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Abstract

Well-preserved diatoms are present in high sedimentation rate Pleistocene cores retrieved on Ocean Drilling Program (ODP)

Legs 151, 152, 162 and IMAGES cruises of R/V Marion Dufresne from the North Atlantic. Investigation of the stratigraphic

occurrence of diatom species shows that the youngest diatom event observed in the area is the last occurrence (LO) of

Proboscia curvirostris (JouseÂ) Jordan and Priddle. P. curvirostris is a robust species that can easily be identi®ed in the

sediments, and therefore can be a practical biostratigraphic tool. We have mapped its areal distribution, and found that it

stretches from 408N to 808N in the North Atlantic. Further, we have correlated the LO P. curvirostris to the oxygen isotope

records of six cores to re®ne the age of this biostratigraphic event. The extinction of P. curvirostris is latitudinally diachronous

through Marine Isotope Stages (MIS) 9 to 8 within the North Atlantic. This is closely related to the paleoceanography of the

area. P. curvirostris ®rst disappeared within interglacial MIS 9 (324 ka) from the northern areas that are most sensitive to

climatic forcing, like the East Greenland current and the sea±ice margin. It survived in mid-North Atlantic until the conditions

of the MIS 8 (glaciation) became too severe (260 ka). In the North Paci®c at ODP Site 883 the LO P. curvirostris falls within

MIS 8. The observed overlap in age between the North Atlantic and the North Paci®c strongly suggests that the extinction of

P. curvirostris is synchronous between these oceans. q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

During the last decade several high-sedimentation

rate sites were drilled on sediment drifts of the North

Atlantic and the Nordic Seas to study the evolution of

millennial-scale climate variability (i.e. Myhre et al.,

1995; Jansen et al., 1996). Most of these sites have

well preserved calcium carbonate and siliceous

microfossils, which provide excellent opportunities

for re®ning the resolution of the North Atlantic
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biostratigraphic schemes. Based on Ocean Drilling

Program (ODP) Sites 919 and 983 eight Pleistocene

diatom datum events were identi®ed and, for the ®rst

time, tied directly to the oxygen isotope stratigraphy

of the sites (KocË and Flower, 1998; KocË et al., 1999).

On the basis of these datums, four high-latitude North

Atlantic diatom zones were proposed for the Pleisto-

cene (KocË and Flower, 1998; KocË et al., 1999).

The latest diatom datum event recognised in the

Pleistocene sediments of mid-high latitudes of both

the North Paci®c and the North Atlantic is the last

occurrence (LO) of Proboscia curvirostris (JouseÂ)

Jordan and Priddle (1991) (Koizumi, 1992; KocË et

al., 1999). In this study we investigate further the

suitability of this species as a biostratigraphic

marker and the event as a biostratigraphic datum.

We do this by mapping the areal distribution of

P. curvirostris in North Atlantic sediments, and by

correlating the LO P. curvirostris event in six high-

resolution North Atlantic sediment cores to their

oxygen isotope stratigraphies to re®ne the timing

of the event (Fig. 1).

2. Previous records of Proboscia curvirostris in the
North Atlantic

A good biostratigraphic marker should be easily

identi®able and dissolution-resistant. Further, it

should have a wide areal distribution and a short life

span. Proboscia curvirostris (Jordan and Priddle,

1991: p. 57; synonym: Rhizosolenia curvirostris

JouseÂ 1959, p. 48, pl. 2, ®g. 17; Akiba and Yanagi-

sawa, 1986, p. 497, pl. 42, ®gs. 1, 2; pl. 45, ®gs. 1±6),

like all other fossil Proboscia species, is a robust and

dissolution-resistant species. Due to its tubular struc-

ture, termed a ªproboscisº, and marked curvature and

the spines, it is also easily identi®able in the sediments

(Fig. 2).

Proboscia curvirostris is recorded from DSDP/

ODP Sites 552, 606, 607, 609, 610, 611 (Baldauf,

1984; 1987), 646 (Monjanel and Baldauf, 1989),

919 (KocË and Flower, 1998), 981, 982 (KocË, unpub-

lished data), 983 (KocË et al., 1999), and from

MD952014 and MD952027 (this study) in the

North Atlantic (Fig. 1). In the Nordic Seas it is

recorded from ODP Sites 907 (KocË and Scherer,

1996) and 986 (Jansen et al., 1996), and from

MD992278 and MD992285 (KocË, unpublished

data). This suggests quite a wide distribution for P.

curvirostris in the North Atlantic stretching from

408N to 808N (Fig. 1).

