0.264] -0.103 234 26.7 3.2
275.0 916] 0827] 0.753] 0.150{ 0.020] 0.027] 0.176] 0.011] 0442 0085 -0.054 241 26.6 2.6
2775 925 0916 0.885] 0.105/ 0.002] 0.018] 0.178) 0.009] 0265 0.104] -0.092 249 27.0 2.1
280.0 935 0956] 0930] 0.107] 0010 0.026) 0.192] 0.008] 0.172] 0107] 0.001 23.8 26.6 2.8
282.5 944| 0932] 0.930] 0.067| -0.001 0025 0.110] 0.014] 0.151] 0.151 -0.060 24.8 271 2.3
285.0 954| 0969 0942 0115 0.012] 0.019] 0061 0030 0.167] 0188 0.001 234 26.2 2.8
287.5 96.3] 0946, 0919] 0.093] 0.002] 0.022] 0249 0.019] 0.131] 0115 -0.021 23.9 26.6 28
290.0 97.3] 0959 0955 0.090, 0.001] 0.017] 0068] 0016 0.121] 0134 0.030 24.0 26.8 2.8
292.5 982| 0936 0945/ 0.084] 0.002] 0.014] 0.110] 0015 0.087] 0.122] -0.009 244 27.0 2.6
295.0] 99.2| 0905 0.89] 0.104) 0.004] 0.025] 0.173] 0017] 0218 0.113] -0.033 24.3 26.9 2.6
297.5! 100.1) 0.904| 0879] 0.089] 0.003] 0.020] 0.237] 0029] 0197 0.146 -0.087 243 26.8 2.5
300.0 101.1] 0.943) 0.942] 0.142] 0.013] 0.028/ 0.081] 0.053] 0.136/ 0.068 0055 23.4 26.3 2.9
302.5 1020/ 0.910] 0893] 0201 0.004] 0.011] 0.143] 0013] 0.198] 0032 -0.103 244 26.2 1.8
305.0 103.0 0.804] 0768 0.168] 0.005] 0.037] 0.111] 0.023] 0.391] 0139 0.002 22.8 25.9 3.1
307.5] 1039| 0.843, 0859, 0219 0.005 0009 0.52] 0009] 0.175] 0081 -0.058 234 26.0 2.6
312.5] 1058] 0.845| 0858 0.087] 0.000] 0018 0290 0003 0027 0.122 -0.022 24.3 27.0 2.7
315.0] 1068/ 0.937] 0906] 0.119] 0.003] 0.027] 0231 0041 0.186] 0.105 0.028 23.3 26.5 3.2
317.5 107.7| 0.876] 0.838] 0.230] 0.005] 0.010] 0226/ 0013] 0261] 0025 -0.030 23.3 26.1 2.8
3200/ 1086/ 0.958] 0.931 0.219] 0005, 0.006] 0.171] 0.029] 0.110! 0.041] -0.016 23.1 255 24
3225 109.6[ 0952 0912] 0.191] 0.004] 0.006] 0.190] 0015 0.195 0.096] -0.020 23.1 25.9 2.7
325.0] 1 10.5} 0.960] 0.947] 0.126] 0.002] 0.014{ 0.156] 0.021] 0.0311 0.120] -0.009 237 26.3 2.6
327.5| 111.5] 0.944) 0929] 0.178; 0.003] 0.010] 0171 0019 0.087] 0.106] 0002 23.1 259 2.8
330.0] 1124 0947| 0891 0.191] 0.006] 0.009] 0254] 0023 0181 0132 0.027! 22.3 25.6 3.3
332.SL 1134| 0922 0875 0.194] 0.005] 0.010] 0.157f 0033] 0261 0.158 -0.026] 22.7 25.6] 2.9
335.0 1143 0.972] 0910[ 0.134] 0.002] 0.020] 02331 0032 0.198 0171 -0.030! 22.9 25.9 29
337.5 115.3] 0.977) 0.959] 0.140] 0.001] 0.015] 0064] 0.029] 0134] 0121] -0.017 23.7 26.2 25
340.0 116.2] 0948 0.880] 0.163] 0.003] 0.010] 0.175 0032] 0260/ 0202] -0078 23.0 25.5 26
342.5 117.2| 0958/ 0.905| 0.231] 0.004] -0.002] 0.074] 0024] 0228 0152] -0.067 22.9 25.2 24
345.0 118.11 0.907| 0.864] 0.137] 0.001] 0.024] 0.067] 0033] 0266] 0230 -0.108 23.6 25.8| 2.2




Appendix VIII: M35027-1: Planktonic foraminiferal assemblages (factors), and TFT SST estimates

i

IEst. Tc O-Est. Tw

depth : : i : . 50m ;0-50m
(cm) age (kyrs) COMM. iFactor 1 Factor 2 Factor 3 Factor4 Factor5 Factor6 ‘Factor 7 \Factor 8 Factor9 (°C) seasonality
347.5 119.4 0.905: 0871 0305 0.007:. -0.012° 0.064: 0.026: 0121 0.169. -0.072 21.8 24.7 2.9
350.0 120.0. 0.883! 0.797i 0.217. 0.015 0011 0.183: 0.036: 0320 0.168 -0.123 22.9 25.2 2.3
352.5: 121.00 0766/ 0.771] 0278 0.007, -0.009. 0.097: 0.017] 0.168° 0.192] -0.140 22.4 25.2 2.8
355.01 12190 0813/ 0787 0.172] 0005 0011 0204! 0.017: 0261 0.177, -0.154! 23.6! 26.0 2.4
357.51 1229 07320 0713] 0.199 0.006 -0.004' 0.262. 0006 0.232. 0.030. -0.233] 24.41 26.4 2.1
360.0! 1238/ 0812 0799 0241 0032 0000 0.193. 0.032] 0.221| 0.088: -0.142| 23.6! 258 22
362.5| 124.4] 0835, 0.805] 0.107] 0.004/ 0.009] 0.295 0.012] 0.194] 0.120; -0.192] 24.7| 26.9 22
365.0 1249 08100 0.786] 0.151) 0.006' 0.017i 0.159 0.006 0338 0092 -0.147 25.0! 268 1.8
367.5 1255 0.812] 07770 0.155! 0.003; 0.015' 0200, 0.007 0.302; 0.149, -0.173! 243l 26.3 2.1
370.0 126.1)  0.945] 0921] 0270, 0.007; 0.019: -0.0211 0.038/ 0.129] 0.068! -0.041i 22.86; 24.9 2.3
3725 126.6! 0.952] 0.910] 0228/ 0.003° 0.021] 0.066' 0.020; 0.238| 0.054| -0.090| 23.9. 256 1.7
375.0 1272 0.983! 0970 0.133] 0.000; 0056/ -0.001! 0.023; 0.131] 0.037{ 0.045 23.7i 26.1 2.4
3775 127.8] 00981] 0965 0.147] 0029/ 0.033! 0.1441 0.019; 0.063| 0.024] -0.029 23.7i 25.8. 2.1
380.0 128.3] 0963 09511 0232] 0005 0.016! 0.005. 0.023] 0.033) 0.052| -0.025; 22.8| 252! 2.3
3825 1289] 0977/ 0943] 0.151] 0.002] 0.029] -0.020! 0.021] 0234 0086/ -0.026: 24.2] 26.2; 2.0
385.0 1205 0961] 0960l 0.126] 0.001] 0.010] 0.043! 0.028] 0.043] 0.064] -0.120 24.9: 26.5 1.6
387.5 130.0 0.934] 0907 0234] 0003} 0031 -0.006] 0030 0.167| 0.162| -0.040 222 249 2.7
390.0 130.6] 0.978] 0955 0200/ 0.002{ 0.035] -0.009; 0034 0.111] 0.099 -0.051 231 25.3 22
392.5 131.2] 0982 0963] 0.122] 0045/ 0099 -0.025 0014 0.113; 0.104; -0.058 23.7 25.6 1.9
395.0 131.7] 0957] 0883 0224] 0014] 0062 0.049] 0031] 0.307| 0.149; -0.061 226 24.7 2.1
400.0 1328/ 0979] 0898] 0287] 0.017] 0.072] -0.020{ 0.044] 0.257| 0.125] 0.008 21.1 238 2.7
405.0 1340 0990 0939 0219 0004 0082 -0.054] 0095 0.135] 0.150] 0.000 21.6 24.3 28
410.0 135.1] 0950, 0.913] 0209 0.014] 0070/ -0.027] 0.130] 0.176] 0.121] -0.064 22.7 24.9 2.2
415.0 136.1] 00935 0.838] 0.179] 0016/ 0.062] 0.025 0.058 0.391] 0.188] -0.072 22.9 24.7 1.8
420.0 1372| o977 0891 o0216] 0013 0069 -0.022] 0088 0329 0.117] -0.018 22.4 246 2.1
425.0 138.2] 0930] 0916] 0.148] 0.018] 0.109] 0.063] 0.040] 0.153; 0.158] -0.058 22.9 25.3 24
430.0 139.3] 0964] 0931 0176 0012] 0069 -0.043] 0.056] 0.157] 0.176] -0.023 22.4 25.0 2.6
435.0 140.3] 0942| 0921 0143 0000] 0099 -0.008) 0.071] 0136 0202 0.016 221 251 3.1
440.0 141.3] 0973| 0909 0223] 0028 0.044] -0.055 0.081 0211} 0.198 0.032 21.1 24.3 3.2
450.0 145.3] 0967] 0940] 0.161] 0.000] 0.072] -0.035| 0.033] 0.193] 0.110] -0.024 23.3 25.5 22




