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ABSTRACT 

Oxygen and carbon isotopic compositions of planktonic foraminifers Neogloboquadrina pachyderma and N. atlan
tica were determined at approximately 150-cm intervals through late Pliocene to Holocene sediments in Hole 647A and 
late Miocene to Holocene sediments in Hole 646B. The isotopic record shows an overall enrichment of about 4.0%o in 
5180 and 1.0%o in 613C from the base to top of Hole 646B. In general, this enrichment probably represents the progres
sive climatic cooling that started in the middle and late Miocene, continued throughout the Pliocene, and led to the 
Pleistocene glaciations. The 5180 values in sediments from approximately 2.66 to 2.42 Ma show a considerable enrich
ment (~2.5%o) and little change in the 513C values, which probably reflects significant long-term ice storage in the 
Northern Hemisphere. We interpreted enrichments of ~ 1.5%o in 6180 and ~ 1.0%o in 513C at -3.2 Ma, associated with 
minor ice-rafted material, as substantial cooling of surface waters in the Labrador Sea. Near the upper part of magne-
tochron 10 in Hole 646B, we observed an approximately 2 to 3%o enrichment in the 8180, which is associated with a 
much smaller enrichment of ~ 1.0%o in the S13C. This correlates with the right-to-left coiling change in N. atlantica. We 
do not completely understand the cause of the large shift in isotopic record. 

INTRODUCTION 

In recent years, several papers were published about the oxy
gen and carbon isotopic records of Miocene to Holocene sedi
ments in the central North Atlantic (Shackleton et al., 1984; 
Shackleton and Hall, 1984; Keigwin, 1987; Keigwin et al., 1987). 
The salient conclusions of these papers can be summarized as 
follows. 

1. Unlike the earlier conclusion of Shackleton and Opdyke 
(1977) that significant North Atlantic glaciations occurred as 
early as 3.2 Ma, data from Deep Sea Drilling Project (DSDP) 
Hole 552A illustrated that the first major glaciation and ice 
rafting in the North Atlantic occurred at 2.37 Ma (Shackleton et 
al., 1984; Shackleton and Hall, 1984). Oxygen isotopic data 
from DSDP Site 606 also confirm the Northern Hemisphere 
glacial advances at about 2.4 and 2.6 Ma (Keigwin, 1987). 

2. Benthic and planktonic isotopic results from DSDP Site 
606 also indicate a considerable enrichment in the 5180 values at 
~3.1 Ma, some of which is attributed to cooling of the North 
Atlantic Deep Water and the remainder to minor glacial ad
vance in the Northern Hemisphere (Keigwin, 1987). 

3. Brief episodes of continental glaciations generally lasting 
less than 20,000 yr occurred at about 5.0 and 5.5 Ma (Keigwin 
et al., 1987). 

This study examines the oxygen and carbon isotopic records 
of Ocean Drilling Program (ODP) Sites 646 and 647, compares 
the results with those obtained from DSDP Legs 81 and 94, and 
discusses the paleoenvironmental significance of the stable iso
topic results. 

The Labrador Sea is located adjacent to major Northern 
Hemisphere Pliocene-Pleistocene ice masses. It forms the west-
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ern branch of the Atlantic Ocean and constitutes a major con
duit between the Arctic and Atlantic oceans, thus providing a 
unique opportunity to study the paleoceanographic history of 
the northwest Atlantic Ocean. 

During Leg 105, four holes were drilled at two sites in the 
Labrador Sea (Fig. 1). Site 646 was drilled on the flank of the 
Eirik Ridge, one of a number of sediment drifts that occur 
around the northwest Atlantic Ocean. Holes 646A and 646B 
were terminated at 103.5 meters below seafloor (mbsf) and 766.7 
mbsf, respectively. Site 647 is located approximately 100 km 
south of the Gloria Drift in the southern Labrador Sea. Holes 
647A and 647B were drilled to a depth of 716.6 and 103.3 mbsf, 
respectively. 