3. Material

Six high-resolution cores with well preserved

diatoms and detailed oxygen isotope stratigraphies

were chosen for documentation of the LO Proboscia

curvirostris in the North Atlantic (Fig. 1, Table 1).

Even though P. curvirostris is recorded from several

other sites in the North Atlantic, these sites are not

used to document the LO P. curvirostris since the

resolution of the biostratigraphic studies are too

coarse for the present study. These sites are only

used to document the distribution of P. curvirostris

in the North Atlantic.

Sites MD952027 and DSDP 609 are located

beneath the present North Atlantic Drift ¯ow (Fig.

1). Core MD952027 consists of nanno bearing detri-

carbonate silty clay, and has sedimentation rates of

18 m/100 ka. (Bassinot and Labeyrie, 1996). The

upper 164 m of DSDP 609 consists of interbedded

oozes, marls, and muds with sedimentation rates of

6 m/100 ka (Baldauf et al., 1987). Sites MD952014

and ODP 983 are located on the Bjorn Drift under

the in¯uence of the Irminger Current. These drift

sites have sedimentation rates of 15 m/100 ka. The

sediments at the Bjorn Drift and at Site 983 are pre-

dominantly composed of rapidly accumulated ®ne-

grained terrigeneous particles and minor amounts of

biogenic material (Jansen et al., 1996; Wold, 1994).

Since the sediment build-up mainly consists of

erosion and deposition of terrigeneous material from

the Icelandic slope, resedimentation of biogenic mate-

rial should be minimal. Further, there is no sedimen-

tological evidence for erosion or winnowing at these

sites (Jansen et al., 1996). ODP Site 919 is located on

the continental rise of Southeast Greenland, within the

western part of the Irminger Basin. It is primarily

under the in¯uence of the East Greenland Current.

Sediments at this site are composed predominantly

of silty clay, clayey silt, and clay with silt (Larsen et

al., 1994). Sedimentation rates at this site are in the

order of 18 m/100 ka. ODP Site 646 is situated on the

northern ¯ank of the Eirik Ridge, which is one of
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the large sediment drifts in the northwest Atlantic.

The site is in¯uenced by the present-day subarctic

West Greenland Current. Sediments at this site and

at Eirik Ridge are dominantly terrigeneous clay and

silt (Srivastava and Arthur et al., 1987; Wold, 1994).

Sedimentation rates are in the order of 10 m/100 ka.

Since most of the studied drift sites are build-up of

erosion and deposition of terrigeneous material, we do

not think resedimentation of biogenic material is a

problem at these sites.

4. Methods

ODP Sites 919, 983 and MD952014 and

MD952027 were sampled at intervals of 0.3±1.5 m

to locate the LO Proboscia curvirostris. The sampled

intervals from individual cores and the abundance of

diatoms are listed in Appendix A. In DSDP Site 609

and ODP Site 646 previously published LO levels of

P. curvirostris were used (Baldauf, 1987; Monjanel

and Baldauf, 1989). The sample intervals where the

N. KocË et al. / Marine Micropaleontology 41 (2001) 9±23 11

Fig. 1. Map of the northern North Atlantic Ocean. Plotted are the general surface circulation and the location of the cores where Proboscia

curvirostris is observed. In cores marked with dots the last occurrence of P. curvirostris is correlated to the oxygen isotope stratigraphy of the

core. MD depicts cores taken by the French RV Marion Dufresne during the IMAGES cruises. All other cores are Deep Sea Drilling (DSDP) or

Ocean Drilling Program (ODP) cores. Surface currents are illustrated with arrows as follows: NAD�North Atlantic Drift; IC� Irminger

Current; NC�Norwegian Current; EGC� East Greenland Current; WGC�West Greenland Current; LC� Labrador Current.



LO P. curvirostris is observed in individual cores are

listed in Table 2. Results from ODP Site 983 was

previously published (KocË et al., 1999). In addition

to the previously published results from ODP Site 919

(KocË and Flower, 1998), this site was resampled in

higher resolution between 36 and 46 mbsf around the

LO level of P. curvirostris. Approximately 1±2 g of

dry sample was acid cleaned and mounted on a

4 £ 2.4 cm2 glass for diatom investigations. The

whole slide area was scanned, and qualitative abun-

dance estimates of individual taxa were recorded.

Details of the methods for diatom cleaning and count-

ing procedures for these cores are previously

published (KocË and Flower, 1998; KocË et al., 1999).

Smear slides with 4 £ 2.4 cm2 dimensions were used

for samples from cores MD952014 and MD952027.

Qualitative abundance estimates of diatoms followed

the same procedures as the other cores.