Appendix IX: M35027-1, MAT SST estimates

. Mean Mean Mean Mean

Mean analog annual annual annual

. analog TwO- analog analog analog

depth i : :Te0-50m 50m T75m T100m T150m :

(cm).age (kyrs) DSML: STDEV,  (°C) STDEV.  (°C) STDEV (°C)_STDEV (°C) STDEV:  (°C) STDEV:  SIM. STEV
0.0 741 0053 00100 259 05 279 05 260 06 25.1 0.7 226 1.2, 0.974:  0.005
25 8.1 0066 0.009  26.0; 02, 279 02 259 05 250 08. 224 12, 0967, 0.005
5.0 8.8, 0.102] 0.015 25.9: 04! 279 05 260 05 251 0.7, 226! 1.1; 0.949;  0.007
75 94| 0053 0008 260 03 27.8! 02, 257 0.6; 247 100 219 1.60  0.973;  0.004
10.0 10.1]  0.082] 0.019;  25.9 04| 279 04: 259 05! 250 0.7 22.4) 1.1] 0959, 0.010
12.5 10.8!  0.060. 0.007] 257 06 276 06 256 08 245 1.1 217 1.7, 0970 0.004
15.0 11.4]  0.056] 0.006]  25.9 02| 278 02 258! 04/ 248 0.7]  22.1! 1.2 0.972( 0.003
175 121]  0.059] 0.013] 259 02 279 0.2, 258; 04/ 248 07, 222! 1.2 0.971]  0.006
20.0 12.8]  0.130] 0.009]  25.8] 04i 277 04; 258! 04/ 247 06/ 21.6 2.1 0.935] 0.004
22.5] 135 0.084] 0.015] 2556 0.5, 275 0.7. 256! 06] 245 09, 218! 14/ 0958/ 0.008
25.0 141]  0.097] 0.013] 255 06/ 275 07| 254 0.6/ 243 0.9 216 141 0952/ 0.007
275 148 0.084] 0012] 258 04, 278 04| 258 04/ 250 0.5 226 0.7 0958/ 0.006
30.0 155 0.199] 0014 258 08 278 05 259 0.7] 248 100 216 2.7/ 0901 0.007
325 16.2] 0.124] 0.015] 259 02| 278 03 256 07| 246 09/ 219 14| 0.938] 0.007
35,0 16.8] 0.129] 0014] 254 11 275 1.1 254 12| 245 11 220 15| 0.936 0.007
375 17.5]  0.121] 0015 24.9 14 274 1.1 250 14 2441 14 219 1.2 0939 0.007
40.0 182] 0.145| 0.012] 243 16| 268 1.5 238 29 227 33 20.1 35 0928/ 0.006
42.5 18.9] 0.136] 0014] 232 16] 256 16] 219 26| 206 32] 177 32| 0932] 0.007
45.0 195 0.135] 0.012] 254 08/ 275 0.8 248 27 238 28 213 27/ 0933 0.006
475 20.2] 0.136] 0.017] 238 18]  26.0 15 205 39 188 44 165 4.0, 0.932] 0.009
50.0 20.9| 0.183] 0025 254 11 279 02 256 09 247 08| 224 07| 0909 0.013
52.5 214 0.127] 0015 250 13 270 1.3 249 14] 239 1.3 210 1.9/ 0937] 0.007
55.0 219 0.120] 0010] 24.2 18] 265 14 213 42/ 197 47 113 4.3] 0.940] 0.005
575 224 0.177] 0011 233 1.5 256 14| 206 33 189 38/ 165 34 0.912] 0.006
60.0 229/ 0.198] 0.017] 25.1 12| 272 1.2 254 13] 242 12 215 1.6] 0.901] 0.009
62.5 234 0179 0008, 239 21 262 18] 218 42| 204 48 180 45| 0910/ 0.004
65.0 23.9] 0.155] 0017 231 16] 255 1.6/ 209 34| 196 39] 169 3.6/ 0923 0.008
67.5 244/ 0209 0.018] 227 11 253 1.2 195 3.0/ 1841 34| 159 3.0/ 0.896 0.009
70.0 24.9] 0.187] 0.009] 237 16  26.1 15 2241 3.3 206 41 182 4.0/ 0.907| 0.005
725 254 0.150] 0.013] 238 15  26.0 1.3 220 33 206 40 180 3.8/ 0925 0.007
75.0 259/ 0.137] 0.013] 254 08 275 07] 254 08 245 0.8 220 1.0/ 0.932] 0.007
775 264 0.164] 0.009] 255 14| 272 14| 248 25 234 27) 203 3.0, 0918 0.005
80.0 26.9) 0183 0011 251 16/ 270 1.2] 244 28] 231 32 200 32| 0909 0.005
825 274 0.166] 0.007] 258 06 277 0.6, 256 08| 247 1.0 221 1.5/ 0.917] 0.003
85.0 27.9] 0.170] 0010/ 258 05 278 05 256 07| 247 09 221 14 0915 0.005
87.5 28.4] 0.138] 0014] 255 06/ 274 07] 253 07| 243 08 216 1.3]  0.931] 0.007
90.0 289| 0471 0.007] 254 10 276 09 249 28] 239 29] 216 2.8 0915 0.004
92.5 296 0.127] 0015] 255 06 274 06] 253 0.6/ 243 08 216 14/ 0936, 0.007
95.0 30.4| 0.147] 0.006] 243 21 266 1.3] 215 42| 200 44 177 3.7 0926] 0.003
97.5 31.1]  0.144] 0.006]  25.1 13 273 09, 239 35| 226 38| 201 35 0928 0.003
100.0 319/ 0151 0012 258 04| 278 04 257 05{ 246 08/ 219 14| 0924/ 0.006
102.5 326 0.177] 0.016] 247 16 267 14| 233 33 219 39 192 36 0912 0.008
105.0 33.3] 0.133] 0.012] 249 15| 267 12| 236 3.1 2241 370 190 34| 0.934] 0.006
107.5 341 0.162] 0010 257 04 275 0.7 249 22| 237 28] 210 28] 0919 0.005
110.0 34.8] 0.194] 0012] 247 19 268 14| 230 38 217 43 192 3.8 0903 0.006
1125 355 0.164] 0.009] 253 14| 275 09 242 37 231 40/ 208 3.7, 0918 0.005
115.0 36.3] 0.163] 0.006] 252 1.3 273 1.0, 242 33 229 40{ 205 3.7 0.919] 0.003
1175 370/ 0.125] 0012] 256 08 277 07, 248 28] 238 29 213 2.8] 0.938] 0.006
120.0 378/ 0190 0011f 252 11 274 09, 246 28| 237 28] 212 27| 0.905| 0.005
1225 385 0.179] 0.021] 255 08/ 276 07| 248 27 238 29 213 2.8 0910/ 0.011
125.0 39.2]  0.151] 0012] 259 02 277 03] 255 07] 244 11 216 1.6/ 0925 0.006
127.5 40.0 0.136] 0.012] 259 02| 278 02| 257 0.5 246 0.9 219 1.5] 0.932] 0.006
130.0 40.7] 0.147] 0013 259 02 279 02 258 04| 248 0.7 222 1.2)  0.927| 0.006
132.5 414 0.124] 0.019] 257 04/ 278 04 256 05/ 246 08| 219 14| 0.938/ 0.010
135.0 422| 0.202] 0014] 259 02 278 02| 257 0.5 246 09 219 1.5]  0.899! 0.007
137.5 429) 0.143] 0.013] 258 04| 277 04| 257 05| 246 08 219 1.4] 0929/ 0.007
140.0 437| 0197 0008] 253 14 275 09 242 3.7 230 40 202 3.9 0.902] 0.004
1425 444] 0.144] 0015 259 02f 278 02 257 05 246 09 219 15| 0.928] 0.008
145.0 451| 0232 0.018] 255 09] 275 06 254 08 242 09] 212 2.1 0.884] 0.009
1475 459 0.144| 0017] 253 14 274 09 241 36! 229 401 204 3.6/ 0928 0.009
150.0 466 0199 0010 250 1.7 2713 1.0 240 36, 227 41 200 3.8) 0.900/ 0.005
1525 47.3] 0.157] 0.012] 256 08/ 276 07 249 2.8 239 29 214 2.8 0921 0.006
155.0 48.1] 0.189] 0014 259 02 279 01 259 0.2 249 05 220 2.0] 0905 0.007
157.5 48.8] 0.171] 0017] 244 21 268 14| 223 44 212 44, 190 3.8 0915/ 0.009
160.0 49.6 0.177] 0.010] 25.0 15 272 1.3] 245 28| 235 32| 209 3.0 0.912] 0.005
162.5 50.3] 0.119] 0.011] 252 14 273 1.0; 239 34 227 38| 202 3.4] 0941 0.005
165.0 51.0/ 0.169] 0.014] 255 12 277 07, 250 27 238 32 213 3.0l 0915 0.007