MATERIAL AND TECHNIQUES 
To determine the oxygen- and carbon-isotope stratigraphy of the Mi

ocene to Holocene sediments recovered in these Labrador Sea sites, 
about 10 cm3 of sediment was sampled at a depth of about every 150 cm 
in most core sections of Holes 646B and the upper 165 m in Hole 647A. 

Foraminifer data in Hole 646B indicated that there were two plank
tonic foraminifer species (N. pachyderma sinistral and N. atlantica si
nistral) suitable for stable isotopic determinations (Aksu and Kaminski, 
this volume). Except for shorter intervals barren of foraminifers, N. 
pachyderma (sinistral) occurred in high abundances and was present in 
Cores 105-646B-1H through 105-646B-19X. Samples from Cores 105-
646B-21X and 105-646B-22X were barren of foraminifers. Below Core 
105-646B-22X, the abundance of N. pachyderma was low and its occur
rence was sporadic, whereas N. atlantica (sinistral) was abundant in 
most samples. Oxygen and carbon isotopic variations in Hole 646B were 
determined using N. pachyderma (sinistral) in the upper ~ 188 m and 
N. atlantica between ~ 188 and 766 m. A few samples contained suffi
cient quantities of both N. pachyderma and N. atlantica to allow a cali
bration to be established between these species. All samples examined in 
Site 647 included high abundance of N. pachyderma (sinistral). 

Sediment samples were dried in an oven at approximately 40°C for 
24 hr. Subsequently, the sediment was dispersed in distilled water with 
about 10 cm3 of 1% Calgon solution. All samples were wet sieved 
through a 63 jam-screen, and the coarse fractions were dried in an oven. 
After determining foraminifer assemblages (Aksu and Kaminski, this 
volume), about 250 to 500 specimens of N. pachyderma and/or N. 
atlantica were handpicked from each sample for stable isotopic analy
ses. In a few samples, these stable isotopic analyses were performed on 
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68° 64° 60° 56 
Figure 1. Location of Holes 646B and 647A. 

< 100 specimens. The foraminifer shells were cleaned in distilled water 
and dried in an oven at 90°C. Foraminifer shells were transferred into 
double-arm reaction vessels and placed in water at 50°C for about 2 hr. 
They were acidified with 100% phosphoric acid. The reaction vessels 
were transferred into a vacuum line where the water in the evolved C02 
was trapped with a dry ice and methanol mixture ( 85°C). The puri
fied C02 was collected in 6-mm pyrex tubes, then sealed and stored for 
stable isotopic analyses. The isotopic ratios of 180/160 and 13C/12C 
were determined using a VG Micromass 903E triple collector mass spec
trometer at the Memorial University of Newfoundland. Several dupli
cate analyses performed on the laboratory standard Carrara Marble and 
selected samples showed that the reproducibility varied from ± 0.04 to 

±0.08. The isotopic ratios are expressed as per mil (%o) difference be
tween the 180/160 and l3C/l2C in the samples and the laboratory stan
dard Carrara Marble. The isotopic data in this paper are reported rela
tive to Chicago PDB-1. 

RESULTS A N D DISCUSSION 

Hole 646B 
In Figure 2, the stable isotopic record for Hole 646B is shown 

as a function of depth below seafloor. A time scale based on the 
biostratigraphic and magnetostratigraphic data also is presented 
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for comparison of previously established major stable isotopic 
events. All stable isotopic results are tabulated in Appendix A. 
A detailed stable isotopic record for the upper ~ 85 m of Site 
646 with approximately 20-cm sampling interval is presented 
elsewhere (see Aksu et al., this volume); however, the data are 
tabulated in Appendix B for comparison between the isotopic 
variations in the Quaternary with those in the Miocene and Pli
ocene. Here, the isotopic data in the upper 85 m are plotted as 
"one sample per section" to maintain a consistency in the tem
poral resolution. 

