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ABSTRACT 

High resolution paleo-climatological data from IMAGES core MD97-2141 

(8.80° N, 121.31° E) located the Sulu Sea within the western tropical Pacific 

reveal the first evidence of continous millennial-scale variability in surface ocean 

conditions over the last 150,000 years.  The millennial-scale planktonic 

foraminiferal oxygen isotope (δ18O) oscillations of Globigerinoides ruber (G. 

ruber) between 30,000-65,000 years (MIS3) are apparently in-phase with the 

Greenland ice core record and have amplitudes 1/3 to 2/3 the size of the Sulu 

Sea glacial-interglacial δ18O amplitude of 1.3 ‰.  In the same interval variations 

in planktonic foraminiferal Mg/Ca suggest that millennial-scale sea surface 

temperature (SST) variations were small (0.6-1°C) and out-of-phase with δ18O 

indicating that δ18O variability was mainly driven by changes in surface water 

salinity.  This result implies that the linked East Asian monsoon and the western 

Pacific Intertropical Convergence Zones, both influencing the Sulu Sea, have 

fluctuated on the same millennial time scale as higher latitude climatic systems. 

 

To further investigate the origin of the MIS3 δ18OG.ruber variations, the 

relative abundance of all planktonic foraminifer species and the δ18O values of 

four planktonic foraminifer species was determined during MIS3. Combined, 

these data provide a detailed reconstruction of changes in the western tropical 

Pacific thermocline structure. The δ18O composition of the mixed-layer 

foraminifera (G. ruber and Globigerinoides sacculifer) and upper thermocline 

species (Neogloboquadrina dutertrei) displays poor similarity with the δ18O of the 

sub-thermocline dweller Globorotalia crassaformis.  δ18OG.crassaformis shows larger 

δ18O variations (~1 ‰) than the surface dwellers indicating past fluctuations in 
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the influence of high salinity North Pacific Tropical Waters that currently enter  

the Sulu Sea across the Mindoro Strait during the months of the winter monsoon.  

The faunal and isotopic data suggest a switch from winter to summer monsoon 

predominance after 55 kyr. However this predominance is interrupted by at least 

three episodes of increased winter monsoon between 42-46 kyr.  

Comparison of the proxy SST and planktonic foraminiferal δ18O profiles  

for the last glacial/interglacial sequence from fourteen cores in tropical and 

subtropical oceanic settings indicates that termination I in δ18O coincides with 

SST change at some sites, while δ18O lags SST by 3,000 years at other 

locations.  A comparison of SST and δ18O shows a linear increase in SST from 

glacial to interglacial conditions. Sites where SST is leading the δ18O record 

indicate fresher conditions during the LGM, and these sites are all located in 

areas influenced by increased atmospheric water vapor during times of  today’s 

La Niña. 
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The research in this dissertation is based upon detailed analyses of 

marine sediments from the Sulu Sea in the Philippine archipelago of the tropical 

western Pacific.  The primary goal of the research was to investigate the 

millennial-scale climate variability in this region  and interpret the results within 

the context of the current understanding of the ocean-atmosphere system.  

Insights into the natural millennial-scale climatic variations will contribute to the 

developing understanding of forcing mechanisms and climatic interactions 

between widely separated regions. A new giant piston core in the Sulu Sea was 

collected to provide new material to study the millennial-scale events suggested 

by previous work on Ocean Drilling Program (ODP) site 769A [Linsley and 

Thunell, 1990; Linsley, 1996] in this unique and climatically important tropical 

setting. 

  This dissertation has been organized into a total of 4 chapters.  

Chapter 1 presents background information about the regional area, and 

surface and deep water hydrography in the Sulu Sea. 

Chapter 2 discusses millennial scale variability throughout the last 

150,000 years in the Sulu Sea based on high resolution oxygen isotopic (δ18O) 

and Mg/Ca analyses of selected planktonic foraminifera.   The findings in the 

Sulu Sea are then compared to millennial-scale climatic variations of high 

northern and southern latitudes. 
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Chapter 3 examines the specific climatic cause of marine isotope stage 3 

(MIS3) millennial-scale oscillations by a faunal abundance study and the δ18O 

composition of mixed layer, thermocline and subthermocline dwelling 

foraminifera.  The δ18O of these different foraminifera species is used to 

reconstruct the temporally varying upper column δ18O gradient during MIS3. 

Chapter 4 compares the Sulu Sea glacial-interglacial δ18O record to 13 

sediment cores from the Indian, Pacific and Atlantic oceans.  It examines 

particularly the tropical climatological conditions during the last glacial maximum. 
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CHAPTER 1  
Introduction to the Sulu Sea 
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1.1. Regional setting 

The Sulu Sea is situated between Borneo, Palawan and the Philippines, 

and is approximately 600 km long and 400 km wide (Figure 1.1).  The Sulu Sea 

is a small marginal basin with a maximum depth of more than 4,900 m.  The 

basin exchanges surface water with surrounding basins over shallow sills, with 

the deepest sill connecting the Sulu Sea to the South China at 420 m through 

Mindoro Strait [Wyrtki, 1961].  

IMAGES core MD97-2141 was collected in the Sulu Sea at 8.79° North 

latitude and 121.30° East longitude in 3,633 m water depth. This location is 

several kilometers northwest of Ocean Drilling Program Site 769A (ODP 769A) 

(8°47 North latitude, 121°13 East longitude, 3643 m water depth) (Figure 1.2).  

The bathymetric high where both cores were collected is ~1,200 m above the 

present local calcite compensation depth (4,800 m) and 200 m above the calcite 

lysocline (3,800 m) [Linsley et al., 1985]. 
 

1.2. Surface Water Hydrography 

The East Asian Monsoon System (EAM) and the Western Pacific Warm 

Pool (WPWP) influence the surface hydrography of the South China and Sulu 

Seas.  During the Northern Hemisphere summer, monsoon winds blow from the 

southeast.  The winter component of the EAM has a stronger wind field, with 

northwesterly winds coming from Siberia [Chen et al., 1997].  The high average 

annual atmospheric temperatures in the region induce evaporation of oceanic 

water, formation of low pressure cells and seasonally heavy rain. The overall 

hydrologic balance is a gain of freshwater from precipitation. 
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Figure 1.1: Map of western tropical Pacific showing the location of Sulu Sea.  
Bathymetric contour is the 120 m isobath indicating the approximate position of 
coast line during glacial maximum low sea level stand. A gray circle indicates 
location of IMAGES site MD97-2141. 
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Figure 1.2: Detailed bathymetric map of the Sulu Sea.  Bathymetric contour is 
presented in meters.  Shelf shallower than 100 meter is marked by the shaded 
zone.  Location of IMAGES site MD97-2141 (3,633 m)  and ODP site 769A 
(3,643 m) are indicated by black circles. 
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In the Asian-Australian monsoon region, heavy convection is centered over the 

warm waters and adjacent land areas, with an eastward extension of high rainfall 

along the intertropical convergence zone (ITCZ) off the equator [Rasmusson and 

Arkin, 1993].  The ITCZ plays an important role in the climatic variability of the 

EAM region.  The seasonal latitudinal variation of the ITCZ over this region is 

large.  During the winter months in the Northern Hemisphere, the center of the 

warm pool lies south of the equator and during the summer months north of the 

equator.  Areas with high sea surface temperatures (SST) (above 27.5 °C) 

correlate with oceanic regions of heavy rainfall.  During the summer months, 

warm pool precipitation merges with the monsoon precipitation in the South 

China and Sulu Sea region. 

Seasonal SST variability is greater in the northern South China Sea than 

the Sulu Sea,  due to the inflow of cold water through the Luzon Strait and 

excess evaporation which both reduce SSTs during the months of the winter 

monsoon (Figure 1.3).  Annually, SST varies about 2 ºC in the Sulu Sea and 

southern South China Sea (Figure 1.3) compared to 5 ºC in the northern South 

China Sea.   The salinity in the entire region varies between 32.8 and 34.5 ‰ 

with the lowest salinities found during October as the result of freshwater inflow 

from rivers and direct monsoonal precipitation [Wyrtki, 1961].  Wyrtki  [1961] 

gives a thorough review of the surface water hydrography of the Indonesian 

region. 
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Figure 1.3:  Average sea surface temperature and sea surface salinity in 
Indonesia and the western Pacific for the end of the winter monsoon (April) and 
the end of summer monsoon (October), highlighting maximal seasonal monsoon 
changes in surface conditions. Note the location of IMAGES core MD97-2141 
that is marked by a gray circle. In the Sulu Sea the influence of East Asian 
Monsoon-driven river runoff and precipitation in Borneo and coastal regions of 
the mainland is evident as is the influence of the western Pacific on surface 
salinity [Data from Conkright et al., 1998]. 
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1.3. Deep Water Hydrography 

  The semi-enclosed configuration of the Sulu Sea results in relatvely 

warm (10°), oxygen-depleted bottom water.   This has resulted in a reduced 

depth of biological sediment mixing (1 to 3 cm), within the oxygen minimum zone 

compared to mixing depths in the South China Sea (10 cm) [Kuehl et al., 1993].  

High sediment accumulation rates [11 to 16 cm/1000 yr; Linsley and Thunell, 

1990]  and reduced benthic mixing have apparently resulted in the preservation 

of detailed paleoclimate records in certain areas and water depths of the Sulu 

Sea allowing past variations in the EAM and WPWP on millennial time scales to 

be examined. 

Currently, the coldest water in the Sulu Sea is ~10 °C, and is found from 

~600 m depth to the bottom.  This relatively warm water fills the basin below the 

thermocline and contributes to the oxygen-deficient nature of the deep waters 

due to the stratification and biological utilization of oxygen.  A detailed study of 

the hydrography in the Sulu Sea has been presented by Nozaki et al. [1999].  

Nozaki et al. [1999] observed a salinity maximum (34.55 ‰) between 170 m and 

310 m depths.  They concluded that lateral flow of high salinity waters from the 

South China Sea produced this salinity maximum.  Wyrtki [1961] named these 

high salinity waters the ‘Subtropical Lower Waters’, and Qu et al., [2000] define 

these waters as high-salinity North Pacific Tropical Water (NPTW) which 

originates in the Kuroshio current outside the Southeast Asian seas.  The 

Kuroshio current is part of western boundary current of the subtropical gyre in the 

North Pacific [Shaw and Chao, 1994; Talley, 1999].  Intrusion of the NPTW into 

the South China Sea occurs through the Luzon Strait, which has a sill depth of 

2,500 m. 
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1.4. The Monsoon and the ENSO cycle 

  With growing global climate information and observations it became 

apparent that the monsoon system was a macro-scale phenomenon that was 

intertwined and interactive with global-scale circulation pattern [Kutzbach, 1987]. 

Of the many interrelated patterns found by Sir Gilbert Walker and others, the El 

Niño-Southern Oscillation (ENSO) was thought to be of particular relevance to 

the monsoon [e.g. Walker, 1923; Walker, 1928; Walker and Bliss, 1932; 

Trenberth and Shea, 1987; Webster and Yank, 1992; Chen and Wu, 2000].  For 

example the circum-Pacific climatic connection is revealed in an isocorrelation 

map of mean sea level pressure with Darwin, Australia [Trenberth and Shea, 

1987]. A positive correlation exists between the northeastern and southeastern 

Pacific, and a strong negative correlation between the eastern and western 

Pacific.  In the Sulu Sea and the surrounding basins, a quasi-permanent 

Indonesian low-pressure system influences regional oceanographic conditions. 

This low-pressure system affects the western Pacific climate, and also plays an 

important role on the ENSO system.  It has been also suggested that ENSO may 

be initiated in the western equatorial Pacific [e.g.  Wyrtki, 1975; Rasmusson and 

Carpenter, 1982; Li, 1989]. 

It is possible that ENSO effects are expressed over geological periods 

[Anderson et al., 1990; Clement and Cane, 1999; Clement et al., 2000], and it is 

therefore important to examine marine records affected by this phenomena in 

detail. Although this investigation does not establish a direct link between ENSO 

and Paleoclimatic variations in the western Pacific at lower than ENSO 

frequencies, it does help set the stage for establishing whether or not such 

linkage exists. 
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CHAPTER 2 
Millennial-scale climate 

variability in the Tropical 
Western Pacific between 27,000 

- 90,000 years B.P.  
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2.1 Abstract  

    Tropical oceanographic variabiity on milIenial-time scales remains 

poorly understood. To develop a better understanding of past millenial-scale 

oceanographic variations in the western equatorial Pacific I have generated a 

continuously sampled record of variations in planktonic foraminiferal oxygen 

isotopes (δ18O) from a sediment core in the Sulu Sea (8°N, 122°E).  This record 

reveals a distinct pattern  of millennial-scale changes in surface ocean 

conditions, particularly between 27,000 and 60,000 years B.P. during marine 

isotope stage 3 (MIS3).  This is the first evidence for persistent millenial-scale  

variability in MIS3 in the western tropical Pacific.  The δ18O oscillations during 

MIS3 appear to be in-phase with Dansgaard-Oeschger (D/O) air temperature 

variations in Greenland and have amplitudes 1/3 to 2/3 the size of the Sulu Sea 

glacial-interglacial δ18O amplitude of 1.3 ‰.  In the same interval, variations in 

planktonic foraminifera Mg/Ca indicate that  surface ocean temperature  

variations were small (0.6-1°C) and not in phase with δ18O.  This suggests that 

the MIS3 millennial δ18O events in the Sulu Sea were driven by changes in 

surface water salinity indicating that the linked East Asian monsoon and western 

Pacific Intertropical Convergence Zones (ITCZ) have fluctuated on the same 

millennial time-scales as higher latitude climatic systems of the Northern 

Hemisphere. 
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2.2 Introduction 

The fundamental question of the past variability of tropical surface 

temperatures and climate over glacial/interglacial and millennial time-scales 

remains controversial.  There is conflicting information on the degree of tropical 

sea surface temperature (SST) cooling at the last glacial maximum (LGM) [e.g., 

CLIMAP, 1981; Guilderson at el., 1994; Linsley, 1996; Wang et al., 1999; Lea et 

al., 2000; Kienast et al., 2001; Rosenthal et al., in prep], whereas terrestrial 

evidence consistently indicates a decrease of 4 to 5 °C in tropical surface 

temperatures during the LGM [e.g., Rind and Peteet, 1985; Broecker and 

Denton, 1989; Stute et al., 1995].  On millennial time-scales, sparse evidence 

from the tropics is beginning to reveal a more variable late Pleistocene tropical 

climate than previously thought [e.g., Linsley and Thunell, 1990; Sirocko et al., 

1999; Wang et al., 1999; Kienast et al., 2001; Kudrass et al., 2001; deGaridel-

Thoron et al., in press].  However, the number of tropical climate records that 

resolve millennial-scale climatic variations remains limited.  This is particularly 

true for the tropical western Pacific, where developing a better understanding of 

past climatic variability is important because of the global influence of the Asian 

monsoon system and the Western Pacific Warm Pool (WPWP). Today, 

interannual and decadal variability in the monsoon and the WPMP has 

widespread and profound impacts on ecosystems, agriculture, and global 

economics. The South China and Sulu Seas are located in the northern part of 

the Asian-Australian monsoon region where during the summer months, 

increased precipitation is the result of the interaction of the ITCZ and the East 

Asian monsoon. In the Sulu Sea, monsoonal precipitation and river discharge 
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 results in pronounced seasonal salinity variations with a minima in surface 

salinity occurring in October [Wyrtki, 1961; Conkright et al., 1998]. 

For this study I have analysed variations in planktonic foraminiferal δ18O 

and Mg/Ca In MIS3 from Sulu Sea core MD97-2141 (IMAGES program) (8.8° N, 

121.31° E, 3,633 m water depth) collected within several kilometers of Ocean 

Drilling Program (ODP) site 769A [Linsley and Thunell, 1990; Linsley, 1996].  At 

1 cm sampling resolution for δ18O, the new record has four times greater 

temporal resolution (<100 years) than the previously published δ18O record for 

Globingerinoides ruber (δ18OG. ruber)  from ODP site 769A [Linsley, 1996]. 

 

2.3 Methods 

2.3.1 Oxygen isotopic analysis 

Core MD97-2141 has a length of 36.3 m.  The uppermost 18 m were slab- 

sampled every centimeter.  The >150 µm size fraction was used for isotopic 

measurements.  Each sample consisted of ~ 10 individual tests (~ 100 µg) of 

Globingerinoides ruber (white variety; 212-250 µm in diameter).  Samples were 

reacted with 100 % H3PO4 at 90° C in a Mulitprep carbonate preparation device.  

The resulting CO2 gas was analyzed with a Micromass Optima dual-inlet mass 

spectrometer at the University at Albany, State University of New York.  The 

standard deviation of the National Institute of Science and Technology 

international reference standard NBS-19 analysed over an 8 month time period 

(n = 498) was 0.036 ‰ for δ18O.  All isotopic data are reported relative to the 

Vienna Peedee Belemnite (VPDB) using the standard δ notation.  The average 
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difference in δ18O between duplicate analyses of the same sample of G. ruber 

(n=283) was 0.094 ‰. 
 

2.3.2 Mg/Ca analysis 

The cleaning procedure for the Mg/Ca analyses generally followed the 

protocol of Rosenthal et al. [1999].  Approximately 80 shells of G. ruber (212-250 

µm sieve-size fraction) were picked and weighed with a Mettler M3 microbalance 

(nominal precision ± 1 µg).  After weighing, each sample was gently crushed to 

open the chambers and split into two batches.  The crushed samples were 

washed with deionized water, ultrasonicated and rinsed with methanol.  The 

rinsed samples were treated with a hot basic oxidizing solution followed by 

multiple weak acid leaching (0.002 HNO3).  The cleaned samples were dissolved 

with HNO3.  Several authors [Brown and Elderfield, 1996; Hastings et al., 1998] 

concluded that this cleaning procedure is sufficient for the Mg/Ca analysis in 

foraminifera.  Mg/Ca ratios were determined using a Finnigan MAT Element 

Sector Field ICP-MS by a new method for precise, multi-elemental analysis of 

metal-to-calcium ratios [Rosenthal et al, 1999].  Samples between 30 and 60 kyr 

were analyzed for Mg/Ca and Sr/Ca only in order to decrease the external 

precision.  The external precision of the Mg/Ca ratio was 0.1 % as determined by 

repeated measurements of three consistency standards.  All other samples have 

been analyzed additionally for Mn/Ca, Cd/Ca, Ba/Ca  and U/Ca and are 

described in greater detail in Rosenthal et al [in prep].    A more detailed 

analytical description and discussion about errors can be found in Rosenthal et 

al., [1999]. 
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2.3.3 Age model 

The accelerator mass spectrometry (AMS) radiocarbon age 

measurements were made on the surface-dwelling planktonic foraminifera G. 

ruber and G. sacculifer at the Woods Hole AMS facility in Woods Hole, 

Massachusetts (Table 1).  Calendar ages have been calculated using a 400 year 

reservoir correction and applying the Stuiver and Braziunas [1993] calibration 

curve for samples younger than 20,000 calendar years in age and a U/Th 

calibration curve for the samples older than 20,000 calendar years [Bard et al., 

1993].  AMS-dates at the sample depths 400 cm and 421 cm indicate a gap of 

11,000 years, and identify the probable presence of an erosional hiatus.  A hiatus 

has not been observed in the ODP769A core [Linsley, 1996], but this might be 

due to the lower resolution AMS 14C dating of this core.  The general similarity of 

δ18O records from both the ODP769A and MD97-2141 cores suggests that at 

least the upper 18 m of the MD97-2141 core is complete with the exception of 

the hiatus.  All ages discussed in this paper are referred to calendar ages. 
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TABLE 1: Radiocarbon ages for MD97-2141 

Depth in 
core (cm)  

AMC 14C 
Age (years) 

Error* 
(years) 

Calendar Age†, 
(years) 

Species Accession 
Number 

1 4,560 ± 50 4,798 G. ruber (white) OS-16971 
10.5 4,210 ± 40 4,286 G. ruber (white) OS-16926 
14a 4,740 ± 40 4,962 G. ruber (white) OS-16410 
29 4,700 ± 55 4,873 G. ruber (white) OS-16972 
59a 6,020 ± 40 6,416 G. sacculifer (w/out sac b) OS-16411 
73a 6,810 ± 55 7,274 G. sacculifer (w/out sac b) OS-16973 
85 6,830 ± 90 7,295 G. sacculifer (w/out sac b) OS-18401 
94 8,850 ± 55 9,455 G. sacculifer (w/out sac b) OS-16974 
99 10,700 ± 90 12,152 G. sacculifer (w/out sac b) OS-16975 

120a 9,380 ± 160 10,001 G. sacculifer (w/out sac b) OS-16977 
150a 10,200 ± 80 11,045 G. ruber (white) OS-16978 
158a 10,250 ± 120 11,153 G. sacculifer (w/out sac b) OS-16980 
162 10,750 ± 50 12,228 G. sacculifer (w/out sac b) OS-16979 

205.5a 11,750 ± 130 13,258 G. sacculifer (w/out sac b) OS-17238 
212a 12,350 ± 65 13,931 G. ruber (white) OS-16412 

226.5a 13,000 ± 95 14,796 G. ruber (white) OS-16970 
244a 14,100 ± 70 16,422 G. ruber (white) OS-16413 
269a 14,750 ± 70 17,200 G. ruber (white) OS-16361 
282a 15,100 ± 90 17,591 G. sacculifer (w/out sac b) OS-17913 
339a 17,150 ± 140 19,749 G. ruber (white) OS-17914 
368a 17,650 ± 85 20,430† G. ruber (white) OS-22672 
400a 18,850 ± 140 21847† G. sacculifer (w/out sac b) OS-17916 
421 29,000 ± 160 33,162† G. sacculifer (w/out sac b) OS-22673 
440a 28,000 ± 130 32,101† G. sacculifer (w/out sac b) OS-17882 
487a 30,900 ± 260 35,146† G. ruber (white) OS-17912 
506.5 33,000 ± 310 37,290† G. sacculifer (w/out sac b) OS-17917 
543 33,600 ± 590 37,893† G. sacculifer (w/out sac b) OS-17911 
553a 34,300 ± 390 38,790† G. sacculifer (w/out sac b) OS-17915 

553-DUB 34,700 ± 440 (average) G. sacculifer (w/out sac b) OS-17910 
594a 36,900 ± 460 41,134† G. sacculifer (w/out sac b) OS-17918 

* Error is given in 1σ     
† Calendar ages have been calculated using a 400 year reservoir correction   
and applying the Stuiver and Braziunas [1993] calibration curve for samples   
younger than  20,000 calendar year in age and a U/Th calibration curve for   
the samples older than 20,000 calendar years [Bard et al., 1993].    
a included in age model     
b without saccate like chamber     
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2.4 Results 

The δ18O analyses of Globigerinoides ruber (δ18OG. ruber) from core MD97-

2141 are listed in Appendix 1 and summarized in Figure 2.1. The MD97-2141  

δ18O record confirms the presence of an oscillation during the Younger Dryas 

Chronozone,  and during MIS 5e [Linsley and Thunell, 1990; Kudrass et al., 

1991; Linsley, 1996]. Most importantly the higher sampling density of this new 

δ18O record documents additional millennial events with close to 0.5 ‰ 

amplitude, particularly in MIS3, that were previously not identified in ODP769A 

(Figure 2.1). 

The  δ18OG. ruber  record from core MD97-2141 exhibits a glacial-interglacial 

(G-I) δ18OG. ruber amplitude of 1.3 ‰ (Figure 2.1), consistent with results from ODP 

site 769A [Linsley, 1996]. Previously, it was suggested that G-I changes  in the  

δ18O composition of planktonic foraminifera in the Sulu Sea could be totally 

explained by changes in the global ice volume with little or no change in surface 

temperature or local salinity [Linsley, 1996]. However recent Mg/Ca-based 

temperature estimates in the Sulu Sea record glacial cooling of 3°C indicating 

that surface waters were less saline at LGM, and that the apparent match 

between sea level and δ18O may be fortuitous [Rosenthal et al., 2000a].   

Lowered sea level during glacial times may have restricted the intrusion of 

relatively salty surface waters from the Celebes Sea and Western Pacific 

increasing the influence of low salinity South China Sea water entering the Sulu 

Sea across the Mindoro Strait [Wyrtki, 1961]. Lower SSS in the Sulu Sea during 

sea level lowstands also agrees with observations in the southern South China 

Sea, where SSS has been found to decrease by 2 ‰ during the LGM [Wang et 

al., 1999]. Furthermore, modelling studies indicate that wetter conditions are 
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found on the western side of New Guinea during the LGM [Hostetler and Clark, 

2000]. These authors propose that the emerged land between Australia and 

Indonesia (currently Arafura Sea and Torres Strait) led to increased precipitation 

through increased surface heating.    However, this conclusion is still 

controversial because pollen data in this area indicate cooler and drier  

conditions during the LGM [Van der Kaars et al., 2000]. 

Mg/Ca analyses of G. Ruber are listed in Appendix II. Paired 

measurements of δ18O and Mg/Ca on the same foraminifera species in the same 

samples permits the independent estimation of temperature from foraminiferal 

Mg/Ca [e.g., Rosenthal et al., 1997; Hastings et al., 1998], and theoretically 

allows the calculation of seawater δ18O (Figure 2.1) and in turn, to estimate 

paleo-salinity [Rosenthal et al., 2000b].  Although Mg/Ca appears to be a robust 

tracer for temperature at several sites, there are also potential calibration 

problems.   Recent studies suggest that in addition to the influence of 

temperature on the co-precipitation of Mg in planktonic foraminiferal shells, 

dissolution on the seafloor may alter the initial Mg composition of foraminifera 

tests, even at locations well above the calcite lysocline [Braun & Elderfield, 1996; 

Rosenthal et al., 2000b].   If partial dissolution occurs it will lower Mg/Ca     

values indicating a lower inferred temperature.  Here, I use temporal variations in 

shell mass to assess dissolution effects on the Mg/Ca record (Figure 2.1).   

Based on the observed positive linear relationship between the shell’s average 

weight, the shell’s Mg/Ca, and the degree of bottom water calcite saturation, it  
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Figure 2.1: (A)  Sulu Sea δ18O record of G. ruber (δ18OG. ruber) from ODP Site 769A 
(upper solid black line) [Linsley, 1996] with open down triangles indicating 14C for this 
site, and from IMAGES core MD97-2141 (lower thin solid line) [this study]. Note that no 
attempt has been made to temporally align the ODP 769A and MD97-2141 δ18O records.               
(C)  Chronology for MD97-2141, consisting of 28 AMS radiocarbon age dates (solid 
black circles) and several correlation points with the Martinson et al. [1987] chronology 
(solid black squares). 
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Figure 2.2: Data from the Sulu Sea during the last 90 kyr.  Grey shaded areas 
represent marine isotope stages 2 and 4.  (A) Sulu Sea δ18O G. ruber ; black down 
triangles indicate 14C ages. (B) Sulu Sea δ18Oseawater ; δ18Oseawater has been 
calculated using the empirically derived temperature : δ18O relationship based on 
planktonic foraminifera generated by Erez & Luz [1983] and the Mg/Ca –SST 
relationship reported by Lea et al. [2000].  Superimposed are sea level data 
(open circle) measured by Fairbanks [1989] and Chappell et al., [1996] (C)  Sulu 
Sea Mg/Ca G. ruber; temperature estimates are calculated using Lea et al. 
[2000] equation. Horizontal lines indicate average Mg/Ca composition during 
Holocene and LGM [from Rosenthal et al., 2000a]. (D) Average shell mass in µg. 
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was suggested that variations in average shell mass may be used to monitor 

secondary dissolution effects [Rosenthal et al., 2000b]. 

Briefly, it was suggested that because planktonic foraminifera calcify over 

a relatively large water depth range, dissolution of primary calcite leads to a 

concomitant loss of shell’s weight and Mg, thereby shifting the bulk shell 

chemistry toward the composition acquired in deeper and colder waters 

[Rosenthal et al., 2000b]. Variations in G. ruber shell mass in core MD97-2141 

reveal a minimum in weight loss during MIS4, while the average shell’s weight 

during MIS3 is 2µg lower compared to MIS4. However, the lack of correlation 

(r2=1.6*10-6) between the Mg/Ca and G. ruber shell mass during MIS3 suggests 

that in the Sulu sea dissolution does not strongly influence the Mg/Ca signal 

(Figure 2.1). This suggests that at this site foraminiferal Mg/Ca is primarily a 

record of variations in water temperature.  In the Sulu Sea the carbonate 

compensation depth is currently at ~ 4,800 m, while the carbonate lysocline 

occurs near 3,800 m, and the aragonite lysocline near 1,400 m [Linsley et al., 

1985].  Past studies indicate that calcite dissolution has not produced large G-I 

changes in either carbonate content or foraminiferal preservation in the Sulu Sea 

[Miao et al., 1994].   Additionally, the presence of pteropods in this core at    

3,633 m during the LGM and during parts of MIS3 would seem to exclude a 

significant dissolution effect on Mg/Ca at this time in the Sulu Sea [Figure 2.1; 

Miao et al., 1994] . 

Mg/Ca values of G. ruber during MIS3 range between 3.5 and 4.4 

mmol/mol and suggest an apparent cooling trend of about 1°C from early to late 

MIS3, upon which millenial-scale events are superimposed. I estimated 
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δ18Oseawater for MIS3 by subtracting the SST component of δ18O change using 1°C 

= -0.22 ‰ [Figure 2.2B; Epstein et al., 1953]. A comparison to coral-based sea-

level estimates converted to δ18O [120m = 1‰; Chappell et al., 1996; and also 

Schrag et al., 1996] suggests that a portion of the δ18Oresidual may be accounted 

for by sea level change as already suggested by Linsley [1996]. However, 

additional δ18O changes must be due to changes in SSS. Previous studies using 

temporally shorter cores from the northern  South  China Sea also found 

millennial-scale changes in precipitation and runoff that were potentially related 

to the East Asian monsoon [Wang et al., 1999].  Because the South China Sea 

and Sulu Sea are connected via two straits today and one strait at the LGM, 

monsoonally driven changes in the South China Sea salinity may influence SSS 

of the Sulu Sea. Because SSS in the Sulu Sea today is also influenced by the 

ITCZ, which is dynamically linked to the monsoon, it is also possible that 

millenial-scale changes in the ITCZ  related rainfall/runoff modulated SSS 

changes in the Sulu Sea during MIS3. I conclude therefore that the large 

changes observed in Sulu Sea salinity in MIS3 indicate that the East Asian 

monsoon and/or ITCZ varied on millenial time scales during this time. 
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2.5 Discussion 

An important question is whether these inferred tropical salinity changes 

are related to changes at higher latitudes. A comparison of the Sulu Sea δ18OG. 

ruber  and Mg/Ca records to Greenland and Antarctic Byrd ice core δ18O records 

[Figure 2.3; Blunier & Brooks, 2001] suggests that millennial-scale changes in 

foraminiferal δ18O in the Sulu Sea generally correlate with variations in the 

Greenland air temperature. By contrast, the Sulu Sea Mg/Ca record does not 

correlate with either Antarctic or Greenland ice δ18O records [Figure 2.3; Blunier 

& Brooks, 2001].       Although age model limitations do not allow detailed 

phasing determination, changes in the Sulu Sea planktonic δ18OG. ruber  record 

occurred at approximately the same time as the Dansgaard-Oeschger events in 

the northern hemisphere. The semi-isolated configuration of the Sulu Sea may 

have worked to amplify monsoon and/or ITCZ fluctuations. Due to the lower sea 

level during MIS3, the Sunda shelf route of surface water circulation was at least 

in-part blocked and more of the fresh water discharge from rivers draining the 

South East Asia was focused in this region. The situation may have amplified 

millenial changes in either the East Asian Monsoon and/or ITCZ and could    

have caused a relative freshening of surface waters in the SCS and SS during 

MIS3. While recent investigations suggest a linkage between the North Atlantic 

and northern South China Sea precipitation via variations in the East Asian 

monsoon [Wang et al., 1996], my results from the Sulu Sea suggest that the link 

between Northern Hemisphere temperature and tropical precipitation is more 

widespread, and may involve parallel changes in the East Asian monsoon and 

western Pacific ITCZ. 
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The origin of global millennial-scale climate variations is not well 

understood.  One hypothesis is that they are driven by millennial-scale changes 

in thermohaline circulation.  This hypothesis successfully predicts anti-phased 

temperature changes in the high latitudes of the Northern and Southern 

Hemisphere [Blunier and Brooks, 2001]. Many coupled ocean-atmospheric 

models have examined the influence of the shut down of the conveyor circulation 

and/or the cooling of the North Atlantic SST [Rind et al., 1986; Manabe and 

Stauffer, 1988].  The models indicate the strongest variations in areas close to 

the North Atlantic, and small changes elsewhere [Manabe and Stauffer, 1988; 

Cane and Clement, 1999]. However, the results from the Sulu Sea show 

apparently large amplitude millenial-scale climate events well outside of  the 

North Atlantic.   