Appendix IX: M35027-1, MAT SST estimates

: Est.: Est. Est.
Est TcO- Est TwO-  annual, annual  annual

depth: 50m 50m.  T75m T100m T150m.  #best
€m) _ (C)__ (C) _ (C) _ (°C)___ (°C) Analogs
0.0! 25.9; 27.9i 26.0: 25.1 22.6i 10
2.5} 26.0! 27.9! 259. 250 22.4 10
5.0 25.91 27.9; 26.0; 251 226! 10
7.5 26.0 27.8] 25.71 24.7| 21.9} 10
10.0 25.9 27.9] 25.9 25.0; 22.4i 10
12.5 25.7 27.6! 256 245, 21.7| 10
15.0 25.9 27.9 25.8 24.8 22.1| 10
17.5 25.9 27.9 258 248 22.2 10
20.0 25.81 27.7 258 247 21.6 10
22.5 25.6 27.5 256 24.5 21.8 10
25.0 255 275 254 243 216 10
27.5 25.8 278 258 25.0 22.6 10
30.0 258 278 25.9 248 21.6 10
32,5 25.9 27.8 256 24.6 21.9 10
35.0 254 27.5 254 24.5 22.0 10
375 24.9 274 25.0 241 219 10
40.0 24.3 26.8 238 22.7 20.1 10
42.5 23.2 25.6 21.9 20.6 17.7 10
45.0 25.4 27.5 248 23.8 21.3 10
47.5 23.8 26.0 20.5 18.8 16.5 10
50.0 25.4 27.9 25.6 247 22.4 10
52.5 25.0 27.0 249 239 21.0 10
55.0 242 26.5 21.3 19.7 17.3 10
57.5 23.3 25.6 20.6 18.9 16.4 10
60.0 25.1 27.2 25.1 24.2 21.5 10
62.5 23.9 26.2 21.8 20.4 18.0 10
65.0 23.1 25.5 20.9 19.6 16.9 10
67.5 22.7 253 19.5 18.1 15.8 10
70.0 23.7 26.1 22.1 20.6 18.2 10
72.5 23.8 26.0 22.0 20.6 18.0 10
75.0 25.4 275 254 245 22.0 10
77.5 25.5 27.2 248 234 20.3 10
80.0 25.1 27.0 24.4 23.1 20.0 10
82.5 25.8 277 25.6 24.7 22.1 10
85.0 25.8 278 25.6 247 221 10
87.5 25.5 27.4 25.3 24.3 21.6 10
90.0 254 275 24.9 23.9 21.6 10
92.5 255 274 25.4 243 21.6 10
95.0 24.3 26.6 21.5 20.0 17.7 10
97.5 25.1 27.3 239 22.6 20.1 10
100.0 25.8 278 25.7 246 21.9 10
102.5 24.7 26.7 233 21.8 19.1 10
105.0 24.9 26.7 23.6 221 19.0 10
107.5 25.7 275 249 237 21.0 10
110.0 24.7 26.8 23.0 21.7 19.2 10
112.5 25.3 2715 24.2 23.1 20.8 10
115.0 25.2 27.3 242 22.9 20.5 10
117.5 25.6 277 249 23.8 21.3 10
120.0 25.2 274 24.6 23.7 21.2 10
122.5 25.5 27.6 24.8 23.8 21.4 10
125.0 25.9 27.7 25.5 244 21.6 10
127.5 25.9 27.8 257 246 21.9 10
130.0 25.9 27.9 25.8 24.8 22.2 10
132.5 25.7 278 25.6 24.6 21.9 10
135.0 25.9 27.8 25.7 24.6 21.9 10
1375 258 277 25.7 24.6 21.9 10
140.0 25.3 275 24.2 23.0 20.2 10
1425 259 27.8 25.7 246 21.9 10
145.0 25.5 276 25.4 24.2 21.2 10
1475 253 274 241 229 204 10
150.0 25.0 27.3 24.0 22.7 20.0 10
152.5 25.6 276 249 239 214 10
155.0 259 27.9 25.9 24.9 22.0 10
157.5 24.4 26.8 223 21.2 19.0 10
160.0 25.0 27.2 245 23.5 20.9 10
162.5 25.2 27.3 239 227 20.2 10
165.0 25.5 27.7 25.0 23.8 21.3 10