The base of Hole 646B lies within magnetochron 10 (Clem
ent et al., this volume), at - 8 . 5 to 8.9 Ma. A few biostrati
graphic markers at this level confirmed the upper Miocene age 
(Srivastava, Arthur, et al., 1987). In samples from 766 through 
747 mbsf, the 5180 values fluctuated between 1.2 and - 1.2%o, 
with corresponding 513C values of approximately 0.4%o (Fig. 2). 
A dramatic enrichment of about 2%o was observed in the 5186 
values between 738.5 and 730 mbsf. A similar but lower-ampli
tude shift also was observed in 513C values at the same bound
ary. This transition correlates with the right-to-left coiling change 
in N. atlantica and occurs near the upper part of magnetochron 
10. A similar shift in both the 5180 and 513C records that corre
lates with the coiling change in all Neogloboquadrina species 
also was observed at Hole 611C of DSDP Leg 94 (Keigwin et 
al., 1987). However, the shift at Hole 611C was dated to occur 
within magnetochron 7. The timing of the coiling change for 
this taxon is not well constrained chronologically; it has been 
found to occur at the top of foraminifer Zone NI7 of Blow 
(1969), at DSDP Site 407 (Poore, 1974), and near the middle of 
Zone N16 at DSDP Site 116 (Berggren, 1972). Lack of detailed 
magnetostratigraphic data in these sites precluded direct correla
tion of coiling change for N. atlantica to ODP Hole 646B. 

Causes of this large shift in the 5180 record at -738.5-730 
mbsf are not well understood. Several possible explanations may 
be suggested: 

1. Depleted 5180 values near the base of Hole 646B may rep
resent diagenetic alteration of the 5180 signal by preferential dis
solution and re-precipitation of calcium carbonate from pore 
water at relatively higher in-situ temperatures. However, micro
scopic examination of foraminifers in samples above and below 
this transition showed no conspicuous difference in test mor
phology and structure. Results of benthic isotopic records (in 
progress) may clarify the problem. 

2. The observed ~2%o shift in the 5180 and - 1 % 0 shift in the 
513C records may be interpreted as continental ice-growth events 
in the late Miocene. Several studies suggested late Miocene ex
pansion of the Antarctic Ice Cap (Cita and Ryan, 1979; Ciesiel-
ski et al., 1982; McKenzie et al., 1984), others also proposed 
significant Northern Hemisphere climatic cooling and glacia
tion in the late Miocene (Denton and Armstrong, 1969; Mudie 
and Helgason, 1983; Barnosky, 1983). 

3. The increase in the 5lsO values may represent a late Mio
cene cooling in the surface waters in the Labrador Sea, with lit
tle or no long-term continental ice storage. There is little infor
mation about the depth habitat of N. atlantica, but data for 
other Neogloboquadrina species, such as N. pachyderma and 
N dutertrei, suggest that these species may deposit their shells 
at near-uniform water temperature by adjusting their preferred 
depth habitats (Fairbanks et al., 1982). No isotopic evidence ex
ists for a late Miocene glaciation as large as 2%o (Elmstrom and 
Kennett, 1986). Similar, but lower-magnitude isotopic enrich
ments observed in North Atlantic sediments (Keigwin et al., 
1987) suggest that at least part of this major enrichment in the 
isotopic data from Hole 646B may be attributed to a tempera
ture decrease in the Labrador Sea surface waters. 

From about 730 mbsf to 480 mbsf, the stable isotopic record 
of Hole 646B remains relatively constant, fluctuating between 
0.5 and 2.5%o in the 5180 values and - 1.0 and 1.0%o in the 513C 
values (Fig. 2). An enrichment of about 2.0%o was observed in 
both the <5180 and the 513C values from a depth of about 480 
through 435 mbsf. This transition occurred in the lower Plio
cene at approximately 5.5 to 5 Ma. Similar enrichments also 
were observed in the benthic and planktonic isotopic records of 
DSDP Hole 552A. These were interpreted as short-duration (i.e., 
<20,000 yr) glaciations at approximately 5 and 5.5 Ma. Poor 
core recovery in this interval, which restricted the stable isotopic 
data to one sample per core in Hole 646B, limited a direct corre
lation between the North Atlantic and the Labrador Sea. 