Another proposed hypothesis is that millennial-scale variability originates 

from the tropics similar to the way current interannual El Niño Southern 

Oscillation (ENSO) variability originates in the tropics and propagates around the 

globe.   Model experiments suggest that ENSO variability could have an 

influence on climatic change on millennial time-scales  [Clement and Cane, 

1999].  Under this scenario an interval of more numerous El Niño-warm mode 

events would favor the melting of Northern Hemisphere ice sheets [Cane, 1998; 

Clement and Cane, 1999].  The opposite is true in the Antarctic Peninsula where 

El Niño-warm events tend to be times of extensive sea ice [Yuan & Martinson, 

2000].  Thus ENSO teleconnections may drive changes of opposite sign in the 

high latitude Northern and Southern Hemisphere. 
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Figure 2.3: Comparison of the isotopic records from Greenland and Antarctica  
to isotopic and trace element data from the Sulu Sea between 27,000  and 
90,000 years.  The Greenland and Antarctica time scales between 25-90 kyr are 
based on correlating atmospheric methane records from these cores [Blunier  
and Brooks, 2001].  Sulu Sea data are on an independent time scale.  (A) 
Greenland Ice core (GISP2) δ18O data [Blunier and Brooks, 2001]. Occurrence of 
Heinrich events are indicated by H3-H5. (B) Sulu Sea δ18OG. ruber ; black  triangles 
indicate 14C ages. (C)  Sulu Sea Mg/CaG. ruber; temperature estimates are 
calculated using Lea et al. [2000] equation. (D) Antarctica δ18O data [Blunier and 
Brooks, 2001]. Antarctic warming events are indicated by A1-A7. 
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2.6 Conclusions 

Although our new results from the Sulu Sea can not be used to prove or 

disprove either of the above models, we have demonstrated that in addition to 

millenial deglacial events, large millenial changes in Sulu Sea salinity have 

occurred in MIS3,  and appear to be related to Greenland air temperature and 

not the Southern Hemisphere. We interpret these salinity changes to be due to 

fluctuations in the East Asian monsoon and/or ITCZ, and suggest that these key 

features of tropical climate may play an important role in transferring and/or 

regulating millenial-scale climate change in the latest Pleistocene. 
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CHAPTER 3 
Variability of Marine Isotope 
Stage 3 Upper Water-Column 

Structure in the Sulu Sea: 
Isotopic and Faunal Evidence 
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3.1 Abstract  

Oxygen isotopic analyses of G. ruber (δ18OG. ruber) from IMAGES core 

MD97-2141 in the Sulu Sea have revealed several millennial-scale oscillations  

of  0.4-0.8 ‰ amplitude during this time period [see Chapter 2].  Here I use 

planktonic foraminifera faunal analysis and species specific isotopic analyses to 

provide a detailed reconstruction of changes in the western tropical Pacific 

thermocline structure between 35,000 and 55,000 years ago. The relative 

abundance of all planktonic foraminifer species and the δ 18O values of four 

species  (Globigerinoides ruber and sacculifer, mixed-layer dwellers;  

Neogloboquadrina dutertrei, a thermocline dweller;  and Globorotalia 

crassaformis, a deep dweller) was determined in 35 samples between 35,000 

and 55,000 years ago at Sulu Sea site MD97-2141. The δ18O composition of the 

mixed-layer (G. ruber, G. sacculifer) and upper thermocline (N. dutertrei)  species 

display little similarity to the δ18O of the sub-thermocline dweller (G. crassaformis) 

which shows larger δ18O (~1 ‰) variations than the surface dwellers.  The 

observed changes in δ18OG. crassaformis  could be explained by fluctuations in the 

influence of high salinity North Pacific Tropical Waters (NPTW), which currently 

enter the Sulu Sea at ~200 m depth across a 420 m deep sill during the months 

of the winter monsoon. High abundance of thermocline dwelling foraminifera 

coincides with the increase of NPTW influx.  In the Sulu Sea, the combined 

oxygen isotopic and faunal abundance data suggest a switch from winter to 

summer monsoon predominance after 55 kyr indicating a reduced influence of 

the NPTW.  However, this predominance is interrupted by at least three stronger  

winter monsoon episodes between 42-46 kyr. 
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3.2  Introduction  

One of the most useful tools for reconstructing paleoceanographic 

conditions is the analysis  of oxygen isotopic composition (δ18O) of planktonic 

foraminifera.  Several species of planktonic foraminifera are in oxygen isotopic  

equilibrium with ambient seawater [e.g., Erez and Honjo, 1981; Fairbanks et al., 

1982; Curry et al., 1983], and serve therefore as proxies for variations in the 

isotopic composition and temperature of seawater in which the tests grew 

[Emiliani, 1954].  The advantage of analyzing δ18O of multiple foraminiferal 

species in the same sample from different calcification depths is that mixed  

layer, thermocline, and deep-water variations can be independently monitored, 

and separated from the total water column variability. Additionally, the character 

of planktonic foraminifer assemblages is determined by the thermal structure  

and nutrient distribution in the upper water column, and can be used to  

determine the vertical stratification of population maxima in the water column 

[e.g., Emiliani, 1954; Be, 1960; Shackleton and Vincent, 1978; Fairbanks and 

Wiebe, 1980; Fairbanks et al., 1980, 1982; Norris et al., 1993, 1994]. 

Previously,  it has been suggested that the origin of millennial-scale 

events in the δ18O record of Globigerinoides ruber (δ18OG. ruber) in the Sulu Sea is 

mainly due to regional salinity changes [Chapter 2].  Based on the δ18OG. ruber  

and the Mg/Ca record, it was suggested that these events respond primarily to 

locally derived monsoon-related salinity changes throughout the last 150 kyr.  

However, millennial-scale variability in the western Pacific during marine isotope 

stage 3 (MIS3) is still poorly understood and published information concerning 

the thermocline structure during this time is lacking.  Our knowledge of millenial 

changes in tropical climate for this interval is also limited, particularly for the 
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tropical western Pacific,  where developing a better understanding of past 

climatic variations is important because of the global influence of the Asian 

monsoon system and the Western Pacific Warm Pool (WPWP). 

The goal of collecting IMAGES core MD97-2141 (8.79° North latitude, 

121.30° East longitude) was to provide new material to study the millennial-scale 

climatic events reported by previous work on Ocean Drilling Program Site 769A 

(ODP site 769A) in the Sulu Sea [Linsley and Thunell, 1990; Linsley, 1996].  The 

specific climatic cause of MIS3 millennial-scale oscillations in surface 

hydrography suggested in Chapter 2 is further investigated here using the δ18O 

composition of surface- and thermocline-dwelling foraminifera and the relative 

abundance data for planktonic foraminifer species.  

To assess the vertical upper water column changes in the Sulu Sea  

during MIS3, the δ18O composition of four planktonic foraminifera species (G. 

ruber, Globigerinoides sacculifer, Neogloboquadrina dutertrei and Globorotalia 

crassaformis) known to calcify at different water depths was analysed in the 

same sample.  By comparing the isotopic results, changes in the vertical water 

column structure and the influence of deeper-water currents should be 

detectable.  The isotope records of G. crassaformis  should reflect changes 

below the thermocline, N. dutertrei within the thermocline,  and G. sacculifer, and 

G. ruber the mixed layer [Shackleton and Vincent, 1978; Fairbanks and Wiebe, 

1980; Fairbanks et al., 1980; Hemleben et al., 1989; Ravelo and Fairbanks, 

1992].  
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3. 3 Area Description 

IMAGES core MD97-2141 is located in the Sulu Sea (8.79°  North  

latitude, 121.30° East longitude, 3,588 m water depth) several kilometers 

northwest of the ODP site 769A  (8°8 North latitude, 121°13 East longitude, 

3,633 m water depth) (Figure 3.1).  The Sulu Sea basin exchanges surface water 

with surrounding basins over shallow sills [Wyrtki, 1961].  Currently, the coldest 

water entering the Sulu Sea is 10 °C, which fills the basin below the thermocline 

(Figure 3.2).  This restricted circulation results in reduced oxygen levels in deep 

waters compared to the South China Sea or the open western Pacific.  The 

bathymetric high where the core was collected is well above the present local 

calcite compensation depth at 4,800 m and just above the calcite lysocline at 

3,800 m [Linsley et al., 1985; Exon et al., 1981]. 

 
3.4 Deep Water Hydrography 

A detailed study of current hydrography in the Sulu Sea has been 

presented by Nozaki et al. [1999].  They observed a salinity maximum between 

170 m and 310 m depths and concluded that lateral flow of high salinity waters 

from the South China Sea produced this peak.  Wyrtki [1961] named this high 

density current the ‘Subtropical Lower Water’.  Qu et al., [2000] define these 

waters as high-salinity North Pacific Tropical Water (NPTW).  The NPTW 

originates outside the Southeast Asian seas in the Kuroshio current which is part 

of western boundary current of the subtropical gyre in the North Pacific [Shaw 

and Chao, 1994; Talley, 1999].  Intrusion of the NPTW in the South China Sea 

occurs through the Luzon Strait, which has a sill depth of 2500 m (Figure 3.1). 
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Figure 3.1: Map of western tropical Pacific showing location of the Sulu Sea and 
the location of IMAGES core MD97-2141 (gray circle).  Bathymetric contour is 
the 120 m isobath indicating the approximate position of coast line during glacial 
maximum low sea level stand.  A - A’ cross section illustrated in Figure 3.2. 
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Figure 3.2: Vertical profiles of annual averaged (A) temperature (upper 1000m) 
and (B) salinity (upper 400m) along north-south line A-A’ shown in Figure 3.1      
(119.5º E) [Data from Conkright et al., 1998].  Note the warm (10°C) bottom 
waters in the Sulu Sea. 
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The South China Sea has a salinity maximum in the Subtropical Lower 

Water at 150 m depth and salinity minimum in the northern Intermediate Water at 

600 m depth [Wyrtki, 1961].  The Sulu Sea is connected to the South China Sea 

by a sill depth of 420 m called the Mindoro Strait [Wyrtki, 1961],  and only  water 

masses above this sill depth can enter the Sulu Sea.  In the South China Sea the 

NPTW is characterized by a salinity maximum between 34.5 -34.9 ‰.  In the 

Sulu Sea, NPTW with salinity content of 34.55 ‰ and temperatures ranging 

between 13-16°C is observed at about 200 m depth [Wyrtki, 1961; Nozaki et al., 

1999].  In the South China Sea, Shaw et al. [1996] proposed that upwelling 

occurs northwest of Luzon between October and January based on the 

distribution of temperature, salinity, and dissolved oxygen concentration.  At the 

end of the upwelling season, cold water spreads southwestward into the central 

basin of the South China Sea at approximately 200 m due to the offshore Ekman 

drift and a converging northward undercurrent  [Shaw & Chao, 1994; Shaw  et  

al. 1996].  Cold and high salinity waters are then able to enter the Sulu Sea at 

about 200 m depth across the Mindoro Strait. 

 
3.5 Depth ecology of planktonic foraminifera 

Ravelo and Fairbanks [1992] introduced the idea of describing surface-

water hydrography across the tropical Atlantic using δ18O content of  G. 

sacculifer, N. dutertrei, and Globorotalia tumida.  They noticed that the observed 

temperature difference between the surface and the bottom of the photic zone 

was proportional to the range of δ18O values recorded in foraminiferal calcite.  I 

have adopted this approach here, but have measured G. crassaformis instead of 
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G. tumida because it is more abundant, and it calcifies at approximately 200 m 

water depth, the depth where high salinity water intrudes into the Sulu Sea 

through the Mindoro Strait.  Therefore it is possible to monitor the influence of the 

NPTW during MIS3.  Information about calcification depth, calcification 

temperature, temperature and salinity tolerance for each species is summarized 

in Table 2. 
 

Table 2. Summary of modern living habitat for G. ruber, G. sacculifer, 
N. dutertrei, and G. crassaformis 

 
 G. ruber G. sacculifer N. dutertrei G. crassaformis 
calcification 

depth 
(meters) 

< 25m < 25m 125m 200 - 300 m 

calcification 
temperature ~24°C ~26°C 15°C 10°C 

temperature 
tolerance 16°C - 31°C 14°C - 31°C 13°C - 33°C 

rarely been 
observed in the 

living state 

salinity 
tolerance 22‰ - 49‰ 24‰ - 47‰ 25‰ - 46‰ - 

Comments mixed layer mixed layer thermocline sub-thermocline 

        Hemleben et al [1989] 
 
 
 
 

200 µm 200 µm200 µm100 µm
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G. ruber (white) is the dominant species of tropical and subtropical 

planktic foraminifera.  G. sacculifer is also abundant in tropical water masses. 

These species both live in the surface mixed layer [e.g., Shackleton and Vincent, 

1978].  A potential complicating factor when interpreting G. sacculifer δ18O is 

secondary calcification and partial dissolution [Lohmann, 1995].  Some forms of 

G. sacculifer develop a distinct saccate-like chamber in their terminal stage.  

These forms of G. sacculifer have been excluded from this study. 

N. dutertrei lives in a wide range of tropical and subtropical environments 

[Fairbanks et al., 1980; Fairbanks and Wiebe, 1980]. In tropical Atlantic plankton 

tows, the highest abundance of N. dutertrei is found below the mixed layer 

[Fairbanks et al., 1980], and hence the oxygen isotopic composition of N. 

dutertrei tests is thought to reflect conditions in the thermocline. 

Less is known about the ecology of G. crassaformis as it has rarely been 

observed in the living state.  However, published results indicate that G. 

crassaformis starts to calcify at temperatures >10 °C and resides at about 200 

meters in the water column [Hemleben et al., 1989].  In plankton tows, the 

species occurs below the seasonal thermocline and the deep chlorophyll 

maximum [Ravelo and Fairbanks, 1992]. 
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3.6. Material and Methods 

For all foraminiferal faunal and isotopic analysis a split of each bulk 

sample was dry-weighed, disaggregated in tap water, and subsequently wet-

sieved through a 63 µm screen. Dry coarse fraction (>63 µm) residues were 

weighed and sieved through a 150 µm screen. The > 150 µm size fraction was 

also weighed (see Appendix VII) and split in half, one half for isotopic analyses 

and one half for faunal analyses. 

 

3.6.1 Oxygen Isotope Analysis 

Stable oxygen isotopic measurements were made on several planktonic 

foraminifer species from the same samples in the Sulu Sea core MD97-2141.  

Samples consisted of ~ 100 µg of G. ruber (white variety; 212-250 µm; ~14 

individuals), G. sacculifer (without saccate like chamber; 300-355 µm; ~ 9 

individuals), or N. dutertrei (250-300 µm; ~ 5 individuals), or G. crassaformis 

(300-355 µm; ~ 3-4 specimens).  G. ruber and G. sacculifer have been analyzed 

throughout the upper 18 m of the core at 1 cm and 10 cm intervals, respectively.  

However, only the data for MIS3 are presented in this chapter.   N. dutertrei and 

G. crassaformis have only been analyzed for selected samples during MIS3.  

Samples were reacted with 100 % H3PO4 at 90° C in a Mulitprep carbonate 

preparation device.  The resulting CO2 gas was analyzed with a Micromass 

Optima dual-inlet mass spectrometer  at the University at Albany, State 

University of New York.  The standard deviation of the National Institute of 

Science and Technology international reference standard NBS-19 analysed over  
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an 8 month time period (n = 498) was 0.036 ‰ for δ18O. The average difference 

in δ 18O between duplicate analyses of the same samples for G. ruber was  

(n=283) 0.094 ‰, G. sacculifer (n=24) 0.077 ‰, N. dutertrei (n=12)  0.042 ‰, 

and G. crassaformis  (n=12) 0.152 ‰. 

 
3.6.2 Faunal Abundance 
 

From the > 150 p.m split for foraminifera faunal analysis an aliquot was 

separated that contained an average of 387 specimens per sample. For each 

sample aliquot, I recorded specimen counts of each planktonic foraminifer 

species and the total planktonic foraminifer fragments (see Appendix VI). 

 
 
3.6.3 Chronology 

The chronology for this IMAGES core is based on 28 radiocarbon 

measurements obtained on either G. ruber or G. sacculifer at the Woods Hole 

Accelerator Mass Spectrometer facility.  Before 43,000 year B.P. the  δ18OG. ruber  

chronology has been correlated to the δ18O chronology of Martinson et al. [1987].  

All ages in this paper are represent calendar ages.  A detailed description of the 

age model can be found elsewhere [Chapter 2]. 
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3.7 Results 

3.7.1 Oxygen isotopic composition of G. ruber and G. sacculifer 

The δ18O  analyses of G. ruber and G. sacculifer from core ND97-2141 are 

listed in Appendix I and III, respectively, and summarized in Figure 3.3 for MIS3. 

Due to the higher sampling density this newly obtained δ18OG. ruber  record has 

four times the temporal resolution (< 100 years) than does the δ18OG. ruber  record 

from ODP site 769A [Linsley, 1996].  Most importantly, δ18O variations during 

MIS3 include several previously unidentified oscillations in δ18OG. ruber  which 

range from 0.4 - 0.8 ‰ in amplitude with the largest oscillation at the beginning  

of MIS3 (Figure 3.3A).  Similar events have been observed in the δ18OG. sacculifer  

record from this core.  Due to the lower sampling resolution of G. sacculifer not 

all events are as well defined as in the δ18OG. ruber record.  However, the 

relationship between δ18OG. ruber and δ18OG. sacculifer for the whole core is very good 

(r2 = 0.74, Table 3a).  This degree of correlation is expected, because both 

species dwell in the mixed layer [e.g., Shackleton and Vincent, 1978].  A more 

detailed description of MD97-2141 δ18OG. ruber  results have been presented in 

Chapter 2. 
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Figure 3.3:  Planktonic foraminiferal δ18O records plotted against time for each 
species analyzed in IMAGES core MD97-2141 during marine isotope stage 3. 
(A) Globigerinoides ruber (circles); black triangles indicate 14C ages. (B) 
Globigerinoides sacculifer (down triangles) (C) Neogloboquadrina dutertrei (up 
triangles) (D) Globorotalia crassaformis (diamonds).  Note that the y-axis scale 
range for all plots is 1.2 ‰.  
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Table 3a: Similarity coefficients (r2) for planktonic foraminifera δ18O results 

 during last 150 kyr.    
  δ18O G.ruber δ18O G.sacculifer  
 δ18O G.ruber 1.00   
 δ18O G.sacculifer 0.74 1.00  

     
Table 3b: Similarity coefficients (r2) for planktonic foraminifera δ18O results 

during MIS 3 (30-60 kyr). 
  δ18O G.ruber δ18O N.dutertrei δ18O G.crassaformis 

 δ18O G.ruber 1.00   
 δ18O N.dutertrei 0.38 1.00  
 δ18O G.crassaformis 0.05 0.03 1.00 

 
3.7.2 Oxygen isotopic composition of deeper-dwellering foraminifera 

The δ18O  analyses of N. dutertrei and G. crassaformis from core MD97-

2141 are listed in Appendix IV and V, respectively, and summarized in Figure 3.3 

for MIS3. The δ18ON. dutertrei record follows a pattern similar to that of δ18OG. ruber  

(Figure 3.3C).  The δ18ON. dutertrei  values are approximately 1.5 ‰ more enriched 

than the mixed layer dwellers.  Starting 44 kyr, δ18ON. dutertrei   record increases to  

-0.2 ‰ over a period of 3 kyr.  Not all δ18OG. ruber  excursions are found in the 

δ18ON. dutertrei  record and this is reflected in the relatively low similarity coefficient  

of 38 % (r2 = 0.38, Table 3b). 

In contrast, δ18OG. crassaformis  is not significantly correlated to δ
18OG. ruber   or 

δ18ON. dutertrei  (r2: 0.05 and 0.03, respectively, Table 3b).  The magnitude of the 
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δ18O changes in δ18OG. crassaformis  are in general larger (up to 1 ‰) than those of 

the shallower dwelling foraminifera (up to 0.6 ‰) studied.  The largest amplitude 

changes in δ18OG. crassaformis  are observed between 47 and 45 kyr.  A decrease in  

1‰  δ18OG. crassaformis  begins at 47 kyr reaching its lowest δ18OG. crassaformis  value of 

0.0 ‰ near 46 kyr increasing again to about 1.1 ‰  in less then 500 years before 

decreasing again to 0.02 ‰  in less than 500 years. 

 

 
3.7.3 Faunal abundance 

Seasonal changes in the upper ocean conditions can also influence the 

species composition of planktonic foraminiferal assemblages [Bé, 1960; Curry et 

al., 1983; Ravelo et a!., 1990; Thune!! and Sautter, 1992]. Twenty-three different 

planktonic foraminifera species were counted throughout the MD97-2141 section 

containing MIS3. One specimen of these taxa was recorded in at least one of the 

35 samples analyzed between 35 - 60 kyr. Eleven species dominate the 

downcore fauna and make up nearly 89 % of the average species population. In 

total, 13 species have maximum relative abundance that exceed 5 % (Table 4). 

Downcore variations in the relative abundance of 8 different planktonic 

foraminifera (four mixed layer species, two thermocline species, and two sub-

thermocline species) highlight the complex relationship between species 

abundance and δ18OG. ruber  in MIS 3 (Figure 3.4). The four most abundant 

species (G. ruber, G!obigerinita glutinata, N. dutertrei and Globigerinoides 

bul!oides) show fluctuations with amplitudes in the 10 % - 20 % ranges. 

Abundance maxima for G. saccu!ifer and N. dutertrei occur between 42-44 kyr. 



 

 

 

45 

Globorotalia tumida, N. pachyderma (r.), and G. crassaformis occur in trace 

amounts. G. crassaformis reaches its maximum abundance of ~5.5 % at 39 kyr. 

The downcore inter-relationships among abundant species are not 

straightforward. The abundance maxima and minima are not related in a simple 

manner to the MIS 3 δ18OG. ruber oscillations. The species' abundance changes 

abruptly and most species are not highly correlated with each other. N. dutertrei 

and G. ruber indicate the highest correlation with r2 of 0.29. 
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Figure 3.4: (A) The δ18O  values of planktonic G. ruber  for MIS3. (B): Downcore 
variations in the percent relative abundance of 8 planktonic foraminifera species 
during MIS3 at MD97-2141. Four mixed-layer species: G. ruber, G. sacculifer, G. 
glutinata, G. bulloides; two thermocline species: N. dutertrei, G. tumida; and two 
sub-thermocline species: N. pachyderma (r.), and G. crassaformis. 
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Table 4: Planktonic Foraminifer taxonomic categories used in present study along with their  means, 
standard deviations, and minimum and maximum occurrences between 35-60 kyr in MD97-2141 

 
Planktonic foraminifer species Mean 

(relative %) 
SD 

(relative%) 
Minimum 

(relative %) 
Maximum 
(relative%) 

Globerinoides ruber (d'Orbigny), white 18.0 3.2 15.8 23.1 
Globiqerinita glutinata (Egger) 15.4 3.0 15.4 22.4 
Neogloboquadrina dutertrei (d’Orbigny) 15.3 4.0 16.0 22.0 
Globierina bulloides (d'Orbigny) 12.2 4.0 9.9 19.3 
Globigerina calida (Parker) 6.6 2.1 5.2 11.3 
Globorotalia tumida (Brady) 5.7 1.7 4.8 9.1 
Globigerinella aequilateralis (Brady) 3.9 2.0 2.7 11.4 
Globigerinoides tenellus (Parker) 3.4 1.6 2.4 9.1 
Globigerina rubescens (Hofker) 3.1 2.3 1.9 10.3 
Globerinoides sacculifer (d’Orbigny). without sac 3.1 1.9 1.4 10.6 
Neogloboquadrina pachyderma (Ehrenberg), right coiling 2.4 1.3 0.3 4.7 
Orbulina universa (d’Orbigny) 1.6 1.0 1.3 3.8 
Globigerina falconensis (Blow) 1.1 1.7 0.0 6.9 
Pulleniatina obliquiioculata (Parker and Jones) 0.9 0.6 0.2 2.3 
Globorotalia crassaformis (Galloway and Wissler) 0.8 1.2 0.5 5.2 
Globorotalia scitula (Brady) 0.7 2.3 0.0 10.6 
Globerinoides sacculifer (d’Orbigny), with sac 0.6 0.8 0.2 3.3 
Globorotalia menardii (d’Orbigny) 0.3 0.5 0.0 2.1 
Globigerina diqitata (Brady) 0.3 0.3 0.0 1.3 
Globoquadrina conglomerata (Schwager) 0.0 0.4 0.0 2.5 
Globorotalia inflata (d'Orbigny) 0.0 0.1 0.0 0.5 
Globorotalia truncatulinoides (d’Orbiqny), right coiling 0.0 0.4 0.0 2.4 
Globiqerinita uvula (Ehrenberg) 0.0 1.1 0.0 4.0 
     
"Mixed layer" species: G. ruber, G. sacculifer, G. 
glutinata 37.4 4.0 33.8 43.7 

     
"Thermocline" species: G. menardii, P.obliquiloculata, 
N.dutertrei, and G. tumida 23.2 4.8 21.5 28.7 

     
Notes: Number of samples = 35; SD = standard 
deviation 
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3.8 Discussion 

The mixed layer in the Sulu Sea has a depth of less than 10 meters  

during  the summer months and is deepest (25 m) during winter months [Levitus, 

1994]. Using surface sediments in the tropical Atlantic, Ravelo et al. [1990] and 

Ravelo and Fairbanks [1992] have related spatial variations in foraminifera 

faunas to changes in the hydrographic conditions of the overlying surface layer. 

In the tropical Atlantic the planktonic foraminiferal assemblage is dominated 

primarily by thermocline species when the upper ocean is well-stratified during 

winter months while mixed layer species are more abundant during summer 

months when they are living in a compressed depth habitat [Ravelo and 

Fairbanks, 1992].  They also observed that the tropical Atlantic faunal 

assemblages are more correlated to the depth of the mixed layer, thermocline 

depth, rather than to colder and warmer sea surface temperatures. In their  

study, Ravelo and Fairbanks [1992] summed the relative fauna abundance of G. 

ruber, G. glutinata, and G. sacculifer (species known to calcify in the mixed 

layer). The sum of these species correlates well to the mixed layer depth  

[Ravelo and Fairbanks, 1992]. A second factor assemblage (containing 

Globorotalia menardii, Pu!Ieniatina obliquiloculata, N. dutertrei, and G. tumida) 

reflects changes in the thermocline where the chlorophyll maximum is located, 

and therefore, whose primary production is at a maximum [Fairbanks and Wiebe, 

1980; Fairbanks et al., 1980, 1982; Ortner et aI., 1980]. These species are most 

abundant in regions where surface temperature seasonality is low and where the 

thermocline moves into the photic zone. I have adopted the approach of Ravelo 

and Fairbanks [1992] for this study to examine possible changes in the 

thermocline structure based on the faunal assemblage. In MD97-2141, the  
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mixed layer species explain 73% variance of the data set (Table 4), and 

indicate greater variability between ~ 35-47 kyr (Figure 3.5). In contrast, 

"thermocline" species only explain 11% variance of faunal data, and display a 

mirror image to the mixed layer species (Figure 3.5). Changes from maxima to 

minima abundance for mixed layer and thermocline species vary from 5-15 % 

and 10-15 %, respectively. Overall, the changes in the thermocline species are 

larger for a single event compared to changes in the mixed layer species. 

 

 

Figure 3.5: (A) δ18OG. ruber during MIS3. (B): Time series of the relative 
abundance sums of “mixed-layer” species Globigerinoides ruber, Globigerinita 
glutinata, Globigerinoides sacculifer and the relative abundance sum of 
“thermocline” dwellers  Globorotalia menardii, Pulleniatina obliquiloculata, 
Neogloboquadrina dutertrei, and Globorotalia tumida. 

 

How much of the observed changes in the δ18O of the mixed layer 

dwellers can be explained by changes in the thermocline and sub-thermocline?  

To address this question Chaisson and Ravelo [1997] introduced the strategy to 
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use the difference between δ18O time series from the mixed layer species and 

the thermocline species as a proxy for the temperature difference between the 

depths of calcification for the different foraminifera species.  Their study is based 

on the assumption that the δ18O signal includes both global ice volume and local 

temperature components, however, each species records the temperature and 

salinity (δ18Oseawater) of its immediate environment uniquely.  Therefore, the 

isotope “difference curve” represents the temperature and local salinity  

difference of their respective records [Berger et al., 1978; Chaisson and Ravelo, 

1997].  ML Δ δ18O represents the temperature and local salinity range between 

the sea surface and thermocline: 

ML Δ δ18O = δ18ON. dutertrei  - δ18OG. ruber 

TH Δ δ18O represents the changes in the temperature and local salinity  

from the thermocline to the water layer below it: 

TH Δ δ18O = δ18OG. crassaformis  - δ18ON. dutertrei 

During MIS3 in the Sulu Sea, the difference between δ18ON. dutertrei  and 

δ18OG. ruber  (ML Δ δ18O) averages  1.5 ‰ (Figure 3.6A).  Two intervals of smaller 

ML Δ δ18O changes are observed at 38 kyr and between 52-54 kyr.  No obvious 

relationship exists with the δ18OG. ruber  oscillations.  The most prominent changes 

observed in TH Δ δ18O are between 42.5 - 45.8 kyr and 49 - 52 kyr (Figure 3.6B).  

During these intervals Δ δ18O fluctuates more than 1.1 ‰ in less than 1,000 

years, mostly due to changes in δ18OG. crassaformis  (see Figure 3.3D).  The 

oscillations in δ18OG. crassaformis  do not appear to be directly related to the 
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observed changes in shallower dwelling foraminifera but are possibly 

influenced by sub-thermocline oceanic currents.  

If the 1 ‰ depletion of δ18OG. crassaformis  at 47 kyr (Figure 3.3D) is entirely 

due to temperature, this would require temperature fluctuations of  4.5 °C 

assuming -0.22 ‰ per °C [Epstein et al., 1953].  This is higher than the glacial-

interglacial temperature change of about 3 °C  discussed in Chapter 2.  Since 

δ18OG. crassaformis  changes are out of phase with the δ18O changes of shallower-

dwelling foraminifera, these fluctuations are better explained by the varying 

influence of the colder high salinity NPTW.  My interpretation is that starting at 

approximately 50 kyr the influence of NPTW decreased gradually until 46 kyr in 

the Sulu Sea (Figure 3.6B) as these waters were prevented from entering the 

Sulu Sea due to increased summer monsoon strength.  NPTW is only able to 

spread to the southern South China Sea during a fully developed northeast 

monsoon [Qu et al., 2000].  Therefore, at times of intense summer monsoon 

activity NPTW is unable to spread southward. In the Sulu Sea, however, the 

intensity of the summer monsoon may have weakened starting at 46 kyr, while 

the northeast monsoon may have strengthened at least three times between 45 

and 42.5 kyr, allowing the NPTW to spread southward into the Sulu Sea. The 

Sulu Sea isotopic data in this study are also in agreement with a study in the 

southern South China Sea by Pelejero et al. [1999], in which they observed that 

a low sea surface salinity episode caused by inferred extreme tropical 

precipitation and an enhanced summer monsoon between 47-40 kyr. This model 

is also consistent in a broadly stronger southwest monsoon between 50-30 kyr 

suggested by magnetic susceptibility data for Chinese paleo loess records [Chen 

et al., 1997].  Additionally, most of the observed oscillations in the oxygen isotope 
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record and the overall trend of the thermocline abundance record between 40-

50 kyr seem to correlate well with the magnetic susceptibility peaks (Figure 3.7). 

This indicates increased East Asian summer monsoon conditions, and therefore 

reduced influenced of the NPTW. 

 

 

 

 

Figure 3.6: Oxygen isotope “difference” curves. (A) Neogloboquadrina dutertrei 
δ18O - Globigerinoides ruber δ18O. (B) Globorotalia Crassaformis δ18O - 
Neogloboquadrina dutertrei δ18O.  Dashed horizontal lines represent average 
values.  Solid lines represent average standard deviation. Possible influence of 
North Pacific Tropical Water (NPTW) is indicated by arrows. 

 



 

 

 

53 

 

 

Figure 3.7: Comparison between Chinese loess and Sulu Sea data. (A) Chinese 
loess magnetic susceptibility data used as an index for East Asian monsoon 
activity [Chen et al., 1997]. (B) Same figure as in Figure 3.6B. Dashed vertical 
lines represent possible correlation between the Chinese loess and Sulu Sea 
record during enhanced East Asian summer monsoon peaks. (C) Time series of 
the relative abundance sums of “thermocline” dwellers. G. menardii, P. 
obliquiloculata, N. dutertrei, and G. tumida. Greyshaded area indicates one 
example of a possible correlation of all three data sets between 45 and 46 kyr 
(see also Figure 3.5B). 
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3.9 Conclusions 

The planktonic foraminiferal stable isotopic and fauna assemblage  data 

presented here clearly demonstrate that significant oceanographic changes 

occurred in the Sulu Sea between 60,000 and 30,000 years.  Most of the 

observed δ18OG. ruber  excursions in MIS3 occurred within the surface mixed layer, 

and are not influenced by changes below the thermocline.  The deeper-dweller 

δ18O and faunal study exhibits greater variability of thermocline faunal abundance 

and δ18O within the sub-thermocline species indicating episodes of reduced 

influence of North Pacific Tropical Water into the Sulu Sea driven by enhanced 

summer monsoon activity.   
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CHAPTER 4 
The relationship between 

changes in temperature and 
precipitation in tropical oceans 

during the Last Glacial 
Maximum 
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4.1 Abstract 

Comparison of published proxy sea surface temperature (SST) and 

oxygen isotope (δ18O) profiles for glacial/interglacial sequences from fourteen 

tropical and subtropical oceanic settings enables assessment of the spatial 

differences in the timing and progression of ocean warming following the last 

glacial maximum (LGM: 18,000 - 21,000 calendar years).  These stratigraphic 

records indicate that on average SST has increased ~2.5-3 °C since the LGM in 

the tropical and subtropical regions.  At 5 sites the δ18O termination is 

synchronous with SST changes inferred from foraminiferal Mg/Ca and 

alkenones, while at 9 sites it lags SST by approximately 3,500 years.  A 

comparison of SST and residual δ18O (ice volume component removed) over the 

glacial-interglacial period indicates a linear increase in SST with younger age.  At 

sites where the δ18O and SST transition coincide δ18O continuously decreases 

over time reaching a plateau at ~ 7 kyr.  This indicates that δ18Oresidual is mainly 

influenced by changes in SST. At sites where SST is leading the δ18O record, 

foraminiferal δ18Oresidual increases for approximately 3,000 years up to 17 kyr, and 

then continuously decreases to the mid-Holocene, indicating large regional 

changes in precipitation-evaporation balance.  The sites where SST is leading 

the δ18O record are all located in areas that are currently influenced by increased 

atmospheric water vapor under La Niña like conditions. 
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4.2 Introduction 

Understanding paleoclimate patterns during the Last Glacial Maximum 

(LGM) is important because the LGM represents a global climate state with 

vastly different boundary conditions from those of today, and thus provides a 

useful test of climate models.  Although other extreme states of climate may also 

exist, the clearly documented influence of global ice sheets on climate [Clark et 

al., 1999] justifies a thorough understanding of the climate state dominated by 

ice.  One key weakness in our understanding is how the tropical ocean 

responded to climatic changes during the LGM. 