Appendix IX: M35027-1, MAT SST estimates

Mean Mean Mean Mean

Mean analog annual annua!l annual

analog TwO- analog analog analog
depth Tc0-50m 50m T75m T100m T150m
(cm) age (kyrs) DSML. STDEV (°C) STDEV (°C) STDEV: (°C) STDEV (°C) STDEV; (°C) STDEV! SIM"  STEV
167.5 51.8. 0093 0014 25.6 0.4 276 0.5 255 0.5 245 0.8 218 1.3° 0854 0.007
170.0 52.5. 0.143 0.011 256 1.2 27.7. 0.7. 25.0 2.7 238 3.2 21.3, 3.0 0929 0.005
172.5. 532: 0.148 0.018 25.7 0.4! 27.7. 0.4 25.6 0.5 246 0.8 21.9. 1.4 0.926' 0.009
175.0! 54.0: 0.162; 0.016; 25.2; 1.6: 27.3. 1.1 23.9' 3.6 22.8 3.7 20.2] 3.31 0919 0.008
177.5! 54.71 0.137; 0.020 25.61 0.8! 27.6! 0.7; 24.9; 2.8! 239 2.9 21.4i 2.8 0932 0.010
180.0° 555 0.145. 0.012 25.6' 0.8! 27.7; 0.7 24.9 2.8! 23.9i 2.9 21.4) 2.8/ 0.928] 0.006
182.5] 57.6: 0.118: 0.011! 25.4| 0.8! 275 0.8 24.7. 2.7i 236! 2.8 21.0! 28 0941 0.006
185.0! 59.8] 0.138] 0.006 24.6 1.6 26.7, 1.4 24.1! 28 23.1: 3.2 20.4 3.1, 0931 0.003
187.5i 61.9] 0.1631 0.012 23.1! 1.2 26.0 1.2 22.7: 2.2 21.7 2.7 19.5; 26! 0918 0.006
190.0: 64.11 0.140] 0.012 24.2 1.8 26.6! 15 22.5! 4.0! 21.2 4.5 18.8 4.4; 0.930" 0.006
192.5; 648 0.110/ 0.014] 23.8 1.8 26.0] 14| 21.3] 3.5} 18.7 4.0i 17.0 3.4] 0945 0007
195.0[ 65.5! 0.175] 0.013 24.6 1.6 27.0] 1.3! 23.5 3.5i 225! 3.9 201 36 0913 0.007
197.5, 66.2 0.118! 0.018l 25.8 0.3 27.9; 0.2] 25.7 04| 24.7 0.7 22.2 1.2]  0.941] 0008
200.0] 66.9] 0.172} 0.015] 25.6 0.8 27.7| 0.7 25.0! 28] 241 29 21.7 27, 0914 0.007
202.5 676/ 0.153] 0.014 25.8 0.3 27.9 0.2 25.8] 0.5 248 0.7 222 1.2; 0.823] 0.007
205.0 68.4) 0.132] 0.015 25.8 0.3 27.9 0.2 25.7 04 24.7 0.7 22.2 1.2] 0.934] 0.008
207.5 69.1] 0.118] 0.020 257 04 21.7 0.4 25.6 0.5 2486 0.8 219 14| 09841} 0.010
210.0 69.8/] 0135/ 0.015 258 0.3 279 0.2 25.7 0.4 24.7 0.7 22.2 1.2| 0.933] 0.008
212.5 705 0.123] 0.016 25.8 0.2 27.9 0.1] 25.9 0.1 25.0 0.2 226 0.5/ 0.938; 0.008
215.0 712 0.121] 0.017 25.8 0.3 27.9 0.2 257 0.4 24.7 0.7 22.2 1.2] 0.940{ 0.008
2175 719 0.121] 0.015 25.7 04 27.7 04 256 0.5 246 0.8 219 1.4] 0840, 0.007
220.0 726/ 0.132] 0.015 25.8 0.3 27.9 0.2 25.7 0.4 24.7 0.7 22.2 1.2] 0.934] 0.008
2225 73.3] 0.120, 0.015 25.6 0.4 27.6 0.5 25.6 0.5 245 0.8 21.8 1.3] 0.940( 0.008
225.0 74.0) 0.098] 0.015 25.9 0.2 27.9 0.2 25.8 0.4 248 0.7 22.1 1.2| 0.951] 0.008
2275 74.7| 0.117] 0.025 25.8 0.3 27.8 0.2 25.6 0.5 245 0.9 21.8 1.4] 0.942| 0.013
230.0 755 0.101] 0.019 25.8 0.3 27.9 0.2 25.7 0.4 24.7 0.7 22.2 1.2 0.949; 0.009
232.5 76.2| 0.106] 0.013 25.7 0.4 21.7 0.4 256 0.5 24.6 0.8 21.9 1.4{ 0.947| 0.007
235.0 769 0.129] 0.013 25.8 0.4 271.7 0.4 257 0.5 24.6 0.8 21.8 14| 0.936{ 0.006
2375 77.6] 0.096] 0.017 25.8 0.4 21.7 04 25.7 0.5 24.6 0.8 21.8 1.4) 0952 0.008
240.0 783| 0.136] 0.018 25.9 0.1 27.8 0.2 25.7 0.5 246 0.9 21.8 1.5/ 0.932] 0.009
2425 79.2] 0127 0.017 259 0.2 27.9 0.2 25.8 0.4 248 0.7 22.1 1.2| 0937 0.008
245.0 80.2] 0.096| 0.013 25.9 0.2 27.8 0.2 258 0.4 248 0.7 22.1 1.1 0.952] 0.007
247.5 81.1] 0.101] 0.013 25.5 1.2 27.8 0.3 25.5 1.0 246 1.0 221 1.2] 0.949] 0.006
250.0 82.1] 0.094] 0.005 259 0.1 27.9 0.2 25.8 0.4 24.8 0.7 22.2 1.2] 0.953| 0.003
252.5 83.0, 0.087] 0.015 25.9 0.2 27.9 0.2 25.8 04 248 0.7 22.1 12| 0.956] 0.008
255.0 84.0/ 0.097] 0.011 25.8 04 27.7 04 25.7 0.5 24.6 0.8 21.9 14| 0.952] 0.006
2575 849 0077 0.015 25.8 0.4 277 04 256 0.5 246 0.8 21.8 1.3 0.962] 0.008
260.0 859, 0.082] 0.013 25.7 1.0 27.7 0.9 253 22 241 2.8 215 3.1] 0.858] 0.006
262.5 86.8 0.126] 0.014 25.8 0.2 279 0.2 25.8 0.4 248 0.7 22.3 111 0.937] 0.007
265.0 87.8/ 0088 0.012 25.9 0.1 27.9 0.2 258 04 24.9 0.7 22.3 1.1] 0.956] 0.006
267.5 88.7 0.096/ 0.009 253 1.1 274 1.1 24.6 2.6 23.2 3.4 20.5 3.9, 0952, 0.005
270.0 89.7| 0.102; 0.012 25.8 0.2 27.9 0.2 25.8 0.4 248 0.7 22.3 1.1] 0.949] 0.006
2725 90.6] 0.121] 0.017 25.9 0.1 27.9 0.2 25.8 04 249 0.7 22.3 1.1]  0.940; 0.008
275.0 916 0.146] 0.022 25.8 04 27.8 0.5 25.8 0.6 24.8 0.9 22.3 1.5/ 0927 0.011
2775 925/ 0.084| 0.008 256 0.9 27.6 0.8 25.1 21 24.0 2.7 214 3.0 0958/ 0.004
280.0 93.5] 0.089] 0.006 25.6 1.0 27.6 0.9 25.2 2.2 240 2.8 21.3 3.2] 0.956/ 0.003
282.5 94.4| 0.075/ 0.014 25.7 0.6 27.6 0.7 25.6 0.8 24.5 1.1 21.7 1.8/ 0.962] 0.007
285.0 954/ 0.075] 0.008 25.9 0.1 27.9 0.2 25.8 0.4 24.8 0.7 22.2 1.2] 0963 0.004
287.5; 96.3; 0.079] 0.010 24.5 1.6 26.3 1.5 22.2 3.9 205 44 17.7 44/ 0.961] 0.005
290.0{ 97.3]  0.077[ 0.010 256 1.0 27.6 0.9 25.2 2.2 24.1 2.9 21.3 3.2 0962/ 0.005
292.5 98.2] 0.082] 0.009 251 1.6 27.0 1.4 23.7 33 22.0 4.5 19.2 5.1] 0.959] 0.004
295.0 99.2] 0.097| 0.010 25.2 1.2 27.0 1.3 238 35 22.3 4.1 19.6 4.3 0952 0.005
297.5 100.1] 0.094] 0.008 25.0 1.3 26.9 14 23.2 3.6 216 4.3 18.9 4.6/ 0.953] 0.004
300.0! 101.1]  0.123] 0.013 25.3 1.8 27.3 1.2 24.6 3.0 235 3.4 20.6 3.5/ 0938 0.007
302.5] 102.0 0.109{ 0.010 25.3 1.2 274 1.1 244 34 23.3 3.9 20.9 3.9/ 0.945] 0.005
305.0 103.0f 0.185] 0.022 25.9 0.3 27.9 0.2 259 0.5 25.0 0.8 22.5 1.2/ 0918} 0.011
307.5 103.9] 0.143] 0.015 24.8 1.6 26.6 1.6 22.7 4.2 21.3 4.6 18.9 44| 0.929] 0.007
3125 1058/ 0.161] 0.013 256 1.0 276 0.9 25.2 22 24.0 2.9 21.4 3.2] 09201 0.007
315.0 106.8] 0.130| 0.009 251 1.5 271 1.3 235 4.0 222 4.5 19.7 4.3 0.935! 0.005
3175 107.7/  0.138/ 0.011 245 1.8 26.5 1.3 219 4.1 19.9 4.6 17.0 44! 0931 0.005
320.0] 108.6] 0.116] 0.006 242 2.0 26.1 1.4 20.6 4.1 18.5 4.5 16.0 4.0f 0.942] 0.003
3225 109.6!  0.115{ 0.009 23.8 1.8 26.0 1.5] 20.6 41 18.7 4.7 16.5 4.6/ 0943 0.004
325.0] 110.5|  0.102] 0.010 252 1.5 27.2 1.3 24.1 3.2 22.5 4.2 19.7 4.6/ 0.949] 0.005
327.5] 111.5]  0.118] 0.010 24.2 1.9 26.1 1.5 209 4.0 18.9 4.8 16.7 48] 0.941] 0.005
330.0/ 112.4]  0.133] 0.009 23.6 1.6 25.8 14 20.1 3.6 18.0 4.1 15.6 4.1] 0.934| 0.005
332.5] 113.4]  0.152[ 0.010 249 1.8 271 1.5 23.6 4.1 224 4.7 20.1 45/ 0924/ 0.005
335.0! 114.3]  0.114]  0.008] 245 1.7 26.5 1.6 22.7 3.6 20.9 4.4 17.8 4.7] 0.9431 0.004




Appendix IX: M35027-1, MAT SST estimates

|
1 ‘ | Est’ Est.  Est!
. Est TcO- Est TwO- annual‘ annual annual‘

depth 50m; S50m  T75m. T100m T150m  #best
(cm) (°C). (°C). (°C)‘1 cy (°C)’ Analogs
167.5] 256 276 255/ 245 218 10
17000 256 2771 250/ 238! 213 10
17251 2577 27.7, 256/ 246] 219 10
175.0f 252] 27.3] 239 227 202 10
1775 256 276/ 249] 239 214 10
180.0] 256] 277 249/ 2390 214 10
1825 254] 275 247 236] 210 10
185.0] 246/ 267] 241 231 204 10
187.5] 2311 260/ 227] 217 196 10
190.0] 242] 266] 225 212] 188 10
1925 238 260/ 213 197, 170 10
195.0] 246] 270/ 235 225/ 201 10
1975 258] 279] 257] 247 222 10
2000 256| 277] 2500 2441 217 10
2025 258! 279] 258] 248] 222 10
205.0] 25.8] 27.9] 257 247{ 222 10
207.5] 257 277] 256] 246] 219 10
210.0] 258] 279] 257 247 222 10
2125 258/ 279] 259] 250, 226 10
2150 258 27.9] 257] 247] 222 10
2175 257] 27.7] 256| 246|219 10
2200] 258] 279] 257 247 222 10
2225 256] 276] 256/ 245 218 10
2250| 259] 279] 258] 248 221 10
2275 258 278] 256| 245 218 10
230.0] 258/ 279 257] 247 222 10
2325 25.7] 27.7] 256] 248 219 10
2350, 258 277 257] 246| 218 10
2375 258/ 277 257 246] 218 10
2400| 259] 278] 257 246 218 10
2425 259 279] 258] 248 221 10
2450 259 278] 258] 248 221 10
2475, 255] 278 255] 246 221 10
250.0] 259 279 258] 248] 222 10
2525 259 279 258] 248 221 10
2550{ 258 277 257 246 219 10
2575 258 277 256] 246 218 10
2600] 257| 2771 253] 241 215 10
2625 258 279] 258 248] 223 10
2650] 259] 279] 258 249 223 10
2675 253] 274] 246] 232 205 10
2700 258/ 279 258/ 248 223 10
2725 259| 279] 258 249 223 10
2750 258/ 278 258 248 223 10
2775 256] 276] 25.1] 2400 214 10
2800/ 256/ 276 252 240 213 10
2825 257] 276 256 245 217 10
2850 259] 279] 258] 248] 222 10
2875 245] 263] 222 205] 177 10
290.0] 256/ 276 252] 241] 214 10
2026 25| 270 237 2200 19.2 10
2950| 2521 270 238] 223] 196 10
207.5] 250, 269 232 216/ 189 10
300.0] 253] 273 247] 235/ 206 10
3025] 253| 274] 244] 234] 209 10
3050/ 259] 279 259 250/ 225 10
307.5] 248 266 227] 213] 189 10
3125/ 256] 276/ 252] 240/ 214 10
3150 2511 27.1] 238] 222] 197 10
3175 245 265/ 218 199 170 10
3200 242 261 206] 185 16.0 10
3225] 238/ 260 206] 187 165 10
| 3250, 252| 272 241] 225 198 10
32751 242] 261 209 190/ 167 10
3300] 236 258/ 201 180, 156 10
3325 249 271] 236 224] 201 10
3350, 245/ 265 227 208 178 10