Excellent core recovery at depths of between 405 and 265 
mbsf in Hole 646B and, except for a few barren intervals, abun
dant foraminifers in the samples, allowed us to establish a de
tailed lower Pliocene stable-isotope stratigraphy. In general, the 
5lsO and 513C values in samples from Cores 105-646B-43X 
through 105-646B-31X ( - 4 . 8 to 3.2 Ma) remain relatively con
stant, fluctuating between 1.5 and 2.5%o and - 0 . 5 and 1.0%o, 
respectively. A progressive enrichment in both the 5180 and 513C 
was observed from 480 to 465 mbsf. Between 472 and 465 mbsf 
in Hole 646B, the 5180 values of N. atlantica significantly in
creased over background values and reached — 3.6%o at 368 
mbsf. This maximum 5lsO value is much heavier than the Pleis
tocene interglacial values, but lighter than the glacial ones. A 
step-wise increase in 5lsO values in the section and the co-vari
ance of 5180 and S13C records suggest a major continental ice-
storage event in the early Pliocene and/or a substantial cooling 
of surface waters in the Labrador Sea. However, the >63-/xm 
fraction data at this interval show no evidence for ice rafting in 
the Labrador Sea. We hope that benthic foraminifer isotopic 
data (in progress) will clarify the origin of this event. Assuming 
a sedimentation rate of about 90 m/m.y. during the lower Plio
cene at Hole 646B, this event occurred between 4.15 and 4.24 
Ma and represented approximately 90,000 yr. 

The stable isotopic record between 275 and 210 mbsf shows a 
major shift of - 1.5%o in 5180 and - 10%o in 513C occurring at 
270 mbsf, followed by an upward progressive depletion in both 
5180 and 513C. The base of this event is marked by a zone barren 
of foraminifers. Linear extrapolation using magnetostratigraphic 
and biostratigraphic data suggested that this event occurred at 
approximately 3.2 Ma. A similar shift of ~2.0%o in the 6lsO 
values and a much lower-amplitude shift of — 0.5%o in the S13C 
values also occurs at approximately 179 mbsf in Hole 646B. The 
base of this event also is bounded by a zone barren of foramini
fers. The analyses above and below this barren zone were per
formed on N. pachyderma and N atlantica, respectively. The 
isotopic fractionation of A7, atlantica with respect to N. pachy
derma was calculated as -0 .58 in a few samples between 385 
and 435 mbsf (Appendix A), which suggests that the amplitude 
of the observed shift was at least 2.5%o. The oldest sample show
ing enrichment in the 5180 values occurred immediately above 
the transition Gauss and Matuyama magnetic chrons (Fig. 2; 
Clement et al., this volume), at approximately 2.42 Ma. Sam
ples in Cores 105-646B-21X and 105-646B-22X were barren of 
foraminifers. Thus, the age of the isotopic transition could not 
be determined accurately. However, the >63-fim fraction data 
suggest that the first substantial ice rafting in the Labrador Sea 
started at -2 .56 Ma. Similar major shifts in the benthic iso
topic records were reported previously from the North Atlantic 
DSDP Holes 552A and 606, which reflects the beginning of gla
cial/interglacial cyclicity in the Northern Hemisphere (Shackle
ton and Hall, 1984; Keigwin, 1987). 

Between 175 and 130 mbsf, poor core recovery restricted the 
stable isotopic data to one sample per core. Above 130 mbsf, the 
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> 63 fJ-m fraction (%) 8 o 

M pachyderma & ^atlantica 
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Figure 2. Stable isotopic results for the planktonic foraminifers N. pachyderma and N. atlantica (both in > 150 /un) and 
>63-/im fraction from Hole 646B. Magnetostratigraphic data from Clement (this volume), ages from summary biostratigra
phy and magnetostratigraphy (Srivastava, Arthur, et al., 1987). 
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stable isotopic record shows large fluctuations; this reflects the 
glacial/interglacial cyclicity of the Pleistocene. At about 107 
mbsf ( - 1 . 4 Ma), a large shift of about 2.8%o in S180 and 1.8%o 
in 513C was observed. This may represent a lower Pleistocene 
glacial/interglacial cycle similar to those reported in the high-
resolution stable isotopic record of DSDP Site 607 (Ruddiman 
et al., 1986), which was fortuitously recorded with relatively 
low-resolution sampling. 