Recent evidence from ocean sediments indicates that sea surface 

temperature (SST) changes at the LGM termination (18-21,000 calendar years) 

lead the planktonic oxygen isotopic record (δ18O) by approximately 3,500 years 

(Figure 4.1) [Charles et al., 1996; Lea et al., 2000; Chapter 2; Rosenthal et al., in 

prep].  It has been inferred from tropical paleo-records that SST changes in the 

tropics coincide with changes in Antarctic air temperature, and precede changes 

in continental ice volume by ~ 3,000 years, suggesting that tropical cooling must 

have played a major role in driving the ice-age climate [Charles et al., 1996; Lea 

et al., 2000; Chapter 2].  Additionally, it has been proposed that the transport of 

water vapor into the western Pacific was enhanced during the LGM based on the 

extraction of a salinity proxy from magnesium/calcium (Mg/Ca) and  δ18O 

planktonic foraminiferal records [Lea et al., 2000; Chapter 2].  However, this 

conclusion is in conflict with the idea of a colder and drier glacial climate with 

reduced precipitation [e.g., Thompson et al., 2000].  Furthermore, not all 

sediment cores indicate this same lead-lag relationship between SST and δ18O 
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[e.g., Schneider et al., 1996; Rühlemann et al., 1999; Wang et al., 1999; Kudrass 

et al., 2001]. 

 

 

 

 

Figure 4.1: δ18O and SST estimates based on Mg/Ca in the Sulu Sea for the last 
21,000 years.  This figure is used as an example to demonstrate the 3,500 year 
lead in SST between 17 and 20 kyr (Last Glacial Maximum).  The data are 
smoothed with a 5 point running average.  Down triangles indicate radiocarbon 
ages for this site. [Data from Chapter 2 and Rosenthal et al., in prep]. 

This study examines in greater detail the relationship between inferred 

temperature changes and foraminiferal planktonic δ18O in tropical oceans during 

the LGM and across the transition to the Holocene.  Published reconstruction of 

SST and δ18O data collected within the same sediment cores in mainly tropical 
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oceanic settings have been compiled in order to describe the regional extent of 

the relationship between SST and δ18O at the LGM and termination I.   

4.3 Methods 

In this study we have compiled oxygen isotope data from mixed layer 

planktonic foraminifera and published proxy-derived SST data measured from 

the same fourteen cores in the Atlantic, Pacific, and Indian Oceans (Figure 4.2 

and Table 5) for the last 20,000 years.  SST reconstructions were derived from 

Mg/Ca analyses [see Chapter 2; Rosenthal et al., in prep, Lea at al., 2000; 

Nürnberg et al., 2000] or alkenone analyses [Sikes and Keigwin, 1994;  

Schneider et al., 1995; Chapmann et al., 1996; Schneider et al., 1996; Sonzogni 

et al., 1998; Rühlemann et al., 1999; Wang et al., 1999; Kudrass et al., 2001].  At 

all sites, the data were used with the chronology provided in the original 

literature.  The data have been box averaged into 1,000 year constant time steps 

using the Arand software package to compensate for age model discrepancies 

between the different records.  Therefore, major conclusions do not rely on 

observations made from single data points, and the age-model discrepancies do 

not significantly affect the findings in this study. 
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The oxygen isotope record preserved in planktonic foraminifera buried in  

sediments is a function of SST, precipitation-evaporation (P-E) balance, and 

global ice volume all of which are affected by global radiative forcing.  I have 

subtracted the generally accepted 1 ‰ [Schrag et al., 1996] glacial-interglacial 

δ18O signal of global ice volume from the planktonic δ18O time series in each 

record in order to better evaluate the influence of SST and P-E at each location 

assuming a 120 m drop in sea level at the LGM.  All available sea-level data 

[Fairbanks, 1989; Fairbanks, 1990; Chappell & Polach, 1991; Edwards et al., 

1993; Guilderson et al., 2000; Hanebuth et al., 2000] were compiled, corrected 

for their estimated tectonic uplift, and converted into calendar ages using 

INTCAL98/Calib4 [Stuiver et al., 1998a, b].  However if available, U/Th ages 

have been used instead of 14C ages (Figure 4.3).  The best fit is expressed in the 

polynomial function: 

sea level = 1.25 + (5.39*yr) - (2.29*yr)2 + (0.39*yr)3 - (0.022*yr)4 + (0.00038*yr)5 

The sea level curve has been converted into permil units assuming 0.008 ‰ per 

meter sea level change [Schrag et al., 1996], and subtracted from each available 

δ18O record.  The δ18O record minus the sea level record will be hereafter 

referred to as δ18Oresidual. 
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Figure 4.3: Compilation of sea-level data used to remove ice volume signal from 
planktonic δ18O time series.  All data have been corrected for their tectonic uplift 
and are converted into calendar ages using INTCAL98/Calib4 [Stuiver et al., 
1998a, b]. However U/Th ages have been used instead of 14C ages if available. 
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4.4 Results 

Cores known to exhibit a lead in SST over δ18O at the LGM (Figure 4.4A 

and B) have been separated from cores where SST changes are synchronous 

with δ18O during this period (Figure 4.4C & D).  All cores where SST estimates 

were based on Mg/Ca analyses (SSTMg/Ca) indicate a lead in δ18Oresidual, whereas 

only three cores with SST derived from alkenones (SSTAlk) indicate a lead with 

respect to δ18Oresidual.  In those cores where SST leads the δ18Oresidual, δ18Oresidual 

increases approximately 0.3 to 0.4 ‰ between 20 to 17 kyr, and decreases 

thereafter by 1 ‰ (Figure 4.4A). In those cores with SST leading, SST 

continuously increases by 2 °C until it reaches a maximum at approximately 10 

kyr, after which SST drops 0.5 °C (Figure 4.4B).  However, this drop in SST after 

10 kyr is only true for SSTMg/Ca.  SSTAlk increases continuously during this time 

period.  One of the main focuses of this study will be to examine the cause of the 

δ18Oresidual increase by 0.3-0.4 ‰ in cores where SST is leading the δ18O record 

(Figure 4.4A). 

In cores where SST is synchronous with δ18Oresidual, δ18Oresidual 

continuously decreases by 0.7 ‰ until 10 kyr, then increases by 0.4 ‰ (Figure 

4.4C).  Over this same interval SST increases by 1.5 °C (Figure 4.4D). Note that 

the SST record in Figure 4.4D is based only on alkenones. Comparison of all 

SST records indicates a linear relationship between 20-10 kyr. However, starting 

at 10 kyr, SSTMg/Ca indicates minimal change or even a slight reduction in 

temperature. 
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Figure 4.4: Oxygen isotope (δ18O) and SST data age in 1000 yrs B.P..  Ice 
volume change of 1.0 ‰ for glacial-interglacial range has been subtracted from 
the δ18O record. A) Compilation of δ18O of cores where SST is leading the δ18O 
record. B) Compilation of  SST from cores where SST is leading δ18O. C) 
Compilation of δ18O from cores where SST is not leading δ18O.   D) Compilation 
of SST from cores where SST is not leading δ18O. 
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4.5 Discussion 

The oxygen isotopic ratio of planktonic foraminifera is mainly a function of 

sea surface temperature (SST), ice volume and sea surface salinity (SSS), 

δ18Oforaminifera = δ18O (SSS, SST, ice volume) 

where SSS is a function of Precipitation (P) minus Evaporation (E), and where 

evaporation is a function of wind speed and water vapor saturation.  

Foraminiferal δ18O potentially is a function of water temperature due to 

temperature-dependent equilibrium oxygen isotopic fractionation (~ 0.22‰ δ18O 

per °C [Epstein et al., 1953].  Additionally the δ18O of ocean water responds  to 

changes in rainfall, which adds isotopically light (more negative δ18O) water. 

Therefore, δ18O  will increase as SST decreases and as SSS (defined as P-E) 

decreases. Since the ice volume signal has been subtracted from the δ18O 

records in Figure 4.4A and Figure 4.4C, changes in the δ18Oresidual must be due to 

changes in local SST and SSS. Furthermore, assuming the δ18Oresidual is only a 

function of SST, SSS it is possible to subtract SST from the δ18Oresidual record 

using the SST estimates based on Mg/Ca and alkenone analyses.  Thus, it is 

potentially possible to isolate and assess the influence of SSS for each sediment 

core location. 

4.5.1 Cores with SST synchronous with δ18O 

In cores where the glacial-interglacial SST change is synchronous with 

δ18O, SST displays a linear increase through the glacial-interglacial transition 

(Figure 4.4D). In the same cores, the δ18Oresidual indicates a continuous decrease 

to ~10 kyr) (Figure 4.4 C), and increases thereafter by 0.3-0.4 ‰.  If δ18Oresidual is 
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driven mainly by changes in SST, it would be expected that Figure 4.4C and 

Figure 4.4D would portray the same trend.  SST and δ18Oresidual do indicate a 

similar trend until about 10 kyr, but then they differ during the Holocene.  

However, SST based on Mg/Ca measurements in Figure 4.4B shows a similar 

pattern to δ18Oresidual (Figure 4.4C) suggesting that δ18Oresidual is influenced mainly  

by changes in SST. This difference in inferred temperature changes derived  

from Mg/Ca and alkenones is puzzling.  Since in this study only G. ruber and G. 

sacculifer have been included (with the exception of one G. bulloides record) the 

difference between these SST curves might be due to changes in conditions 

under which G. ruber and G. sacculifer calcify.  Alkenones are known to reflect 

temperature changes over the first 10 m of the water column [Prahl et al., 1988; 

Müller et al., 1998; Herbert, 2001],  whereas G. ruber and G. sacculifer can 

calcify from the surface to a depth of ~70 m [e.g., Ravaelo and Fairbanks, 1992; 

Nikolaev et al., 1998].  Typically, the average calcification depth of G. ruber is 

within the uppermost 25 m [Ravaelo and Fairbanks, 1992].  The isotopic 

composition of modern oceanic waters partially reflects a dynamic balance 

between vertical and horizontal mixing, causing homogenization of the isotopic 

composition in the upper 70 m [Nikolaev et al., 1998].  Because the depth at 

which G. ruber and G. sacculifer calcify is not exactly known, it is therefore 

possible to get erroneous SST estimates since we are measuring an average 

temperature of at least the upper 25 m. A different thermocline structure during 

glacial and interglacial times could also influence  temperature estimates based 

on foraminiferal Mg/Ca and δ18Oresidual.  For example due to the large temperature 

gradient in the thermocline, depending on the depth at which G. ruber calcifies, 

the average temperature of the uppermost 25 m during an interglacial period 

could be close to the average temperature during glacial times (Figure 4.5).  
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Therefore, I argue that as temperature proxies foraminiferal Mg/Ca and  

δ18Oresidual are independently affected by thermocline changes. This also 

suggests that for the purpose of reconstructing past changes in SSS, it is better 

to use SST estimates based on Mg/Ca rather than alkenones because both 

Mg/Ca and δ18O are measured on the same species of foraminifera in the same 

sample, and thus by subtracting the SSTMg/Ca  from the δ18Oresidual the additional 

temperature difference based on the calcification depths in each record will 

theoretically cancel each other out, and the estimate of δ18Oseawater  will be more 

accurate. 

 

 

 

Figure 4.5: Hypothetical thermocline reconstruction for the last glacial maximum 
and interglacial.  Horizontal bars indicate average temperature change for the 
uppermost 25 meters. 
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4.5.2 Cores where SST leads δ18O 

δ18Oresidual and reconstructed SST for cores where SST leads δ18O are 

presented in Figures 4.4A and B.  Of particular interest is the observed 0.4 ‰ 
18Oresidual enrichment between 20-17 kyr in cores where SST is leading δ18O at 

the termination (Figure 4.4A). The independent SST proxies in Figure 4.4B 

record the same increase in SST during this time period indicating that the 
18Oresidual enrichment between 20-17 kyr is not related to temperature changes.  

Since the ice volume signal has already been extracted from the δ18O record 

(Figure 4.4A), planktonic foraminiferal δ18Oresidual must be lower at the LGM (20 

kyr) due to an increase in P-E.  For the purpose of calculating δ18O of seawater, 

only cores with SST estimates based on Mg/Ca, and not on alkenone data, have 

been included in Figure 4.6 for reasons mentioned in the previous section. Figure 

4.6A emphases the 0.4 ‰ 18Oresidual enrichment between 20-17 kyr, and 

thereafter the continuous lowering of 18Oresidual into the Holocene.  The δ18Oseawater 

(SSS) has been calculated using the empirically derived temperature : δ18O 

relationship based on planktonic foraminifera generated by Erez and Luz [1983] 

for G. sacculifer (Figure 4.6C).   The δ18Oseawater record shows a 0.6 ‰ 

enrichment between the LGM and 14 kyr, suggesting a continuous change from 

less saline surface oceans during the LGM to more saline conditions at 14 kyr.  

This trend reverses at 14 kyr,  indicating a decrease in SSS. 

The P-E state of the tropics at the LGM remains controversial. However, 

the conclusion that the 18O depletion at the LGM is due to an increase in P-E 

appears to be in agreement with observations from forty lake paleo-records 
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Farrera et al., [1999]. A more positive mean annual LGM P-E is recorded in the 

now-arid basins of western North America, on the southern Andean Altiplano 

[Baker et al., 2001], in the Mediterranean region [Prentice et al., 1992; Harrison 

and Digerfeldt, 1993], in the Middle East [Roberts and Wright, 1993], and in 

southern Africa [Farrera et al., 1999].  Modelling studies indicate that wetter 

conditions are found on the western side of New Guinea during the LGM 

[Hostetler and Clark, 2000]. These authors proposed that the land that emerged 

between Australia and Indonesia (presently the Arafura Sea and the Torres 

Strait)  led to increased precipitation through increased surface heating. 

However, in equatorial East Africa, lakes show conditions similar to, or drier than 

present west of 34 °E, and similar to, or wetter than present to the east of 34 °E 

[Farrera et al., 1999].  Additionally, there are many examples where regions 

register drier conditions during the LGM (e.g., Australian subtropics, 

northwestern Sahara [Conrad 1969; Causse et al. 1988]. Additionally, ice core 

analyses from the Sajama Mountains in Bolivia indicate increased regional 

accumulation during the LGM which is consistent with the higher water levels in 

regional paleolakes [Thompson et al., 1998].  Thompson et al., [1998] concluded 

that the occurrence of less dust in tropical glacial ice cores indicates that climate 

conditions must have been wetter, and therefore greater snow cover is possible. 
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Figure 4.6: (A) Oxygen isotope (δ18O) and (B) SST data versus ages in 1000 
years B.P..  Sea level change of 1.0 ‰ for glacial-interglacial range has been 
subtracted from the δ18O record (δ18Oresidual). Only data of cores where SST leads 
δ18O and is based on Mg/Ca measurements are shown. Compare with Figures 
4.4A and B, respectively. (C) δ18Oseawater  calculated using the equation by Erez 
and Luz [1983]. 



 72 

I argue that lower salinity conditions in certain regions of the tropical 

oceans at the LGM and higher lake levels at high altitudes are linked. Under 

colder glacial climate, less precipitation is expected because there is less 

moisture in the air.   The apparent wetness of high elevations may have been 

due to strong cooling and reduced evaporative demand more than an increase in 

precipitation at these elevations [Farrera et al., 1999].  Generally reduced 

precipitation in the tropics and sub-tropics  and enhanced precipitation in the  

path of southward-shifted jet streams in the Northern Hemisphere are also 

consistent features of the Paleoclimate Modeling Intercomparison Project 

simulations for the LGM [Pinot et al.,1999]. 

It has been suggested that El Niño-Southern Oscillation (ENSO)  

variability has existed for at least the past 130,000 years [Tudhope et al., 2001; 

Cane and Clement, 1999; Clement et al., 2000]. Cane and Clement [1999] 

further suggested that the ENSO system could go through periods of more 

numerous El Niño or La Niña conditions. Glacial conditions would favor 

prolonged intervals of La Niña conditions. Today, during times of La Niña, cooler 

conditions occur in the East Pacific when the easterly trade winds over 

the Pacific increase, allowing more upwelling of water along the equator. 

Teleconnections through air-sea interactions and the atmosphere spread the 

effects of La Niña over the globe. For example, the water vapor pattern in the 

middle troposphere during a strong La Niña month in 1989 (Figure 4.7) indicated 

that moist air was found predominantly in the Western Pacific. A ENSO-like 

change in the present water vapor spatial pattern could be the reason why some 

areas indicate greater P-E changes during the LGM while others do not show 

 this increase. The ocean sediment cores examined in this study that indicate 
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fresher conditions during the LGM are found within the predominantly moist 

areas depicted in Figure 4.7. Even though La Niña in 1989 is only one example, 

a schematic map of spatial and temporal responses of global hydro-

climatological variables during strong La Niña phases indicates overall the same 

correlation (Figure 4.8) [Halbert and Ropelewski, 1992]. 

In view of the strong tropical jet streams at the LGM, atmospheric 

transport alone is probably sufficient to spread the influence of a strong regional 

atmospheric event over the entire extratropical hemisphere in which it occurs.  

Water vapor has a rapid response time, and because it is such an effective  

greenhouse gas, it has leverage over climate [Pierrehumbert, 1999].  

Reorganizations of tropical convection could have a profound effect on the water 

vapor pattern of the tropical Pacific.  The water vapor pattern can be influenced 

by changes in the location and surface area of the convective moisture-source 

region (Walker circulation), but also by changes in the intensity of subsidence of 

the air (Hadley circulation),  which alters the dryness of the nonconvective 

regions [Pierrehumbert, 2000].  The Hadley and Walker cells are large-scale 

features of tropical atmospheric circulation that overturn meridionally and  

zonally, respectively.  These two interacting circulations cannot always be 

separated into distinct components.  Strong atmospheric convection over the 

Pacific occurs throughout the extensive region associated with the Western 

Pacific Warm Pool and also in the narrow belt of the intertropical convergence 

zone (ITCZ). 
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It is difficult to determine presently whether the effect on ENSO is related 

to the impact on tropical atmospheric circulation and the strength of the Asian 

Monsoon system [Liu et al., 2000; Otto-Bliesner, 1999].  As pointed out by 

Clement et al., [2000] longer modeling experiments are needed to investigate the 

changes in tropical Pacific.  The results of the study highlight the need of more 

high resolution data from this area. 

 

4.6 Conclusions  

I have compiled published planktonic foraminiferal oxygen isotope values 

and SST data based on Mg/Ca and alkenone analysis from the tropical and 

subtropical Atlantic and Pacific for the last 20,000 years.  This compilation 

suggests that during the LGM precipitation minus evaporation must have been 

greater in cores where SST is leading the planktonic foraminiferal oxygen 

isotopic record by approximately 3,000 years, whereas in cores with no lead/lag 

relationship between SST and foraminiferal δ18O data colder and drier conditions 

are indicated.  Additionally, cores where SST is leading the δ18O record are 

preferentially located in areas influenced by greater water vapor content during 

times of La Niña assuming that an ENSO  system existed during glacial times.   
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δ18O and δ13C data from 
Globigerinoides ruber 
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Depth Depth
(cm) (cm)

0 4.29 -2.531 1.368 46 6.00 -2.666 1.221
1 4.33 -2.462 0.992 47 6.03 -2.653 0.868
2 4.38 -2.579 1.133 48 6.06 -2.528 1.044
3 4.43 -2.629 1.142 49 6.10 -2.613 1.149
4 4.48 -2.624 0.936 50 6.13 -2.638 1.296
5 4.53 -2.581 0.863 51 6.16 -2.481 1.104
6 4.58 -2.483 0.982 52 6.19 -2.629 1.051
7 4.62 -2.509 0.974 53 6.23 -2.605 1.047
8 4.67 -2.677 0.920 54 6.26 -2.525 1.219
9 4.72 -2.546 1.078 55 6.29 -2.644 1.143

10 4.77 -2.484 1.124 56 6.32 -2.587 0.966
11 4.82 -2.490 0.894 57 6.36 -2.702 1.029
12 4.87 -2.467 0.903 58 6.39 -2.635 0.965
13 4.91 -2.736 0.888 59 6.42 -2.604 0.933
14 4.96 -2.789 0.929 60 6.48 -2.621 1.278
15 4.99 -2.668 1.163 61 6.54 -2.694 0.912
16 5.03 -2.479 0.958 62 6.60 -2.577 1.042
17 5.06 -2.529 1.146 63 6.66 -2.643 1.132
18 5.09 -2.628 1.124 64 6.73 -2.611 1.138
19 5.12 -2.632 1.077 65 6.79 -2.535 1.089
20 5.16 -2.580 1.037 66 6.85 -2.655 1.097
21 5.19 -2.740 1.036 67 6.91 -2.773 1.192
22 5.22 -2.591 0.942 68 6.97 -2.640 1.035
23 5.25 -2.529 0.985 69 7.03 -2.651 0.987
24 5.29 -2.471 0.957 70 7.09 -2.612 1.040
25 5.32 -2.524 0.985 71 7.15 -2.711 1.038
26 5.35 -2.590 0.965 72 7.21 -2.576 0.981
27 5.38 -2.559 0.927 73 7.27 -2.469 1.109
28 5.42 -2.462 0.869 74 7.33 -2.448 1.064
29 5.45 -2.411 1.136 75 7.39 -2.534 1.064
30 5.48 -2.627 1.158 76 7.45 -2.577 1.118
31 5.51 -2.552 1.279 77 7.51 -2.511 1.068
32 5.55 -2.675 0.960 78 7.56 -2.483 0.905
33 5.58 -2.575 0.955 79 7.62 -2.549 1.189
34 5.61 -2.590 1.086 80 7.68 -2.497 1.112
35 5.64 -2.568 1.070 81 7.74 -2.619 0.964
36 5.67 -2.479 0.836 82 7.80 -2.458 0.972
37 5.71 -2.582 0.941 83 7.85 -2.370 0.954
38 5.74 -2.669 1.042 84 7.91 -2.520 0.947
39 5.77 -2.466 0.947 85 7.97 -2.577 1.013
40 5.80 -2.686 1.139 86 8.03 -2.314 0.904
41 5.84 -2.738 1.118 87 8.09 -2.539 0.977
42 5.87 -2.592 1.069 88 8.14 -2.423 0.985
43 5.90 -2.545 1.022 89 8.20 -2.503 0.888
44 5.93 -2.751 0.974 90 8.26 -2.357 0.942
45 5.97 -2.610 1.065 91 8.32 -2.491 0.964

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (G.rub)�‡ (G.rub)�‡ (kyr) (G.rub)�‡ (G.rub)�‡

(‰) (‰) (‰) (‰)
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Depth Depth
(cm) (cm)

92 8.38 -2.414 0.725 138 10.63 -2.394 0.473
93 8.43 -2.338 0.715 139 10.66 -2.331 0.459
94 8.49 -2.249 0.790 140 10.70 -2.594 0.586
95 8.55 -2.505 1.073 141 10.73 -2.395 0.554
96 8.61 -2.568 0.961 142 10.77 -2.318 0.504
97 8.67 -2.603 0.797 143 10.80 -2.393 0.625
98 8.72 -2.384 0.897 144 10.84 -2.171 0.653
99 8.78 -2.138 0.601 145 10.87 -2.298 0.555
100 8.84 -2.561 0.792 146 10.91 -2.408 0.612
101 8.90 -2.344 0.738 147 10.94 -2.386 0.392
102 8.96 -2.574 0.698 148 10.98 -2.486 0.427
103 9.01 -2.510 0.807 149 11.01 -2.460 0.586
104 9.07 -2.391 0.846 150 11.05 -2.432 0.462
105 9.13 -2.606 0.790 151 11.06 -2.474 0.532
106 9.19 -2.516 0.807 152 11.07 -2.226 0.601
107 9.25 -2.405 0.704 153 11.09 -2.431 0.549
108 9.30 -2.562 0.787 154 11.10 -2.129 0.721
109 9.36 -2.435 0.736 155 11.11 -2.210 0.355
110 9.42 -2.528 0.707 156 11.13 -2.035 0.568
111 9.48 -2.506 0.592 157 11.14 -1.891 0.512
112 9.54 -2.367 0.718 158 11.15 -2.306 0.575
113 9.59 -2.642 0.772 159 11.20 -2.063 0.674
114 9.65 -2.565 0.802 160 11.24 -1.928 0.572
115 9.71 -2.516 0.556 161 11.29 -1.804 0.641
116 9.77 -2.553 0.680 162 11.33 -1.664 0.572
117 9.83 -2.665 0.466 163 11.37 -1.841 0.573
118 9.88 -2.525 0.700 164 11.42 -2.038 0.498
119 9.94 -2.581 0.759 165 11.46 -2.060 0.638
120 10.00 -2.363 0.603 166 11.51 -1.852 0.513
121 10.04 -2.641 0.707 167 11.55 -1.957 0.535
122 10.07 -2.648 0.889 168 11.60 -2.011 0.604
123 10.11 -2.574 0.564 169 11.64 -1.918 0.502
124 10.14 -2.566 0.673 170 11.68 -1.928 0.566
125 10.18 -2.562 0.405 171 11.73 -1.940 0.646
126 10.21 -2.350 0.549 172 11.77 -1.943 0.654
127 10.24 -2.469 0.386 173 11.82 -1.883 0.658
128 10.28 -2.482 0.848 174 11.86 -1.892 0.568
129 10.31 -2.463 0.793 175 11.91 -1.918 0.577
130 10.35 -2.516 0.647 176 11.95 -1.903 0.491
131 10.38 -2.499 0.580 177 12.00 -1.868 0.615
132 10.42 -2.568 0.562 178 12.04 -1.702 0.628
133 10.45 -2.609 0.436 179 12.08 -1.902 0.371
134 10.49 -2.519 0.388 180 12.13 -1.962 0.558
135 10.52 -2.595 0.501 181 12.17 -1.809 0.394
136 10.56 -2.469 0.497 182 12.22 -2.074 0.476
137 10.59 -2.397 0.414 183 12.26 -1.948 0.587

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (G.rub)�‡ (G.rub)�‡ (kyr) (G.rub)�‡ (G.rub)�‡

(‰) (‰) (‰) (‰)
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184 12.31 -1.924 0.447 230 15.12 -1.394 0.626
185 12.35 -1.896 0.396 231 15.21 -1.544 0.573
186 12.39 -1.775 0.665 232 15.31 -1.746 0.639
187 12.44 -1.919 0.584 233 15.40 -1.610 0.514
188 12.48 -2.065 0.399 234 15.49 -1.651 0.364
189 12.53 -2.064 0.545 235 15.59 -1.377 0.348
190 12.57 -1.899 0.370 236 15.68 -1.381 0.574
191 12.62 -2.124 0.583 237 15.77 -1.470 0.492
192 12.66 -1.934 0.573 238 15.86 -1.378 0.510
193 12.70 -1.842 0.491 239 15.96 -1.372 0.482
194 12.75 -2.039 0.599 240 16.05 -1.360 0.520
195 12.79 -1.875 0.503 241 16.14 -1.334 0.511
196 12.84 -1.912 0.547 242 16.24 -1.262 0.496
197 12.88 -2.048 0.438 243 16.33 -1.225 0.695
198 12.93 -2.137 0.603 244 16.42 -1.171 0.509
199 12.97 -1.983 0.735 245 16.45 -1.320 0.619
200 13.01 -2.157 0.440 246 16.48 -1.313 0.575
201 13.06 -2.103 0.546 247 16.52 -1.364 0.641
202 13.10 -2.028 0.516 248 16.55 -1.512 0.489
203 13.15 -2.084 0.663 249 16.58 -1.581 0.780
204 13.19 -2.028 0.739 250 16.61 -1.413 0.557
205 13.24 -2.118 0.657 251 16.64 -1.420 0.574
206 13.31 -2.158 0.577 252 16.67 -1.427 0.742
207 13.41 -2.045 0.483 253 sample mixed with other sample
208 13.52 -2.048 0.567 254 16.73 -1.470 0.784
209 13.62 -1.869 0.427 255 16.76 -1.565 0.753
210 13.72 -2.117 0.555 256 16.80 -1.590 0.735
211 13.83 -1.877 0.735 257 16.83 -1.581 0.793
212 13.93 -1.715 0.680 258 16.86 -1.447 0.766
213 13.99 -1.818 0.653 259 16.89 -1.365 0.624
214 14.05 -1.766 0.470 260 16.92 -1.484 0.628
215 14.11 -1.961 0.474 261 16.95 -1.319 0.647
216 14.17 -1.910 0.627 262 16.98 -1.520 0.755
217 14.23 -1.923 0.509 263 17.01 -1.400 0.651
218 14.29 -1.824 0.547 264 17.04 -1.493 0.693
219 14.35 -1.842 0.387 265 17.08 -1.343 0.809
220 14.41 -1.683 0.629 266 17.11 -1.488 0.772
221 14.47 -1.829 0.607 267 17.14 -1.401 0.736
222 14.53 -1.842 0.662 268 17.17 -1.347 0.715
223 14.59 -1.576 0.543 269 17.20 -1.264 0.786
224 14.65 -1.507 0.585 270 17.23 -1.458 0.672
225 14.71 -1.438 0.630 271 17.26 -1.363 0.738
226 14.77 -1.595 0.564 272 17.29 -1.376 0.553
227 14.84 -1.276 0.547 273 17.32 -1.406 0.626
228 14.94 -1.457 0.635 274 17.35 -1.480 0.779
229 15.03 -1.568 0.621 275 17.38 -1.507 0.625

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (G.rub)�‡ (G.rub)�‡ (kyr) (G.rub)�‡ (G.rub)�‡

(‰) (‰) (‰) (‰)
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276 17.41 -1.445 0.826 322 19.11 -1.529 0.822
277 17.44 -1.428 0.656 323 19.14 -1.348 0.610
278 17.47 -1.357 0.638 324 19.18 -1.834 0.939
279 17.50 -1.510 0.769 325 19.22 -1.472 0.668
280 17.53 -1.473 0.610 326 19.26 -1.451 0.752
281 17.56 -1.409 0.653 327 19.29 -1.802 0.856
282 17.59 -1.542 0.649 328 19.33 -1.585 0.658
283 17.63 -1.363 0.641 329 19.37 -1.528 0.901
284 17.67 -1.631 0.754 330 19.41 -1.716 0.848
285 17.70 -1.406 0.570 331 19.45 -1.510 0.811
286 17.74 -1.323 0.586 332 19.48 -1.652 0.781
287 17.78 -1.501 0.750 333 19.52 -1.567 0.795
288 17.82 -1.425 0.720 334 19.56 -1.737 0.845
289 17.86 -1.551 0.851 335 19.60 -1.798 0.573
290 17.89 -1.449 0.813 336 19.64 -1.581 0.624
291 17.93 -1.404 0.573 337 19.67 -1.762 0.941
292 17.97 -1.599 0.807 338 19.71 -1.467 0.701
293 18.01 -1.508 0.659 339 19.75 -1.520 0.774
294 18.05 -1.551 0.853 340 19.77 -1.535 0.656
295 18.08 -1.540 0.682 341 19.80 -1.516 0.629
296 18.12 -1.573 0.769 342 19.82 -1.546 0.738
297 18.16 -1.517 0.730 343 19.84 -1.505 0.682
298 18.20 -1.382 0.704 344 19.87 -1.380 0.577
299 18.23 -1.563 0.587 345 19.89 -1.531 0.751
300 18.27 -1.577 0.796 346 19.91 -1.554 0.536
301 18.31 -1.642 0.774 347 19.94 -1.603 0.657
302 18.35 -1.404 0.716 348 19.96 -1.659 0.728
303 18.39 -1.542 0.697 349 19.98 -1.545 0.904
304 18.42 -1.669 0.584 350 20.01 -1.640 0.742
305 18.46 -1.511 0.647 351 20.03 -1.523 0.652
306 18.50 -1.627 0.822 352 20.05 -1.545 0.624
307 18.54 -1.437 0.548 353 20.08 -1.482 0.448
308 18.58 -1.400 0.693 354 20.10 -1.610 0.714
309 18.61 -1.594 0.757 355 20.13 -1.620 0.711
310 18.65 -1.431 0.687 356 20.15 -1.519 0.689
311 18.69 -1.736 0.865 357 20.17 -1.634 0.698
312 18.73 -1.629 0.666 358 20.20 -1.585 0.734
313 18.76 -1.573 0.694 359 20.22 -1.452 0.665
314 18.80 -1.478 0.736 360 20.24 -1.534 0.724
315 18.84 -1.551 0.737 361 20.27 -1.551 0.748
316 18.88 -1.440 0.695 362 20.29 -1.738 0.612
317 18.92 -1.775 0.857 363 20.31 -1.680 0.795
318 18.95 -1.470 0.724 364 20.34 -1.707 0.571
319 18.99 -1.633 0.782 365 20.36 -1.734 0.860
320 19.03 -1.756 0.798 366 20.38 -1.574 0.637
321 19.07 -1.406 0.819 367 20.41 -1.518 0.674

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (G.rub)�‡ (G.rub)�‡ (kyr) (G.rub)�‡ (G.rub)�‡