Stable oxygen isotope records of the cores are

measured at the Laboratoire des Sciences du Climat

et de l'Environnement, CNRS by L. Labeyrie and

S. MantheÂ (DSDP 609, MD95-2014, MD95-2027),

University of South Florida by B.P. Flower (ODP

N. KocË et al. / Marine Micropaleontology 41 (2001) 9±2312

a) b)

c) d)

Fig. 2. Scanning electron microscope (SEM) photographs of Proboscia curvirostris Jordan and Priddle: (a) P. curvirostris Jordan and Priddle

and Nitzschia fossilis (Frenguelli) Kanaya on the right side, Sample 162-983A-9H-3, 49±50 cm; (b) Detail showing a dentate end in Sample

152-919A-7H-7, 40±41 cm; (c) Detail showing a triangular spine, Sample 152-919A-7H-7, 40±41 cm; (d) P. curvirostris Jordan and Priddle,

Sample 152-919A-7H-7, 40±41 cm.

Table 1

Positions of those cores where the last occurrence of Proboscia

curvirostris is correlated to the oxygen isotope stratigraphy of the

core

Core site Latitude Longitude Water depth

(m)

DSDP 609 49853 0N 24814 0W 3883

ODP 646A 58812N 48822 W 3458

ODP 919A 62840.20 0N 37827.61 0W 2088

ODP 983A 60824.20 0N 23838.43 0W 1985

MD 95-2014 60834.93 0N 22804.52 0W 2397

MD 95-2027 41844.67 0N 47824.79 0W 4112



919), University of Florida by D.A. Hodell (ODP 983)

and at the Memorial University of Newfoundland by

A. Aksu (ODP 646). All records are measured on

planktonic foraminifer species. Stable oxygen isotope

records of ODP 919, ODP 646, MD95-2014 are

measured on Neogloboquadrina pachyderma (sinis-

tral) (KocË and Flower, 1998; Aksu et al., 1989; unpub-

lished LSCE data, respectively), that of core DSDP

609 is measured on N. pachyderma (dextral) (KocË et

al., 1999), that of core MD95-2027 is measured on

Globigerina bulloides (unpublished LSCE data), that

of core ODP 983 is measured on N. pachyderma and G.

bulloides (Channell et al., 1997).

5. Results

The LO of Proboscia curvirostris occurs within

Marine Isotope Stages (MIS) 9 and 8 in the investigated

cores (Fig. 3). At ODP Site 919, which is a site at present

in¯uenced by the cold East Greenland current, and at

site MD952014 south of Iceland this event happens

within the second half of MIS 9, and is dated to 317±

308 ka (after Imbrie et al., 1984; Prell et al., 1986;

Martinson et al., 1987) (Table 2). This is the earliest

timing recorded for this event in the investigated

cores. At ODP Site 983 the extinction of P. curvirostris

takes place around the MIS 9/8 transition dated between

299 and 276 ka. Further south, at ODP/DSDP Sites 646,

609 and MD952027 the LO of P. curvirostris does not

occur until towards the end of MIS 8 between 263 and

240 ka. At MD952027, where we have the highest

sampling resolution, the event takes place between

substages 8.4 and 8.2, and is dated to 260±258 ka. A

similar timing is observed also at DSDP Site 609 and

ODP Site 646, where the LO P. curvirostris is recorded

between substages 8.4 and 8.2. However, due to the

larger sampling interval in these cores the event can

not be dated as tightly as in MD952027.

From these results it is clear that the extinction of

Proboscia curvirostris is latitudinally diachronous

within the North Atlantic, and is closely related to

the paleoceanography of the area. P. curvirostris

®rst disappeared from northern areas that are most

sensitive to climatic forcing, like the East Greenland

current and the sea±ice margin. But survived in mid-

North Atlantic until the conditions of the MIS 8

glaciation became too severe. This pattern of climate

evolution is similar to that of MIS 5, where the surface

ocean waters of the Nordic Seas cool much earlier

than the mid-latitude North Atlantic (Cortijo et al.,

1994). We believe that this type of climate evolution

most probably explains the diachronity observed in

the extinction of P. curvirostris through MIS 9 and 8.