The isotopic record shows an overall enrichment of about 
4.0%o in S180 and 1.0%o in 513C from the base to top of Hole 
646B. In general, this enrichment probably represents the pro
gressive climatic cooling that began in the middle and late Mio
cene and continued throughout the Pliocene, leading to the Pleis
tocene glaciations. 

Hole 647A 
Hole 647A was drilled to a depth of 716.6 mbsf. Only the 

upper 165 mbsf of the drilled interval was sampled for stable 
isotopic analyses (Fig. 3). An unconformity that separated mid
dle Miocene from late Pliocene was identified at —116.5 mbsf 
(Srivastava, Arthur, et al., 1987). A second unconformity that 
separated early Miocene from late Oligocene was recognized at 
- 135 mbsf. Available chronostratigraphic data suggest that the 
Pliocene-Pleistocene section of Hole 647A was continuous. 

Figure 3 shows the stable isotopic record for Hole 647A. A 
time scale based on biostratigraphic and magnetostratigraphic 
data also is presented for comparison of previously established 
major stable isotopic events. All stable isotopic results are tabu
lated in Appendix C. A detailed stable isotopic record for the 
upper - 55 m of Hole 647B is presented elsewhere (see Aksu et 
al., this volume). Here, only the isotopic data from Hole 647A 
are presented. Samples between 166 and 135 mbsf and 116.5 
and 101 mbsf did not contain enough foraminifers to conduct 
stable isotopic analyses. Samples between 135 and 116.5 mbsf 
were barren of foraminifers. 

The stable isotopic data for Hole 647A are similar to the up
per -180 m of Hole 646B in exhibiting large fluctuations in 
both the 5180 and the 513C values. At about 64 mbsf, a dramatic 
shift that occurred at —1.4 Ma could be seen in both isotopes 
(i.e., 3.7%o in S180 and 2.5%o in 513C). Several duplicate analyses 
at this transition confirmed the validity and the amplitude of 
the observed shift. At present, the causes of this large shift are 
not well understood. No comparable isotopic event has been re
ported from the North Atlantic; however, a similar shift in both 
isotopes (with a much smaller amplitude) was observed in the 
stable isotopic record of Hole 646B. 

CONCLUSIONS 
Initial stable isotopic analyses for planktonic foraminifers N. 

pachyderma and N. atlantica from upper Miocene to Holocene 
sediments at Hole 646B and upper Pliocene to Holocene sedi
ments at Hole 647A show the following patterns similar to those 
observed in the North Atlantic Ocean (i.e., Shackleton and Hall, 
1984; Keigwin, 1987): 

1. Both the 5180 and the 513C values show a considerable en
richment between 2.66 and 2.42 Ma. The 5180 values at this in
terval are comparable to those recorded during the Pleistocene 
glacial periods. An interval barren of foraminifers situated im
mediately below the oldest sample showing the enrichment pre
cludes an accurate age determination for this zone. The >63-
liva. data indicated that the initial ice rafting began as early as 
2.56 Ma. This enrichment probably reflects significant long-
term ice storage in the Northern Hemisphere. 

2. There is also enrichment of both isotopes at about 3.2 
Ma, the 5180 values of which remain relatively lighter than those 
recorded during the Pleistocene glacial periods. However, these 

values are considerably heavier than those of interglacial peri
ods. This shift in the isotopic data can be interpreted as a major 
continental ice-storage event in the early Pliocene and/or a sub
stantial cooling of surface waters in the Labrador Sea. Work in 
progress on the benthic foraminifer isotopic record may clarify 
the origin of this shift. 