(‰) (‰) (‰) (‰)
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368 20.43 -1.507 0.759 414 hiatus -1.733 0.745
369 20.47 -1.619 0.717 415 hiatus -1.900 0.821
370 sample mixed with other sample 416 hiatus -1.880 0.879
371 20.56 -1.720 0.725 417 hiatus -2.017 0.708
372 20.61 -1.510 0.677 418 hiatus -1.943 0.731
373 20.65 -1.639 0.614 419 hiatus -1.997 0.779
374 20.70 -1.602 0.697 420 hiatus -1.940 0.729
375 20.74 -1.396 0.849 421 27.23 -1.776 0.751
376 20.79 -1.387 0.678 422 27.49 -1.873 0.821
377 20.83 -1.719 0.640 423 27.74 -2.181 0.800
378 20.87 -1.568 0.673 424 28.00 -2.111 0.777
379 20.92 -1.458 0.604 425 28.26 -1.861 0.643
380 20.96 -1.672 0.492 426 28.51 -2.106 0.697
381 21.01 -1.485 0.634 427 28.77 -1.724 0.711
382 21.05 -1.699 0.693 428 29.03 -2.002 0.690
383 21.10 -1.617 0.770 429 29.28 -1.959 0.771
384 21.14 -1.557 0.905 430 29.54 -1.878 0.836
385 21.18 -1.562 0.785 431 29.79 -1.916 0.788
386 21.23 -1.643 0.703 432 30.05 -2.037 0.881
387 21.27 -1.632 0.914 433 30.31 -2.052 0.926
388 21.32 -1.578 0.757 434 30.56 -1.983 0.931
389 21.36 -1.513 0.808 435 30.82 -1.780 0.762
390 21.41 -1.677 0.547 436 31.08 -1.775 0.775
391 21.45 -1.765 0.867 437 31.33 -1.919 0.734
392 21.50 -1.725 0.816 438 31.59 -1.829 0.866
393 21.54 -1.931 0.708 439 31.84 -1.969 0.818
394 21.58 -1.730 0.712 440 32.10 -1.941 0.964
395 21.63 -1.580 0.711 441 32.16 -1.881 0.771
396 21.67 -1.740 0.743 442 32.23 -2.036 1.132
397 21.72 -1.542 0.806 443 32.29 -1.699 0.590
398 21.76 -1.570 0.706 444 32.36 -1.875 0.719
399 21.81 -1.672 0.785 445 32.42 -1.885 0.746
400 21.85 -1.643 0.499 446 32.49 -1.920 0.806
401 hiatus -1.436 0.743 447 32.55 -2.016 0.815
402 hiatus -1.589 0.840 448 32.62 -2.045 0.936
403 hiatus -1.597 0.761 449 32.68 -1.906 0.915
404 hiatus -1.701 0.700 450 32.75 -1.935 0.788
405 hiatus -1.696 0.759 451 32.81 -2.162 0.724
406 hiatus -1.398 0.720 452 32.88 -1.884 0.775
407 hiatus -1.766 0.647 453 32.94 -2.215 0.954
408 hiatus -1.702 0.628 454 33.01 -2.019 0.796
409 hiatus -1.675 0.568 455 33.07 -2.134 0.655
410 hiatus -2.018 0.635 456 33.14 -2.116 0.890
411 hiatus -1.757 0.946 457 33.20 -2.174 0.758
412 hiatus -1.910 0.713 458 33.27 -2.084 0.769
413 hiatus -2.003 0.580 459 33.33 -1.860 0.803

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (G.rub)�‡ (G.rub)�‡ (kyr) (G.rub)�‡ (G.rub)�‡

(‰) (‰) (‰) (‰)
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460 33.40 -1.988 0.938 506 37.24 -2.203 0.766
461 33.46 -2.219 0.613 507 37.30 -2.292 0.785
462 33.53 -2.228 0.867 508 37.31 -2.181 0.758
463 33.59 -2.025 0.702 509 37.33 -1.916 0.700
464 33.66 -2.329 0.858 510 37.35 -1.884 0.680
465 33.72 -2.066 0.645 511 37.36 -2.000 0.791
466 33.79 -2.081 0.878 512 37.38 -2.207 0.779
467 33.85 -1.781 0.703 513 37.40 -2.009 0.794
468 33.92 -2.037 0.904 514 37.41 -1.881 0.763
469 33.98 -2.057 0.890 515 37.43 -2.083 0.996
470 34.05 -1.944 0.934 516 37.45 -1.912 0.841
471 34.11 -2.186 0.856 517 37.46 -1.954 0.861
472 34.18 -2.020 0.792 518 37.48 -1.802 0.788
473 34.24 -2.043 0.681 519 37.50 -1.883 0.850
474 34.31 -1.975 0.841 520 37.51 -1.959 0.767
475 34.37 -2.000 0.809 521 37.53 -1.711 0.854
476 34.44 -1.855 0.721 522 37.55 -1.709 0.884
477 34.50 -1.857 0.779 523 37.56 -1.798 0.654
478 34.57 -2.024 0.651 524 37.58 -1.812 0.961
479 34.63 -2.169 0.833 525 37.60 -1.842 0.587
480 34.70 -1.862 0.764 526 37.61 -1.480 0.703
481 34.76 -1.847 0.793 527 37.63 -1.635 0.851
482 34.83 -1.925 0.702 528 37.65 -1.735 0.785
483 34.89 -1.922 0.803 529 37.66 -1.481 0.853
484 34.96 -2.128 0.882 530 37.68 -1.809 0.864
485 35.02 -2.026 0.902 531 37.69 -1.510 0.764
486 35.09 -1.922 0.873 532 37.71 -1.515 0.856
487 35.15 -2.019 0.848 533 37.73 -1.735 0.922
488 35.26 -2.083 0.718 534 37.74 -1.538 0.672
489 35.37 -2.220 0.787 535 37.76 -1.636 0.754
490 35.48 -1.884 0.870 536 37.78 -1.546 0.785
491 35.59 -2.011 0.749 537 37.79 -1.738 0.798
492 35.70 -2.144 0.610 538 37.81 -1.452 0.691
493 35.81 -2.040 0.607 539 37.83 -1.495 0.593
494 35.92 -2.021 0.894 540 37.84 -1.632 0.842
495 36.03 -1.942 0.800 541 37.86 -1.705 0.647
496 36.14 -2.209 0.739 542 37.88 -1.471 0.830
497 36.25 -2.033 0.748 543 37.89 -1.467 0.761
498 36.36 -1.896 0.834 544 37.98 -1.486 0.776
499 36.47 -2.069 0.471 545 38.07 -1.615 0.956
500 36.58 -1.814 0.673 546 38.16 -1.678 0.821
501 36.69 -1.780 0.534 547 38.25 -1.912 0.927
502 36.80 -2.041 0.683 548 38.34 -1.638 0.877
503 36.91 -1.889 0.738 549 38.43 -1.765 0.633
504 37.02 -2.076 0.842 550 38.52 -1.822 1.065
505 37.13 -2.072 0.789 551 38.61 -1.808 0.714

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (G.rub)�‡ (G.rub)�‡ (kyr) (G.rub)�‡ (G.rub)�‡

(‰) (‰) (‰) (‰)
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552 38.70 -1.986 0.836 598 41.36 -1.675 0.716
553 38.79 -2.146 0.706 599 41.42 -2.259 0.964
554 38.85 -1.908 0.721 600 41.48 -1.947 0.946
555 38.90 -1.887 0.898 601 41.54 -2.075 0.888
556 38.96 -2.017 0.870 602 41.59 -2.146 0.914
557 39.02 -1.842 0.900 603 41.65 -2.024 0.843
558 39.08 -2.062 0.853 604 41.71 -2.001 0.789
559 39.13 -1.978 0.894 605 41.77 -2.028 0.685
560 39.19 -2.086 0.831 606 41.82 -2.229 0.902
561 39.25 -1.826 0.861 607 41.88 -1.916 0.579
562 39.30 -1.960 0.753 608 41.94 -1.895 0.689
563 39.36 -1.896 0.822 609 42.00 -2.035 0.859
564 39.42 -1.922 0.752 610 42.05 -1.940 0.880
565 39.48 -1.897 0.780 611 42.11 -2.060 0.963
566 39.53 -1.863 0.709 612 42.17 -2.077 0.797
567 39.59 -1.864 0.870 613 42.23 -2.166 0.797
568 39.65 -1.924 0.978 614 42.28 -2.301 0.847
569 39.70 -1.981 0.878 615 42.34 -2.061 0.906
570 39.76 -2.197 0.926 616 42.40 -2.079 0.930
571 39.82 -1.900 0.830 617 42.46 -1.855 0.663
572 39.88 -1.898 0.811 618 42.51 -2.055 0.813
573 39.93 -1.983 0.999 619 42.57 -1.980 1.006
574 39.99 -1.755 0.844 620 42.63 -1.990 0.779
575 40.05 -1.945 0.914 621 42.69 -1.793 0.603
576 40.10 -1.979 0.873 622 42.74 -1.932 0.843
577 40.16 -1.957 1.140 623 42.80 -1.903 0.833
578 40.22 -2.100 0.937 624 42.86 -2.025 0.814
579 40.28 -2.150 0.770 625 42.92 -1.995 0.880
580 40.33 -1.986 0.795 626 42.97 -1.886 0.867
581 40.39 -1.878 0.917 627 43.03 -1.791 0.885
582 40.45 -1.986 0.892 628 43.09 -1.727 0.586
583 40.51 -1.814 0.921 629 43.15 -1.757 0.855
584 40.56 -1.939 0.871 630 43.20 -1.812 0.775
585 40.62 -1.924 0.861 631 43.26 -1.991 0.750
586 40.68 -1.900 0.762 632 43.32 -1.801 0.677
587 40.73 -2.085 0.704 633 43.37 -1.938 0.759
588 40.79 -2.033 0.951 634 43.43 -1.888 0.858
589 40.85 -1.899 0.506 635 43.49 -2.025 0.796
590 40.91 -1.871 0.842 636 43.55 -1.940 0.838
591 40.96 -2.029 0.916 637 43.60 -1.990 0.732
592 41.02 -1.899 0.865 638 43.66 -1.864 0.894
593 41.08 -1.818 0.928 639 43.72 -1.947 0.803
594 41.13 -1.715 0.661 640 43.78 -1.933 0.842
595 41.19 -1.883 0.949 641 43.83 -1.937 0.910
596 41.25 -2.038 0.831 642 43.89 -1.995 0.445
597 41.31 -2.034 0.963 643 43.95 -1.945 0.770

Age$ δ18O δ13C Age$ δ18O δ13C
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644 44.01 -1.963 0.906 701 46.65 -2.077 0.776
645 44.06 -1.924 0.837 702 46.71 -1.757 0.867
646 44.12 -2.258 0.888 703 46.76 -1.866 0.627
647 44.18 -2.029 0.719 704 46.82 -1.865 0.692
648 44.24 -2.062 0.794 705 46.88 -1.845 0.982
649 44.29 -2.054 0.591 706 46.94 -1.919 0.898
650 44.35 -2.137 0.857 707 46.99 -2.018 0.819
651 44.41 -2.148 0.684 708 47.05 -1.849 0.794
652 44.47 -1.927 0.669 709 47.11 -2.023 0.679
653 44.52 -2.166 0.946 710 47.17 -1.677 0.756
654 44.58 -1.973 0.642 711 47.22 -1.838 0.567
655 44.64 -2.186 0.835 712 47.28 -2.048 0.713
656 44.70 -2.355 0.636 713 47.34 -2.012 0.973
657 44.75 -2.336 0.896 714 47.40 -1.896 0.593
658 44.81 -2.167 0.673 715 47.45 -1.995 0.775
659 44.87 -1.970 0.839 716 47.51 -1.997 0.882
660 44.93 -2.135 0.772 717 47.57 -1.783 0.734
661 44.98 -2.210 0.617 718 47.63 -1.726 0.690
673 45.04 -2.272 0.816 719 47.68 -1.940 1.014
674 45.10 -2.278 0.809 720 47.74 -1.992 0.903
675 45.16 -2.041 0.684 721 47.80 -2.146 0.906
676 45.21 -2.284 0.878 722 47.86 -2.062 0.651
677 45.27 -2.310 0.610 723 47.91 -2.118 0.651
678 45.33 -2.286 0.751 724 47.97 -2.189 0.886
679 45.39 -2.092 0.687 725 48.03 -1.958 0.893
680 45.44 -2.193 0.799 726 48.09 -1.963 0.624
681 45.50 -2.303 0.901 727 48.14 -2.005 0.816
682 45.56 -2.030 0.755 728 48.20 -1.933 0.774
683 45.62 -2.166 0.722 729 48.26 -2.158 0.822
684 45.67 -2.251 0.754 730 48.32 -2.016 0.839
685 45.73 -2.273 0.666 731 48.37 -1.984 0.748
686 45.79 -2.346 0.728 732 48.43 -1.862 0.689
687 45.85 -2.241 0.944 733 48.49 -2.077 0.853
688 45.90 -2.100 0.848 734 48.55 -2.291 0.814
689 45.96 -2.069 0.796 735 48.60 -1.899 0.684
690 46.02 -1.963 0.739 736 48.66 -2.153 0.824
691 46.08 -2.107 0.748 737 48.72 -1.969 0.641
692 46.13 -1.913 0.939 738 48.78 -2.329 0.778
693 46.19 -1.934 0.754 739 48.83 -2.177 0.688
694 46.25 -1.778 0.616 740 48.89 -2.143 0.831
695 46.31 -2.276 0.827 741 48.95 -2.097 0.757
696 46.36 -1.957 0.714 742 49.01 -2.172 0.869
697 46.42 -1.997 0.751 743 49.06 -2.237 0.790
698 46.48 -1.821 0.739 744 49.12 -2.284 0.771
699 46.54 -2.060 0.690 745 49.18 -2.223 0.631
700 46.59 -2.107 0.706 746 49.24 -2.268 0.827

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (G.rub)�‡ (G.rub)�‡ (kyr) (G.rub)�‡ (G.rub)�‡

(‰) (‰) (‰) (‰)
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747 49.29 -2.275 0.827 793 51.94 -2.303 0.652
748 49.35 -2.289 0.834 794 51.99 -2.185 0.490
749 49.41 -2.036 0.773 795 52.05 -1.870 0.572
750 49.47 -2.029 0.765 796 52.11 -2.269 0.583
751 49.52 -2.152 0.682 797 52.17 -2.352 0.652
752 49.58 -2.041 0.743 798 52.22 -2.092 0.612
753 49.64 -2.334 0.566 799 52.28 -2.196 0.613
754 49.70 -2.057 0.808 800 52.34 -2.050 0.566
755 49.75 -2.462 0.715 801 52.40 -1.893 0.440
756 49.81 -2.476 0.800 802 52.45 -2.316 0.437
757 49.87 -2.250 0.714 803 52.51 -2.347 0.638
758 49.93 -2.241 0.718 804 52.57 -2.372 0.578
759 49.98 -2.394 0.708 805 52.63 -1.907 0.478
760 50.04 -2.110 0.696 806 52.68 -1.912 0.378
761 50.10 -2.153 0.729 807 52.74 -2.217 0.547
762 50.15 -2.205 0.766 808 52.80 -2.332 0.314
763 50.21 -2.238 0.677 809 52.86 -1.947 0.440
764 50.27 -2.412 0.718 810 52.91 -1.884 0.423
765 50.33 -2.274 0.830 811 52.97 -1.843 0.501
766 50.38 -2.143 0.700 812 53.03 -1.968 0.464
767 50.44 -2.217 0.690 813 53.09 -1.795 0.343
768 50.50 -2.067 0.649 814 53.14 -1.795 0.389
769 50.56 -2.209 0.858 815 53.20 -1.638 0.194
770 50.61 -2.172 0.481 816 53.26 -1.533 0.439
771 50.67 -2.429 0.533 817 53.32 -2.147 0.482
772 50.73 -2.223 0.697 818 53.37 -1.999 0.565
773 50.79 -2.307 0.832 819 53.43 -1.666 0.339
774 50.84 -2.400 0.868 820 53.49 -1.978 0.312
775 50.90 -2.059 0.822 821 53.55 -1.981 0.463
776 50.96 -2.279 0.764 822 53.60 -1.807 0.592
777 51.02 -2.440 0.766 823 53.66 -1.796 0.381
778 51.07 -2.304 0.800 824 53.72 -1.659 0.306
779 51.13 -2.348 0.755 825 53.77 -1.689 0.478
780 51.19 -2.311 0.575 826 53.83 -1.797 0.195
781 51.25 -2.234 0.704 827 53.89 -1.653 0.371
782 51.30 -2.251 0.743 828 53.95 -1.846 0.299
783 51.36 -2.405 0.578 829 54.00 -1.980 0.553
784 51.42 -1.948 0.584 830 54.06 -1.710 0.406
785 51.48 -2.114 0.702 831 54.12 -1.769 0.290
786 51.53 -2.009 0.560 832 54.18 -1.861 0.446
787 51.59 -2.092 0.415 833 54.23 -1.721 0.321
788 51.65 -2.088 0.815 834 54.29 -1.897 0.524
789 51.71 -2.217 0.686 835 54.35 -1.757 0.367
790 51.76 -2.118 0.560 836 54.41 -1.815 0.431
791 51.82 -2.081 0.561 837 54.46 -1.877 0.530
792 51.88 -2.213 0.419 838 54.52 -1.741 0.482

Age$ δ18O δ13C Age$ δ18O δ13C
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839 54.58 -2.229 0.728 885 57.22 -2.179 0.428
840 54.64 -2.131 0.374 886 57.28 -2.042 0.658
841 54.69 -2.185 0.415 887 57.34 -2.080 0.161
842 54.75 -2.541 0.760 888 57.39 -2.143 0.553
843 54.81 -2.402 0.637 889 57.45 -2.160 0.490
844 54.87 -2.389 0.618 890 57.51 -1.991 0.516
845 54.92 -2.182 0.541 891 57.57 -2.244 0.646
846 54.98 -2.437 0.650 892 57.62 -2.456 0.394
847 55.04 -2.400 0.637 893 57.68 -2.409 0.482
848 55.10 -2.550 0.470 894 57.74 -2.221 0.337
849 55.15 -2.472 0.569 895 57.80 -2.215 0.604
850 55.21 -2.201 0.606 896 57.85 -2.028 0.481
851 55.27 -2.402 0.624 897 57.91 -2.195 0.520
852 55.33 -2.298 0.443 898 57.97 -2.381 0.527
853 55.38 -2.242 0.497 899 58.03 -2.306 0.532
854 55.44 -2.455 0.577 900 58.08 -2.227 0.500
855 55.50 -2.551 0.743 901 58.14 -2.468 0.476
856 55.56 -2.273 0.566 902 58.20 -2.209 0.388
857 55.61 -2.337 0.802 903 58.26 -2.277 0.361
858 55.67 -2.295 0.472 904 58.31 -2.205 0.571
859 55.73 -2.082 0.662 905 58.37 -2.315 0.516
860 55.79 -1.941 0.679 906 58.43 -2.402 0.350
861 55.84 -2.432 0.456 907 58.49 -2.165 0.310
862 55.90 -2.251 0.928 908 58.54 -2.099 0.594
863 55.96 -2.167 0.650 909 58.60 -2.223 0.335
864 56.02 -2.392 0.720 910 58.66 -2.253 0.473
865 56.07 -2.159 0.445 911 58.72 -2.367 0.495
866 56.13 -2.141 0.560 912 58.77 -2.313 0.556
867 56.19 -2.202 0.482 913 58.83 -2.054 0.561
868 56.25 -1.973 0.742 914 58.89 -2.249 0.564
869 56.30 -1.959 0.752 915 58.95 -2.201 0.432
870 56.36 -1.980 0.693 916 59.00 -2.028 0.490
871 56.42 -2.257 0.512 917 59.06 -2.129 0.365
872 56.48 -1.982 0.606 918 59.12 -2.104 0.489
873 56.53 -2.179 0.258 919 59.18 -1.816 0.425
874 56.59 -2.179 0.589 920 59.23 -1.922 0.392
875 56.65 -2.112 0.649 921 59.29 -2.291 0.555
876 56.71 -2.031 0.645 922 59.35 -2.113 0.510
877 56.76 -2.044 0.545 923 59.41 -2.011 0.427
878 56.82 -1.913 0.476 924 59.46 -2.268 0.451
879 56.88 -2.008 0.664 925 59.52 -2.347 0.389
880 56.94 -2.032 0.585 926 59.58 -2.439 0.453
881 56.99 -1.868 0.699 927 59.64 -2.184 0.425
882 57.05 -1.955 0.404 928 59.69 -2.061 0.510
883 57.11 -2.055 0.451 929 59.75 -2.225 0.513
884 57.16 -2.151 0.510 930 59.81 -2.053 0.391

Age$ δ18O δ13C Age$ δ18O δ13C
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931 59.87 -2.037 0.656 983 67.00 -1.777 0.640
932 59.92 -2.180 0.540 984 67.20 -1.784 0.609
936 60.15 -1.940 0.435 985 67.40 -1.600 0.656
940 60.38 -1.818 0.271 986 67.60 -1.760 0.441
941 60.44 -1.909 0.387 987 67.80 -1.816 0.472
942 60.58 -1.882 0.336 988 68.00 -1.782 0.664
943 60.73 -1.986 0.618 989 68.20 -1.788 0.649
944 60.87 -1.885 0.468 990 68.40 -1.987 0.621
945 61.01 -1.536 0.360 991 68.60 -1.805 0.627
946 61.15 -1.627 0.457 992 68.80 -1.789 0.671
947 61.30 -1.540 0.345 993 69.00 -1.708 0.479
948 61.44 -1.495 0.334 994 69.20 -1.612 0.760
949 61.58 -1.644 0.447 995 69.40 -1.762 0.632
950 61.72 -1.686 0.388 996 69.60 -1.571 0.676
951 61.87 -1.495 0.382 997 69.80 -1.599 0.760
952 62.01 -1.593 0.451 998 70.00 -1.831 0.459
953 62.15 -1.429 0.305 999 70.20 -1.830 0.545
954 62.29 -1.558 0.513 1000 70.40 -1.769 0.685
955 62.44 -1.790 0.087 1001 70.60 -1.757 0.639
956 62.58 -1.758 0.409 1002 70.80 -1.560 0.650
957 62.72 -1.926 0.442 1003 71.00 -1.654 0.631
958 62.86 -1.651 0.363 1004 71.20 -1.469 0.851
959 63.01 -1.850 0.526 1005 71.40 -1.701 0.375
960 63.15 -1.772 0.374 1006 71.60 -2.053 0.643
961 63.29 -1.825 0.558 1007 71.80 -1.776 0.797
962 63.43 -1.659 0.369 1008 72.00 -1.977 0.493
963 63.58 -1.672 0.691 1009 72.20 -1.864 0.691
964 63.72 -1.683 0.355 1010 72.40 -1.851 0.452
965 63.86 -1.754 0.436 1011 72.60 -1.830 0.609
966 64.00 -1.621 0.739 1012 72.80 -1.669 0.801
967 64.15 -1.834 0.545 1013 73.00 -1.942 0.642
968 64.29 -1.535 0.613 1014 73.20 -1.741 0.583
969 64.43 -1.588 0.438 1015 73.40 -1.710 0.446
970 64.57 -1.692 0.516 1016 73.60 -1.815 0.460
971 64.72 -1.604 0.405 1017 73.80 -1.888 0.687
972 64.86 -1.864 0.558 1018 74.00 -1.914 0.741
973 65.00 -1.675 0.518 1019 74.20 -2.194 0.576
974 65.20 -1.738 0.563 1020 74.40 -1.930 0.512
975 65.40 -1.712 0.519 1021 74.60 -1.807 0.648
976 65.60 -1.698 0.314 1022 74.80 -2.147 0.865
977 65.80 -1.520 0.646 1023 75.00 -1.999 1.016
978 66.00 -1.810 0.654 1024 75.20 -2.142 0.651
979 66.20 -1.659 0.388 1025 75.40 -2.273 0.906
980 66.40 -1.818 0.563 1026 75.60 -2.153 0.956
981 66.60 -1.863 0.533 1027 75.80 -2.206 0.790
982 66.80 -1.904 0.641 1028 76.00 -2.192 0.832

Age$ δ18O δ13C Age$ δ18O δ13C
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1029 76.20 -1.899 0.661 1075 81.85 -2.019 0.777
1030 76.40 -1.920 0.699 1076 81.95 -1.970 0.630
1031 76.60 -2.220 0.937 1077 82.05 -2.118 0.995
1032 76.80 -2.022 1.156 1078 82.16 -1.838 0.787
1033 77.00 -2.111 1.067 1079 82.26 -2.249 0.885
1034 77.20 -2.052 0.869 1080 82.37 -2.149 0.904
1035 77.40 -2.715 0.841 1081 82.47 -2.318 0.495
1036 77.60 -2.545 0.662 1082 82.57 -1.952 0.795
1037 77.80 -2.338 1.180 1083 82.68 -2.009 0.883
1038 78.00 -2.443 0.775 1084 82.78 -2.113 0.733
1039 78.10 -1.989 0.785 1085 82.89 -2.250 0.781
1040 78.21 -1.990 0.672 1086 82.99 -1.939 0.903
1041 78.31 -1.975 0.814 1087 83.09 -2.116 0.647
1042 78.42 -2.329 0.715 1088 83.20 -1.819 0.670
1043 78.52 -2.165 0.828 1089 83.30 -1.948 0.768
1044 78.62 -2.338 0.850 1090 83.41 -1.792 0.579
1045 78.73 -2.400 0.987 1091 83.51 -1.862 0.802
1046 78.83 -2.087 0.677 1092 83.61 -2.084 0.710
1047 78.94 -2.524 0.798 1093 83.72 -2.193 0.857
1048 79.04 -2.374 0.907 1094 83.82 -2.128 0.724
1049 79.14 -2.254 0.698 1095 83.93 -2.031 0.768
1050 79.25 -2.231 0.813 1096 84.03 -1.954 0.922
1051 79.35 -2.234 0.681 1097 84.13 -2.019 0.798
1052 79.46 -2.268 0.920 1098 84.24 -2.219 0.838
1053 79.56 -2.279 0.762 1099 84.34 -2.132 0.696
1054 79.66 -2.203 1.073 1100 84.45 -2.073 0.705
1055 79.77 -2.107 0.805 1101 84.55 -2.037 0.761
1056 79.87 -2.240 0.953 1102 84.65 -2.043 0.805
1057 79.98 -2.150 0.732 1103 84.76 -2.058 0.829
1058 80.08 -2.171 1.036 1104 84.86 -1.893 0.538
1059 80.18 -2.112 1.036 1105 84.97 -2.078 0.696
1060 80.29 -2.293 0.776 1106 85.07 -1.937 0.641
1061 80.39 -2.010 0.855 1107 85.17 -1.968 0.730
1062 80.50 -2.415 0.869 1108 85.28 -1.927 0.741
1063 80.60 -2.169 0.840 1109 85.38 -2.233 0.836
1064 80.70 -2.377 0.809 1110 85.49 -2.041 0.856
1065 80.81 -2.302 1.011 1111 85.59 -1.882 1.143
1066 80.91 -2.235 0.957 1112 85.69 -2.000 0.738
1067 81.01 -2.326 0.790 1113 85.80 -2.064 0.810
1068 81.12 -2.425 0.855 1114 85.90 -1.953 0.941
1069 81.22 -2.217 0.813 1115 86.00 -1.937 0.428
1070 81.33 -2.123 0.825 1116 86.11 -2.027 0.757
1071 81.43 -2.041 0.644 1117 86.21 -1.959 0.837
1072 81.53 -2.102 0.767 1118 86.32 -1.808 0.885
1073 81.64 -2.118 0.893 1119 86.42 -2.155 0.929
1074 81.74 -2.198 0.608 1120 86.52 -1.878 0.553
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1121 86.63 -2.128 0.737 1167 91.41 -1.914 0.767
1122 86.73 -1.782 0.758 1168 91.51 -2.046 0.714
1123 86.84 -1.996 0.834 1169 91.62 -1.925 0.737
1124 86.94 -1.943 0.717 1170 91.72 -2.150 0.687
1125 87.04 -1.913 0.870 1171 91.83 -2.140 0.921
1126 87.15 -2.015 0.663 1172 91.93 -2.125 0.862
1127 87.25 -1.952 0.895 1173 92.03 -1.734 0.909
1128 87.36 -1.913 0.842 1174 92.14 -1.827 0.878
1129 87.46 -1.970 0.726 1175 92.24 -1.945 0.865
1130 87.56 -2.127 0.858 1176 92.35 -1.918 0.896
1131 87.67 -2.094 0.843 1177 92.45 -2.178 0.814
1132 87.77 -2.064 0.773 1178 92.55 -2.001 0.685
1133 87.88 -2.168 0.927 1179 92.66 -1.876 0.618
1134 87.98 -1.891 0.799 1180 92.76 -2.314 0.809
1135 88.08 -2.134 0.872 1181 92.87 -2.060 0.758
1136 88.19 -1.950 0.814 1182 92.97 -2.131 0.857
1137 88.29 -2.025 0.873 1183 93.07 -2.404 0.903
1138 88.40 -1.980 0.942 1184 93.18 -2.441 0.706
1139 88.50 -2.321 1.000 1185 93.28 -2.134 0.782
1140 88.60 -2.055 0.795 1186 93.39 -2.031 0.716
1141 88.71 -2.130 0.787 1187 93.49 -2.065 0.570
1142 88.81 -2.149 0.899 1188 93.59 -2.512 0.772
1143 88.92 -1.867 0.782 1189 93.70 -2.239 0.679
1144 89.02 -1.834 0.906 1190 93.80 -2.648 0.916
1145 89.12 -1.953 0.742 1191 93.91 -2.443 0.514
1146 89.23 -2.065 0.798 1192 94.01 -2.317 0.853
1147 89.33 -2.112 0.667 1193 94.11 -2.270 0.803
1148 89.44 -2.256 0.634 1194 94.22 -2.262 0.822
1149 89.54 -2.098 0.662 1195 94.32 -2.178 0.811
1150 89.64 -2.119 0.726 1196 94.43 -1.991 0.644
1151 89.75 -1.895 0.711 1197 94.53 -2.027 0.800
1152 89.85 -2.022 0.761 1198 94.63 -1.908 0.809
1153 89.96 -1.872 0.745 1199 94.74 -2.032 0.774
1154 90.06 -1.975 0.819 1200 94.84 -1.619 0.750
1155 90.16 -2.081 0.693 1201 94.95 -1.680 0.549
1156 90.27 -2.360 0.785 1202 95.05 -1.672 0.676
1157 90.37 -1.811 0.596 1203 95.15 -1.637 0.739
1158 90.48 -2.172 0.823 1204 95.26 -1.415 1.016
1159 90.58 -2.442 0.705 1205 95.36 -1.980 0.849
1160 90.68 -2.336 0.735 1206 95.47 -1.346 0.959
1161 90.79 -2.256 0.591 1207 95.57 -1.195 1.204
1162 90.89 -1.969 0.918 1208 95.67 -1.702 0.581
1163 91.00 -2.219 0.889 1209 95.78 -1.917 0.773
1164 91.10 -2.321 0.784 1210 95.88 -2.189 0.987
1165 91.20 -2.038 0.259 1211 95.99 -2.130 0.907
1166 91.31 -2.134 0.950 1212 96.09 -2.178 1.036
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1213 96.19 -2.313 1.291 1287 100.57 -2.369 0.743
1214 96.30 -2.245 1.065 1288 100.65 -2.092 0.799
1215 96.40 -1.854 1.092 1289 100.74 -2.552 0.583
1216 96.50 -2.099 0.824 1290 100.82 -2.278 0.761
1217 96.61 -2.188 0.900 1291 100.90 -2.228 0.862
1218 96.71 -2.318 1.063 1292 100.98 -2.318 0.670
1219 96.82 -1.918 1.070 1293 101.07 -2.043 0.669
1220 96.92 -2.270 1.071 1294 101.15 -2.166 0.812
1221 97.02 -2.380 1.080 1295 101.23 -2.136 0.708
1222 97.13 -2.259 0.865 1296 101.31 -2.257 0.908
1223 97.23 -2.004 1.030 1297 101.40 -2.419 0.718
1224 97.34 -2.104 1.013 1298 101.48 -2.375 1.033
1225 97.44 -2.188 0.896 1299 101.56 -2.063 0.953
1254 97.54 -2.245 1.048 1300 101.64 -1.910 0.949
1255 97.65 -1.785 1.016 1301 101.73 -2.012 0.878
1256 97.75 -1.893 0.676 1302 101.81 -2.176 1.094
1257 97.86 -1.895 0.755 1303 101.89 -2.494 1.122
1258 97.96 -2.041 0.832 1304 101.97 -1.801 1.014
1259 98.06 -1.884 0.767 1305 102.06 -2.128 0.951
1260 98.17 -2.178 0.946 1306 102.14 -2.035 0.838
1261 98.27 -2.240 0.763 1307 102.22 -2.225 0.952
1262 98.38 -2.006 1.021 1308 102.30 -2.113 0.840
1263 98.48 -2.059 0.757 1309 102.39 -2.248 0.970
1264 98.58 -2.242 0.988 1310 102.47 -2.326 0.953
1265 98.69 -2.198 0.866 1311 102.55 -2.074 0.954
1266 98.79 -2.310 0.989 1312 102.64 -1.970 1.069
1267 98.90 -2.456 1.045 1313 102.72 -2.179 1.157
1268 99.00 -2.341 0.992 1314 102.80 -2.191 1.079
1269 99.08 -2.448 1.078 1315 102.88 -2.032 0.968
1270 99.17 -2.433 0.830 1316 102.97 -1.843 0.854
1271 99.25 -2.435 1.110 1317 103.05 -1.895 0.803
1272 99.33 -2.661 0.923 1318 103.13 -1.598 0.954
1273 99.41 -2.646 1.070 1319 103.21 -1.979 0.984
1274 99.50 -2.254 0.782 1320 103.30 -1.853 0.850
1275 99.58 -2.297 0.878 1321 103.38 -1.960 1.085
1276 99.66 -2.331 0.983 1322 103.46 -1.924 0.972
1277 99.74 -2.280 0.868 1323 103.54 -2.157 0.895
1278 99.83 -2.576 0.871 1324 103.63 -2.156 1.031
1279 99.91 -2.343 1.010 1325 103.71 -2.326 1.347
1280 99.99 -2.326 0.829 1326 103.79 -1.878 0.916
1281 100.07 -2.488 0.700 1327 103.87 -2.101 0.721
1282 100.16 -2.370 0.761 1328 103.96 -2.186 1.005
1283 100.24 -2.495 0.958 1329 104.04 -1.986 0.966
1284 100.32 -2.352 0.623 1330 104.12 -2.173 0.975
1285 100.40 -2.357 0.510 1331 104.21 -1.929 0.937
1286 100.49 -2.241 0.998 1332 104.29 -2.056 1.059

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (G.rub)�‡ (G.rub)�‡ (kyr) (G.rub)�‡ (G.rub)�‡