6. Discussion and conclusions

Proboscia curvirostris has also a middle to high

latitude distribution in the North Paci®c. Its last

occurrence can be a valuable datum for correlation

between the high-latitude North Atlantic and the

North Paci®c Oceans. Morley et al. (1982) and

Sancetta and Silvestri (1984) dated the extinction

N. KocË et al. / Marine Micropaleontology 41 (2001) 9±23 13

Table 2

The last occurrence of Proboscia curvirostris recorded in the North Atlantic sediments

Site Top Bottom Age

(ka)

Core, section, interval

(cm)

Depth

(mbsf)

Core, section, interval

(cm)

Depth

(mbsf)

ODP 919A 5H-6, 38±39 44.38 5H-6, 68±70 44.68 313±317

MD 95-2014 30.94 31.60 308±314

ODP 983A 4H-2, 49±50 28.39 4H-3, 49±50 29.89 276±299

MD 95-2027 32.70 33.00 258±260

DSDP 609a 2H-3, 43±45 12.02 2H-4, 43±45 13.52 240±263

ODP 646Ab 1H-CC 5.0 3H-1, 128±130 17.0 28±258

a DSDP 609 from Baldauf, 1987.
b ODP 646A from Monjanel and Baldauf, 1989.
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Fig. 3. The last occurrence (LO) of Proboscia curvirostris plotted on the oxygen isotope stratigraphy of each core. Oxygen isotope records of cores ODP 919 (Flower, unpublished

data), ODP 646 (Aksu et al. 1989), MD95-2014 (unpublished LSCE data) are measured on Neogloboquadrina pachyderma(sinistral), that of core DSDP 609 (KocË et al., 1999) is

measured on N. pachyderma (dextral), that of core MD95-2027 is measured on Globigerina bulloides (unpublished LSCE data), that of core ODP 983 is measured on N. pachyderma

and G. bulloides (Channell et al., 1997). Marine isotope stage 9 is shaded, and the substages numbered according to Prell et al. (1986). Sampling intervals are plotted as bars on the

left side of the records.



of P. curvirostris at 0.276 Ma and correlated it to

MIS 8 from cores in the subarctic region of the

North Paci®c. Several other authors have dated

the LO of P. curvirostris to 0.250±0.300 Ma in the

middle-high latitude North Paci®c (Akiba, 1986;

Koizumi and Tanimura, 1985; Koizumi, 1986;

Yanagisawa and Akiba, 1998). However, the event

was not correlated directly to the oxygen isotope

stratigraphy of the sites investigated. At present the

only site in the North Paci®c where this event can be

correlated to the oxygen isotope stratigraphy of the

site is ODP Site 883 from the Detroit Seamount

where an upper Quaternary oxygen isotope record

is generated by Keigwin (1995). Morley et al.

(1995) recorded the LO of P. curvirostris in Hole

883B at 15.56 mbsf and dated the event to the

early portion of MIS 8 through the correlation of %

Cycladophora davisiana pattern and the oxygen

isotope records of Holes 883C and D. We translated

this level to the composite depth scale of the oxygen

isotope record of Site 883 through the correlation of

the magnetic susceptibility records of the four Site

883 holes shown in Fig. 1 of Keigwin (1995). We

also ®nd that at ODP Site 883 the LO of P. curvir-

ostris takes place within early MIS 8 (Fig. 4).

Bearing the dating uncertainties of these sites in
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Fig. 4. Oxygen isotope record of ODP Site 883 plotted together with the last occurrence (LO) of Proboscia curvirostris (Keigwin, 1995; Morley

et al., 1995). Numbers refer to oxygen isotope stages.



mind, we propose that the observed overlap in age

between the North Atlantic and the North Paci®c

strongly suggests that the LO of Proboscia curviros-

tris falls within MIS 9-8 in both oceans. These results

indicate that there is a high possibility that this event

is synchronous (within the uncertainties of paleocea-

nographic in¯uences which caused diachronity in its

extinction within MIS 9-8) between these two oceans,

and therefore the datum can be used for inter-ocean

correlation.

Even though the observed diachronity of LO of

Proboscia curvirostris in the North Atlantic can be

explained by paleoceanography, why it became

extinct in both the North Atlantic and the North Paci-

®c Oceans exactly within MIS 9-8 can not be

explained so readily. P. curvirostris was not the

only species which went extinct during this period.

Thalassiosira jouseae Akiba also went extinct around

the same time with P. curvirostris both in the North

Atlantic and in the North Paci®c, signalling that a

large scale environmental change had taken place in

MIS 9-8 (Koizumi, 1992; KocË et al., 1999). As indi-

cated by ice volume reconstructions, MIS 8 was not an

especially severe glaciation. In fact the previous

glaciations MIS 10 and MIS 12 were more severe

(McManus et al., 1999). Still, P. curvirostris survived

MIS 10 and 12, but not MIS 8. It is possible that even

though the ice volume reconstructions indicate more

severe glaciations during MIS 10 and 12, the surface

ocean conditions were not accordingly severe. Alter-

natively, some other environmental factor played a

stronger role in this species extinction in MIS 8.
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Appendix A