3. A dramatic enrichment of 5180, associated with a much 
lower-amplitude shift in 613C, occurs in Hole 646B and corre
lates with the right-to-left coiling change in AT. atlantica, near 
the upper part of magnetochron 10. A comparable shift was 
also observed at Hole 611C of DSDP Leg 94, which correlates 
with the coiling change in all Neogloboquadrina species. How
ever, the shift at Hole 611C was dated as occurring within magne
tochron 7. To date, the cause of this large shift in isotopic record 
and the age discrepancy is not well understood. 
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Figure 3. Stable isotopic results for the planktonic foraminifer N. pachyderma (> 150 um) and >63-/un fraction from Hole 647A. Magnetostrati
graphic data from Clement et al. (this volume); ages from summary biostratigraphy and magnetostratigraphy (Srivastava, Arthur, et al., 1987). 
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APPENDIX A 
Oxygen and carbon isotopic data for N. pachyderma (P) and N. 

atlantica (A) sinistral and >63-/un data for Hole 646B. 

Depth 
(mbsf) 

0 . 3 9 - 0 . 4 1 
2 . 0 1 - 2 . 0 3 
3 .40 -3 .42 
5 . 0 0 - 5 . 0 2 
6 . 6 0 - 6 . 6 2 
8 . 0 1 - 8 . 0 3 
9 . 4 0 - 9 . 4 2 

1 1 . 1 0 - 1 1 . 1 1 
12 .40 -12 .42 
14 .15 -14 .17 
14 .80 -14 .82 
1 6 . 3 9 - 1 6 . 4 1 
17 .90 -17 .92 
1 9 . 3 9 - 1 9 . 4 1 
2 0 . 9 1 - 2 0 . 9 3 
22 .30 -22 .32 
23 .70 -23 .72 
24 .57 -24 .59 
2 6 . 1 9 - 2 6 . 2 1 
27 ..49-27. 51 
2 9 . 1 9 - 2 9 . 2 1 
30 .26 -30 .28 
33 .83 -33 .87 
35 .30 -35 .34 
3 6 . 8 0 - 3 6 . 8 4 
38 .36 -36 .40 
4 3 . 5 2 - 4 3 . 5 6 
4 4 . 9 0 - 4 4 . 9 4 
4 6 . 4 0 - 4 6 . 4 4 
4 7 . 9 0 - 4 7 . 9 4 
4 9 . 4 0 - 4 9 . 4 4 
5 1 . 0 0 - 5 1 . 0 4 
5 2 . 3 0 - 5 2 . 3 4 
73 .00 -73 .04 
7 4 . 3 0 - 7 4 . 3 4 
7 6 . 0 0 - 7 6 . 0 4 
77 .30 -77 .34 
78 .61 -78 .65 
80 .10 -80 .14 
8 1 . 6 0 - 8 1 . 6 4 
9 0 . 4 0 - 9 0 . 4 4 
9 8 . 7 0 - 9 8 . 7 4 

102 .15-102 .20 
103 .65-103 .70 
105 .15-105 .20 
106 .65-106 .70 
108 .15-108 .20 
111 .30-111 .35 
112 .80-112 .85 
114 .30-114 .35 
115 .20-115 .25 
117 .30-117 .35 
118 .80-118 .85 
121 .15-121 .20 
122 .65-122 .70 
124 .15-124 .20 
125 .65-125 .70 

>63 /zm 
(%) 

1.63 
1.34 
3.33 
6.02 
5.18 
2 .33 
1.33 
1.08 
0.36 
5.52 
0.62 
0 .31 
7.75 
1.97 
3.92 
2.29 
5.03 
1.17 
0 .48 