(‰) (‰) (‰) (‰)
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Depth Depth
(cm) (cm)

1333 104.37 -2.063 0.822 1379 108.17 -2.243 0.608
1334 104.45 -1.986 0.997 1380 108.25 -2.349 1.023
1335 104.54 -2.038 0.752 1393 108.34 -2.115 0.744
1336 104.62 -2.068 0.975 1394 108.42 -2.143 0.735
1337 104.70 -1.940 1.077 1395 108.50 -2.392 0.933
1338 104.78 -2.229 1.078 1396 108.58 -2.353 0.746
1339 104.87 -2.331 0.905 1397 108.67 -2.188 0.847
1340 104.95 -2.152 0.834 1398 108.75 -1.928 0.863
1341 105.03 -2.248 0.998 1399 108.83 -2.352 0.995
1342 105.11 -2.299 1.015 1400 108.91 -2.392 0.710
1343 105.20 -2.396 0.845 1401 109.00 -2.448 0.816
1344 105.28 -2.045 0.725 1402 109.08 -2.160 0.992
1345 105.36 -2.402 1.084 1403 109.16 -2.124 0.849
1346 105.44 -2.429 0.931 1404 109.25 -2.340 0.672
1347 105.53 -2.503 0.955 1405 109.33 -2.258 0.985
1348 105.61 -2.525 1.107 1406 109.41 -2.280 0.823
1349 105.69 -2.108 0.885 1407 109.49 -2.336 0.805
1350 105.77 -2.263 0.807 1408 109.58 -2.165 0.886
1351 105.86 -1.936 1.013 1409 109.66 -2.266 1.083
1352 105.94 -2.376 0.946 1410 109.74 -2.340 0.805
1353 106.02 -2.290 0.865 1411 109.82 -2.329 0.725
1354 106.11 -2.184 1.011 1412 109.91 -2.195 0.839
1355 106.19 -2.071 0.776 1413 109.99 -2.298 0.793
1356 106.27 -2.022 0.644 1414 110.07 -2.264 0.960
1357 106.35 -2.055 0.622 1415 110.15 -2.075 0.866
1358 106.44 -1.974 0.783 1416 110.24 -2.335 0.886
1359 106.52 -2.242 0.856 1417 110.32 -2.122 1.143
1360 106.60 -2.227 0.845 1418 110.40 -2.329 0.992
1361 106.68 -2.014 0.767 1419 110.48 -2.161 1.040
1362 106.77 -2.088 0.648 1420 110.57 -1.964 0.919
1363 106.85 -1.931 0.858 1421 110.65 -2.060 0.885
1364 106.93 -2.205 0.733 1422 110.73 -2.149 0.951
1365 107.01 -1.980 1.026 1423 110.81 -2.212 0.997
1366 107.10 -2.164 0.697 1424 110.90 -2.190 1.208
1367 107.18 -2.200 0.777 1425 110.98 -2.240 0.787
1368 107.26 -2.173 0.860 1426 111.06 -2.322 0.849
1369 107.34 -2.254 0.865 1427 111.15 -2.229 0.823
1370 107.43 -2.325 0.783 1428 111.23 -2.117 0.818
1371 107.51 -1.963 0.732 1429 111.31 -1.945 0.820
1372 107.59 -2.095 0.878 1430 111.39 -2.287 0.632
1373 107.68 -2.177 0.792 1431 111.48 -1.972 0.821
1374 107.76 -2.253 0.950 1432 111.56 -2.387 0.638
1375 107.84 -2.215 0.900 1433 111.64 -2.315 0.739
1376 107.92 -2.345 0.863 1434 111.72 -2.184 0.661
1377 108.01 -2.122 0.763 1435 111.81 -1.950 0.670
1378 108.09 -2.254 0.999 1436 111.89 -2.108 0.925

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (G.rub)�‡ (G.rub)�‡ (kyr) (G.rub)�‡ (G.rub)�‡

(‰) (‰) (‰) (‰)
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Depth Depth
(cm) (cm)

1437 111.97 -2.244 0.859 1483 115.77 -2.474 1.031
1438 112.05 -2.191 0.611 1484 115.85 -2.377 0.845
1439 112.14 -2.222 0.572 1485 115.94 -2.647 1.129
1440 112.22 -2.159 0.684 1486 116.02 -2.383 0.712
1441 112.30 -2.543 0.724 1487 116.10 -2.323 0.705
1442 112.38 -2.226 0.708 1488 116.19 -2.382 0.750
1443 112.47 -2.300 0.904 1489 116.27 -2.054 0.669
1444 112.55 -2.583 0.742 1490 116.35 -2.185 0.889
1445 112.63 -2.286 0.814 1491 116.43 -2.242 0.676
1446 112.72 -2.295 0.854 1492 116.52 -1.844 0.801
1447 112.80 -2.253 0.849 1493 116.60 -1.996 0.596
1448 112.88 -2.367 0.838 1494 116.68 -2.073 0.788
1449 112.96 -2.030 0.650 1495 116.76 -2.755 0.667
1450 113.05 -1.776 0.763 1498 117.01 -1.880 0.659
1451 113.13 -2.200 1.034 1499 117.09 -2.027 0.793
1452 113.21 -2.379 0.728 1500 117.18 -2.246 0.655
1453 113.29 -2.198 0.731 1501 117.26 -2.370 0.771
1454 113.38 -2.108 0.897 1502 117.34 -2.414 0.700
1455 113.46 -2.061 0.795 1503 117.42 -2.032 0.780
1456 113.54 -2.160 0.845 1504 117.51 -2.260 0.519
1457 113.62 -2.227 0.952 1505 117.59 -2.476 1.030
1458 113.71 -2.128 0.874 1506 117.67 -2.531 0.820
1459 113.79 -2.205 0.819 1507 117.75 -2.383 0.652
1460 113.87 -1.914 0.818 1508 117.84 -2.357 0.795
1461 113.95 -2.051 0.825 1510 118.00 -2.170 0.554
1462 114.04 -1.775 0.775 1511 118.09 -2.370 0.635
1463 114.12 -2.083 0.564 1516 118.50 -2.818 0.699
1464 114.20 -1.906 0.852 1519 118.75 -2.575 0.836
1465 114.28 -2.237 1.018 1520 118.83 -2.283 0.935
1466 114.37 -2.052 0.845 1521 118.91 -1.886 0.661
1467 114.45 -2.010 0.765 1522 118.99 -2.526 0.682
1468 114.53 -2.338 0.902 1523 119.08 -2.380 0.903
1469 114.62 -2.225 0.752 1524 119.16 -2.327 0.738
1470 114.70 -2.142 0.800 1525 119.24 -2.666 0.831
1471 114.78 -2.146 0.884 1526 119.32 -2.040 0.720
1472 114.86 -2.054 0.820 1527 119.41 -1.966 0.612
1473 114.95 -2.041 0.960 1528 119.49 -2.163 0.972
1474 115.03 -2.133 0.684 1529 --
1475 115.11 -1.894 0.750 1530 119.66 -2.215 0.870
1476 115.19 -1.972 0.778 1531 119.74 -2.042 0.710
1477 115.28 -1.938 0.663 1532 119.82 -2.157 0.818
1478 115.36 -2.435 0.726 1533 119.90 -2.560 0.724
1479 115.44 -2.045 0.684 1534 119.99 -2.273 0.675
1480 115.52 -2.310 0.756 1535 --
1481 115.61 -2.077 0.559 1536 -- -1.579 0.861
1482 115.69 -1.897 1.014 1537 120.23 -2.181 0.539

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (G.rub)�‡ (G.rub)�‡ (kyr) (G.rub)�‡ (G.rub)�‡

(‰) (‰) (‰) (‰)

not enough G. ruber

not enough G. ruber
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Depth Depth
(cm) (cm)

1538 120.32 -1.965 0.473 1584 124.12 -2.765 0.785
1539 120.40 -2.127 0.684 1585 124.20 -3.019 0.877
1540 120.48 -2.475 0.635 1586 124.28 -2.865 0.707
1541 120.56 -2.169 0.696 1587 124.36 -2.646 0.579
1542 120.65 -2.439 0.840 1588 124.45 -2.650 0.691
1543 120.73 -2.553 0.730 1589 124.53 -2.416 0.676
1544 120.81 -2.459 0.969 1590 124.61 -2.734 0.693
1545 120.89 -2.469 0.628 1591 124.70 -2.734 0.690
1546 120.98 -2.311 0.790 1592 124.78 -2.695 0.828
1547 121.06 -2.304 0.698 1593 124.86 -2.916 0.783
1548 121.14 -2.294 0.991 1594 124.94 -2.678 0.773
1549 121.23 -2.168 1.094 1595 125.03 -2.789 0.548
1550 121.31 -2.605 0.842 1596 125.11 -2.776 0.689
1551 121.39 -2.234 0.761 1597 125.19 -2.773 0.561
1552 121.47 -2.361 1.020 1598 125.27 -2.785 0.620
1553 121.56 -2.667 0.891 1599 125.36 -2.807 0.487
1554 121.64 -2.741 0.728 1600 125.44 -2.630 0.545
1555 121.72 -2.794 0.869 1601 125.52 -2.782 0.662
1556 121.80 -2.721 0.802 1602 125.60 -2.386 0.422
1557 121.89 -2.660 0.991 1603 125.69 -2.647 0.586
1558 121.97 -2.654 0.999 1604 125.77 -2.663 0.724
1559 122.05 -2.819 0.888 1605 125.85 -2.587 0.725
1560 122.13 -2.622 0.837 1606 125.93 -2.607 0.608
1561 122.22 -2.641 0.865 1607 126.02 -2.480 0.140
1562 122.30 -2.596 1.022 1608 126.10 -2.467 0.426
1563 122.38 -2.637 0.698 1609 126.18 -2.436 0.479
1564 122.46 -2.743 0.983 1610 126.26 -2.586 0.432
1565 122.55 -2.740 0.925 1611 126.35 -2.480 0.513
1566 122.63 -2.698 0.937 1612 126.43 -2.319 0.495
1567 122.71 -2.727 0.765 1613 126.51 -2.123 0.423
1568 122.79 -2.735 0.888 1614 126.60 -2.252 0.252
1569 122.88 -2.754 0.876 1615 126.68 -2.129 0.478
1570 122.96 -2.696 0.597 1616 126.76 -2.276 0.335
1571 123.04 -2.704 0.985 1617 126.84 -2.182 0.400
1572 123.13 -2.679 0.919 1618 126.93 -2.203 0.461
1573 123.21 -2.752 1.004 1619 127.01 -2.204 0.298
1574 123.29 -2.700 0.883 1620 127.09 -2.227 0.334
1575 123.37 -2.546 0.984 1621 127.17 -2.204 0.248
1576 123.46 -2.789 0.944 1622 127.26 -2.129 0.294
1577 123.54 -2.625 1.037 1623 127.34 -2.127 0.245
1578 123.62 -2.665 0.556 1624 127.42 -2.298 0.094
1579 123.70 -2.716 0.621 1625 127.50 -2.338 0.554
1580 123.79 -2.633 0.582 1626 127.59 -2.474 0.115
1581 123.87 -2.517 0.780 1627 127.67 -2.341 0.224
1582 123.95 -2.729 0.772 1628 127.75 -2.373 0.368
1583 124.03 -2.752 0.752 1629 127.83 -2.269 0.265

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (G.rub)�‡ (G.rub)�‡ (kyr) (G.rub)�‡ (G.rub)�‡

(‰) (‰) (‰) (‰)
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Depth Depth
(cm) (cm)

1630 127.92 -2.425 0.407 1677 133.04 -1.579 0.296
1631 128.00 -2.370 0.354 1678 133.15 -1.417 0.150
1632 128.11 -2.292 0.278 1679 133.26 -1.537 0.496
1633 128.22 -2.315 0.290 1680 133.37 -1.538 0.385
1634 128.33 -2.415 0.280 1681 133.48 -1.401 0.243
1635 128.44 -2.663 0.513 1682 133.59 -1.532 0.447
1636 128.55 -2.459 0.536 1683 133.70 -1.519 0.390
1637 128.66 -2.338 0.319 1684 133.81 -1.367 0.264
1638 128.77 -2.167 0.304 1685 133.92 -1.637 0.478
1639 128.88 -2.101 0.352 1686 134.03 -1.622 0.403
1640 128.99 -1.812 0.222 1687 134.14 -1.627 0.511
1642 129.21 -1.646 0.080 1688 134.25 -1.562 0.309
1643 129.32 -1.541 0.330 1689 134.36 -1.420 0.366
1644 129.42 -1.546 0.300 1690 134.47 -1.321 0.332
1645 129.53 -1.637 0.199 1691 134.58 -1.471 0.077
1646 129.64 -1.996 0.547 1692 134.68 -1.457 0.280
1647 129.75 -1.572 0.282 1693 134.79 -1.491 0.299
1648 129.86 -1.661 0.334 1694 134.90 -1.628 0.504
1649 129.97 -1.709 0.357 1695 135.01 -1.507 0.166
1650 130.08 -1.747 0.300 1696 135.12 -1.670 0.350
1651 130.19 -1.705 0.191 1697 135.23 -1.376 0.149
1652 130.30 -1.700 0.327 1698 135.34 -1.460 0.384
1653 130.41 -1.483 0.421 1699 135.45 -1.462 0.365
1654 130.52 -1.551 0.359 1700 135.56 -1.627 0.543
1655 130.63 -1.569 0.160 1701 135.67 -1.470 0.129
1656 130.74 -1.587 0.190 1702 135.78 -1.379 0.581
1657 130.85 -1.662 0.186 1703 135.89 -1.764 0.301
1658 130.96 -1.586 0.171 1704 136.00 -1.577 0.380
1659 131.07 -1.297 0.093 1705 136.11 -1.466 0.464
1660 131.18 -1.532 0.236 1706 136.22 -1.654 0.484
1661 131.29 -1.308 0.413 1707 136.33 -1.311 0.269
1662 131.40 -1.629 0.016 1708 136.44 -1.321 0.251
1663 131.51 -1.412 0.236 1709 136.55 -1.677 0.357
1664 131.62 -1.623 0.234 1710 136.66 -1.512 0.406
1665 131.73 -1.745 0.373 1711 136.77 -1.653 0.527
1666 131.84 -1.629 0.453 1712 136.88 -1.688 0.428
1667 131.95 -1.573 0.251 1713 136.99 -1.547 0.526
1668 132.05 -1.584 0.327 1714 137.10 -1.732 0.478
1669 132.16 -1.590 0.588 1715 137.21 -1.557 0.514
1670 132.27 -1.505 0.167 1716 137.32 -1.745 0.378
1671 132.38 -1.678 0.411 1717 137.42 -1.954 0.490
1672 132.49 -1.528 0.433 1718 137.53 -1.930 0.447
1673 132.60 -1.650 0.125 1719 137.64 -1.731 0.526
1674 132.71 -1.403 0.277 1720 137.75 -1.647 0.412
1675 132.82 -1.464 0.295 1721 137.86 -1.721 0.446
1676 132.93 -1.654 0.292 1722 137.97 -1.537 0.354

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (G.rub)�‡ (G.rub)�‡ (kyr) (G.rub)�‡ (G.rub)�‡

(‰) (‰) (‰) (‰)
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Depth Depth
(cm) (cm)

1723 138.08 -1.739 361.000 1768 143.01 -1.861 0.605
1724 138.19 -1.722 0.267 1769 143.12 -1.697 0.456
1725 138.30 -1.686 0.362 1770 143.23 -1.614 0.369
1726 138.41 -1.634 0.331 1771 143.34 -1.381 0.365
1727 138.52 -1.792 0.403 1772 143.45 -1.575 0.400
1728 138.63 -1.520 0.463 1773 143.56 -1.641 0.455
1729 138.74 -1.767 0.466 1774 143.67 -1.683 0.371
1730 138.85 -1.630 0.411 1775 143.78 -1.492 0.440
1731 138.96 -1.440 0.273 1776 143.89 -1.608 0.536
1732 139.07 -1.459 0.345 1777 144.00 -1.761 0.559
1733 139.18 -1.312 0.277 1778 144.11 -1.753 0.486
1734 139.29 -1.584 0.397 1779 144.21 -1.841 0.705
1735 139.40 -1.661 0.439 1780 144.32 -1.660 0.338
1736 139.51 -1.490 0.360 1781 144.42 -1.427 0.555
1737 139.62 -1.670 0.206 1782 144.53 -1.681 0.579
1738 139.73 -1.525 0.238 1783 144.64 -1.757 0.368
1739 139.84 -1.445 0.222 1784 144.74 -1.245 0.482
1740 139.95 -1.273 0.286 1785 144.85 -1.680 0.407
1741 140.05 -1.251 0.115 1786 144.95 -1.824 0.802
1742 140.16 -1.426 0.438 1787 145.06 -1.650 0.438
1743 140.27 -1.397 0.353 1788 145.17 -1.809 0.529
1744 140.38 -1.156 0.454 1789 145.27 -1.741 0.427
1745 140.49 -1.461 0.387 1790 145.38 -1.962 0.493
1746 140.60 -1.534 0.674 1791 145.48 -2.062 0.560
1747 140.71 -1.706 0.459 1792 145.59 -1.510 0.292
1748 140.82 -1.558 0.486 1793 145.70 -1.599 0.379
1749 140.93 -1.619 0.483 1794 145.80 -1.413 0.409
1750 141.04 -1.714 0.440 1795 145.91 -1.585 0.778
1751 141.15 -1.672 0.456 1796 146.01 -1.637 0.386
1752 141.26 -1.520 0.425 1797 146.12 -1.685 0.429
1753 141.37 -1.235 0.549 1798 146.23 -1.892 0.390
1754 141.48 -1.517 0.363 1799 146.33 -1.743 0.413
1755 141.59 -1.387 0.378 1800 146.44 -1.784 0.147
1756 141.70 -1.514 0.609 Note:
1757 141.81 -1.165 0.631
1758 141.92 -1.311 0.531
1759 142.03 -1.090 0.437
1760 142.14 -1.293 0.457
1761 142.25 -1.285 0.438 samples 662-672,1226-1253,
1762 142.36 -1.095 0.280 1381-1392 are voids
1763 142.47 -1.276 0.489 in original core
1764 142.58 -1.267 0.445
1765 142.68 -1.469 0.279 samples:  370, 933-935,
1766 142.79 -1.328 0.317 937-939,1509,
1767 142.90 -1.611 0.394 and 1641 are lost in mail

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (G.rub)�‡ (G.rub)�‡ (kyr) (G.rub)�‡ (G.rub)�‡

(‰) (‰) (‰) (‰)

$ see Table 1 for age model
�‡G. rub = Globigerinoides ruber

(215-250 µm)
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IMAGES core MD97-2141: 
Mg/Ca and Sr/Ca data from 

Globigerinoides ruber 
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Sample average Mg/Ca Sr/Ca
(depth, cm) shell mass (‰)

(µg)

421 27.23 7.10 3.656 1.437 28.09 0.64
423 27.74 6.60 3.694 1.430 28.21 0.26
427 28.77 6.30 3.559 1.430 27.79 0.63
430 29.54 6.60 3.806 1.425 28.55 0.64
433 30.31 6.90 3.780 1.440 28.47 0.45
436 31.08 6.40 3.698 1.431 28.22 0.67
439 31.84 6.40 3.663 1.429 28.12 0.46
441 32.16 6.40 3.653 1.423 28.08 0.53
443 32.29 7.30 3.691 1.433 28.20 0.74
445 32.42 6.40 3.669 1.435 28.13 0.54
450 32.75 6.60 3.471 1.438 27.51 0.36
453 32.94 6.80 3.557 1.431 27.79 0.14
455 33.07 6.70 3.685 1.446 28.18 0.30
459 33.33 6.60 3.561 1.432 27.80 0.49
462 33.53 6.30 3.834 1.444 28.63 0.31
464 33.66 6.80 3.733 1.434 28.33 0.14
469 33.98 6.40 3.813 1.438 28.57 0.47
471 34.11 6.30 3.563 1.435 27.80 0.17
474 34.31 7.20 3.690 1.431 28.20 0.47
477 34.50 7.00 3.700 1.442 28.23 0.59
479 34.63 7.00 3.838 1.441 28.64 0.37
481 34.76 7.10 3.698 1.442 28.22 0.60
484 34.96 7.90 3.728 1.436 28.31 0.34
486 35.09 7.30 3.650 1.443 28.08 0.49
489 35.26 7.40 3.845 1.437 28.66 0.32
492 35.43 7.40 3.565 1.428 27.81 0.21
494 35.54 7.80 3.799 1.441 28.52 0.49
496 35.65 6.80 3.632 1.425 28.02 0.19
498 35.76 7.10 3.821 1.444 28.59 0.63
500 35.87 7.10 3.704 1.451 28.24 0.64
505 36.14 7.00 3.848 1.440 28.67 0.47
508 36.31 7.30 3.871 1.433 28.74 0.38
510 36.42 7.30 3.812 1.441 28.56 0.64
511 36.47 7.70 3.874 1.440 28.74 0.56
512 36.53 7.60 3.712 1.421 28.26 0.25
514 36.64 7.50 3.843 1.434 28.65 0.66
515 36.69 7.00 3.611 1.432 27.95 0.30
518 36.86 6.00 3.744 1.433 28.36 0.67
520 36.97 7.20 3.841 1.443 28.65 0.58
522 37.08 7.00 3.808 1.435 28.55 0.81
525 37.25 7.10 3.634 1.433 28.03 0.56
527 37.36 7.50 3.682 1.429 28.17 0.80
529 37.47 7.00 3.621 1.432 27.99 0.91
531 37.58 7.30 3.632 1.416 28.02 0.89
533 37.69 7.50 3.809 1.433 28.55 0.78
535 37.80 7.30 3.640 1.426 28.04 0.77
540 38.07 7.40 3.896 1.425 28.81 0.94

SST�† δ18O
seawater

 a

Age$ (kyr) (mmol/mol) (mmol/mol) (ºC)
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Sample average Mg/Ca Sr/Ca
(depth, cm) shell mass (‰)

(µg)

541 38.13 7.70 3.446 1.426 27.43 0.57
544 38.29 7.40 3.599 1.419 27.92 0.89
545 38.35 7.10 3.600 1.410 27.92 0.77
546 38.40 7.10 3.607 1.433 27.94 0.71
547 38.46 7.60 3.876 1.430 28.75 0.65
550 38.62 7.30 3.673 1.428 28.15 0.61
552 38.73 7.10 3.648 1.440 28.07 0.43
555 38.90 7.30 3.643 1.420 28.05 0.52
556 38.96 6.60 3.574 1.422 27.84 0.35
557 39.02 7.10 3.734 1.420 28.33 0.63
560 39.19 6.70 3.868 1.419 28.73 0.47
563 39.36 7.20 3.599 1.429 27.92 0.48
566 39.53 8.50 3.547 1.411 27.75 0.48
568 39.65 6.60 3.435 1.414 27.39 0.34
570 39.76 8.50 3.702 1.421 28.23 0.25
575 40.05 7.60 3.577 1.413 27.85 0.42
579 40.27 7.90 3.847 1.423 28.67 0.39
581 40.39 7.90 3.605 1.425 27.94 0.51
586 40.67 7.10 3.556 1.444 27.78 0.45
588 40.79 8.00 3.548 1.436 27.76 0.31
590 40.90 7.30 3.752 1.430 28.38 0.61
591 40.96 7.60 3.749 1.440 28.38 0.45
593 41.07 7.10 3.526 1.439 27.69 0.51
597 41.24 7.40 3.876 1.428 28.75 0.52
600 41.47 7.70 3.943 1.438 28.94 0.66
602 41.59 7.00 3.929 1.434 28.90 0.45
604 41.70 7.10 3.992 1.431 29.08 0.63
610 42.05 7.80 3.903 1.425 28.83 0.64
614 42.28 7.90 3.861 1.439 28.71 0.25
616 42.39 8.20 3.760 1.440 28.41 0.41
618 42.51 8.20 3.777 1.428 28.46 0.44
620 42.62 7.70 3.986 1.429 29.06 0.64
622 42.74 8.50 3.692 1.428 28.20 0.51
624 42.85 7.50 3.787 1.418 28.49 0.48
628 43.08 6.90 3.490 1.410 27.57 0.58
636 43.54 6.80 3.480 1.430 27.54 0.36
640 43.77 7.50 3.750 1.420 28.38 0.55
644 44.00 7.60 3.590 1.410 27.89 0.41
650 44.35 6.50 3.820 1.410 28.59 0.39
654 44.58 7.00 3.840 1.410 28.65 0.57
656 44.69 7.00 3.630 1.420 28.01 0.05
658 44.81 7.20 3.750 1.430 28.38 0.31
660 44.92 7.20 3.770 1.430 28.44 0.36
675 45.15 6.80 3.740 1.430 28.35 0.43
677 45.27 7.50 3.860 1.420 28.70 0.24
681 45.50 6.80 3.890 1.440 28.79 0.27
684 45.67 7.40 3.840 1.421 28.65 0.29

SST�† δ18O
seawater

 a

Age$ (kyr) (mmol/mol) (mmol/mol) (ºC)
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Sample average Mg/Ca Sr/Ca
(depth, cm) shell mass (‰)

(µg)

688 45.90 7.10 4.090 1.414 29.35 0.59
689 45.96 7.50 3.750 1.440 28.38 0.41
690 46.01 7.30 4.098 1.421 29.38 0.74
694 46.24 7.90 4.070 1.420 29.30 0.90
697 46.42 7.00 3.810 1.430 28.56 0.52
700 46.59 7.50 3.740 1.420 28.35 0.37
703 46.76 7.80 3.660 1.440 28.11 0.56
709 47.11 8.20 3.770 1.440 28.44 0.47
710 47.16 7.30 4.049 1.435 29.24 0.99
713 47.34 7.60 3.809 1.420 28.55 0.51
716 47.51 7.40 4.049 1.423 29.24 0.67
718 47.62 8.00 3.899 1.416 28.82 0.85
721 47.80 7.30 3.709 1.421 28.26 0.31
724 47.97 7.10 3.991 1.405 29.08 0.44
729 48.26 7.30 3.990 1.405 29.08 0.48
732 48.43 7.70 4.040 1.417 29.22 0.80
734 48.54 7.60 3.732 1.407 28.32 0.18
738 48.77 8.20 3.673 1.414 28.15 0.10
741 48.95 7.90 3.695 1.417 28.21 0.35
743 49.06 7.00 3.695 1.423 28.21 0.21
746 49.23 7.30 3.845 1.417 28.66 0.27
748 49.35 7.80 3.653 1.412 28.08 0.13
750 49.46 7.90 3.783 1.415 28.48 0.47
753 49.64 7.20 3.940 1.426 28.93 0.27
756 49.81 7.30 3.684 1.422 28.18 -0.04
758 49.92 7.70 3.610 1.404 27.95 0.15
761 50.10 8.00 3.586 1.403 27.88 0.22
764 50.27 8.10 3.704 1.420 28.24 0.04
768 50.50 8.10 3.562 1.401 27.80 0.29
771 50.67 7.50 3.634 1.399 28.03 -0.02
775 50.90 7.00 4.100 1.404 29.38 0.64
777 51.01 8.00 3.787 1.417 28.49 0.06
781 51.24 6.30 3.926 1.415 28.89 0.36
783 51.36 7.10 4.334 1.416 30.01 0.43
784 51.42 7.10 4.101 1.432 29.38 0.75
787 51.59 7.10 3.916 1.431 28.87 0.50
791 51.82 7.10 4.080 1.422 29.33 0.61
793 51.93 7.50 3.850 1.421 28.67 0.24
795 52.05 8.40 4.158 1.423 29.54 0.86
797 52.16 7.40 3.801 1.415 28.53 0.16
799 52.28 7.90 3.928 1.442 28.90 0.40
801 52.39 7.40 4.308 1.426 29.94 0.93
804 52.57 8.40 4.071 1.424 29.30 0.31
806 52.68 8.60 4.076 1.412 29.32 0.77
808 52.80 7.80 4.130 1.443 29.46 0.38
809 52.85 7.10 4.011 1.426 29.13 0.70
811 52.97 8.90 3.771 1.429 28.44 0.65

SST�† δ18O
seawater

 a

Age$ (kyr) (mmol/mol) (mmol/mol) (ºC)
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Sample average Mg/Ca Sr/Ca
(depth, cm) shell mass (‰)

(µg)

813 53.08 6.30 3.962 1.418 29.00 0.82
816 53.26 7.90 3.904 1.419 28.83 1.05
817 53.31 7.50 4.056 1.429 29.26 0.53
818 53.37 8.00 3.805 1.440 28.54 0.52
821 53.54 8.20 3.956 1.434 28.98 0.63
825 53.77 7.00 3.840 1.426 28.65 0.85
829 54.00 7.80 4.031 1.426 29.19 0.68
831 54.12 6.40 3.770 1.421 28.44 0.72
836 54.41 5.90 3.870 1.427 28.73 0.74
838 54.52 5.90 3.827 1.422 28.61 0.79
840 54.64 7.10 4.064 1.422 29.28 0.55
842 54.75 7.20 4.178 1.434 29.59 0.20
844 54.87 6.50 3.667 1.423 28.13 0.04
847 55.04 6.60 3.610 1.426 27.95 -0.01
848 55.10 7.50 3.908 1.446 28.84 0.03
850 55.21 8.00 4.170 1.431 29.57 0.54
853 55.38 7.30 3.886 1.416 28.78 0.33
855 55.50 6.30 3.394 1.405 27.26 -0.31
857 55.61 8.80 3.757 1.427 28.40 0.15
859 55.73 8.20 3.586 1.418 27.88 0.29
860 55.78 6.60 3.905 1.427 28.83 0.64
861 55.84 8.80 3.673 1.438 28.15 0.00
863 55.96 7.70 3.812 1.426 28.56 0.35
866 56.13 6.40 3.885 1.443 28.78 0.43
869 56.30 7.90 3.666 1.449 28.12 0.47
871 56.42 6.10 3.647 1.453 28.07 0.16
874 56.59 7.90 3.687 1.459 28.19 0.26
876 56.70 7.90 3.788 1.436 28.49 0.47
880 56.93 8.10 3.523 1.411 27.68 0.30
881 56.99 7.70 3.801 1.427 28.53 0.65
883 57.11 8.20 3.795 1.430 28.51 0.45
884 57.16 6.90 3.574 1.425 27.84 0.21
887 57.34 8.30 3.773 1.427 28.45 0.42
890 57.51 8.00 3.665 1.428 28.12 0.43
891 57.57 8.10 3.678 1.416 28.16 0.19
892 57.62 8.30 3.900 1.433 28.82 0.12
894 57.74 7.30 3.842 1.438 28.65 0.32
896 57.85 8.10 3.886 1.424 28.78 0.54
898 57.97 7.90 3.676 1.430 28.16 0.05
902 58.20 8.20 3.994 1.430 29.09 0.43
906 58.43 7.70 3.785 1.433 28.48 0.10
911 58.72 6.40 4.113 1.427 29.42 0.34
913 58.83 8.90 3.930 1.427 28.91 0.54
915 58.95 7.20 3.883 1.438 28.77 0.36
917 59.06 7.00 4.025 1.435 29.17 0.52
919 59.18 7.60 3.895 1.434 28.81 0.76
920 59.23 7.40 3.718 1.431 28.28 0.54

SST�† δ18O
seawater

 a

Age$ (kyr) (mmol/mol) (mmol/mol) (ºC)
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Sample average Mg/Ca Sr/Ca
(depth, cm) shell mass (‰)

(µg)

921 59.29 7.60 3.862 1.435 28.71 0.26
923 59.41 7.30 3.923 1.421 28.89 0.58
925 59.52 7.60 4.031 1.436 29.19 0.31
926 59.58 8.20 3.767 1.427 28.43 0.05
928 59.69 7.40 3.925 1.436 28.89 0.53
931 59.87 8.00 4.021 1.426 29.16 0.61
936 60.15 9.10 4.195 1.430 29.64 0.82
941 60.44 7.70 4.171 1.421 29.57 0.83
945 60.81 7.10 3.868 1.435 28.73 1.02
948 61.10 10.31 3.889 1.414 28.79 1.08

Note:

SST�† δ18O
seawater

 a

Age$ (kyr) (mmol/mol) (mmol/mol) (ºC)

$ see Table 1 for age model
�† SST = sea surface temperature based on equation by Lea et al., [2000]
a δ18O

seawater
 = based on Erez and Luz [1983]
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Sample Sample
(depth, cm) (depth, cm)