Appendix IX: M35027-1, MAT SST estimates

Mean Mean Mean Mean

Mean analog annual annual annual

analog TwO- analog analog analog

depth ) Tc0-50m : 50m T75m T100m T150m
(cm) age (kyrs) DSML- STDEV: (°C) STDEV. (°C) STDEV (°C) STDEV (°C) STDEV (°C) STDEV. SIM STEV
3375 1153, 0.092! 0.005 259 0.6. 27.8 0.7 25.7 1.1 24.6 1.7 21.8 2.7 0.95%4. 0.003
340.0 116.2i  0.095' 0.007. 25.0. 1.6 26.9 1.6 23.3 4.0 22.1 4.4 19.7: 4.2 0953 0.003
342.5 117.2:  0.105.  0.008 25.3 1.6 27.3i 1.5 24.3 35 23.1 3.9 20.5! 3.9° 0.948! 0.004
345.0 118.11  0.096! 0.013; 25.9 0.2i 27.8, 0.2 25.8 04: 24.8! 0.7 22.1, 1.1 0.952, 0.007
3475 119.1)  0.134i 0.008 244 1.7i 26.5) 1.5, 216, 4.3 20.2: 4.5 17.8; 4.1 0933 0.004
350.0° 120.0:  0.120°  0.010: 25.0i 1.6 26.9| 1.6 23.3 4.0: 221! 4.4 19.7] 42" 0.940. 0.005
352.5: 121.00  0.148.  0.012; 25.1) 1.6} 27.3 1.1 24.0 3.6 23.0° 37 20.5! 33 0926 0.008]
355.0 121.9;  0.122.  0.010 24.9. 1.6 27.0: 1.5 23.3! 4.0: 22.0: 4.3 19.4i 4.1 0.939; 0005
3575 122.9.  0.135. 0.015! 24.7, 13 26.6! 1.3 21.6 44 20.3 4.6 18.0i 4.2/ 0.933. 0.008
360.0i 123.8:  0.129; 0.010 23.9, 1.9 26.2; 1.5 20.7 4.3 19.2| 4.5 17.0 4.0, 0.935] 0.005]
362.5! 12441 0.1111  0.015; 24.5! 1.7 26.5! 1.5 22.1¢ 3.9 204! 4.3! 17.5 431 0.944| 0008
365.0¢ 124.91  0.095 0.010 254 1.0 27.3, 1.2 24.2 3.2 23.0 37 20.5 3.6/ 0.952] 0.005
367.5 125.5| 0.104! 0.013 25.2 1.2 27.11 1.2 23.4i 39 221 4.2 19.6! 4.0/ 0.948] 0.007
370.0: 126.1| 0.120] 0.008 244 1.9 26.5' 1.8 22.1 44 20.9 48 18.6, 4.6/ 0.9400 0.004
3725 12661 0.114] 0.009 243 1.7 26.5 1.5 217 4.2 20.2 4.8 18.01 441 0.943[ 0.005
3750 127.2) 0.088] 0.007 23.8 15 256 1.3! 22.1] 27 204 3.2 16.8 3.1 0.956] 0.003
3775 127.8!  0.101]  0.008i 24.0 18 26.1 1.0 21.2 34 18.9 3.8 15.5 3.3] 0.950| 0.004
380.0 128.3] 0.101] 0.007 235 1.8 25.9 14 19.3 38 175 4.3 15.8 4.0f 0850 0.004
382.5 128.9{ 0.089] 0.007 25.0 1.7 26.9 1.6 23.9 3.2 225 3.7 20.0 3.5| 0.955] 0.004
385.0 129.5| 0.088; 0.008 25.3 1.2 271 1.1 236 35 221 4.1 194 4.0f 0956 0.004
387.5 130.0f 0.135/ 0.014 241 1.8 26.3 1.6 215 4.1 20.0 48 17.8 4.3/ 0.933] 0007
390.0 130.6) 0.096] 0.006 248 1.6 26.9 14 22.9 3.9 214 4.4 18.8 42| 0952 0.003
392.5 131.2)  0.135] 0.007 249 1.5 26.9 1.2 24.0 2.6 226 3.1 19.7 3.1 0.933] 0.003
395.0 131.7] 0.145] 0.007 24.7 1.6 26.7 1.3 22.7 3.8 21.2 4.3 18.5 4.0 0928/ 0.004
400.0 132.8 0.143] 0.018 22.8 1.1 25.0 0.9 20.3 25 18.7 3.0 15.7 2.3] 0.928] 0.009
405.0 134.0; 0.163] 0.010 23.4 1.7 25.6 1.4 21.0 3.3 19.5 3.7 16.7 3.3/ 0.919] 0.005
410.0 135.1]  0.159| 0.012 247 2.0 27.0 1.5 23.7 3.8 224 4.1 19.4 4.0 0.920;{ 0.006
415.0 136.1 0.143] 0.014 25.7 0.4 217 0.4 25.6 0.5 246 0.8 21.9 14| 0928 0.007
420.0 137.2{ 0.157| 0.010 251 1.5 27.2 1.5 25.0 1.9 24.0 2.1 21.2 29| 0.922| 0.005
425.0 138.2 0.165 0.006 252 0.9 27.5 0.9 24.7 22 23.6 2.8 21.3 2.7/ 0.917) 0.003
430.0 139.3] 0.137{ 0.009 254 1.2 217 0.7 249 26 23.7 3.1 213 29| 0932 0.004
435.0 140.3| 0.150] 0.007 246 1.9 26.9 14 23.7 36 225 4.0 20.0 3.8] 0.925 0.003
440.0 141.3] 0.170] 0.012 25.1 1.6 274 1.3 24.6 3.0 234 35 20.8 3.7 0.915/ 0.006
450.0 1453| 0.130] 0.010 247 1.3 26.7 1.3 23.9 22 22.8 2.7 20.0 27| 0.935/ 0.005




Appendix IX: M35027-1, MAT SST estimates

: . Est., Est Est.
Est TcO- Est TwO- annual annual.  annual
depth 50m 50m T75m T100m T150m  #besy
(cm) (C) (°C) (C) (°C) (°C)_Analogs
337.5 25.9 27.8: 25.7 246 21.8. 10
340.0: 25.0! 26.9! 23.3 221! 19.7: 10
342.5; 25.3) 27.3! 24.3 23.1 20.5! 10
345.0! 25.9' 27.8 25.8, 24.8 2211 10
347.5; 24 .41 26.5! 21.61 20.2] 17.8! 10
350.0! 25.0: 26.9i 23.3! 22.1i 19.71 10
352.5 25.2 27.31 24.0 23.0; 20.5! 10
355.0 24.9 27.0 23.3! 22.0; 19.4} 10
357.5 247 26.6 21.61 20.3! 18.0: 10
360.0 239 26.2 20.7 19.2 17.0; 10
362.5 245 26.5 221 20.4 17.5/ 10
365.0 25.4 27.3 242 23.0 20.5 10
367.5 25.2 271 234 221 19.6 10
370.0 244 26.5 221 20.9 18.6 10
372.5 24.3 26.5 21.7 20.2 18.0 10
375.0 238 25.6 221 20.4 16.8 10
377.5 24.0 26.1 21.2 18.9 15.5 10
380.0 23.5 25.9 19.3 17.5 15.8 10
382.5 25.0 26.9 239 225 20.0 10
385.0 25.3 271 236 221 19.4 10
387.5 241 26.3 21.5 20.0 17.8 10
390.0 248 269 22.9 21.4 18.8 10
392.5 249 26.9 24.0 22.6 19.7 10
395.0 24.7 26.7 22.7 21.2 18.5 10
400.0 22.8 25.0 20.3 18.7 15.7 10
405.0 23.4 25.6 21.0 19.5 16.7 10
410.0 24.7 27.0 23.7 224 19.4 10
415.0 25.7 27.7 25.6 246 21.9 10
420.0 25.1 27.2 25.0 24.0 21.2 10
425.0 25.2 275 247 23.6 21.3 10
430.0 254 277 24.9 237 21.3 10
435.0 246 26.9 23.7 225 20.0 10
440.0 25.1 274 24.6 234 20.8 10
450.0 247 26.7 239 228 20.0 10