Notes: B� barren, T� trace, R� rare, F� few,

C� common, A� abundant

N. KocË et al. / Marine Micropaleontology 41 (2001) 9±2316

Core, section,

interval

(cm)

Depth

(mbsf)

Proboscia

curvirostris

abundance

Diatom

abundances

ODP Hole 919A

1H-1, 41±42 0.410 B C

1H-2, 40±41 1.900 B B

1H-3, 41±42 3.410 B T

1H-4, 40±41 4.900 B B

1H-5, 41±42 6.410 B A

2H-1, 41±42 8.410 B C

2H-2, 40±41 9.900 B A

2H-3, 41±42 11.410 B C

2H-4, 40±41 12.900 B F

2H-5, 41±42 14.410 B A

2H-6, 41±42 15.910 B A

3H-1, 39±40 17.890 B C

3H-2, 38±39 19.380 B B

3H-3, 39±40 20.890 B B

3H-4, 39±40 22.390 B B

3H-5, 40±41 23.900 B F

3H-6, 40±41 25.400 B C

3H-7, 42±43 26.920 B C

4H-1, 39±40 27.390 B C

4H-2, 40±41 28.900 B F

4H-3, 40±41 30.400 B C

4H-4, 41±42 31.910 B C

4H-5, 43±44 33.430 B C

4H-6, 41±42 34.910 B F

4H-7, 40±41 36.400 B C

5H-1, 39±40 36.890 B C

5H-1, 88±90 37.390 B F

5H-1, 128±130 37.790 B C

5H-2, 8±10 38.090 B B

5H-2, 38±39 38.380 B F

5H-2, 48±50 38.490 B C

5H-2, 108±110 39.090 B A

5H-3, 8±10 39.590 B C

5H-3, 39±40 39.890 B R

5H-3, 46±48 39.970 B F

5H-3, 88±90 40.390 B B

5H-3, 126±128 40.770 B C

5H-4, 8±10 41.090 B C

5H-4, 40±41 41.400 B A

5H-5, 8±10 42.590 B C

5H-5, 40±41 42.900 B A

5H-5, 108±110 43.580 B C

5H-6, 8±10 44.080 B C

5H-6, 38±39 44.380 B F

5H-6, 68±70 44.680 F C



N. KocË et al. / Marine Micropaleontology 41 (2001) 9±23 17

(continued)

Core, section,

interval

(cm)

Depth

(mbsf)

Proboscia

curvirostris

abundance

Diatom

abundances

5H-6, 108±110 45.090 R C

5H-6, 128±130 45.290 F C

5H-6, 148±150 45.490 F A

5H-7, 8±10 45.580 F C

5H-7, 28±30 45.780 F C

5H-7, 35±36 45.850 F A

6H-1, 39±40 46.390 B B

6H-2, 40±41 47.900 B B

6H-3, 40±41 49.400 B R

6H-4, 40±41 50.900 B R

6H-5, 40±41 52.400 F C

6H-6, 40±41 53.900 F C

6H-7, 40±41 55.400 B B

7H-1, 41±42 55.910 B R

7H-2, 40±41 57.400 B B

7H-3, 48±49 58.980 B B

7H-4, 40±41 60.400 B B

7H-5, 40±41 61.900 R F

ODP Hole 983A

1H-1, 49±50 0.490 B A

1H-2, 49±50 1.990 B C

1H-3, 49±50 3.490 B B

1H-4, 49±50 4.990 B F

1H-5, 49±50 6.490 B F

2H-1, 49±50 9.080 B A

2H-2, 49±50 10.580 B A

2H-3, 49±50 12.080 B C

2H-4, 49±50 13.580 B A

2H-5, 49±50 15.080 B A

2H-6, 49±50 16.580 B B

2H-7, 48±49 18.070 B B

3H-1, 49±50 20.050 B R

3H-2, 49±50 21.550 B A

3H-3, 49±50 23.050 B A

3H-4, 49±50 24.550 B F

3H-5, 49±50 26.050 B C

3H-6, 49±50 27.550 B B

3H-7, 49±50 29.050 B R

4H-1, 49±50 30.850 B R

4H-2, 49±50 32.350 B C

4H-3, 49±50 33.850 F C

4H-4, 49±50 35.350 F A

4H-5, 49±50 36.850 R A

4H-6, 49±50 38.350 B B

4H-7, 49±50 39.850 B B

5H-1, 49±50 42.200 A A

5H-2, 49±50 43.700 A A

5H-3, 49±50 45.200 C A

5H-4, 49±50 46.700 C A

5H-5, 49±50 48.200 C A

5H-6, 49±50 49.700 C A

(continued)

Core, section,

interval

(cm)

Depth

(mbsf)