0 4.29 -2.234 1.993 470 34.05 -1.546 1.467
10 4.77 -2.204 1.743 480 34.70 1.497
20 5.16 -2.149 1.813 490 35.48 -1.573 1.498
30 5.48 -2.366 1.947 500 36.58 -1.577 1.504
40 5.80 -2.276 1.865 510 37.35 -1.519 1.335
50 6.13 -2.374 1.810 520 37.51 -1.415 1.525
60 6.48 -2.327 1.663 530 37.68 -1.212 1.367
70 7.09 -2.290 1.931 540 37.84 -1.311 1.431
80 7.68 -2.504 1.949 550 38.52 -1.567 1.419
90 8.26 -2.018 1.700 560 39.19 -1.439 1.534
100 8.84 -2.177 1.694 570 39.76 -1.435 1.421
110 9.42 -2.162 1.449 580 40.33 -1.577 1.557
120 10.00 -2.264 1.418 590 40.91 -1.603 1.470
130 10.35 -2.251 1.419 600 41.48 -1.573 1.330
140 10.70 -1.933 1.334 610 42.05 -1.492 1.301
150 11.05 -2.306 1.162 620 42.63 -1.466 1.480
160 11.24 -1.473 1.226 630 43.20 -1.492 1.570
170 11.68 -1.685 1.260 640 43.78 -1.709 1.481
180 12.13 -1.467 1.246 650 44.35 -1.678 1.434
190 12.57 -1.317 1.023 660 44.93 -1.752 1.257
200 13.01 -1.290 0.905 673 45.04 -1.926 1.261
210 13.72 -1.422 1.094 680 45.44 -1.793 1.408
220 14.41 -1.017 1.081 690 46.02 -1.642 1.280
230 15.12 -0.923 1.370 700 46.59 -1.329 1.219
240 16.05 -0.941 1.155 710 47.17 -1.800 1.256
250 16.61 -1.004 1.142 720 47.74 -1.672 1.386
260 16.92 -1.001 1.176 730 48.32 -1.600 1.247
270 17.23 -1.077 1.260 740 48.89 -1.729 1.380
280 17.53 -0.755 1.192 750 49.47 -1.733 1.419
290 17.89 -0.980 1.130 760 50.04 -1.499 1.312
300 18.27 -1.320 1.398 770 50.61 -1.797 1.298
310 18.65 -1.117 1.241 780 51.19 -1.598 1.215
320 19.03 -1.097 1.367 790 51.76 -1.768 1.212
330 19.41 -1.234 1.281 800 52.34 -1.593 1.161
340 19.77 -1.317 1.241 810 52.91 -1.596 1.065
350 20.01 -1.036 1.262 820 53.49 -1.354 1.129
360 20.24 -1.136 1.126 830 54.06 -1.481 1.039
371 20.56 -1.280 1.309 840 54.64 -1.948 1.305
380 20.96 -1.071 1.472 850 55.21 -1.616 1.192
390 21.41 -1.086 1.383 860 55.79 -1.724 1.474
400 21.85 -1.195 1.416 870 56.36 -1.659 1.320
410 hiatus -1.519 1.422 880 56.94 -1.635 1.301
420 hiatus -1.684 1.512 890 57.51 -1.652 1.168
430 29.54 -1.592 1.487 900 58.08 -1.225 1.109
440 32.10 -1.676 1.496 910 58.66 -1.652 0.814
450 32.75 -1.690 1.532 920 59.23 -1.707 1.230
460 33.40 -1.508 1.464 930 59.81 -1.558 0.896

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (G.sacc�‡) (G.sacc�‡) (kyr) (G.sacc�‡) (G.sacc�‡)

(‰) (‰) (‰) (‰)
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Sample Sample
(depth, cm) (depth, cm)

940 60.38 -1.287 0.880 1450 113.05 -2.036 1.415
950 61.72 -1.288 1.101 1460 113.87 -1.907 1.823
960 63.15 -1.172 0.946 1470 114.70 -1.764 1.709
970 64.57 -1.154 0.895 1480 115.52 -2.100 1.600
980 66.40 -1.129 0.932 1490 116.35 -2.110 1.507
990 68.40 -1.259 1.274 1500 117.18 -2.214 1.725

1000 70.40 -0.971 1.246 1510 118.00 -2.111 1.421
1010 72.40 -1.515 1.300 1520 118.83 -1.664 1.570
1020 74.40 -1.424 1.235 1530 119.66 -1.897 1.428
1030 76.40 -2.034 1.808 1540 120.48 -2.155 1.601
1040 78.21 -1.612 1.590 1550 121.31 -2.269 1.481
1050 79.25 -2.058 1.661 1560 122.13 -2.344 1.253
1060 80.29 -1.850 1.559 1570 122.96 -2.282 1.507
1070 81.33 -1.648 1.632 1580 123.79 -2.392 1.455
1080 82.37 -1.798 1.535 1590 124.61 -2.336 1.422
1090 83.41 -1.261 1.389 1600 125.44 -2.161 1.202
1100 84.45 -1.407 1.362 1610 126.26 -2.202 0.992
1110 85.49 -1.614 1.325 1620 127.09 -1.884 0.907
1120 86.52 -1.377 1.453 1630 127.92 -2.088 0.762
1130 87.56 -1.628 1.254 1640 128.99 -1.549 0.787
1140 88.60 -1.861 1.638 1650 130.08 -1.234 0.720
1150 89.64 -1.796 1.662 1660 131.18 -1.078 0.743
1160 90.68 -1.823 1.406 1670 132.27 -0.984 0.803
1170 91.72 -1.735 1.523 1680 133.37 -0.984 0.803
1180 92.76 -1.843 1.852 1690 134.47 -1.007 0.980
1190 93.80 -2.056 1.781 1700 135.56 -1.114 0.907
1200 94.84 -1.919 1.703 1710 136.66 -1.002 0.754
1210 95.88 -1.906 1.900 1720 137.75 -1.082 0.945
1220 96.92 -1.721 2.118 1730 138.85 -1.265 0.971
1260 98.17 -1.850 1.848 1740 139.95 -1.236 0.982
1270 99.17 -2.099 1.553 1750 141.04 -1.083 0.943
1280 99.99 -1.809 1.531 1760 142.14 -1.384 1.088
1290 100.82 -1.884 1.551 1770 143.23 -1.036 0.950
1300 101.64 -1.794 1.784 1780 144.32 -1.167 0.989
1310 102.47 -1.713 1.801 1790 145.38 -1.312 1.052
1320 103.30 -1.931 1.770 1800 146.44 -1.170 0.985
1330 104.12 -1.939 1.789
1340 104.95 -2.055 1.857 Note:
1350 105.77 -1.946 1.763
1360 106.60 -1.962 1.676
1370 107.43 -1.820 1.455
1380 108.25 -1.731 1.565
1400 108.91 -2.098 1.299
1410 109.74 -1.803 1.659
1420 110.57 -1.763 1.714
1430 111.39 -2.102 1.580
1440 112.22 -2.157 1.695

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (G.sacc�‡) (G.sacc�‡) (kyr) (G.sacc�‡) (G.sacc�‡)

(‰) (‰) (‰) (‰)

$ see Table 1 for age model
�‡ G. sacc = Globigerinoides sacculifer

(300-355 µm)
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Sample Sample
(depth, cm) (depth, cm)

508 36.31 -0.529 0.600 650 44.35 -0.388 0.655
510 36.42 -0.451 0.491 653 44.52 -0.402 0.815
511 36.47 -0.346 0.600 654 44.58 -0.534 0.663
512 36.53 -0.580 0.827 656 44.70 -0.956 0.474
514 36.64 -0.277 0.791 657 44.75 -0.748 0.698
515 36.69 -0.567 0.669 658 44.81 -0.723 0.610
518 36.86 -0.401 0.626 659 44.87 -0.558 0.626
520 36.97 -0.283 0.683 661 44.98 -0.793 0.675
522 37.08 -0.250 0.673 673 45.04 -0.480 0.535
525 37.25 -0.258 0.668 674 45.10 -0.665 0.591
527 37.36 -0.273 0.807 675 45.16 -0.545 0.978
529 37.47 -0.271 0.833 677 45.27 -0.659 0.844
531 37.58 -0.339 0.665 679 45.39 -0.647 0.620
533 37.69 -0.209 0.788 681 45.50 -0.561 0.758
535 37.80 -0.241 0.731 683 45.62 -0.453 0.610
538 37.96 -0.497 0.986 686 45.79 -0.717 0.655
540 38.07 -0.538 0.648 689 45.96 -0.469 0.629
541 38.13 -0.205 0.693 691 46.08 -0.658 0.692
544 38.29 -0.211 0.772 694 46.25 -0.443 0.761
545 38.35 -0.448 0.779 700 46.59 -0.516 0.734
546 38.40 -0.187 0.623 703 46.76 -0.294 0.900
547 38.46 -0.521 0.669 709 47.11 -0.333 0.826
549 38.57 -0.281 0.652 710 47.17 -0.456 0.660
550 38.62 -0.308 0.790 713 47.34 -0.339 0.753
552 38.73 -0.400 0.804 716 47.51 -0.363 0.859
556 38.96 -0.382 0.829 718 47.63 -0.393 0.693
557 39.02 -0.262 0.930 721 47.80 -0.376 0.731
560 39.19 -0.248 0.612 724 47.97 -0.820 0.688
563 39.36 -0.312 1.020 729 48.26 -0.643 0.835
566 39.53 -0.324 0.827 734 48.55 -0.545 0.956
568 39.65 -0.313 0.832 738 48.78 -0.643 0.879
570 39.76 -0.228 0.687 741 48.95 -0.538 0.874
575 40.05 -0.549 0.812 746 49.24 -0.474 0.714
581 40.39 -0.441 0.748 748 49.35 -0.680 0.676
590 40.91 -0.219 0.795 753 49.64 -0.630 0.699
593 41.08 -0.165 0.666 756 49.81 -0.840 0.609
600 41.48 -0.540 0.792 758 49.93 -0.732 0.751
608 41.94 -0.493 0.549 761 50.10 -0.525 0.609
610 42.05 -0.515 0.670 764 50.27 -0.565 0.753
614 42.28 -0.418 0.770 768 50.50 -0.831 0.658
618 42.51 -0.328 0.823 771 50.67 -0.582 0.454
624 42.86 -0.702 0.920 774 50.84 -0.739 0.395
626 42.97 -0.263 0.838 775 50.90 -0.591 0.646
628 43.09 -0.259 0.758 777 51.02 -0.742 0.627
636 43.55 -0.399 0.618 783 51.36 -0.716 0.520
640 43.78 -0.646 0.950 787 51.59 -0.484 0.582
644 44.01 -0.507 0.508 793 51.94 -0.612 0.564

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (N.dut�‡) (N.dut�‡) (kyr) (N.dut�‡) (N.dut�‡)

(‰) (‰) (‰) (‰)
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Sample
(depth, cm)

799 52.28 -0.593 0.515
804 52.57 -0.701 0.491
809 52.86 -0.630 0.710
813 53.09 -0.619 0.374
818 53.37 -0.351 0.406
825 53.77 -0.548 0.333
829 54.00 -0.156 0.422
831 54.12 -0.310 0.209
836 54.41 -0.239 0.597
838 54.52 -0.482 0.301
839 54.58 -0.662 0.588
840 54.64 -0.940 0.584
842 54.75 -0.330 0.371
844 54.87 -0.787 0.633
847 55.04 -0.775 0.571

Age$ δ18O δ13C
(kyr) (N.dut�‡) (N.dut�‡)

(‰) (‰)

$ see Table 1 for age model
�‡ N. dut = Neogloboquadrina dutertrei

(250-300 µm)
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Sample Sample
(depth, cm) (depth, cm)

510 36.42 0.648 0.750 650 44.35 0.165 0.395
511 36.47 0.659 0.654 653 44.52 0.661 0.439
512 36.53 0.490 0.484 654 44.58 0.391 0.493
514 36.64 0.670 0.698 655 44.64 0.464 0.664
515 36.69 0.859 0.545 657 44.75 0.724 0.465
518 36.86 0.571 0.737 658 44.81 0.475 0.365
520 36.97 0.967 0.816 659 44.87 0.930 0.759
522 37.08 0.737 0.673 660 44.93 0.350 0.488
525 37.25 0.659 0.684 661 44.98 0.783 0.568
527 37.36 0.898 0.775 673 45.04 0.642 0.513
529 37.47 0.681 0.762 674 45.10 1.090 0.720
531 37.58 0.819 0.712 677 45.27 0.670 0.545
533 37.69 0.800 0.737 681 45.50 0.349 0.370
535 37.80 0.699 0.753 686 45.79 0.016 0.536
538 37.96 0.652 0.703 689 45.96 0.114 0.485
540 38.07 0.741 0.895 691 46.08 0.456 0.543
541 38.13 0.892 0.903 697 46.42 0.682 0.599
544 38.29 0.936 0.833 700 46.59 0.647 0.537
545 38.35 0.784 0.733 703 46.76 0.696 0.578
546 38.40 0.757 0.726 709 47.11 0.682 0.526
547 38.46 0.864 0.844 710 47.17 0.848 0.645
549 38.57 0.424 0.589 713 47.34 0.759 0.589
550 38.62 0.919 0.871 716 47.51 0.931 0.714
552 38.73 0.776 0.763 718 47.63 0.607 0.828
556 38.96 0.799 0.848 721 47.80 0.632 0.598
557 39.02 0.917 0.909 724 47.97 0.539 0.599
560 39.19 0.725 0.763 729 48.26 0.634 0.567
563 39.36 0.813 0.754 734 48.55 0.754 0.699
566 39.53 0.716 0.743 738 48.78 0.641 0.646
568 39.65 0.629 0.783 741 48.95 0.692 0.641
570 39.76 0.833 0.715 746 49.24 0.755 0.652
575 40.05 0.519 0.576 748 49.35 0.866 0.580
579 40.28 0.818 0.643 753 49.64 0.531 0.558
581 40.39 0.768 0.610 756 49.81 0.877 0.678
590 40.91 0.829 0.745 758 49.93 0.810 0.698
593 41.08 0.047 0.620 761 50.10 0.518 0.620
600 41.48 0.578 0.535 764 50.27 0.656 0.608
608 41.94 0.318 0.596 768 50.50 0.806 0.543
610 42.05 0.469 0.426 771 50.67 0.752 0.615
614 42.28 0.449 0.579 774 50.84 0.563 0.509
618 42.51 0.539 0.599 775 50.90 0.369 0.543
624 42.86 0.816 0.758 777 51.02 0.738 0.594
626 42.97 0.291 0.533 783 51.36 0.923 0.520
628 43.09 0.387 0.388 787 51.59 0.704 0.589
636 43.55 0.634 0.670 793 51.94 0.496 0.547
640 43.78 0.652 0.707 799 52.28 0.861 0.491
644 44.01 0.327 0.483 804 52.57 0.619 0.446

Age$ δ18O δ13C Age$ δ18O δ13C
(kyr) (G.cras�‡) (G.cras�‡) (kyr) (G.cras�‡) (G.cras�‡)

(‰) (‰) (‰) (‰)
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Sample
(depth, cm)

809 52.86 0.246 0.630
813 53.09 0.775 0.586
818 53.37 0.842 0.491
825 53.77 0.731 0.543
829 54.00 0.659 0.462
831 54.12 0.836 0.469
836 54.41 0.687 0.556
838 54.52 0.741 0.570
839 54.58 0.574 0.438
840 54.64 0.440 0.606
842 54.75 0.506 0.468
844 54.87 0.309 0.482
847 55.04 0.561 0.562

Age$ δ18O δ13C
(kyr) (G.cras�‡) (G.cras�‡)

(‰) (‰)

$ see Table 1 for age model
�‡ G. cras = Globorotalia crassaformis

(300-355 µm)
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APPENDIX VI 
 

IMAGES core MD97-2141: 
Relative abundance of planktonic 

foraminifera between 35-60 kyr 
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APPENDIX VII 
 

IMAGES core MD97-2141: 
Sample weight and occurrence of 

pteropods and ash layers 
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

0 1.306 0.261 0.095 0.165 √
1 0.798 0.134 0.040 0.088 √
2 2.182 0.342 0.106 0.232 √
3 1.624 0.260 0.086 0.170 √
4 3.582 0.592 0.220 0.372 √
5 1.182 0.274 0.122 0.152 √
6 2.442 0.688 0.492 0.192 √ ash
7 2.584 0.646 0.420 0.226 √
8 2.122 0.480 0.214 0.266 √
9 2.828 0.690 0.438 0.250 √ ? ash
10 0.811 0.177 0.058 0.111 √
11 1.750 0.298 0.176 0.122 √
12 1.048 0.202 0.120 0.086 √
13 1.628 0.340 0.210 0.130 √ ? ash
14 2.224 0.338 0.150 0.186 √
15 1.124 0.196 0.062 0.134 √
16 1.456 0.254 0.070 0.182 √
17 1.592 0.276 0.070 0.202 √
18 2.054 0.310 0.090 0.220 √
19 1.412 0.228 0.082 0.144 √
20 1.115 0.218 0.062 0.149 √
21 2.144 0.370 0.102 0.262 √
22 1.810 0.336 0.070 0.262
23 2.538 0.292 0.070 0.218
24 3.012 0.292 0.070 0.222 glass shards
25 2.986 0.270 0.076 0.198
26 2.098 0.208 0.052 0.156
27 2.784 0.264 0.066 0.198
28 2.148 0.138 0.036 0.100
29 3.182 0.258 0.068 0.190
30 2.291 0.365 0.082 0.276
31 1.550 0.246 0.056 0.192
32 1.892 0.306 0.086 0.220
33 2.922 0.272 0.068 0.204
34 3.228 0.354 0.082 0.272
35 1.752 0.290 0.072 0.218
36 1.614 0.285 0.074 0.210
37 1.686 0.290 0.070 0.220
38 2.632 0.466 0.110 0.356
39 1.806 0.508 0.100 0.408
40 1.551 0.374 0.071 0.300 glass shards
41 2.556 0.538 0.114 0.420
42 1.718 0.372 0.076 0.296 glass shards
43 2.128 0.410 0.080 0.330
44 3.066 0.556 0.104 0.450
45 2.674 0.468 0.098 0.370
46 2.498 0.434 0.084 0.350
47 2.180 0.452 0.104 0.348

>63µm >63<150µm >150µm

speckled forams: ash?
speckled forams: ash?
speckled forams: ash?
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

48 2.172 0.382 0.086 0.296
49 2.190 0.472 0.090 0.380
50 1.366 0.317 0.059 0.251
51 1.696 0.360 0.286 0.068 √ ? ash
52 2.178 0.474 0.096 0.372
53 1.824 0.390 0.084 0.300
54 1.642 0.376 0.070 0.298
55 1.446 0.264 0.060 0.204
56 1.392 0.350 0.070 0.280
57 1.348 0.292 0.052 0.238
58 1.304 0.326 0.060 0.252
59 1.710 0.426 0.078 0.344
60 1.079 0.267 0.066 0.196
61 1.420 0.352 0.066 0.280
62 1.440 0.380 0.074 0.300
63 1.640 0.488 0.090 0.396
64 2.052 0.522 0.104 0.410
65 2.242 0.422 0.098 0.320
66 1.592 0.316 0.068 0.246
67 1.424 0.204 0.046 0.156
68 1.764 0.424 0.098 0.322
69 1.436 0.322 0.074 0.246
70 1.439 0.397 0.087 0.300
71 1.550 0.380 0.060 0.316 3 mm thick black/brown

 flat elongated 1-2 cm 
long pieces; glassy at 
some parts: ash?

72 1.502 0.238 0.040 0.196
73 2.194 0.396 0.052 0.336
74 1.652 0.400 0.052 0.340 3 mm thick black/brown

 flat elongated 1-2 cm 
long pieces; glassy at 
some parts: ash?

75 1.316 0.328 0.036 0.288 3 mm thick black/brown
 flat elongated 1-2 cm 
long pieces; glassy at 
some parts: ash?

76 1.416 0.258 0.040 0.212
77 1.716 0.338 0.058 0.274
78 1.776 0.294 0.054 0.240
79 1.946 0.388 0.066 0.322
80 1.410 0.453 0.104 0.344
81 1.412 0.320 0.056 0.268 3 mm thick black/brown

 flat elongated 1-2 cm 
long pieces; glassy at 
some parts: ash?

>63µm >63<150µm >150µm
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

82 1.794 0.364 0.070 0.296 3 mm thick black/brown
 flat elongated 1-2 cm 
long pieces; glassy at 
some parts: ash?

83 2.946 0.580 0.118 0.460
84 1.226 0.218 0.056 0.164
85 2.060 0.384 0.074 0.308
86 1.844 0.364 0.066 0.286
87 1.566 0.320 0.060 0.258 glass shards
88 2.398 0.440 0.084 0.348
89 1.502 0.274 0.050 0.220
90 1.440 0.409 0.130 0.270
91 1.408 0.312 0.052 0.248
92 1.646 0.364 0.062 0.294
93 2.252 0.470 0.090 0.378
94 2.192 0.454 0.084 0.360
95 2.098 0.392 0.070 0.314
96 1.744 0.420 0.068 0.340
97 2.952 0.718 0.112 0.590
98 3.082 0.652 0.112 0.532
99 1.958 0.486 0.072 0.414

100 0.928 0.377 0.071 0.292
101 0.638 0.142 0.026 0.110
102 1.948 0.496 0.080 0.404 glass shards; 3 mm 

thick black/brown flat
elongated<1 cm long
 pieces; glassy at
some parts: ash?

103 3.182 0.832 0.132 0.698
104 1.992 0.478 0.088 0.390
105 1.380 0.372 0.060 0.314
106 2.310 0.598 0.096 0.492 glass shards
107 1.246 0.388 0.062 0.326
108 1.976 0.504 0.080 0.376
109 0.938 0.242 0.038 0.198
110 1.169 0.358 0.103 0.250
111 0.934 0.220 0.046 0.168
112 1.196 0.302 0.058 0.234
113 1.746 0.452 0.082 0.360
114 1.680 0.434 0.096 0.326
115 1.362 0.360 0.076 0.284
116 1.224 0.338 0.062 0.266
117 2.222 0.594 0.102 0.484
118 2.084 0.558 0.112 0.438
119 2.496 0.620 0.118 0.496
120 1.127 0.366 0.134 0.221
121 1.008 0.209 0.042 0.154
122 1.194 0.276 0.058 0.212
123 1.488 0.404 0.078 0.320

>63µm >63<150µm >150µm
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

124 1.144 0.290 0.056 0.226
125 1.154 0.260 0.058 0.198
126 1.422 0.378 0.078 0.300
127 2.028 0.416 0.084 0.328
128 2.336 0.580 0.112 0.464 glass shards
129 1.486 0.360 0.062 0.286
130 1.209 0.360 0.100 0.253
131 1.516 0.346 0.066 0.276
132 1.494 0.316 0.060 0.252
133 1.578 0.322 0.064 0.252
134 2.406 0.504 0.094 0.400
135 1.496 0.310 0.082 0.228
136 2.414 0.458 0.090 0.360
137 1.946 0.376 0.072 0.296
138 2.308 0.342 0.080 0.250
139 1.966 0.376 0.082 0.286
140 1.412 0.334 0.102 0.223
141 2.244 0.372 0.074 0.292
142 2.256 0.346 0.072 0.264
143 2.116 0.350 0.068 0.276
144 2.194 0.348 0.074 0.266
145 0.918 0.126 0.024 0.096
146 1.382 0.226 0.044 0.176
147 1.936 0.346 0.060 0.284
148 2.164 0.320 0.060 0.254
149 1.926 0.300 0.054 0.236
150 1.298 0.356 0.118 0.229
151 2.036 0.396 0.068 0.316
152 2.228 0.424 0.074 0.344
153 1.993 0.388 0.060 0.316
154 2.426 0.314 0.048 0.258
155 1.686 0.280 0.048 0.222
156 0.852 0.192 0.030 0.156
157 1.246 0.240 0.042 0.192
158 1.558 0.286 0.050 0.226
159 1.246 0.232 0.044 0.176
160 0.887 0.231 0.068 0.158
161 1.646 0.358 0.054 0.298
162 1.636 0.382 0.056 0.306
163 1.416 0.266 0.044 0.214
164 1.242 0.274 0.042 0.222
165 1.860 0.502 0.084 0.416
166 1.692 0.414 0.072 0.338
167 1.264 0.298 0.042 0.246
168 2.046 0.480 0.074 0.404
169 1.552 0.364 0.054 0.300
170 1.209 0.295 0.062 0.229
171 1.106 0.256 0.046 0.206

>63µm >63<150µm >150µm
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

172 1.216 0.292 0.050 0.234
173 1.472 0.288 0.054 0.226
174 1.914 0.504 0.084 0.420
175 1.560 0.320 0.054 0.260
176 1.440 0.302 0.052 0.242
177 1.442 0.322 0.052 0.268
178 1.678 0.368 0.066 0.302
179 1.668 0.394 0.064 0.334
180 1.361 0.350 0.085 0.264
181 1.192 0.290 0.046 0.240
182 2.096 0.570 0.104 0.458
183 2.026 0.506 0.084 0.416
184 2.242 0.604 0.110 0.484
185 1.756 0.448 0.086 0.358
186 0.762 0.204 0.040 0.160
187 1.568 0.434 0.102 0.332
188 1.620 0.386 0.078 0.304
189 1.544 0.384 0.068 0.312
190 0.923 0.269 0.059 0.209
191 1.660 0.360 0.082 0.276
192 1.218 0.348 0.076 0.268
193 2.036 0.504 0.096 0.402
194 2.722 0.724 0.148 0.570
195 0.820 0.194 0.040 0.148
196 1.662 0.458 0.112 0.342
197 1.486 0.348 0.076 0.270
198 2.280 0.346 0.088 0.252 √
199 2.228 0.482 0.136 0.338 √
200 1.573 0.419 0.117 0.301 √ ash
201 0.910 0.200 0.038 0.158 √ pteropods
202 1.070 0.256 0.060 0.192 √ √ pteropods
203 1.038 0.204 0.046 0.152 √ ash
204 2.284 0.432 0.116 0.308 √ pteropods
205 1.554 0.304 0.070 0.226 √
206 1.690 0.292 0.098 0.192 √
207 1.390 0.212 0.048 0.160
208 2.008 0.348 0.070 0.270 √ pteropods
209 1.072 0.226 0.044 0.176 √ pteropods
210 0.869 0.326 0.092 0.233 √ pteropods
211 1.248 0.256 0.054 0.196 √ pteropods
212 1.736 0.450 0.088 0.352
213 1.224 0.318 0.062 0.246 √ pteropods
214 0.862 0.202 0.044 0.156 √ pteropods
215 0.516 0.120 0.024 0.088 √ pteropods
216 0.868 0.230 0.040 0.180 √ pteropods
217 1.354 0.308 0.056 0.244 √ pteropods
218 1.362 0.382 0.066 0.312 √ pteropods
219 1.240 0.294 0.058 0.232 √ √ pteropods, ash

>63µm >63<150µm >150µm
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

220 1.493 0.540 0.154 0.386 √ √ pteropods
221 1.430 0.304 0.076 0.220 √ √ pteropods
222 2.850 0.484 0.264 0.210 √ √ pteropods, ash
223 1.786 0.296 0.156 0.138 √ √ pteropods, ash
224 1.494 0.240 0.122 0.104 √ √ pteropods, ash
225 1.466 0.268 0.122 0.138 √ √ pteropods, ash
226 1.522 0.273 0.126 0.134 √ ash
227 1.256 0.220 0.104 0.106 √ ash
228 1.172 0.230 0.048 0.164 √ ash
229 1.390 0.292 0.062 0.214 √ pteropods
230 1.612 0.532 0.161 0.370 √ pteropods
231 1.426 0.306 0.076 0.224 √ pteropods
232 1.586 0.268 0.074 0.178 √ pteropods
233 1.308 0.240 0.064 0.168 √ pteropods
234 1.524 0.278 0.076 0.196 √ pteropods
235 1.382 0.174 0.048 0.116 √ pteropods
236 1.478 0.186 0.046 0.134 √ pteropods
237 1.306 0.190 0.052 0.130 √ pteropods
238 1.996 0.386 0.070 0.208 √ pteropods
239 1.658 0.302 0.074 0.216 √ pteropods
240 1.831 0.528 0.196 0.324 √ pteropods
241 1.866 0.312 0.080 0.224 √ pteropods
242 1.300 0.186 0.054 0.126 √ pteropods
243 1.960 0.284 0.084 0.190 √ pteropods
244 1.572 0.266 0.072 0.188
245 2.124 0.362 0.096 0.252 √ pteropods
246 1.664 0.246 0.072 0.164 √ pteropods
247 1.702 0.262 0.074 0.182 √ pteropods
248 1.828 0.388 0.100 0.278 √ pteropods
249 0.872 0.038 0.004 0.034 √ lost most of sample,