Appendix X: Planktonic foraminiferal census counts of Caribbean surface samples

water |
depth
CoreID  Lat(N) Long(W) (m) AEQ BUL CAL CAV CON CRA DEH DIG DUT FAL GLU HIR 'HUM INF MEN NIT OBL
M35002-1 12032 -61.177 1506 S2 04 12, 00 05 03 01 00 73 01 88 00 00 01 21 04 0
M35003-6 12085 -61245 1299 27 03 10, 00 08 00 01 00 75 00 77 00 00 03 1S 10 03
M3S004-1. 13410 -61.662: 2885, 36 03 19 00 07 03 00 02 34 00 111 00, 00 00 05 07 02
M35005-1. 154531 62232 2289 39, 03, 25 00 07 02 02 02 718 00 95 00, 00 00 LI 14 07
M35006-6 164221 -62453. 888 54| 01 00 00 06 02 00 00 S8 00 14 00, 00 00 12 10 06
M35008-11 180321 -63.163] 28200 S1. 03 13, 00. 09 00 01 08 62 03 140 00 00 00 13 1.1 06
M35010-2] 18933] -64.090] 2696/ 511 05| 04] 00 28 01 01 00 53 00: 76 00 00, 00 10 02 03
M35012-6|  18.305| -63.627 1121] 40 00 15| 00, 11 01l 03" 00/ 76 00 129 00, 00 0l 15 04 05
M35013-3 18315] 63450, 899, 31| 00/ 10| 00/ 02 00/ 01, 00] 26 00, 81 20 00 00 06 01 0l
M35014-11 17842 -63.737] 16031 44| o01] 23[ 00/ 11} 00{ 00 00/ 70 02/ 125 00l 00l 00 19. 06 00
M35015-1]  17.993] -63452] 12300 41| 05/ 20 00/ 05 02 00 02 64 00 87 00 00 00 221 03] ol
M35018-11  17.575] 65370 17281 66| 021 26| 00| 05 00/ o01] 03/ 55 00l 105, 00i 00 00 22, 02] 03
M35019-11  17.672] -65.435| 1815 80| 07| 00/ 00/ 08 02! 02 00 61 00 91 00 00 00 29 21 06
M35020-2]  17930] -65.670] 2005] 40| 00/ 14| 00] 07 00/ 02 ool 731 o0 112l 00/ ool 00 27 18 03
M35023-3]  17.603] -65.682] 11921 65| 07/ 00l 00 06/ 00 01 00/ 70 03 74/ 00l ool os| 33 o02i o071
M35024-6]  17.043] -66.002] 4710, 43] 11 12/ 00 03] 0ol o6 00[ 45 00[ 131 00| 00/ 00, 221 03] oI
M35026-2]  17.508] -67.043] 3815] 63| 04] 24] 00| 06/ 00l 00 00/ 43] 00] 192] 00] 00| 00] 13 11 02
M35030-1]  16.755] -78.610] 1298] 52| 00| 22| 00/ 04/ o5/ 03] 02 33/ o04] 85| 00| o00] 00 56 02 00
M35033-1]  16913] -79.018] 112a] 30| 06| 00/ 00 03] 02| o1] oo0] 31] oo 76/ oo ool o0 74 00 o0
M35035-1]  16893] -79.132] 1252] 34] os| o0 o0 o04] 1] 02 ool 36 00/ 114 00 0ol ool 34 1] o3
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GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL. BERICHT FUR DIE JAHRE 1987 UND 1988. 1989.71 + 6 pp. In German

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL. JAHRESBERICHT/ANNUAL REPORT 1989. 1990. 96 pp. In German and English

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL. JAHRESBERICHT/ANNUAL REPORT 1990. 1991. 212 pp. In Genman and English

ROBERT F. SPIELHAGEN .
DIE EISDRIFT IN DER FRAMSTRASSE WAHREND DER LETZTEN 200.000 JAHRE. 1991. 133 pp.
In German with English summary

THOMAS C. W. WOLF ;
PALAO-OZEANOGRAPHISCH-KLIMATISCHE ENTWICKLUNG DES NORDLICHEN NORDATLANTIKS SEIT DEM
SPATEN NEOGEN (ODP LEGS 105 UND 104, DSDP LEG 81). 1991. 92 pp. In German with English summary

SEISMIC STUDIES OF LATERALLY HETEROGENOUS STRUCTURES - INTERPRETATION AND MODELLING OF
SEISMIC DATA. Ed. by ERNST R. FLUEH

Commission on Controlled Source Seismology (CCSS), Proceedings of the 8th Workshop Meeting, held at Kiel - Fellhorst
(Germany), August 27-31, 1990. 1991. 359 pp. In English

JENS MATTHIESSEN . _ . )
DINOFLAGELLATEN-ZYSTEN IM SPAQUARTAR DES EUROPAISCHEN NORDMEERES: PALOKOLOGIE UND
PALAO-OZEANOGRAPHIE. 1991. 104 pp. In German with English summary. Out of print

DIRK NURNGERG .
HAUPT- UND SPURENELEMENTE IN FORAMINIFERENGEHAUSEN — HINWEISE AUF KLIMATISCHE UND

OZEANOGRAPHISCHE ANDERUNGEN IM NORDLICHEN NORDATLANTIK WAHREND DES SPATQUARTARS.
1991. 117 pp. In German with English summary. Out of print

KLAS S. LACKSCHEWITZ R
SEDIMENTATIONSPROZESSE AM AKTIVEN MITTELOZEANISCHEN KOLBEINSEY RUCKEN
(NORDLICH VON ISLAND). 1991. 133 pp. In German with English summary. Out of print

UWE PAGELS R
SEDIMENTOLOGISCHE UNTERSUCHUNGEN UND BESTIMMUNG DER KARBONATLOSUNG IN

SPATQUARTAREN SEDIMENTEN DES OSTLICHEN ARKTISCHEN OZEANS. 1991. 106 pp.
In German with English summary

FS POSEIDON. EXPEDITION 175 (9.10.-1.11.1990)
175/1:0STGRONLANDISCHER KONTINENTALRAND (65°N)
175/2: SEDIMENTATION AM KOLBEINSEYRUCKEN (NORDLICH VON ISLAND).
Hrsg. von J. MIENERT und H.-J. WALLRABE-ADAMS. 1992. 56 pp. + app. In German with some English chapters

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL. JAHRESBERICHT/ANNUAL REPORT 1991. 1992. 152 pp. In German and English.
Out of print

SABINE E. |. KOHLER

SPATQUARTARE PALAO-OZEANOGRAPHISCHE ENTWICKLUNG DES NORDPOLARMEERES UND
EUROPAISCHEN NORDMEERES ANHAND VON SAUERSTOFF- UND KOHLENSTOFF- .
ISOTOPENVERHALTNISSEN DER PLANKTISCHEN FORAMINIFERE Neogloboquadrina pachydermma (sin.).
1992, 104 pp. In Gemman with English summary

FS SONNE. FAHRTBERICHT SO78 PERUVENT: BALBOA, PANAMA - BALBOA, PANAMA, 28.2.1992-16.4.1992
Hrsg. von ERWIN SUESS. 1992. 120 pp. [n German with some English chapters. Out of print

FOURTH INTERNATIONAL CONFERENCE ON PALEOCEANOGRAPHY (ICP IV): SHORT- AND LONG-TERM
GLOBAL CHANGE: RECORDS AND MODELLING. 21-25 SEPTEMBER 1992, KIEL/GERMANY.
PROGRAM & ABSTRACTS. 1992. 351 pp. In English

MICHAELA KUBISCH .
DIE EISDRIFT IM ARKTISCHEN OZEAN WAHREND DER LETZTEN 250.000 JAHRE. 1992. 100 pp.

In German with English summary

PERSISCHER GOLF: UMWELTGEFAHRDUNG, SCHADENSERKENNUNG, SCHADENSBEWERTUNG AM BEISPIEL
DES MEERRESBODENS; ERKENNEN EINER OKOSYSTEMVERANDERUNG NACH OLEINTRAGEN. SchluBbericht
zu den beiden BMFT-Forschungsvorhaben 03F0055 A + B. 1993. 108 pp. In German with English summary

TEKTONISCHE ENTWASSERUNG AN KONVERGENTEN PLATTENRANDERN / DEWATERING AT CONTINENTAL
MARGINS. Hrsg. von/ed. by ERWIN SUESS. 1993. 196 + 32+ 68 + 16 + 22 +38+4+19pp.
Some chapters in English, some in German

THOMAS DICKMANN
DAS KONZEPT DER POLARISATIONSMETHODE UND SEINE ANWENDUNGEN AUF DAS SEIMISCHE

VEKTORWELLENFELD IM WEITWINKELBEREICH. 1993. 121 pp. In German with English summary

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL. JAHRESBERICHT/ANNUAL REPORT 1992. 1993. 139 pp. In German and English
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KAI UWE SCHMIDT i
PALYNOMORPHE [M NEOGENEN NORDATLANTIK - HINWEISE ZUR PALAO-OZEANOGRAPHIE UND

PALAOKLIMATOLOGIE. 1993. 104 + 7 + 41 pp. [n German with English summary

UWE JURGEN GRUTZMACHER _

DIE VERANDERUNGEN DER PALAOGEOGRAPHISCHEN VERBREITUNG VON Bolboforma - EIN BEITRAG ZUR
REKONSTRUKTION UND DEFINITION VON WASSERMASSEN IM TERTAR. 1993. 104 pp.