Proboscia

curvirostris

abundance

Diatom

abundances

5H-7, 49±50 51.200 B B

MD95-2014

20.0 B R

110.0 B F

180.0 B R

260.0 B C

340.0 B C

420.0 B A

500.0 B C

670.0 B R

730.0 B A

800.0 B B

840.0 B F

890.0 B R

930.0 B B

980.0 B R

1030.0 B F

1232.0 B B

1280.0 B B

1315.0 B F

1370.0 B R

1437.0 B C

1495.0 B C

1520.0 B F

1618.0 B B

1640.0 B B

1680.0 B F

1760.0 B F

1780.0 B R

1860.0 B R

1910.0 B B

2030.0 B C

2080.0 B C

2160.0 B B

2230.0 B R

2310.0 B F

2390.0 B F

2424.0 B F

2469.0 B F

2510.0 B F

2592.0 B R

2634.0 B C

2770.0 B F

2810.0 B R

2840.0 B F

2860.0 B C

2884.0 B C

2950.0 B F

2961.0 B C

3024.0 B F

3094.0 B C
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(continued)

Core, section,

interval

(cm)

Depth

(mbsf)

Proboscia

curvirostris

abundance

Diatom

abundances

3160.0 C A

3183.0 B B

3200.0 C A

3230.0 C A

3270.0 C A

3300.0 C A

3327.0 F C

3340.0 B B

3356.0 B B

MD95-2027

1.0 B F

450.0 B C

600.0 B C

650.0 B C

696.0 B F

780.0 B C

870.0 B C

900.0 B R

945.0 B C

1010.0 B F

1050.0 B R

1100.0 B R

1230.0 B F

1340.0 B R

1350.0 B R

1390.0 B F

1460.0 B F

1500.0 B F

1650.0 B B

1680.0 B R

1740.0 B R

1800.0 B B

1830.0 B C

1924.0 B C

1950.0 B C

1970.0 B A

2040.0 B B

2100.0 B F

2250.0 B C

2253.0 B C

2330.0 B R

2400.0 B F

2414.0 B A

2450.0 B F

2480.0 B F

2530.0 B R

2550.0 B F

2575.0 B C

2660.0 B B

2700.0 B B

2750.0 B T

(continued)

Core, section,

interval

(cm)

Depth

(mbsf)

Proboscia

curvirostris

abundance

Diatom

abundances

2810.0 B F

2820.0 B F

2850.0 B R

2880.0 B R

2970.0 B R

3000.0 B C

3030.0 B B

3100.0 B C

3150.0 B F

3200.0 B C

3270.0 B C

3300.0 F C

3350.0 R C

3400.0 R C

3450.0 C A

3480.0 F A

3550.0 R F

3600.0 B R

3700.0 R F

3750.0 R F

3800.0 R F

3860.0 B F

3930.0 B F

3960.0 F F

4020.0 C C

4050.0 C C

4090.0 C C

4150.0 C C

4200.0 C C

4250.0 F F

4300.0 B B

4330.0 B R

4350.0 C C

4390.0 F F

4430.0 B B

4500.0 F F

4540.0 B R

4620.0 R F

Appendix B

Core ODP 919

Depth (mbsf)

N. pachyderma (s.)

d 18O(%.)

0.0900 2.6287

0.2800 3.1175

0.4900 3.2053

0.6900 3.2747

0.8900 3.4453
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(continued)

Core ODP 919

Depth (mbsf)

N. pachyderma (s.)

d 18O(%.)

1.0800 3.6903

1.2800 3.1753

1.3000 2.6981

1.4800 3.5073

1.5800 4.0103

1.7000 4.4947

1.7800 4.6733

1.9800 4.5313

2.1800 4.4133

2.3800 4.0843

2.4600 3.4545

2.5800 4.1613

2.7800 4.2073

2.8000 3.6945

3.0800 4.0883

3.2000 4.1998

3.2800 3.9003

3.4800 4.0003

3.6800 3.8183

3.7600 4.2485

3.8800 3.9613

3.9600 3.8371

4.0800 4.2053

4.2800 3.9513

4.3000 4.0259

4.4800 4.0953

4.5800 4.1923

4.7000 3.6527

4.7800 3.9333

5.0000 4.1283

5.1800 3.6533

5.3800 2.8293

5.7800 3.9933

5.8000 3.9380

6.0600 4.1313

6.1000 3.2132

6.2000 3.9638

6.2800 4.0123

6.4800 3.7935

6.6800 3.4893

6.8800 3.8357

6.9700 3.8445

7.0800 3.9711

7.2800 3.9410

7.3000 3.6135

7.4800 3.9061

7.5600 3.9137

7.7800 3.8420

7.9500 3.2314

8.0800 3.7339

8.2800 4.0505

8.6800 3.9066

(continued)

Core ODP 919

Depth (mbsf)

N. pachyderma (s.)

d 18O(%.)