pteropods
250 1.689 0.574 0.205 0.360 √ pteropods
251 1.862 0.314 0.126 0.180 √ √ pteropods, ash
252 1.539 0.318 0.122 0.194 √ pteropods
253 2.368 0.496 0.186 0.294 √ pteropods
254 2.210 0.394 0.156 0.238 √ pteropods
255 2.556 0.458 0.162 0.292 √ √ pteropods, ash
256 3.018 0.510 0.184 0.324 √ pteropods
257 1.866 0.332 0.122 0.198 √ √ pteropods, ash
258 2.734 0.468 0.174 0.288 √ pteropods
259 3.382 0.614 0.250 0.358 √ √ pteropods, ash
260 1.353 0.361 0.133 0.210 √ pteropods
261 2.796 0.496 0.184 0.300 √ pteropods
262 2.666 0.584 0.206 0.372 √ pteropods
263 2.814 0.546 0.190 0.346 √ pteropods
264 2.466 0.548 0.166 0.360 √ pteropods
265 2.030 0.464 0.146 0.308 √ pteropods
266 2.706 0.568 0.180 0.382 √ pteropods
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267 2.172 0.496 0.142 0.352 √ pteropods
268 1.644 0.446 0.142 0.300 √ pteropods
269 1.756 0.392 0.150 0.236 √ pteropods
270 1.320 0.412 0.143 0.257 √ pteropods
271 1.708 0.340 0.116 0.216 √ pteropods
272 1.710 0.296 0.120 0.176 √ pteropods
273 1.714 0.426 0.190 0.230 √ pteropods
274 3.106 0.784 0.344 0.432 √ pteropods
275 1.592 0.388 0.174 0.208 √ pteropods
276 2.090 0.506 0.232 0.260 √ √ pteropods, ash
277 1.938 0.548 0.236 0.306 √ √ pteropods, ash
278 2.924 0.794 0.450 0.334 √ √ pteropods, ash
279 3.888 1.180 0.728 0.442 √ pteropods
280 1.791 0.654 0.440 0.200 √ √ pteropods, ash
281 3.224 1.546 1.076 0.430 √ √ magnetite layer, pteropods
282 2.224 0.928 0.666 0.248 √ √ magnetite layer, pteropods
283 1.494 0.450 0.290 0.154 √ √ magnetite layer, pteropods
284 2.204 0.580 0.240 0.330 √ √ magnetite layer, pteropods
285 1.952 0.590 0.350 0.230 √ pteropods
286 1.402 0.364 0.140 0.214 √ pteropods
287 1.704 0.378 0.126 0.240 √ pteropods
288 3.230 0.738 0.272 0.458 √ pteropods
289 2.310 0.506 0.166 0.330 √ pteropods
290 1.561 0.448 0.164 0.272 √ pteropods
291 1.702 0.376 0.118 0.256 √ pteropods
292 2.076 0.376 0.108 0.266 √ pteropods
293 3.100 0.544 0.154 0.384 √ pteropods
294 2.526 0.386 0.106 0.270 √ pteropods
295 2.010 0.344 0.098 0.236 √ pteropods
296 2.192 0.376 0.102 0.264 √ pteropods
297 2.010 0.314 0.082 0.220 √ pteropods
298 1.608 0.254 0.070 0.182 √ pteropods
299 2.412 0.364 0.104 0.254 √ pteropods
300 1.803 0.448 0.126 0.318 √ pteropods
301 2.712 0.510 0.130 0.374 √ pteropods
302 1.446 0.208 0.066 0.140 √ pteropods
303 3.042 0.546 0.142 0.398 √ pteropods
304 2.040 0.376 0.100 0.274 √ pteropods
305 1.922 0.420 0.118 0.292 √ pteropods
306 1.300 0.268 0.070 0.192 √ pteropods
307 2.338 0.438 0.122 0.306 √ pteropods
308 2.626 0.558 0.158 0.394 √ pteropods
309 2.756 0.548 0.144 0.398 √ pteropods
310 1.312 0.381 0.123 0.233 √ pteropods
311 2.518 0.500 0.146 0.348 √ pteropods
312 2.076 0.454 0.120 0.324 √ pteropods
313 2.458 0.522 0.136 0.380 √ pteropods
314 2.262 0.442 0.128 0.308 √ pteropods
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315 1.932 0.338 0.102 0.234 √ pteropods
316 1.022 0.184 0.058 0.118 √ pteropods
317 1.304 0.264 0.060 0.176 √ pteropods
318 1.708 0.364 0.104 0.256 √ pteropods
319 3.740 0.692 0.200 0.486 √ pteropods
320 1.542 0.306 0.097 0.199 √ pteropods
321 1.716 0.266 0.076 0.186 √ pteropods
322 1.048 0.178 0.048 0.124 √ pteropods
323 1.920 0.280 0.074 0.196 √ pteropods
324 2.746 0.716 0.118 0.310 √ pteropods
325 1.910 0.316 0.108 0.206 √ pteropods
326 2.018 0.294 0.090 0.198 √ pteropods
327 2.188 0.370 0.096 0.262 √ pteropods
328 2.504 0.488 0.132 0.344 √ pteropods
329 1.520 0.256 0.074 0.174 √ pteropods
330 1.951 0.310 0.102 0.202 √ pteropods
331 1.436 0.210 0.068 0.136 √ pteropods
332 1.490 0.164 0.054 0.108 √ pteropods
333 2.068 0.284 0.092 0.184 √ pteropods
334 3.490 0.462 0.152 0.302 √ pteropods
335 2.128 0.316 0.096 0.216 √ pteropods
336 1.600 0.276 0.084 0.186 √ pteropods
337 1.584 0.230 0.078 0.150 √ pteropods
338 3.350 0.358 0.150 0.202 √ pteropods
339 1.304 0.214 0.060 0.142 √ pteropods
340 1.329 0.238 0.082 0.146 √ pteropods
341 1.864 0.332 0.088 0.222 √ pteropods
342 0.930 0.330 0.092 0.228 √ pteropods
343 1.402 0.226 0.066 0.154 √ pteropods
344 1.874 0.340 0.098 0.230 √ pteropods
345 1.846 0.328 0.096 0.222 √ pteropods
346 2.260 0.422 0.136 0.278 √ pteropods
347 1.482 0.240 0.066 0.162 √ pteropods
348 1.564 0.246 0.076 0.158 √ pteropods
349 2.914 0.434 0.138 0.282 √ pteropods
350 1.820 0.329 0.105 0.210 √ pteropods
351 1.406 0.236 0.064 0.162 √ pteropods
352 1.756 0.272 0.082 0.182 √ pteropods
353 1.744 0.298 0.084 0.200 √ pteropods
354 1.844 0.268 0.076 0.176 √ pteropods
355 1.724 0.246 0.076 0.158 √ pteropods
356 1.180 0.208 0.070 0.144 √ pteropods
357 0.982 0.166 0.060 0.106 √ pteropods
358 1.658 0.268 0.094 0.174 √ pteropods
359 2.066 0.340 0.116 0.220 √ pteropods
360 0.878 0.139 0.035 0.095 √ pteropods
361 1.782 0.300 0.106 0.194 √ pteropods
362 2.494 0.398 0.144 0.252 √ pteropods
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363 1.872 0.328 0.106 0.220 √ pteropods
364 1.672 0.254 0.084 0.170 √ pteropods
365 1.676 0.256 0.086 0.170 √ pteropods
366 2.226 0.278 0.088 0.186 √ pteropods
367 2.018 0.272 0.094 0.176 √ pteropods
368 2.669 0.416 0.132 0.286 √ pteropods
369 2.704 0.392 0.126 0.264 √ pteropods
370 missing
371 1.793 0.251 0.086 0.169 √ pteropods
372 1.568 0.176 0.058 0.116 √ pteropods
373 1.616 0.242 0.074 0.162 √ pteropods
374 2.856 0.494 0.148 0.344 √ pteropods
375 1.228 0.174 0.054 0.114 √
376 3.362 0.442 0.280 0.152 √ √ pteropods
377 1.964 0.328 0.220 0.096 √ √ pteropods, ash
378 2.424 0.400 0.124 0.264 √ pteropods
379 1.992 0.374 0.110 0.252 √ pteropods
380 1.515 0.269 0.065 0.185 √ Pteropods
381 1.658 0.290 0.082 0.198 √ pteropods
382 1.332 0.212 0.066 0.138 √ pteropods
383 1.426 0.240 0.070 0.164 √ pteropods
384 1.614 0.220 0.070 0.148 √ √ pteropods, ash
385 1.724 0.268 0.106 0.154 √ Pteropods
386 1.596 0.234 0.078 0.138 √ pteropods
387 0.738 0.126 0.042 0.076 √ pteropods
388 1.268 0.198 0.068 0.128 √ pteropods
389 1.082 0.174 0.060 0.106 √ pteropods
390 1.697 0.257 0.074 0.169 √ pteropods
391 1.084 0.156 0.054 0.096 √ pteropods
392 1.316 0.206 0.058 0.130 √ pteropods
393 1.082 0.176 0.050 0.120 √ pteropods
394 1.390 0.166 √ pteropods
395 1.278 0.124 √ √ pteropods, ash
396 1.302 0.146 √ pteropods
397 1.638 0.140 √ pteropods
398 2.010 0.214 √ pteropods
399 1.576 0.190 √ pteropods
400 2.315 0.407 0.103 0.294 √ pteropods
401 1.870 0.236 √ pteropods
402 2.574 0.280 √ pteropods
403 2.162 0.202 √ pteropods
404 3.056 0.356 √ pteropods
405 2.298 0.262 √ pteropods
406 2.398 0.304 √ pteropods
407 3.352 0.420 √ pteropods
408 3.576 0.396 √ pteropods
409 3.070 0.328 √ pteropods
410 1.806 0.428 0.127 0.288 √ pteropods
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411 2.540 0.348 √ pteropods
412 2.466 0.304 √ pteropods
413 2.370 0.246 √ pteropods, ash(?)
414 2.116 0.232 √ pteropods, ash
415 1.946 0.256 √ pteropods, ash
416 2.386 0.208 √ pteropods, ash
417 2.150 0.238 √ pteropods, ash
418 2.334 0.234 √ ash
419 2.586 0.224 √ pteropods
420 1.402 0.262 0.047 0.210 √ pteropods
421 1.818 0.238 √ √ pteropods, ash
422 2.096 0.292 √ √ pteropods, ash
423 2.194 0.162 √ pteropods
424 1.038 0.024
425 2.186 0.208
426 1.548 0.152 √ pteropods
427 2.462 0.300 √ pteropods
428 1.554 0.178 0.048 0.130 √ pteropods
429 2.296 0.314 0.072 0.236 √ pteropods
430 2.083 0.328 0.066 0.254 √ pteropods
431 2.002 0.352 0.086 0.262 √ pteropods
432 2.498 0.200 0.048 √ pteropods
433 1.756 0.318 0.062 0.248 √ pteropods
434 1.488 0.220 0.050 0.164 √ pteropods
435 1.652 0.238 0.050 0.186 √ pteropods
436 2.160 0.386 0.076 0.306 √ pteropods
437 1.492 0.282 0.068 0.210
438 1.218 0.386 0.088 0.290 √ pteropods
439 1.396 0.222 0.052 0.166 √ pteropods
440 1.662 0.231 0.041 0.180 √ pteropods
441 1.660 0.240 0.056 0.178 √ pteropods
442 1.970 0.274 0.070 0.194 √ pteropods
443 1.176 0.200 0.054 0.138 √ pteropods
444 2.204 0.290 0.082 0.202 √ pteropods
445 2.158 0.352 0.110 0.236 √ pteropods
446 1.572 0.218 0.050 0.162 √ pteropods
447 1.280 0.206 0.058 0.144 √ pteropods
448 1.716 0.270 0.078 0.184 √ pteropods
449 2.208 0.506 0.114 0.374 √ pteropods
450 2.798 0.467 0.078 0.383 √ pteropods
451 2.116 0.298 0.086 0.208
452 2.712 0.412 0.108 0.304 √ pteropods
453 2.640 0.322 0.088 0.224 √ pteropods
454 2.186 0.326 0.082 0.240 √ pteropods
455 1.726 0.366 0.086 0.280 √ pteropods
456 1.424 0.262 0.066 0.194 √ pteropods
457 1.154 0.168 0.036 0.128 √ pteropods
458 1.736 0.274 0.070 0.202 √ pteropods
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459 1.986 0.328 0.074 0.244 √ pteropods
460 1.613 0.279 0.048 0.223
461 1.768 0.576 0.140 0.432 √ pteropods
462 1.740 0.286 0.062 0.218 √ pteropods
463 1.948 0.344 0.080 0.254 √ pteropods
464 2.032 0.186 0.040 0.146 √ pteropods
465 1.866 0.228 0.042 0.182 √ pteropods
466 1.974 0.282 0.042 0.232 √ pteropods
467 2.042 0.180 0.038 0.144 √ pteropods
468 2.086 0.338 0.060 0.270 √ pteropods
469 2.422 0.196 0.036 0.150 √ pteropods
470 2.382 0.327 0.050 0.269 √ pteropods
471 1.798 0.232 0.040 0.188 √ pteropods
472 1.798 0.228 0.044 0.180 √ pteropods
473 2.542 0.282 0.054 0.214 √ pteropods
474 1.980 0.202 0.034 0.162 √ pteropods
475 1.220 0.282 0.054 0.224 √ pteropods
476 2.408 0.220 0.040 0.170 √ pteropods
477 1.988 0.228 0.042 0.184 √ pteropods
478 1.844 0.200 0.038 0.158 √ pteropods
479 1.458 0.252 0.048 0.198 √ pteropods
480 1.341 0.178 0.042 0.133 √ pteropods
481 1.976 0.168 0.036 0.130 √ pteropods
482 2.860 0.250 0.052 0.192 √ pteropods
483 2.400 0.180 0.042 0.130 √ pteropods
484 3.042 0.152 0.036 0.118
485 2.226 0.160 0.038 0.118 √ pteropods
486 2.792 0.166 0.038 0.124 √ pteropods
487 2.600 0.284 0.062 0.214 √ pteropods
488 2.468 0.218 0.050 0.162
489 1.740 0.294 0.080 0.214
490 1.496 0.208 0.062 0.139
491 3.002 0.300 0.078 0.220
492 2.402 0.264 0.072 0.188
493 1.990 0.346 0.084 0.260
494 1.876 0.236 0.052 0.180
495 2.942 0.266 0.058 0.202
496 2.684 0.122 0.024 0.088
497 3.608 0.210 0.050 0.160
498 2.422 0.188 0.044 0.134
499 2.684 0.356 0.072 0.278
500 1.809 0.475 0.171 0.285
501 2.498 0.368 0.070 0.288
502 3.014 0.308 0.066 0.234
503 1.826 0.294 0.060 0.224
504 2.244 0.234 0.048 0.182
505 2.648 0.302 0.062 0.232
506 2.770 0.254 0.050 0.188

>63µm >63<150µm >150µm



139

Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

507 2.842 0.236 0.050 0.174
508 2.960 0.222 0.040 0.170
509 1.984 0.266 0.056 0.196
510 1.156 0.205 0.056 0.133
511 2.474 0.376 0.072 0.292
512 2.604 0.238 0.044 0.176
513 2.012 0.300 0.052 0.240
514 2.590 0.272 0.066 0.192
515 1.968 0.250 0.046 0.192
516 1.874 0.262 0.050 0.204
517 2.422 0.254 0.048 0.196
518 2.860 0.190 0.038 0.144
519 2.634 0.264 0.062 0.190
520 1.907 0.287 0.084 0.200
521 3.456 0.224 0.056 0.158
522 2.880 0.164 0.040 0.122
523 2.604 0.338 0.082 0.250
524 1.884 0.232 0.054 0.176
525 2.476 0.382 0.094 0.278
526 2.688 0.188 0.046 0.132
527 3.026 0.384 0.080 0.296
528 1.974 0.228 0.056 0.162
529 2.228 0.422 0.110 0.302
530 2.396 0.339 0.089 0.249
531 2.846 0.398 0.104 0.282
532 2.704 0.256 0.064 0.182
533 3.610 0.558 0.134 0.418
534 2.384 0.374 0.100 0.268
535 3.274 0.456 0.122 0.336
536 2.328 0.356 0.088 0.264
537 1.752 0.256 0.062 0.188
538 2.690 0.426 0.106 0.312
539 2.072 0.330 0.074 0.244
540 2.905 0.417 0.114 0.298
541 2.642 0.380 0.096 0.274
542 1.628 0.282 0.076 0.202
543 2.308 0.406 0.094 0.310
544 2.818 0.470 0.116 0.344
545 2.330 0.400 0.088 0.306
546 1.896 0.290 0.060 0.222
547 2.430 0.430 0.090 0.326
548 1.782 0.296 0.058 0.222
549 1.616 0.236 0.048 0.178
550 2.475 0.405 0.088 0.311
551 2.336 0.448 0.092 0.346
552 1.994 0.390 0.086 0.252
553 1.936 0.346 0.078 0.266
554 2.676 0.466 0.088 0.368 √ pteropods?
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555 1.982 0.290 0.056 0.222
556 1.784 0.224 0.056 0.164 √ pteropods?
557 3.384 0.514 0.118 0.368
558 2.382 0.338 0.084 0.214
559 2.460 0.308 0.078 0.226
560 2.153 0.404 0.094 0.209 √ pteropods
561 1.494 0.218 0.054 0.162 √ pteropods
562 2.872 0.450 0.104 0.340 √ pteropods
563 2.692 0.348 0.090 0.254 √ pteropods
564 3.434 0.478 0.118 0.350
565 2.726 0.442 0.116 0.322
566 3.346 0.544 0.118 0.416
567 1.798 0.286 0.064 0.216
568 2.170 0.346 0.078 0.260
569 2.654 0.302 0.084 0.210
570 2.097 0.298 0.073 0.223
571 2.078 0.334 0.086 0.240
572 2.232 0.370 0.084 0.274
573 2.946 0.470 0.122 0.338
574 3.728 0.540 0.138 0.394
575 2.826 0.376 0.102 0.264
576 2.808 0.422 0.112 0.298 ash (?)
577 2.118 0.296 0.074 0.210
578 2.844 0.482 0.126 0.348
579 2.450 0.354 0.100 0.246
580 2.264 0.315 0.087 0.227
581 2.152 0.292 0.080 0.208
582 2.242 0.392 0.150 0.208
583 2.196 0.294 0.070 0.212
584 2.228 0.326 0.018 0.230
585 2.258 0.346 0.084 0.254
586 2.224 0.360 0.076 0.282
587 2.212 0.324 0.078 0.240
588 2.518 0.386 0.100 0.282
589 2.194 0.290 0.082 0.194
590 2.561 0.327 0.090 0.234
591 2.022 0.302 0.070 0.220
592 2.048 0.298 0.070 0.222
593 2.770 0.454 0.130 0.312
594 2.902 0.552 0.146 0.394
595 2.288 0.488 0.146 0.326
596 2.880 0.576 0.184 0.390
597 2.076 0.404 0.128 0.264 ash (?)
598 2.918 0.590 0.204 0.380 ash (?)
599 1.528 0.296 0.120 0.166
600 2.057 0.339 0.109 0.227
601 2.120 0.332 0.112 0.212
602 2.332 0.348 0.128 0.216 √ ash
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603 2.702 0.438 0.114 0.304
604 2.996 0.522 0.142 0.368
605 2.188 0.368 0.102 0.264
606 2.074 0.330 0.098 0.230
607 1.970 0.322 0.086 0.230
608 2.256 0.366 0.100 0.260
609 1.810 0.324 0.076 0.240
610 2.627 0.454 0.123 0.329
611 2.256 0.426 0.106 0.306
612 2.106 0.330 0.102 0.224
613 1.976 0.302 0.054 0.240
614 3.006 0.362 0.096 0.256
615 1.752 0.268 0.068 0.196
616 1.876 0.266 0.076 0.184
617 1.572 0.248 0.066 0.176
618 2.276 0.420 0.094 0.306
619 1.936 0.290 0.072 0.214
620 1.820 0.281 0.065 0.213
621 2.526 0.502 0.118 0.382
622 1.310 0.250 0.056 0.192
623 2.804 0.444 0.094 0.340
624 2.850 0.4.44 0.110 0.328
625 1.788 0.324 0.074 0.246
626 2.586 0.376 0.094 0.278
627 2.164 0.292 0.078 0.210
628 1.458 0.248 0.058 0.184
629 2.008 0.294 0.080 0.208
630 1.747 0.231 0.064 0.166
631 3.182 0.424 0.110 0.310
632 1.762 0.228 0.062 0.160
633 1.774 0.270 0.026 0.234
634 2.054 0.322 0.084 0.236
635 1.776 0.274 0.042 0.228
636 1.050 0.186 0.058 0.122
637 1.616 0.260 0.060 0.194
638 2.582 0.374 0.098 0.268
639 1.286 0.214 0.066 0.146
640 2.232 0.323 0.083 0.237
641 2.064 0.366 0.090 0.268
642 1.836 0.260 0.072 0.180
643 2.254 0.304 0.088 0.210
644 2.468 0.392 0.104 0.282
645 2.082 0.326 0.082 0.232
646 1.570 0.258 0.064 0.184
647 2.368 0.396 0.112 0.270
648 2.102 0.302 0.078 0.220
649 1.810 0.266 0.076 0.184
650 1.889 0.259 0.080 0.176
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651 1.812 0.294 0.074 0.206
652 2.364 0.452 0.108 0.336
653 2.250 0.398 0.100 0.292
654 3.290 0.496 0.126 0.366
655 1.236 0.218 0.054 0.162
656 1.260 0.184 0.046 0.134
657 1.146 0.168 0.044 0.122
658 1.894 0.336 0.084 0.240
659 1.164 0.204 0.058 0.141
660 1.224 0.215 0.051 0.163
661 1.744 0.292 0.076 0.210

673 1.233 0.224 0.052 0.170
674 1.404 0.296 0.076 0.214
675 2.044 0.458 0.110 0.338
676 1.424 0.300 0.076 0.218
677 1.972 0.304 0.080 0.202
678 2.316 0.414 0.144 0.262 √ ash
679 1.966 0.348 0.114 0.226 √ ash
680 2.076 0.308 0.119 0.187 √ ash
681 2.232 0.376 0.130 0.234 √ ash
682 1.686 0.374 0.142 0.222 √ ash
683 2.714 0.516 0.128 0.334 √ ash
684 2.096 0.356 0.102 0.252 √ ash
685 1.880 0.314 0.094 0.218 √ ash
686 2.094 0.250 0.126 0.122 √ ash
687 2.020 0.270 0.086 0.182 √ ash
688 3.898 0.592 0.170 0.416 √ ash
689 1.950 0.312 0.100 0.204 √ ash
690 1.995 0.298 0.073 0.201
691 3.062 0.492 0.144 0.342
692 2.420 0.458 0.118 0.334
693 2.720 0.468 0.134 0.326
694 1.966 0.348 0.094 0.244
695 3.122 0.380 0.102 0.272
696 2.174 0.400 0.106 0.290
697 1.802 0.330 0.080 0.244
698 2.508 0.400 0.114 0.284
699 3.776 0.235 0.030 0.204
700 1.798 0.212 0.064 0.149
701 1.928 0.208 0.064 0.140
702 1.746 0.490 0.156 0.324
703 3.086 0.488 0.170 0.306
704 3.022 0.352 0.110 0.232
705 1.582 0.208 0.074 0.128
706 1.410 0.210 0.066 0.142
707 2.130 0.280 0.082 0.194
708 2.922 0.410 0.108 0.292
709 3.720 0.544 0.144 0.396
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710 2.058 0.261 0.072 0.187
711 2.520 0.346 0.106 0.228
712 2.128 0.342 0.122 0.212
713 1.980 0.202 0.064 0.136
714 3.228 0.412 0.130 0.276
715 1.696 0.234 0.068 0.160
716 1.696 0.258 0.064 0.188
717 2.900 0.440 0.124 0.310
718 3.168 0.452 0.120 0.322
719 5.044 0.808 0.228 0.572
720 2.203 0.322 0.088 0.229
721 1.924 0.346 0.092 0.246
722 2.178 0.334 0.092 0.236
723 2.652 0.428 0.122 0.300
724 2.576 0.392 0.104 0.282
725 2.704 0.410 0.122 0.284
726 2.290 0.452 0.124 0.324
727 1.960 0.334 0.096 0.232
728 2.882 0.542 0.148 0.386
729 4.032 0.654 0.196 0.450
730 2.312 0.369 0.085 0.243
731 2.524 0.430 0.104 0.322
732 2.548 0.510 0.124 0.384
733 3.016 0.494 0.126 0.362
734 4.042 0.490 0.144 0.336
735 1.774 0.287 0.068 0.208
736 2.500 0.378 0.120 0.254
737 3.566 0.492 0.134 0.352
738 2.904 0.380 0.118 0.260
739 3.074 0.458 0.122 0.332
740 2.632 0.395 0.088 0.302
741 2.690 0.370 0.098 0.266
742 2.666 0.334 0.074 0.246
743 2.128 0.338 0.108 0.228
744 3.082 0.480 0.124 0.348
745 3.220 0.594 0.136 0.450
746 1.658 0.246 0.062 0.162
747 2.344 0.352 0.098 0.244
748 3.184 0.564 0.110 0.452
749 2.740 0.348 0.086 0.252
750 2.187 0.327 0.077 0.250
751 2.376 0.342 0.082 0.256
752 1.724 0.208 0.058 0.148
753 2.204 0.298 0.076 0.216
754 2.752 0.374 0.096 0.278
755 1.826 0.238 0.060 0.176
756 3.048 0.422 0.092 0.324
757 2.162 0.338 0.074 0.260
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

758 2.118 0.244 0.058 0.184
759 1.994 0.284 0.066 0.214
760 2.313 0.271 0.074 0.195
761 2.678 0.246 0.070 0.178
762 2.438 0.376 0.088 0.284
763 2.038 0.286 0.074 0.208
764 2.066 0.302 0.086 0.214
765 1.470 0.206 0.052 0.150
766 0.980 0.172 0.040 0.130
767 2.520 0.438 0.096 0.334
768 2.386 0.400 0.088 0.302
769 3.316 0.580 0.122 0.456
770 1.757 0.250 0.065 0.179
771 1.302 0.252 0.066 0.182
772 1.798 0.320 0.074 0.242
773 2.116 0.402 0.088 0.308
774 2.190 0.420 0.092 0.322
775 1.250 0.226 0.046 0.176
776 1.648 0.252 0.066 0.184
777 3.316 0.468 0.106 0.358
778 1.898 0.318 0.086 0.228
779 1.758 0.320 0.080 0.236
780 1.498 0.275 0.058 0.213
781 1.548 0.306 0.070 0.234
782 2.288 0.456 0.108 0.346
783 2.130 0.346 0.082 0.262
784 3.272 0.550 0.126 0.420
785 1.586 0.238 0.052 0.178 silica spikes, sponge
786 2.246 0.436 0.084 0.352 silica spikes, sponge
787 1.458 0.298 0.052 0.242
788 2.136 0.355 0.094 0.250
789 2.072 0.316 0.084 0.226
790 1.856 0.231 0.055 0.173
791 2.566 0.398 0.098 0.296
792 2.008 0.300 0.074 0.222
793 2.290 0.286 0.074 0.214
794 1.512 0.204 0.066 0.138
795 2.042 0.370 0.090 0.278
796 2.428 0.496 0.102 0.388
797 2.800 0.566 0.118 0.436
798 3.164 0.410 0.094 0.314
799 2.360 0.816 0.126 0.684
800 2.213 0.475 0.109 0.364
801 2.264 0.524 0.096 0.424
802 1.788 0.338 0.078 0.260
803 1.868 0.378 0.078 0.302
804 1.842 0.366 0.080 0.284
805 2.270 0.392 0.090 0.292
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806 2.030 0.356 0.084 0.264
807 1.836 0.284 0.076 0.204
808 1.804 0.400 0.074 0.316
809 3.784 0.796 0.154 0.632
810 1.886 0.417 0.080 0.330
811 3.102 0.528 0.122 0.400
812 2.056 0.384 0.084 0.294
813 3.392 0.600 0.138 0.456
814 2.904 0.536 0.122 0.356
815 3.084 0.542 0.124 0.416
816 3.300 0.584 0.142 0.440
817 2.388 0.438 0.114 0.320
818 3.582 0.630 0.144 0.480
819 2.514 0.422 0.100 0.314
820 2.016 0.383 0.103 0.278
821 2.904 0.558 0.124 0.428
822 2.530 0.522 0.104 0.416
823 3.392 0.628 0.154 0.468
824 4.270 0.670 0.160 0.506
825 3.622 0.620 0.146 0.462
826 2.690 0.436 0.096 0.338
827 2.276 0.380 0.096 0.282
828 2.312 0.368 0.092 0.270
829 3.402 0.398 0.092 0.300
830 2.690 0.438 0.106 0.330
831 3.394 0.444 0.070 0.370
832 2.842 0.520 0.124 0.394
833 4.222 0.578 0.144 0.432
834 3.216 0.472 0.142 0.338
835 3.232 0.558 0.132 0.420
836 3.014 0.550 0.146 0.404
837 3.954 0.768 0.162 0.604
838 2.224 0.294 0.076 0.216
839 4.576 1.076 0.154 0.918
840 2.111 0.489 0.096 0.388
841 4.250 0.786 0.188 0.594
842 2.322 0.616 0.118 0.494
843 3.510 0.752 0.136 0.610
844 2.754 0.608 0.134 0.474
845 3.440 0.640 0.180 0.456
846 2.472 0.358 0.094 0.260
847 4.216 0.602 0.156 0.442
848 3.840 0.606 0.168 0.434
849 3.894 0.556 0.172 0.380
850 1.809 0.297 0.103 0.191
851 3.452 0.494 0.150 0.338
852 2.806 0.424 0.130 0.294
853 3.662 0.468 0.136 0.326
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854 3.188 0.488 0.120 0.352
855 3.232 0.480 0.144 0.330
856 2.104 0.310 0.082 0.220
857 2.710 0.426 0.106 0.308
858 2.764 0.674 0.122 0.306
859 4.404 0.827 0.210 0.614
860 1.717 0.274 0.076 0.196
861 3.638 0.534 0.152 0.376
862 1.850 0.310 0.088 0.220
863 3.502 0.680 0.152 0.524
864 2.636 0.488 0.114 0.360
865 2.682 0.382 0.104 0.268
866 1.946 0.424 0.088 0.336 ash (?)
867 2.112 0.410 0.114 0.294
868 2.576 0.476 0.105 0.368
869 1.696 0.320 0.078 0.234
870 3.149 0.573 0.139 0.431
871 2.028 0.370 0.082 0.278
872 2.930 0.524 0.116 0.398
873 2.442 0.296 0.078 0.212
874 2.628 0.224 0.056 0.162
875 2.580 0.258 0.076 0.180
876 2.346 0.278 0.074 0.202
877 2.616 0.312 0.084 0.224
878 3.014 0.470 0.124 0.346
879 3.266 0.498 0.136 0.358
880 2.455 0.327 0.101 0.225
881 2.718 0.386 0.106 0.270
882 1.806 0.308 0.074 0.228 pteropods
883 2.962 0.422 0.116 0.284
884 3.604 0.662 0.168 0.494
885 2.132 0.336 0.086 0.246 pteropods
886 4.376 0.786 0.168 0.606 pteropods
887 3.102 0.698 0.154 0.528
888 2.310 0.484 0.110 0.370
889 3.906 0.710 0.166 0.540
890 2.136 0.460 0.138 0.320
891 4.030 0.854 0.206 0.640
892 1.856 0.330 0.094 0.236
893 3.078 0.582 0.140 0.434
894 2.932 0.600 0.154 0.436
895 2.328 0.466 0.116 0.348
896 2.408 0.530 0.132 0.386
897 1.828 0.356 0.102 0.242
898 2.992 0.590 0.176 0.398
899 1.398 0.356 0.106 0.242
900 1.883 0.415 0.097 0.318
901 1.640 0.408 0.096 0.308
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902 1.986 0.378 0.092 0.282
903 2.440 0.502 0.136 0.360
904 2.692 0.478 0.166 0.310 √ ash
905 4.124 0.744 0.258 0.478 √ ash
906 2.498 0.398 0.240 0.158 √ ash
907 2.666 0.620 0.200 0.412 √ ash
908 3.402 0.544 0.134 0.408
909 1.854 0.646 0.148 0.494
910 2.000 0.394 0.092 0.301
911 2.186 0.524 0.138 0.380
912 1.606 0.300 0.078 0.216
913 2.418 0.458 0.126 0.326
914 1.928 0.406 0.144 0.260
915 1.558 0.292 0.080 0.208
916 1.804 0.298 0.098 0.198
917 2.216 0.414 0.116 0.292
918 2.194 0.364 0.106 0.256
919 2.772 0.452 0.132 0.314
920 3.010 0.563 0.150 0.411
921 2.122 0.288 0.084 0.196
922 2.932 0.544 0.128 0.414
923 2.542 0.424 0.108 0.308
924 2.464 0.400 0.106 0.290
925 2.302 0.370 0.096 0.264
926 1.814 0.262 0.070 0.192
927 1.170 0.206 0.048 0.150
928 1.706 0.352 0.062 0.280
929 2.176 0.286 0.078 0.204
930 1.983 0.331 0.086 0.244
931 2.234 0.240 0.072 0.166
932 1.840 0.228 0.052 0.168
933 missing
934 missing
935 missing
936 1.792 0.278 0.066 0.212
937 missing
938 missing
939 missing
940 2.915 0.472 0.123 0.349
941 2.380 0.404 0.092 0.310
942 2.058 0.340 0.078 0.256
943 2.444 0.326 0.084 0.236
944 2.454 0.330 0.094 0.230
945 2.768 0.516 0.114 0.400
946 1.374 0.238 0.056 0.182
947 1.920 0.354 0.080 0.266
948 2.174 0.446 0.096 0.348
949 1.992 0.354 0.084 0.264
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950 2.341 0.417 0.105 0.311
951 2.142 0.372 0.092 0.278
952 2.810 0.514 0.124 0.388
953 1.638 0.292 0.070 0.220
954 3.118 0.416 0.118 0.296
955 1.894 0.314 0.078 0.230
956 1.920 0.318 0.076 0.236
957 1.480 0.268 0.054 0.212
958 1.610 0.254 0.052 0.198
959 2.258 0.344 0.078 0.266
960 1.645 0.326 0.067 0.257
961 2.742 0.380 0.088 0.284
962 2.058 0.342 0.080 0.260
963 2.040 0.236 0.060 0.174
964 2.242 0.150 0.050 0.098
965 2.516 0.174 0.066 0.100
966 2.002 0.214 0.070 0.142
967 1.396 0.126 0.040 0.082
968 2.324 0.270 0.072 0.192
969 2.404 0.288 0.074 0.212
970 2.500 0.413 0.101 0.308
971 2.238 0.176 0.052 0.118
972 1.848 0.242 0.062 0.170
973 2.600 0.392 0.082 0.308
974 2.536 0.372 0.084 0.278
975 2.876 0.430 0.106 0.318
976 2.112 0.296 0.068 0.222
977 2.370 0.326 0.076 0.242
978 1.950 0.242 0.062 0.172
979 1.790 0.372 0.086 0.284
980 2.382 0.339 0.084 0.253
981 1.700 0.242 0.060 0.180
982 2.378 0.242 0.060 0.178
983 3.062 0.500 0.110 0.382
984 2.018 0.310 0.072 0.232
985 1.706 0.250 0.054 0.190
986 1.742 0.298 0.060 0.226
987 2.242 0.378 0.076 0.296
988 2.834 0.648 0.110 0.530
989 2.596 0.530 0.096 0.428
990 2.042 0.423 0.078 0.342
991 1.640 0.338 0.064 0.266
992 2.620 0.518 0.092 0.418
993 1.448 0.236 0.054 0.180
994 2.682 0.492 0.092 0.392
995 1.976 0.304 0.062 0.238
996 2.514 0.224 0.062 0.154
997 2.292 0.352 0.080 0.272
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998 2.316 0.332 0.076 0.254
999 3.194 0.396 0.100 0.290
1000 2.154 0.282 0.073 0.209
1001 2.790 0.384 0.090 0.288 silica spikes, mollusk 

shells, sponge
1002 2.694 0.298 0.076 0.218 silica spikes, sponge
1003 3.028 0.268 0.074 0.184
1004 3.362 0.320 0.092 0.224 silica spikes, sponge
1005 3.034 0.432 0.096 0.326
1006 2.614 0.368 0.090 0.274
1007 2.532 0.354 0.080 0.266
1008 3.580 0.408 0.120 0.286
1009 4.172 0.524 0.132 0.386
1010 1.466 0.261 0.057 0.201
1011 2.234 0.338 0.080 0.256
1012 2.406 0.332 0.076 0.250
1013 3.386 0.526 0.110 0.408
1014 3.512 0.582 0.118 0.450
1015 2.788 0.414 0.082 0.322
1016 1.988 0.352 0.072 0.274
1017 1.636 0.304 0.068 0.234
1018 3.760 0.564 0.130 0.430
1019 1.916 0.304 0.064 0.232
1020 1.759 0.291 0.066 0.224
1021 2.168 0.394 0.084 0.314
1022 1.976 0.582 0.108 0.474
1023 2.690 0.660 0.118 0.540
1024 3.034 0.788 0.138 0.644
1025 1.982 0.376 0.078 0.296
1026 2.260 0.388 0.080 0.300
1027 1.914 0.336 0.080 0.256 silica spikes
1028 2.296 0.332 0.062 0.268
1029 2.652 0.336 0.066 0.266
1030 1.728 0.240 0.046 0.192
1031 3.342 0.336 0.074 0.260
1032 1.898 0.270 0.048 0.216
1033 2.272 0.304 0.060 0.242
1034 2.476 0.348 0.066 0.282
1035 1.964 0.306 0.066 0.232
1036 2.340 0.364 0.058 0.300
1037 2.460 0.402 0.074 0.322
1038 2.940 0.444 0.086 0.356
1039 2.570 0.350 0.064 0.280
1040 1.020 0.189 0.033 0.155
1041 3.000 0.400 0.074 0.326
1042 1.702 0.288 0.052 0.230
1043 2.592 0.382 0.068 0.312
1044 2.236 0.312 0.058 0.250
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1045 2.238 0.328 0.068 0.252
1046 1.944 0.268 0.056 0.212
1047 1.552 0.234 0.048 0.184
1048 2.068 0.288 0.048 0.234
1049 2.542 0.414 0.074 0.340
1050 1.389 0.230 0.049 0.181
1051 2.502 0.464 0.078 0.382
1052 2.252 0.318 0.062 0.250
1053 2.696 0.434 0.072 0.360
1054 2.406 0.342 0.064 0.274
1055 2.730 0.418 0.080 0.330
1056 2.180 0.318 0.062 0.250
1057 1.884 0.274 0.060 0.214
1058 2.102 0.308 0.062 0.242
1059 1.910 0.264 0.056 0.206
1060 1.660 0.356 0.086 0.267
1061 2.960 0.246 0.044 0.196
1062 3.348 0.304 0.058 0.246
1063 2.368 0.272 0.054 0.216
1064 2.214 0.300 0.060 0.238
1065 2.826 0.358 0.060 0.290
1066 3.836 0.516 0.100 0.410
1067 2.042 0.274 0.060 0.214
1068 2.754 0.390 0.080 0.306
1069 2.110 0.316 0.064 0.248
1070 2.008 0.346 0.061 0.280
1071 2.292 0.338 0.068 0.264
1072 3.334 0.548 0.108 0.436
1073 2.206 0.284 0.062 0.218
1074 2.446 0.324 0.070 0.260
1075 2.624 0.384 0.082 0.296
1076 1.802 0.240 0.058 0.182
1077 3.778 0.566 0.112 0.452
1078 1.502 0.220 0.046 0.174
1079 5.144 0.748 0.156 0.588
1080 1.564 0.284 0.054 0.230
1081 2.482 0.342 0.072 0.264
1082 3.280 0.454 0.108 0.340
1083 2.520 0.318 0.074 0.238
1084 2.518 0.360 0.078 0.276
1085 1.922 0.278 0.054 0.218
1086 1.588 0.194 0.046 0.146
1087 2.934 0.358 0.088 0.268
1088 4.442 0.614 0.128 0.472
1089 3.756 0.512 0.106 0.396
1090 1.746 0.298 0.062 0.236
1091 3.102 0.434 0.094 0.338
1092 3.580 0.444 0.098 0.338
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1093 2.532 0.312 0.074 0.242
1094 2.478 0.286 0.068 0.214
1095 2.228 0.216 0.056 0.160
1096 3.170 0.404 0.086 0.314
1097 2.340 0.296 0.062 0.224
1098 4.722 0.524 0.120 0.398
1099 4.916 0.586 0.128 0.452
1100 2.359 0.370 0.084 0.286
1101 4.302 0.500 0.120 0.372
1102 4.220 0.476 0.114 0.360
1103 2.500 0.326 0.078 0.240
1104 4.318 0.594 0.134 0.458
1105 3.400 0.452 0.106 0.344
1106 3.798 0.494 0.118 0.372
1107 2.546 0.304 0.070 0.232
1108 2.926 0.304 0.074 0.228
1109 3.278 0.278 0.068 0.202
1110 1.138 0.112 0.032 0.080
1111 1.346 0.070 0.024 0.042
1112 2.290 0.164 0.046 0.116
1113 3.384 0.286 0.068 0.216
1114 2.522 0.238 0.062 0.174
1115 1.476 0.092 0.030 0.058
1116 2.432 0.176 0.054 0.118
1117 2.374 0.182 0.050 0.132
1118 3.650 0.182 0.060 0.118
1119 2.812 0.382 0.082 0.296 many broken shells, few