In German with English summary

RV PROFESSOR LOGACHEV. Research Cruise 09 (August 30 - September 17, 1993): SEDIMENT DISTRIBUTION ON
THE REYKJANES RIDGE NEAR 59°N. Ed. by H.~). WALLRABE-ADAMS & K.S. LACKSCHEWITZ. 1993. 66 + 30 pp.
In English

ANDREAS DETTMER | ;
DIATOMEEN-TAPHOZONQSEN ALS ANZEIGER PALAO-OZEANOGRAPHISCHER ENTWICKLUNGEN IM
PLIOZANEN UND QUARTAREN NORDATLANTIK. 1993. 113 + 10 + 25 pp. In German with English summary

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL. JAHRESBERICHT/ANNUAL REPORT 1993. 1994. 69 pp. In German and English

JORG BIALAS )
SEISMISCHE MESSUNGEN UND WEITERE GEOPHYSIKALISCHE UNTERSUCHUNGEN AM SUD-SHETLAND
TRENCH UND IN DER BRANSFIELD STRASSE - ANTARKTISCHE HALBINSEL. 1994, 113 pp.

In German with English summary

JANET MARGARET SUMNER
THE TRANSPORT AND DEPOSITIONAL MECHANISM OF HIGH GRADE MIXED-MAGMA IGNIMBRITE TL, GRAN
CANARIA: THE MORPHOLOGY OF A LAVA-LIKE FLOW. 1994. 224 pp. In English with German summary. Out of print

GEOMAR LITHOTHEK. Ed. by JURGEN MIENERT. 1994. 12 pp + app. In English. Out of print

FS SONNE. FAHRTBERICHT SO 97 KODIAK-VENT: KODIAK - DUTCH HARBOR - TOKYO - SINGAPUR, 27.7.-
19.9.1994. Hrsg. von ERWIN SUESS. 1994. Some chapters in English, some in German. Out of print

CRUISE REPORTS:
RV LIVONIA CRUISE 92, KIEL-KIEL, 21.8.-17.9.1992: GLORIA STUDIES OF THE EAST GREENLAND CONTINENTAL
MARGIN BETWEEN 70°AND 80°N
RV POSEIDON PO200/10, LISBON-BREST-BREMERHAVEN, 7.-23.8.1993: EUROPEAN NORTH ATLANTIC
MARGIN: SEDIMENT PATHWAYS, PROCESSES AND FLUXES
RV AKADEMIK ALEKSANDR KARPINSKIY, KIEL-TROMSO, 5.-25.7.1994: GAS HYDRATES ON THE NORTHERN
EUROPEAN CONTINENTAL MARGIN

Edited by JURGEN MIENERT. 1994. 186 pp.

In English; report of RV AKADEMIK ALEKSANDR KARPINSKIY cruise in English and Russian

MARTIN WEINELT . B
BECKENENTWICKLUNG DES NORDLICHEN WIKING-GRABENS IM KANOZOIKUM -
VERSENKUNGSGESCHICHTE, SEQUENZSTRATIGRAPHIE, SEDIMENTZUSAMMENSETZUNG. 1994. 85 pp.
In German with English summary

GEORG A. HEISS
CORAL REEFS IN THE RED SEA: GROWTH, PRODUCTION AND STABLE ISOTOPES. 1994. 141 pp.
In English with German summary

JENS A. HOLEMANN

AKKUMULATION VON AUTOCHTHONEM UND ALLOCHTHONEM ORGANISCHEM MATERIAL IN DEN
KANOZOISCHEN SEDIMENTEN DER NORWEGISCHEN SEE (ODP LEG 104). 1994. 78 pp.

In German with English summary

CHRISTIAN HASS ;
SEDIMENTOLOGISCHE UND MIKROPALAONTOLOGISCHE UNTERSUCHUNGEN ZUR ENTWICKLUNG DES
SKAGERRAKS (NE NORDSEE) IM SPATHOLOZAN. 1994. 115 pp. In German with English summary

BRITTA JUNGER

TIEFENWASSERERNEUERUNG IN DER GRONLANDSEE WAHREND DER LETZTEN 340.000 JAHRE / DEEP
WATER RENEWAL IN THE GREENLAND SEA DURING THE PAST 340,000 YEARS. 1994. 6 + 109 pp.

In German with English summary

JORG KUNERT

UNTERSUCHUJNGEN ZU MASSEN- UND FLUIDTRANSPORT ANHAND DER BEARBEITUNG
REFLEXIONSSEISMISCHER DATEN AUS DER KODIAK-SUBDUKTIONSZONE, ALASKA. 1995. 129 pp.
In German with English summary

CHARLOTTE M. KRAWCZYK
DETACHMENT TECTONICS DURING CONTINENTAL RIFTING OFF THE WEST IBERIA MARGIN: SEISMIC
REFLECTION AND DRILLING CONSTRAINTS.1995. 133 pp. In English with German summary

CHRISTINE CAROLINE NURNBERG . )
BARIUMFLUSS UND SEDIMENTATION IM SUDLICHEN SUDATLANTIK - HINWEISE AUF
PRODUKTIVITATSANDERUNGEN IM QUARTAR. 1995. 6 + 108 pp. In German with English summary

JURGEN FRUHN
TEKTONIK UND ENTWASSERUNG DES AKTIVEN KONTINENTALRANDES SUDOSTLICH DER KENAI-HALBINSEL,
ALASKA. 1995. 93 pp. In German with English summary

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
gNIVfERSITAT ZU KIEL. JAHRESBERICHT/ANNUAL REPORT 1994. 1995. 125 pp. In German and English.
ut of print

FS SONNE. FAHRTBERICHT / CRUISE REPORT SO 103 CONDOR 1 B: VALPARAISO-VALPARAISO, 2-21.7.1995.
Hrsg. von ERNST R. FLUEH. 1995. 140 pp. Some chapters in German, some in English
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RV PROFESSOR BOGOROV CRUISE 37: CRUISE REPORT "POSETIV": VLADIVOSTOK-VLADIVOSTOK, September
I235- O(lz_tc;]ber 22,1994, Edited by CHRISTOPH GAEDICKE, BORIS BARANOV, and EVGENY LELIKOV. 1995. 49 + 33 pp.
n Englisl

CHRISTOPH GAEDICKE

DEFORMATION VON SEDIMENTEN IM NANKAI-AKKRETIONSKEIL, JAPAN. BILANZIERUNG TEKTONISCHER
VORGANGE ANHAND VON SEISMISCHEN PROFILEN UND ERGEBNISSEN DER ODP-BOHRUNG 808. Il + 89 pp
In German with English summary ’

MARTIN ANTONOW
SEDIMENTATIONSMUSTER UM DEN VESTERIS SEAMOUNT (ZENTRALE GRONLANDSEE) IN DEN LETZTEN
250.000 JAHREN. 1995. 121 pp. In German with English summary

INTERNATIONAL CONGRESS: CORING FOR GLOBAL CHANGE - ICGC '95. KIEL, 28 - 30 June, 1995.
Edited by JURGEN MIENERT and GEROLD WEFER. 1996. 83 pp. In English

JENS GRUTZNER
ZUR PHYSIKALISCHEN ENTWICKLUNG VON DIAGENETISCHEN HORIZONTEN IN DEN SEDIMENTBECKEN DES
ATLANTIKS. 1995. 96 pp. In German with English summary

INGO A. PECHER
SEISMIC STUDIES OF BOTTOM SIMULATING REFLECTORS AT THE CONVERGENT MARGINS OFFSHORE PERU
AND COSTA RICA. 1996. 159 pp. In English with German summary

XIN sU
DEVELOPMENT OF LATE TERTIARY AND QUATERNARY COCCOLITH ASSEMBLAGES IN THE NORTHEAST
ATLANTIC. 1996. 120 pp. +7 pl. In English with German summary

FS SONNE - FAHRTBERICHT/CRUISE REPORT S0108 ORWELL: SAN FRANCISCO - ASTORIA, 14.4. - 23.5.1996
Edited by ERNST R. FLUEH and MICHAEL A. FISHER. 1996. 252 pp. + app. In English with German summary

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL. JAHRESBERICHT/ANNUAL REPORT 1995. 1996. 93 pp. In German and English

THOMAS FUNCK
STRUCTURE OF THE VOLCANIC APRON NORTH OF GRAN CANARIA DEDUCED FOM REFLECTION SEISMIC,

BATHYMETRIC AND BOREHOLE DATA. 1996.VI, 144 pp. In English with German summary

PETER BRUNS

GEOCHEMISCHE UND SEDIMENTOLOGISCHE UNTERSUCHUNGEN UBER DAS SEDIMENTATIONSVERHALTEN
IM BEREICH BIOSTRATIGRAPHISCHER DISKONTINUITATEN IM NEOGEN DES NORDATLANTIK, ODP LEG 104,
SITES 642B UND 643A. 1996. V, 73 pp. In German with Engllish summary