8.8800 3.8334

9.0800 3.8881

9.2800 3.9068

9.5800 3.8934

9.6400 3.9624

9.7800 3.798

9.9800 3.4100

10.180 3.3104

10.380 3.4868

10.450 3.3018

10.580 3.3281

10.780 3.2381

11.090 3.4807

11.130 3.2758

11.290 3.4338

11.480 3.5780

11.680 3.6447

11.880 3.6998

11.950 3.2352

12.080 3.7594

12.280 3.4794

12.490 3.4755

12.580 3.6186

12.640 3.1678

12.780 3.6588

12.980 3.0531

13.180 4.0216

13.340 3.8284

13.440 4.1250

13.510 3.5934

13.580 4.0877

13.780 4.0798

14.080 3.6507

14.130 3.4165

14.280 3.7698

14.480 3.7052

14.680 3.6963

14.880 2.8825

14.940 3.6267

15.080 3.5564

15.200 3.2578

15.280 3.7873

15.470 3.6858

15.580 3.5658

15.630 3.1744

15.780 3.6910

15.980 3.3064

16.430 3.2949

17.560 2.8472

17.580 2.9553

17.780 3.1866

17.980 2.9734
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(continued)

Core ODP 919

Depth (mbsf)

N. pachyderma (s.)

d 18O(%.)

18.180 3.1216

18.380 2.9920

18.450 2.9230

18.580 2.9261

18.690 3.0835

18.750 2.6644

18.980 3.4281

19.060 3.9714

19.080 4.1130

19.280 4.0493

19.300 4.0248

19.480 4.0144

19.680 3.9468

19.950 4.086

20.580 4.2802

20.800 4.1125

21.460 3.3138

22.080 3.9186

22.960 3.9415

23.580 4.1688

23.950 4.2591

24.470 3.4633

24.740 3.4764

24.980 3.6486

25.060 3.6919

25.070 3.5442

25.280 4.0931

25.480 3.9960

25.680 3.9840

25.880 4.0670

25.950 3.5189

26.050 3.4243

26.220 3.4406

26.480 4.1314

26.560 3.985

26.580 3.3939

26.780 4.2245

27.260 4.0169

27.080 4.0167

27.270 4.1852

27.470 3.3527

27.680 3.9405

27.870 4.0307

28.050 3.3678

28.260 3.3067

28.300 3.0998

28.480 2.8073

28.580 2.7573

28.780 2.5914

29.170 3.7908

29.370 3.3251

29.450 3.4833

(continued)

Core ODP 919

Depth (mbsf)

N. pachyderma (s.)

d 18O(%.)

29.580 3.5855

29.760 3.8423

30.100 3.6653

30.250 3.7378

30.280 3.9211

30.480 3.3930

30.680 3.2757

30.860 3.6754

31.250 3.5157

31.580 3.1287

31.780 2.7926

32.180 2.9462

32.770 3.1801

33.280 3.0291

33.490 3.7570

33.700 3.8448

33.800 3.6554

33.950 3.4510

34.080 3.6474

34.280 3.5196

34.470 3.4248

34.580 3.4400

34.760 3.5199

34.780 3.9742

34.980 4.0001

35.180 4.1752

35.380 3.8001

35.450 3.7636

35.580 4.1425

35.770 4.3820

36.080 4.0615

36.320 4.0286

36.800 4.1414

36.580 3.2749

36.780 3.9144

36.980 3.6781

37.180 3.9689

37.380 3.7757

37.450 3.7036

37.580 3.6411

37.780 3.6997

38.080 3.8947

38.280 3.5898

38.480 4.1952

38.680 4.4183

38.880 4.4852

38.950 3.7582

39.080 4.2320

39.280 3.8162

39.480 4.2587

39.580 3.9259

40.200 4.4263
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(continued)

Core ODP 919

Depth (mbsf)

N. pachyderma (s.)

d 18O(%.)