10 .63 
17.63 

6.19 
17.39 

7.83 
7 .80 
3.23 
3.85 
4 .09 
8.20 
4 .06 
9 .18 

15 .41 
9 .25 
1.89 
9 .13 
5.06 
0.66 
6.49 
2.49 
7.94 
5.06 
7.50 
9.82 
0.19 
0.36 
2.36 
1.28 
1.08 
1.40 
0 .46 
3.56 
0 .95 

15.72 
2.37 
2 .34 
0.09 
2.15 

5 1 8 0 
( % o ) 

3.50 
4 .09 
3.82 
3 .61 
3.76 
4 . 6 3 
3.37 
2 .23 
3.55 
4 .02 
3.25 
3.62 
3.43 
3.63 
4 . 0 1 
4 .05 
3.86 
3.75 
4 .50 
2.25 
4 .28 
4 .96 
3.58 
4 .65 
3.87 
3.79 
3.27 
4 .07 
2 .45 
3.50 
3.25 
3.72 
3 .01 
3.39 
3.16 
3 .51 
2.98 
3.43 
3.56 
3 .01 
3 .51 
2 .41 
3.13 
4 . 0 1 
3.52 
3.03 
2.25 
1.37 
3.26 
2.76 
1.91 
2.49 
3 .51 
3.24 

3.76 
3.52 

513C 
( V o o ) 

0 . 5 1 
0.36 
0.27 
0 .85 
0.89 
0 .08 
0.35 
0 .44 

-0 .96 
- 0 . 4 1 
0.42 
0 .03 
0.16 
0.62 
0.07 

-0 .25 
0.16 
0 . 1 1 

-0 .17 
0 .51 
0.62 
0.19 
0.26 
0.07 
0 .01 
0.88 

- 0 . 0 4 
-0 .35 
0.06 

-0 .07 
0.06 

-0 .53 
0 .02 
0.29 
0 .41 
0.32 
0 .53 
0.59 
0.06 
0.02 
0.26 
0 .53 
0.47 
0.69 
0 .33 
0.00 

-0 .39 
-0 .98 
0 .20 
0 .00 

-0 .58 
- 0 . 2 5 
-0 .02 
-0 .19 

-0 .28 
0.00 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

P 
P 

Depth 
(mbsf) 

127 .15-127 .20 
128 .65-128 .70 
141 .10-141 .15 
150 .90-150 .95 
159 .50-159 .55 
160 .88-160 .93 
162 .38-162 .43 
178 .77-178 .82 
180 .27-180 .32 
181 .77-181 .82 
183 .27-183 .32 
184 .77-184 .82 
186 .27-186 .32 
188 .37-188 .42 
189 .87-189 .92 
191 .37-191 .42 
192 .87-192 .92 
194 .37-194 .42 
198 .45-198 .50 
199 .94-199 .99 
201 .45-201 .50 
202 .94-202 .99 
205 .94-205 .99 
206 .85-206 .90 
207 .85-207 .90 
209 .35-209 .40 
210 .85-210 .90 
212 .34-212 .39 
213 .84-213 .89 
226 .70-226 .75 
236 .49 -236 .54 
237 .99-238 .04 
239 .49-239 .54 
240 .99-241 .04 
242 .49 -242 .54 
256 .30-256 .35 
265 .70-265 .75 
267 .20-267 .25 
268 .70-268 .75 
270 .20-270 .25 
271 .70-271 .75 
273 .20-273 .25 
275 .39-275 .44 
276 .89-276 .94 
278 .39-278 .44 
279 .89-279 .94 
281 .39-281 .44 
282 .89-282 .94 
284 .97-285 .02 
286 .47-286 .52 
287 .97-288 .02 
289 .47-289 .52 
290 .97-291 .02 
292 .47-292 .52 
294 .58-294 .63 
296 .08-296 .13 
297 .58-297 .63 

>63 urn 
(%) 