CHRISTIANE C. WAGNER .
COLD SEEPS AN KONVERGENTEN PLATTENRANDERN VOR OREGON UND PERU: BIOGEOCHEMISCHE

BESTANDSAUFNAHME. 1996. 108, XXXVI pp. In German with English summary

FRAUKE KLINGELHOFER
MODEL CALCULATIONS ON THE SPREADING OF SUBMARINE LAVA FLOWS. 1996. 98 pp.
In English with German summary

HANS-JURGEN HOFFMANN
OBJEKTORIENTIERTE ANALYSE UND MIGRATION DIFFRAKTIERTER WELLENFELDER UNTER VERWENDUNG
DER STRAHLENMETHODE UND DER EDGE-WAVE-THEORIE. 1996. XXI, 153 pp. In German with English summary

DIRK KLASCHEN i
STRAHLENSEISMISCHE MODELLIERUNG UNTER BERUCKSICHTGUNG VON MEHRFACHDIFFRAKTIONEN MIT

HILFE DER EDGE-WAVES: THEORIE UND ANWENDUNGSBEISPIELE 1996. X, 159 pp.
In German with English summary

NICOLE BIEBOW .
DINOFLAGELLATENZYSTEN ALS INIKATOREN DER SPAT- UND POSTGLAZIALEN ENTWICKLUNG DES
AUFTRIEBSGESCHEHENS VOR PERU. 1996. IV, 100, 17, 14 (7 pl.) pp. In German with English summary

RV SONNE. CRUISE REPORT S0109: HYDROTRACE ASTORIA-VICTORIA-ASTORIA-VICTORIA. MAY 23 - JULY 8,
1996. Ed. by PETER HERZIG, ERWIN SUESS, and PETER LINKE. 1997. 249 pp. In English

RV SONNE. CRUISE REPORT SO110: SO - RO (SONNE - ROPOS). VICTORIA-KODIAK-VICTORIA. JULY 9 -
AUGUST 19, 1996. Ed. by ERWIN SUESS and GERHARD BOHRMANN. 1997. 181 pp. In English

RV AKADEMIK M. A. LAVRENTYEV CRUISE 27. CRUISE REPORT: GREGORY. VLADIVOSTOK-PUSAN-OKHOTSK
SEA-PUSAN-VLADIVOSTOK. SEPTEMBER 7 - OCTOBER 12, 1996.
Ed. by DIRK NURNBERG, BORIS BARANOV, and BORIS KARP.1997. 143 pp. In English

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL. JAHRESBERICHT / ANNUAL REPORT 1996. 1997. 169 pp.
In German and English

FS SONNE. FAHRTBERICHT/CRUISE REPORT SO123: MAMUT (MAKRAN MURRAY TRAVERSE - GEOPHYSIK
PLATTENTEKTONISCHER EXTREMFALLE). Maskat - Maskat, 07.09 - 03.10.1997. Ed. by ERNSTR. FLUEH, NINA
KUKOWSKI, and CHRISTIAN REICHERT. 1997. 292 pp. In English with German summary

RAINER ZAHN
NORTH ATLANTIC THERMOHALINE CIRCULATION DURING THE LAST GLACIAL PERIOD: EVIDENCE FOR

COUPLING BETWEEN MELTWATER EVENTS AND CONVECTIVE INSTABILITY. 1997. 133 pp. In English

FS SONNE. FAHRTBERICHT/CRUISE REPORT S0112 HIRESBAT (HIGH RESOLUTION BATHYMETRY). Victoria,
B.C., Canada - Apra Harbor, Guam. 17.09 - 08.10.1996. Hrsg. von WILHELM WEINREBE. 1997. 90 pp.
Some chapters in German, some in English
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NIELS NORGAARD-PEDERSEN
LATE QUATERNARY ARCTIC OCEAN SEDIMENT RECORDS: SURFACE OCEAN CONDITIONS AND

PROVENANCE OF ICE-RAFTED DEBRIS. 1997. 115 pp. In English with German summary

THOMAS NAHR .
AUTHIGENER KLINOPTILOLITH IN MARINEN SEDIMENTEN - MINERALCHEMIE, GENESE UND MOGLICHE

ANWENDUNG ALS GEOTHERMOMETER. 1997. 119, 43 pp. In German with English summary

MATTIAS KREUTZ }
STOFFTRANSPORT DURCH DIE BODENGRENZSCHICHT: REGIONALISIERUNG UND BILANZIERUNG FUR DEN

NORDATLANTIK UND DAS EUROPAISCHE NORDMEER. 1998. iV, 166 pp. In German with English summary

AMIT GULATI
BENTHIC PRIMARY PRODUCTION IN TWO DIFFERENT SEDIMENT TYPES OF THE KIEL FJORD (WESTERN

BALTIC SEA). 1998. 139 pp. In English with German summary

RUDIGER SCHACHT
DIE SPAT- UND POSTGLAZIALE ENTWICKLUNG DER WOOD- UND LIEFDEFJORDREGION

NORDSPITZBERGENS. 1999. 123 pp. + app. In German with English summary

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL. JAHRESBERICHT/ANNUAL REPORT 1997. 1998. 155 pp. In German and English

FS SONNE. FAHRTBERICHT/CRUISE REPORT SO118 BIGSET (BIOGEOCHEMICAL TRANSPORT OF MATTER
AND ENERGY IN THE DEEP SEA). MUSCAT (OMAN) - MUSCAT (OMAN). 31.03.-11.05.1997. Ed. by OLAF
PFANNKUCHE and CHRISTINE UTECHT. 1998. 188 pp. In English

FS SONNE. FAHRTBERICHT/CRUISE REPORT SO131 SINUS (SEISMIC INVESTIGATIONS AT THE NINETY EAST
RIDGE OBSERVATORY USING SONNE AND JOIDES RESOLUTION DURING ODP LEG 179). KARACHI -
SINGAPORE. 04.05-16.06.1998. Ed. by ERNST R. FLUEH and CHRISTIAN REICHERT. 1998. 337 pp. In English

THOMAS RICHTER
SEDIMENTARY FLUXES AT THE MID-ATLANTIC RIDGE: SEDIMENT SOURCES, ACCUMULATION RATES, AND

GEOCHEMICAL CHARACTERISATION. 1998. IV, 173 + 29 pp. In English with German summary

BARBARA MARIA SPRINGER .
MODIFIKATION DES BODENNAHEN STROMUNGSREGIMES UND DIE DEPOSITION VON SUSPENDIERTEM

MATERIAL DURCH MAKROFAUNA. 1999. 112 pp. In German

SABINE JAHMLICH
UNTERSUCHUNGEN ZUR PARTIKELDYNAMIK IN DER BODENGRENZSCHICHT DER MECKLENBURGER

BUCHT. 1999. 139 pp. In German

WOLFRAM W. BRENNER i i
GRUNDLAGEN UND ANWENDUNGSMOGLICHKEITEN DER MIKRO-ABSORPTIONSPHOTOMETRIE FUR

ORGANISCH-WANDIGE MIKROFOSSILIEN. 1999. 141 pp. In German with English summary

SUSAN KINSEY
TERTIARY BENTHIC FORAMINIFERAL BIOSTRATIGRAPHY AND PALAEOECOLOGY OF THE HALTEN TERRACE,

NORWAY. 1999. VI, 145 pp. In English with German summary

HEIDI DOOSE
REKONSTRUKTION HYDROGRAPHISCHER VERHALTNISSE IM CALIFORNIENSTROM UND 1M
EUROPAISCHEN MITTELMEER ZUR BILDUNGSZEIT ORGANISCH KOHLENSTOFFREICHER SEDIMENTE. 1999.

IV, 111 pp. + app. In German with English summary

CLAUDIA WILLAMOWSKI

VERTEILUNGSMUSTER VON SPURENMETALLEN IM GLAZIALEN NORDATLANTIK: REKONSTRUKTION DER
NAHRSTOFFBILANZ ANHAND VON CADMIUMKONZENTRATIONEN IN KALKSCHALIGEN FORAMINIFEREN.
1999. 86, XXI pp. In German with English summary

FS SONNE. FAHRTBERICHT/CRUISE REPORT SO129. BIGSET (BIOGEOCHEMICAL TRANSPORT OF MATTER
AND ENERGY IN THE DEEP SEA). PORT SULTAN QUABOOS - DUBAI. JANUARY 30 - MARCH 9, 1998.
Ed. by OLAF PFANNKUCHE and CHRISTINE UTECHT. 1999. 107 pp. In English

FS SONNE. FAHRTBERICHT/CRUISE REPORT SO138. GINCO-2 (GEOSCIENTIFIC INVESTIGATIONS ON THE
ACTIVE CONVERGENCE ZONE BETWEEN THE EAST EURASIAN AND AUSTRALIAN PLATES ALONG INDONESIA).
JAKARTA - JAKARTA. 29.12,1998 - 28.01.1999. Ed. by ERNST R. FLUEH, BERND SCHRECKENBERGER, and JORG
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