40.230 3.9411

40.430 3.7752

40.580 3.8705

41.080 4.5576

41.180 3.6655

41.280 4.2960

41.700 3.9487

41.880 4.0737

42.080 3.9705

42.580 4.6372

43.380 3.3529

43.780 4.1378

44.080 2.8452

44.280 3.7703

44.480 3.8256

44.680 3.6282

44.880 3.5313

44.950 3.0926

45.080 3.6874

45.480 3.9038

45.950 2.941

46.030 3.7375

46.080 3.8948

46.160 4.5175

46.220 4.5275

46.280 4.2776

46.360 4.5375

46.410 4.4775

46.480 4.1367

46.510 4.6575

46.610 4.5775

46.680 4.0723

46.760 4.2775

46.820 4.0775

46.880 4.0387

46.950 4.1275

46.970 3.8427

47.030 4.1975

47.080 4.1649

47.160 4.0675

47.220 3.8675

47.280 4.2523

47.350 3.9875

47.410 4.0675

47.480 3.9797

47.520 3.7975

47.580 4.3159

47.660 3.7275

47.720 3.9475

47.780 3.8527

47.860 3.6375

47.920 3.8175

(continued)

Core ODP 919

Depth (mbsf)

N. pachyderma (s.)

d 18O(%.)

47.980 3.5937

48.060 3.5775

48.130 3.9775

48.180 3.2464

48.260 3.6875

48.330 3.5875

48.380 3.1697

48.430 3.253

48.460 3.6075

48.470 3.2397

48.530 3.5775

48.580 3.3148

48.660 3.7875

48.730 4.0475

48.780 3.9201

48.850 4.0075

48.920 4.0175

48.980 3.5559

49.020 4.1067

49.080 3.4265

49.160 4.2167

49.220 4.1167

49.280 3.4199

49.360 4.0767

49.420 3.8067

49.480 3.7237

49.560 3.7867

49.630 4.0567

49.680 3.6884

49.760 4.0967

49.830 4.2067

49.880 3.5264

49.960 3.9567

49.970 3.6295

50.020 4.0267

50.080 3.575

50.160 3.8767

50.280 3.6380

50.360 3.9129

50.520 3.7129

50.580 3.3290

50.660 3.6429

50.720 3.6329

50.780 2.9370

50.860 3.5529

50.920 3.6129

50.980 3.1607

51.060 3.5429

51.120 3.5629

51.180 3.0070

51.260 4.0429

51.320 3.9529



N. KocË et al. / Marine Micropaleontology 41 (2001) 9±2322

(continued)

Core ODP 919

Depth (mbsf)

N. pachyderma (s.)

d 18O(%.)

51.380 3.5260

51.450 3.5829

51.580 4.0090

51.660 4.3529

51.710 4.4029

51.780 4.0838

51.860 4.4229

51.980 3.9220

52.020 4.2429

52.080 3.9850

52.160 4.1029

52.220 4.2529

52.280 3.6095

52.360 3.9729

52.420 3.8129

52.480 3.7728

52.560 4.0029

52.620 3.9129

52.700 3.4470

52.760 3.8329

52.820 3.6929

52.880 3.2440

52.960 3.2329

52.970 2.8271

52.990 2.9899

53.020 3.2629

53.080 2.7880

53.160 3.0729

53.220 3.3129

53.280 3.1490

53.360 3.2729

53.420 3.2029

53.480 3.1203

53.520 3.3533

53.580 3.2540

53.660 3.3767

53.720 3.8667

53.780 3.0583

53.860 3.8367

53.920 3.4367

53.980 3.0230

54.060 3.2867

54.120 3.2067

54.180 2.8130

54.260 3.6367

54.280 3.0364

54.320 3.3367

54.380 3.1427

54.580 2.8920

54.660 3.1367

54.780 2.8850

54.920 3.3867

(continued)

Core ODP 919

Depth (mbsf)

N. pachyderma (s.)

d 18O(%.)

55.020 3.4596

55.080 2.8923

55.280 2.5370

55.360 3.1427

55.480 3.8417

55.570 3.4516

55.710 3.8197

55.520 4.0898

55.580 4.3960

55.660 4.6095

55.720 4.6491

55.780 3.7360

55.860 4.1967

55.920 3.9303

55.980 4.3937

56.120 4.2710

56.180 3.4670

56.260 4.0170

56.380 4.2730

56.450 4.2471

56.460 3.4055

56.520 4.6078

56.580 4.5850

56.660 4.7279

56.720 4.6145

56.780 3.9380

56.860 4.6387

56.920 4.5153

56.980 4.5977

57.010 4.2417

57.100 4.3676

57.170 4.1480

57.220 3.4303

57.280 3.7712

57.310 4.2755

57.380 4.5390

57.450 4.1829

57.480 3.8997

57.950 3.7482

58.480 4.0477

58.780 4.0457

58.980 3.4917

59.380 4.1087

59.780 3.8787

60.480 4.0437

60.970 3.3068

61.480 4.2757

61.980 2.6477

62.450 3.3001

63.980 3.8067

64.940 3.0950
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