1120 0.982 0.190 0.046 0.146 √ ash
1121 2.290 0.202 0.052 0.148 √ ash
1122 2.136 0.290 0.066 0.224 √ ash
1123 6.926 0.600 0.148 0.442 √ ash
1124 3.430 0.266 0.078 0.188 √ ash
1125 2.392 0.158 0.046 0.110 √ ash
1126 2.310 0.210 0.062 0.148 √ ash
1127 1.438 0.108 0.032 0.072 √ ash
1128 2.902 0.154 0.046 0.100 √ ash
1129 2.860 0.144 0.046 0.096 √ ash
1130 1.041 0.128 0.030 0.094
1131 1.856 0.094 0.032 0.056
1132 3.518 0.290 0.076 0.212 silica spikes -> sponge
1133 3.384 0.248 0.060 0.184
1134 2.244 0.084 0.026 0.052
1135 3.642 0.168 0.060 0.106
1136 2.548 0.140 0.040 0.100 √ ash, many broken shells
1137 2.744 0.106 0.040 0.066 √ ash, many broken shells
1138 2.876 0.084 0.030 0.052 √ ash, many broken shells
1139 2.672 0.164 0.056 0.108 √ ash

>63µm >63<150µm >150µm
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1140 1.724 0.226 0.052 0.164
1141 3.466 0.328 0.096 0.230
1142 3.114 0.262 0.084 0.172 silica spikes - ash
1143 4.346 0.372 0.108 0.260 silica spikes - ash
1144 3.744 0.416 0.098 0.310 silica spikes - ash
1145 1.664 0.150 0.046 0.104 silica spikes
1146 2.558 0.210 0.056 0.150 many broken shells,

 silica spikes
1147 2.170 0.140 0.056 0.078 many broken shells,

 silica spikes
1148 3.594 0.184 0.072 0.108 many broken shells,

 silica spikes
1149 2.982 0.148 0.060 0.084 many broken shells,

 silica spikes
1150 2.255 0.366 0.064 0.300 many broken shells
1151 1.974 0.142 0.050 0.086 many broken shells
1152 1.304 0.068 0.026 0.040 many broken shells
1153 3.612 0.252 0.086 0.164 many broken shells
1154 3.024 0.166 0.058 0.106 many broken shells
1155 2.198 0.072 0.036 0.030 many broken shells
1156 1.536 0.054 0.028 0.022 many broken shells
1157 2.288 0.082 0.048 0.032 many broken shells
1158 3.394 0.146 0.066 0.082 many broken shells
1159 3.508 0.196 0.068 0.126 many broken shells
1160 1.859 0.362 0.060 0.298 many broken shells
1161 2.362 0.160 0.056 0.102 many broken shells
1162 3.056 0.202 0.062 0.130 √ ash, many broken shells
1163 3.850 0.244 0.074 0.160 √ ash, many broken shells
1164 2.314 0.118 0.044 0.068 √ ash, many broken shells
1165 3.520 0.168 0.062 0.102 √ ash, many broken shells
1166 1.922 0.110 0.040 0.066 √ ash, many broken shells
1167 2.254 0.156 0.052 0.100 √ ash
1168 2.478 0.204 0.064 0.132 √ ash
1169 3.658 0.126 0.046 0.078 √ ash
1170 2.432 0.408 0.086 0.318
1171 3.026 0.202 0.054 0.142 √ ash
1172 2.036 0.088 0.026 0.058 √ ash
1173 2.466 0.104 0.032 0.072 √ ash
1174 1.956 0.090 0.028 0.056 √ ash
1175 2.718 0.140 0.044 0.092 √ ash
1176 3.198 0.136 0.048 0.088 √ ash
1177 4.236 0.192 0.062 0.126 √ ash
1178 3.706 0.220 0.058 0.160 √ ash
1179 3.128 0.128 0.048 0.078 √ ash
1180 1.893 0.220 0.036 0.184
1181 2.734 0.132 0.034 0.088
1182 2.016 0.102 0.034 0.066 many broken shells
1183 1.530 0.056 0.026 0.028 many broken shells
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1184 3.092 0.130 0.038 0.086 √ ash
1185 2.170 0.094 0.032 0.058 √ ash
1186 2.328 0.142 0.046 0.092 √ ash
1187 2.808 0.148 0.048 0.096 √ ash
1188 2.792 0.174 0.062 0.108 √ ash
1189 2.692 0.246 0.062 0.174
1190 2.232 0.314 0.050 0.264
1191 2.552 0.142 0.048 0.090 √ ash
1192 1.364 0.070 0.026 0.040 √ ash
1193 2.560 0.184 0.054 0.128 √ ash
1194 2.366 0.140 0.046 0.094 √ ash
1195 1.980 0.180 0.050 0.128 √ ash
1196 2.474 0.122 0.048 0.072 √ ash
1197 2.234 0.154 0.054 0.100 √ ash
1198 2.536 0.100 0.034 0.064 √ ash
1199 2.356 0.116 0.040 0.070 √ ash
1200 1.512 0.118 0.018 0.100 √ ash
1201 2.664 0.142 0.050 0.088 √ ash
1202 2.278 0.108 0.038 0.066 √ ash
1203 3.760 0.194 0.064 0.128 √ ash
1204 2.704 0.200 0.060 0.140 √ ash
1205 2.920 0.100 0.040 0.058 √ ash, many broken shells
1206 2.614 0.112 0.038 0.072 √ ash
1207 2.716 0.136 0.040 0.082
1208 2.992 0.132 0.050 0.082
1209 2.870 0.172 0.050 0.116 √ ash, many broken shells
1210 2.483 0.330 0.064 0.266
1211 2.304 0.268 0.074 0.190
1212 3.412 0.452 0.106 0.344
1213 3.634 0.458 0.102 0.352
1214 3.782 0.506 0.108 0.396
1215 2.674 0.432 0.088 0.342
1216 3.122 0.404 0.092 0.310
1217 3.236 0.464 0.106 0.358
1218 2.434 0.344 0.080 0.264
1219 2.672 0.364 0.094 0.266
1220 1.430 0.230 0.026 0.204
1221 2.216 0.288 0.076 0.210
1222 1.568 0.190 0.062 0.128
1223 2.750 0.344 0.080 0.248
1224 2.140 0.190 0.058 0.132
1225 1.734 0.192 0.056 0.132
1254 1.520 0.102 0.030 0.066 √ ash, many broken shells
1255 2.614 0.172 0.052 0.120
1256 3.800 0.122 0.038 0.078
1257 4.260 0.170 0.048 0.118 √ ash, many broken shells
1258 5.526 0.458 0.096 0.362 √ ash, many broken shells
1259 4.864 0.624 0.114 0.502

>63µm >63<150µm >150µm



154

Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

1260 1.920 0.268 0.038 0.230
1261 2.728 0.330 0.080 0.250
1262 2.552 0.244 0.060 0.176
1263 5.068 0.984 0.156 0.820
1264 5.064 0.820 0.130 0.684
1265 2.540 0.608 0.124 0.474
1266 3.458 0.882 0.140 0.738
1267 4.412 0.968 0.172 0.786
1268 5.564 1.106 0.196 0.908
1269 6.250 1.098 0.230 0.864
1270 2.240 0.298 0.052 0.246
1271 2.310 0.350 0.088 0.260
1272 3.532 0.588 0.160 0.424
1273 3.344 0.610 0.110 0.494
1274 3.542 0.696 0.110 0.582
1275 3.480 0.606 0.116 0.488
1276 3.232 0.502 0.098 0.404
1277 4.148 0.866 0.132 0.728
1278 4.530 0.984 0.160 0.818
1279 5.434 1.248 0.218 1.024
1280 2.137 0.448 0.064 0.384
1281 3.042 0.656 0.124 0.528
1282 2.898 0.662 0.138 0.516
1283 4.214 0.974 0.222 0.750
1284 3.312 0.564 0.124 0.418
1285 3.490 0.450 0.108 0.338
1286 2.610 0.390 0.094 0.288
1287 2.954 0.608 0.118 0.484
1288 3.142 0.592 0.114 0.478
1289 3.802 0.748 0.140 0.600
1290 2.062 0.416 0.050 0.366
1291 3.390 0.434 0.094 0.330
1292 2.774 0.338 0.060 0.274
1293 4.256 0.568 0.114 0.452
1294 2.382 0.300 0.060 0.230
1295 2.752 0.284 0.058 0.220
1296 3.142 0.508 0.092 0.408
1297 4.288 0.818 0.108 0.694
1298 4.800 0.782 0.142 0.636
1299 5.390 0.760 0.162 0.594
1300 3.081 0.482 0.076 0.408
1301 3.826 0.536 0.114 0.412
1302 4.002 0.648 0.136 0.506
1303 3.648 0.618 0.124 0.488
1304 3.442 0.466 0.112 0.356
1305 2.828 0.434 0.096 0.336
1306 2.344 0.304 0.088 0.214
1307 3.918 0.422 0.112 0.306

>63µm >63<150µm >150µm
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

1308 3.302 0.574 0.154 0.412
1309 4.678 0.582 0.144 0.434
1310 1.594 0.254 0.078 0.176
1311 3.654 0.396 0.110 0.284
1312 2.414 0.260 0.062 0.188
1313 1.290 0.150 0.034 0.112
1314 4.864 0.670 0.140 0.526
1315 3.306 0.372 0.098 0.268
1316 2.448 0.248 0.060 0.182
1317 2.342 0.186 0.054 0.132
1318 3.944 0.384 0.092 0.284
1319 1.844 0.128 0.036 0.090
1320 2.716 0.514 0.116 0.398
1321 2.558 0.268 0.066 0.198
1322 2.952 0.328 0.086 0.240
1323 3.346 0.352 0.086 0.262
1324 3.724 0.240 0.074 0.162
1325 2.432 0.182 0.048 0.128
1326 2.844 0.242 0.074 0.168
1327 3.716 0.356 0.082 0.268
1328 3.094 0.206 0.052 0.150
1329 2.510 0.184 0.046 0.134
1330 4.192 0.782 0.176 0.602
1331 4.112 0.492 0.100 0.388
1332 3.056 0.280 0.072 0.208
1333 5.148 0.304 0.068 0.234
1334 3.078 0.130 0.030 0.100
1335 2.632 0.102 0.022 0.082
1336 3.670 0.168 0.046 0.122
1337 2.326 0.086 0.014 0.072
1338 4.208 0.092 0.022 0.066 many broken shells
1339 3.970 0.084 0.018 0.066 many broken shells
1340 2.765 0.402 0.092 0.304 many broken shells
1341 3.012 0.150 0.038 0.112 many broken shells
1342 3.044 0.158 0.054 0.104 many broken shells
1343 2.866 0.172 0.058 0.114 many broken shells
1344 4.172 0.166 0.056 0.102 many broken shells
1345 1.868 0.110 0.042 0.064 many broken shells
1346 2.384 0.092 0.038 0.052 many broken shells
1347 2.842 0.142 0.058 0.078 √ ash
1348 3.084 0.130 0.060 0.068 √ ash
1349 4.592 0.338 0.112 0.222 √ ash
1350 1.737 0.332 0.080 0.252 √ ash
1351 2.294 0.120 0.056 0.060 √ ash
1352 2.604 0.170 0.080 0.094 √ ash
1353 1.466 0.122 0.038 0.080 √ ash
1354 3.278 0.240 0.108 0.162 √ ash
1355 1.546 0.090 0.042 0.050 √ ash

>63µm >63<150µm >150µm
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

1356 0.842 0.084 0.024 0.050 √ ash
1357 2.266 0.216 0.070 0.140 √ ash
1358 1.888 0.118 0.044 0.074 √ ash
1359 2.136 0.098 0.040 0.054 √ ash
1360 1.508 0.228 0.044 0.180
1361 1.404 0.078 0.028 0.050
1362 2.430 0.154 0.058 0.092
1363 2.142 0.326 0.076 0.250
1364 1.440 0.136 0.038 0.098
1365 1.846 0.252 0.048 0.204
1366 2.368 0.222 0.060 0.168
1367 1.508 0.120 0.032 0.090
1368 1.692 0.130 0.036 0.096
1369 1.966 0.174 0.060 0.116
1370 1.168 0.196 0.040 0.154
1371 1.470 0.066 0.020 0.046
1372 2.640 0.192 0.050 0.140
1373 2.166 0.160 0.056 0.106
1374 2.778 0.196 0.044 0.154
1375 2.664 0.250 0.056 0.194
1376 2.684 0.222 0.054 0.166
1377 2.302 0.208 0.048 0.156
1378 3.088 0.310 0.056 0.256
1379 2.340 0.226 0.036 0.188
1380 1.445 0.230 0.046 0.178
1393 2.356 0.360 0.084 0.278
1394 2.414 0.246 0.052 0.190
1395 1.924 0.206 0.042 0.160
1396 2.658 0.278 0.050 0.220
1397 2.062 0.252 0.056 0.206
1398 3.344 0.420 0.088 0.330
1399 3.740 0.474 0.086 0.386
1400 2.118 0.310 0.072 0.236
1401 2.544 0.170 0.048 0.120
1402 4.066 0.328 0.060 0.274
1403 4.000 0.318 0.082 0.240
1404 4.856 0.512 0.204 0.310 √ ash
1405 3.800 0.440 0.140 0.298 √ ash
1406 4.382 0.442 0.172 0.280 √ ash
1407 3.670 0.372 0.104 0.286 √ ash
1408 3.878 0.420 0.110 0.308 √ ash
1409 4.026 0.402 0.076 0.328
1410 2.677 0.472 0.096 0.374
1411 2.998 0.392 0.068 0.322
1412 2.010 0.264 0.050 0.212
1413 2.732 0.344 0.054 0.284
1414 3.388 0.588 0.096 0.490
1415 2.706 0.380 0.052 0.322

>63µm >63<150µm >150µm
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

1416 3.856 0.456 0.070 0.384
1417 2.880 0.376 0.062 0.310
1418 3.178 0.414 0.066 0.346
1419 2.280 0.314 0.048 0.264
1420 2.119 0.486 0.076 0.408
1421 2.584 0.424 0.068 0.350
1422 3.280 0.532 0.070 0.458
1423 2.196 0.282 0.042 0.236
1424 3.414 0.382 0.068 0.312
1425 2.820 0.326 0.042 0.280
1426 3.996 0.384 0.064 0.304
1427 3.514 0.350 0.060 0.288
1428 3.386 0.414 0.062 0.346
1429 4.134 0.442 0.082 0.356
1430 3.656 0.600 0.106 0.492
1431 3.534 0.496 0.060 0.432
1432 2.750 0.308 0.042 0.264
1433 3.690 0.588 0.068 0.512
1434 2.772 0.340 0.044 0.292
1435 3.346 0.360 0.030 0.104 many broken shells
1436 3.154 0.226 0.040 0.180
1437 3.980 0.274 0.048 0.226
1438 3.390 0.130 0.028 0.100

 broken shells
1439 2.770 0.214 0.040 0.170
1440 1.906 0.402 0.062 0.338
1441 3.294 0.428 0.070 0.350
1442 2.814 0.602 0.070 0.528
1443 3.344 0.690 0.092 0.596
1444 2.958 0.530 0.072 0.456
1445 2.978 0.522 0.076 0.444
1446 2.986 0.288 0.042 0.246
1447 3.184 0.406 0.056 0.292
1448 2.096 0.124 0.028 0.094

broken shells
1449 2.304 0.292 0.048 0.230
1450 2.418 0.124 0.022 0.102
1451 2.730 0.084 0.020 0.062
1452 1.830 0.156 0.030 0.120
1453 4.366 0.348 0.064 0.278
1454 3.224 0.386 0.054 0.324
1455 3.028 0.328 0.050 0.276
1456 2.664 0.320 0.050 0.266
1457 2.734 0.446 0.066 0.374
1458 2.932 0.242 0.050 0.190
1459 3.300 0.294 0.058 0.234
1460 1.908 0.244 0.056 0.186
1461 2.646 0.246 0.044 0.196

>63µm >63<150µm >150µm

few whole forams,

few whole forams - 
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

1462 3.226 0.174 0.030 0.130
1463 2.632 0.254 0.046 0.204
1464 2.304 0.254 0.056 0.192
1465 3.834 0.624 0.110 0.512
1466 1.638 0.272 0.050 0.218
1467 3.476 0.600 0.096 0.500
1468 2.348 0.450 0.066 0.382
1469 2.186 0.218 0.042 0.170
1470 2.349 0.378 0.072 0.302
1471 2.302 0.366 0.052 0.302
1472 2.364 0.432 0.072 0.356
1473 3.114 0.472 0.098 0.368
1474 1.892 0.338 0.076 0.256
1475 3.124 0.552 0.148 0.394
1476 4.002 0.462 0.194 0.266 √ ash; silica spikes,sponge
1477 4.440 0.702 0.396 0.298 √ ash
1478 2.704 0.430 0.128 0.296 √ ash
1479 4.090 0.582 0.112 0.468
1480 1.680 0.346 0.054 0.288
1481 3.364 0.564 0.080 0.478
1482 0.688 0.076 0.018 0.054 √
1483 2.442 0.116 0.020 0.088

 broken shells
1484 2.880 0.276 0.050 0.224
1485 2.338 0.192 0.042 0.150 √

 broken shells
1486 3.346 0.196 0.050 0.144 √
1487 2.398 0.122 0.030 0.090 √
1488 3.820 0.172 0.044 0.126 √
1489 2.818 0.118 0.026 0.090 √
1490 1.562 0.194 0.040 0.154 √
1491 1.504 0.092 0.018 0.070
1492 1.874 0.140 0.026 0.112
1493 3.456 0.302 0.052 0.238
1494 2.174 0.256 0.036 0.220
1495 2.990 0.206 0.048 0.156
1496 2.214 0.080 0.024 0.054
1497 2.954 0.084 0.022 0.056
1498 3.134 0.142 0.032 0.106
1499 2.398 0.086 0.026 0.058
1500 1.404 0.194 0.038 0.156
1501 2.420 0.148 0.038 0.106
1502 1.436 0.148 0.036 0.108
1503 1.400 0.104 0.032 0.068
1504 2.288 0.106 0.030 0.074
1505 2.290 0.138 0.040 0.096
1506 2.044 0.102 0.034 0.068

many broken shells

>63µm >63<150µm >150µm

few whole forams, ash
few whole forams,

few whole forams,

no G. ruber
no G. ruber

few whole forams,
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

1507 2.262 0.136 0.042 0.096
1508 2.156 0.082 0.022 0.060
1509 missing
1510 1.962 0.166 0.028 0.138
1511 1.674 0.052 0.016 0.034 √
1512 1.296 0.044 0.014 0.028 √
1513 2.602 0.128 0.046 0.082 √
1514 1.664 0.056 0.026 0.028 √
1515 1.780 0.068 0.032 0.032 √
1516 3.128 0.188 0.126 0.054 √ ash
1517 3.582 0.456 0.374 0.066 √
1518 1.590 0.166 0.118 0.046 √
1519 2.882 0.330 0.206 0.124 √ ash "frosted"
1520 2.335 0.332 0.164 0.164 √ ash
1521 1.488 0.144 0.060 0.050 √ ash
1522 1.880 0.114 0.050 0.062 √ ash
1523 3.024 0.206 0.078 0.120 √ ash
1524 3.236 0.184 0.068 0.112 √ ash
1525 1.762 0.074 0.022 0.046 √ ash
1526 1.454 0.126 0.038 0.086 √ ash
1527 0.949 0.152 0.044 0.102 √ ash
1528 3.344 0.216 0.068 0.142 √ ash
1529 3.006 0.156 0.042 0.112 √
1530 1.148 0.100 0.028 0.072 √ ash
1531 2.116 0.118 0.026 0.088 √ ash
1532 3.850 0.322 0.066 0.256 √ ash
1533 2.798 0.204 0.062 0.142 √ ash
1534 2.044 0.194 0.042 0.150 √ ash
1535 1.998 0.136 0.040 0.100 √
1536 1.482 0.176 0.052 0.116 √ ash, many broken shells
1537 2.102 0.214 0.056 0.152 √ ash
1538 2.474 0.280 0.060 0.214 √ ash
1539 2.012 0.210 0.040 0.164
1540 1.688 0.258 0.048 0.204
1541 2.358 0.412 0.068 0.338
1542 2.300 0.426 0.102 0.324
1543 1.954 0.346 0.076 0.260
1544 1.832 0.298 0.078 0.212
1545 2.270 0.372 0.102 0.266
1546 1.798 0.386 0.072 0.306
1547 2.276 0.362 0.066 0.288
1548 2.534 0.356 0.078 0.276
1549 1.466 0.344 0.068 0.270
1550 2.556 0.672 0.102 0.562 √ ash
1551 3.124 0.960 0.154 0.756
1552 1.490 0.212 0.056 0.150
1553 2.888 0.484 0.098 0.376
1554 2.726 0.558 0.112 0.442

>63µm >63<150µm >150µm

few whole whole forams
no G. ruber, ash
no G. ruber, ash
no G. ruber, ash
no G. ruber, ash

ash, not enough forams
ash, not enough forams

ash, not enough forams

ash, not enough forams
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

1555 2.118 0.570 0.102 0.456
1556 2.196 0.558 0.102 0.448
1557 3.494 0.868 0.164 0.672
1558 2.108 0.588 0.112 0.470
1559 1.670 0.498 0.088 0.396
1560 2.366 0.888 0.166 0.718
1561 3.072 0.922 0.170 0.746
1562 2.340 0.752 0.126 0.510
1563 2.652 0.580 0.122 0.448
1564 2.232 0.508 0.092 0.410
1565 3.098 0.754 0.134 0.614
1566 1.774 0.422 0.088 0.320
1567 2.356 0.486 0.072 0.394
1568 2.714 0.696 0.106 0.576
1569 2.314 0.606 0.104 0.500
1570 2.202 0.782 0.134 0.636
1571 2.044 0.550 0.104 0.436
1572 2.640 0.694 0.132 0.562
1573 2.194 0.528 0.116 0.408
1574 2.486 0.608 0.110 0.494
1575 2.374 0.586 0.118 0.464
1576 1.910 0.450 0.094 0.354
1577 2.459 0.456 0.082 0.368
1578 2.196 0.404 0.094 0.310
1579 3.124 0.504 0.106 0.388
1580 1.870 0.586 0.132 0.444
1581 1.772 0.296 0.062 0.228
1582 2.180 0.308 0.058 0.240
1583 2.676 0.494 0.100 0.386
1584 3.452 0.726 0.170 0.552
1585 2.130 0.368 0.108 0.256
1586 1.940 0.284 0.052 0.226
1587 3.724 0.536 0.228 0.306 √ ash
1588 3.510 0.550 0.336 0.204 √ ash
1589 3.762 0.436 0.226 0.206 √ ash
1590 3.450 0.702 0.296 0.388 √ ash
1591 2.380 0.386 0.166 0.214 √ ash
1592 3.104 0.522 0.224 0.294 √ ash
1593 2.976 0.466 0.206 0.254 √
1594 3.762 0.536 0.296 0.234 √ ash
1595 2.226 0.502 0.182 0.314 √ ash
1596 3.564 0.492 0.166 0.322 √ ash
1597 1.816 0.314 0.098 0.214 √ ash
1598 2.238 0.496 0.090 0.400
1599 2.758 0.634 0.102 0.526
1600 1.782 0.550 0.118 0.390
1601 2.636 0.600 0.108 0.486
1602 2.346 0.594 0.098 0.494

>63µm >63<150µm >150µm

ash, pink ruber datum



161

Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

1603 2.306 0.614 0.118 0.492
1604 3.678 0.786 0.146 0.634
1605 2.258 0.516 0.110 0.402
1606 3.542 0.892 0.164 0.724
1607 1.948 0.586 0.066 0.510
1608 3.010 0.802 0.132 0.664
1609 3.116 0.848 0.130 0.716
1610 1.408 0.384 0.076 0.298
1611 2.674 0.574 0.114 0.454
1612 2.560 0.574 0.092 0.490
1613 2.624 0.610 0.082 0.528
1614 1.888 0.542 0.086 0.450
1615 2.004 0.624 0.074 0.550
1616 1.942 1.312 0.174 1.132
1617 2.478 1.066 0.158 0.902
1618 2.058 0.678 0.080 0.592
1619 1.980 0.984 0.118 0.864
1620 1.530 1.016 0.170 0.844
1621 1.682 0.838 0.132 0.700
1622 1.672 1.106 0.090 0.932
1623 1.376 0.746 0.066 0.676
1624 2.192 1.118 0.074 1.040
1625 3.254 0.818 0.150 0.666
1626 2.774 0.578 0.091 0.484
1627 1.730 0.500 0.080 0.412
1628 1.836 0.478 0.102 0.370
1629 1.918 0.388 0.094 0.290
1630 1.404 0.496 0.128 0.364
1631 2.188 0.392 0.078 0.306
1632 1.578 0.280 0.070 0.202
1633 1.254 0.230 0.060 0.170
1634 2.156 0.350 0.082 0.262
1635 2.084 0.250 0.062 0.182
1636 1.472 0.368 0.076 0.284
1637 2.028 0.322 0.086 0.232
1638 2.776 0.510 0.124 0.380
1639 1.894 0.342 0.064 0.272
1640 2.262 0.336 0.092 0.238
1641 missing
1642 1.766 0.240 0.082 0.152
1643 2.298 0.312 0.084 0.224
1644 2.466 0.328 0.092 0.232
1645 1.728 0.244 0.060 0.180
1646 1.576 0.230 0.066 0.162
1647 1.862 0.260 0.072 0.184
1648 2.582 0.446 0.208 0.230
1649 2.094 0.264 0.094 0.168
1650 3.600 0.652 0.182 0.468

>63µm >63<150µm >150µm
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

1651 3.138 0.468 0.120 0.322
1652 1.224 0.178 0.034 0.134
1653 3.030 0.410 0.092 0.316
1654 2.992 0.446 0.132 0.308
1655 2.116 0.318 0.080 0.236
1656 1.500 0.220 0.060 0.154
1657 3.636 0.482 0.148 0.330
1658 3.274 0.464 0.106 0.352
1659 2.306 0.316 0.096 0.214
1660 2.460 0.322 0.114 0.206
1661 3.554 0.548 0.136 0.410
1662 2.180 0.280 0.088 0.188
1663 3.642 0.352 0.100 0.250
1664 2.088 0.236 0.078 0.152
1665 2.232 0.280 0.086 0.192
1666 2.674 0.234 0.054 0.174
1667 2.786 0.446 0.126 0.314
1668 3.500 0.526 0.124 0.396
1669 3.296 0.446 0.130 0.312
1670 2.410 0.356 0.118 0.238
1671 2.754 0.316 0.114 0.200
1672 2.856 0.372 0.116 0.254
1673 2.878 0.372 0.132 0.232
1674 3.714 0.454 0.144 0.306
1675 3.658 0.316 0.122 0.190
1676 3.288 0.352 0.112 0.238
1677 3.930 0.548 0.198 0.344
1678 3.234 0.328 0.130 0.192
1679 2.886 0.254 0.084 0.168
1680 3.286 0.522 0.206 0.314
1681 3.036 0.380 0.146 0.234
1682 2.300 0.278 0.074 0.198
1683 2.992 0.262 0.106 0.156
1684 2.518 0.238 0.104 0.132
1685 2.708 0.190 0.070 0.116
1686 2.212 0.202 0.090 0.110
1687 2.832 0.266 0.088 0.176
1688 2.840 0.406 0.146 0.256
1689 3.818 0.400 0.126 0.272
1690 2.344 0.420 0.120 0.296
1691 2.608 0.406 0.126 0.280
1692 2.588 0.386 0.110 0.270
1693 2.896 0.336 0.132 0.202
1694 1.664 0.148 0.062 0.088
1695 1.732 0.098 0.052 0.042
1696 2.068 0.130 0.064 0.062 √ ash
1697 2.834 0.292 0.114 0.174 √ ash
1698 1.374 0.152 0.058 0.090 √ ash

>63µm >63<150µm >150µm
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

1699 3.208 0.312 0.122 0.184 √ ash
1700 2.228 0.358 0.128 0.230 √ ash
1701 2.260 0.286 0.126 0.152 √ ash
1702 2.662 0.244 0.084 0.156 √ ash
1703 2.024 0.244 0.100 0.136 √ ash
1704 2.668 0.308 0.134 0.166 √ ash
1705 1.672 0.184 0.076 0.110 √ ash
1706 2.278 0.298 0.132 0.162 √ ash
1707 2.546 0.252 0.114 0.132 √ ash
1708 2.470 0.214 0.110 0.100 √ ash
1709 4.064 0.166 0.090 0.072
1710 3.880 0.428 0.260 0.166
1711 4.214 0.378 0.202 0.168
1712 1.706 0.160 0.074 0.082
1713 2.698 0.232 0.086 0.138
1714 2.432 0.380 0.126 0.246
1715 2.062 0.292 0.110 0.178
1716 2.336 0.182 0.080 0.106
1717 1.848 0.072 0.030 0.042
1718 2.904 0.214 0.096 0.114
1719 2.074 0.128 0.070 0.056
1720 2.214 0.310 0.092 0.212
1721 2.050 0.092 0.048 0.042
1722 1.810 0.142 0.052 0.084
1723 2.990 0.170 0.078 0.086
1724 1.888 0.118 0.052 0.060
1725 2.104 0.140 0.054 0.086
1726 3.060 0.166 0.082 0.078
1727 2.182 0.116 0.062 0.046
1728 1.804 0.142 0.066 0.072
1729 1.800 0.104 0.052 0.052
1730 1.982 0.246 0.084 0.160
1731 2.288 0.176 0.084 0.086
1732 2.104 0.098 0.042 0.052
1733 2.774 0.130 0.054 0.076
1734 2.370 0.136 0.064 0.065
1735 2.286 0.134 0.054 0.074
1736 2.020 0.110 0.052 0.056
1737 2.668 0.142 0.060 0.072
1738 1.988 0.122 0.050 0.070
1739 1.510 0.098 0.042 0.048
1740 2.280 0.364 0.108 0.254
1741 2.946 0.098 0.066 0.088
1742 2.096 0.122 0.064 0.064
1743 0.960 0.132 0.052 0.078
1744 2.208 0.142 0.056 0.086
1745 2.418 0.168 0.048 0.116
1746 2.720 0.194 0.078 0.110

>63µm >63<150µm >150µm
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

1747 2.364 0.134 0.042 0.088
1748 2.190 0.102 0.040 0.058
1749 1.716 0.114 0.016 0.098
1750 0.962 0.314 0.094 0.212
1751 1.326 0.092 0.008 0.086
1752 2.000 0.156 0.024 0.130
1753 2.374 0.162 0.020 0.140
1754 1.972 0.156 0.024 0.128
1755 1.474 0.120 0.022 0.094
1756 1.332 0.240 0.022 0.102
1757 2.860 0.070 0.026 0.046
1758 2.362 0.110 0.026 0.084
1759 1.080 0.302 0.010 0.040
1760 2.798 0.326 0.146 0.178
1761 3.720 0.212 0.054 0.154
1762 2.578 0.200 0.026 0.168
1763 2.570 0.172 0.022 0.148
1764 3.112 0.352 0.064 0.288
1765 2.286 0.114 0.086 0.026
1766 1.898 0.160 0.034 0.126
1767 1.820 0.102 0.058 0.040
1768 2.706 0.140 0.076 0.058
1769 2.398 0.110 0.056 0.052
1770 3.334 0.436 0.260 0.174 √ √ ash, pteropods
1771 2.790 0.232 0.174 0.054
1772 2.708 0.188 0.170 0.016
1773 2.284 0.074 0.048 0.024
1774 2.824 0.138 0.086 0.052
1775 2.572 0.064 0.028 0.028
1776 1.670 0.094 0.046 0.042
1777 1.794 0.132 0.060 0.068
1778 1.758 0.122 0.040 0.082
1779 2.232 0.136 0.062 0.068
1780 1.438 0.240 0.064 0.174 √ √ ash, pteropods
1781 2.038 0.120 0.046 0.072
1782 2.622 0.188 0.068 0.114
1783 2.462 0.104 0.044 0.066
1784 1.748 0.050 0.020 0.026
1785 1.826 0.122 0.018 0.104
1786 2.220 0.110 0.046 0.056
1787 2.212 0.106 0.054 0.046
1788 1.934 0.082 0.034 0.042
1789 2.842 0.116 0.052 0.060
1790 2.956 0.418 0.114 0.304 √ √ ash, pteropods
1791 2.238 0.062 0.030 0.030
1792 2.316 0.094 0.046 0.044
1793 1.764 0.026 0.010 0.014
1793 2.478 0.092 0.038 0.044

>63µm >63<150µm >150µm
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Sample Sample weight weight weight Pteropods Ash Comments
(depth, cm) weight

1794 1.912 0.082 0.040 0.040
1795 1.780 0.040 0.018 0.022
1796 1.632 0.092 0.038 0.050
1797 2.722 0.078 0.028 0.042
1798 2.090 0.060 0.024 0.038
1799 1.934 0.054 0.024 0.034
1800 1.536 0.204 0.056 0.146

Note:
samples: 662-672,1226-1253,
               1381-1392 are voids in original core
samples: 370, 933-935,
               937-939,1509,
               and 1641 are lost in mail

>63µm >63<150µm >150µm
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