0.77 
2.95 
7 .51 
4 .35 

10.37 
2 .55 
1.24 
1.60 
6.55 
1.29 
9.72 
2.77 
1.94 

13.78 
2.24 
2.62 
4 .36 
5 .31 
3.07 
5 .81 
1.14 
1.04 
1.14 
1.00 
2.27 
1.85 
1.12 
1.22 
1.21 
1.00 
0 .72 
0.50 
0 .73 
0.94 
1.51 
1.25 
1.10 
0 .51 
0.49 
1.55 
1.24 
0 .85 
0 .33 
0.46 
0 .35 
0.69 
0 .81 
0.42 
1.30 
1.21 
0.67 
0 .67 
0.37 
4 .29 
1.19 
0 .66 
0.88 

5 1 8 0 
( % o ) 

3 .01 

2.52 
3.02 

2.07 
3 .51 
3.48 
3.98 

4 .49 
3.96 

1.72 

1.48 

2 .50 
2 .65 
2.72 
2.52 
3 .21 
2 .74 
3.25 
3.50 
3.23 
3.52 

1.89' 
1.90 
2 .63 

1.64 
1.05 
1.71 
1.50 
1.12 
1.16 

1.26 
2.42 

51 3C 
( V o o ) 

0 .13 

0 .75 
0 . 5 1 

0.36 
0 .92 
0 .90 
1.15 

1.38 
1.01 

0 .43 

- 0 . 2 1 

-0 .50 
-0 .92 
-1 .05 
-0 .72 
-0 .63 
- 0 . 2 1 
0 .34 
1.02 
0.99 
0 .65 

-0 .05 
0 .33 
0.39 

0 .03 
-0 .94 
-0 .78 
-0 .65 
-0 .17 

0.20 

- 0 . 4 0 
- 1 . 1 4 

P 

P 
P 

P 
P 
P 
P 

P 
P 

A 

A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 

A 
A 
A 
A 
A 
A 

A 
A 
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Appendix A (continued) 

Depth 
(mbsf) 

299 .08-299 .13 
300 .58-300 .63 
302 .08-302 .13 
304 .35-304 .40 
305 .85-305 .90 
307 .35-307 .40 
308 .85-308 .90 
310 .35-310 .40 
316 .80-316 .85 
323 .62-323 .67 
325 .13-325 .18 
333 .92-333 .97 
335 .31-335 .36 
336 .18-336 .23 
338 .13-338 .18 
339 .18-339 .23 
341 .74-341 .79 
342 .16 -342 .21 
343 .10-343 .15 
344 .60-344 .65 
346 .10-346 .15 
347 .60-347 .65 
349 .10-349 .15 
350 .60-350 .65 
352 .10-352 .15 
352 .98-353 .03 
354 .48-354 .53 
355 .93-355 .98 
357 .48-357 .53 
358 .97-359 .02 
360 .45-360 .50 
362 .19-362 .24 
363 .69-363 .74 
365 .19-365 .24 
366 .69-366 .74 
368 .19-368 .24 
369 .69-369 .74 
371 .91-371 .96 
373 .41-373 .46 
374 .91-374 .96 
376 .41-376 .46 
377 91-377.96 
379 .41-379 .46 
380 .87-380 .92 
383 .06 -383 .11 
384 .57-384 .62 
386 .07-386 .12 
387 .57-387 .62 

389 .07-389 .12 

391 .16 -391 .21 
392 .59-392 .64 
394 .09-394 .14 
395 .59-395 .64 
397 .09-397 .14 
398 .67-398 .72 
401 .81-401 .86 

>63 /xm 
(%) 

0.68 
0 .78 
0 .94 
0.66 
0 .41 
1.85 
6.40 
1.05 
2 .50 
1.38 
4 .44 
1.66 
0 .80 
0.67 
1.33 
1.55 
0.99 
0 .78 
1.22 
0 .47 
0 .51 
0 .43 
0.32 
0 .61 
1.53 
0 .60 
1.05 
0.44 
1.98 
0.96 
0.96 
1.60 
1.02 
0 .44 
2.09 
0.86 
0 .80 
0 .61 
0 .58 
0 .42 
0 .63 
1.42 
1.00 
0.76 
0.69 
2.07 
0 .63 
0 .40 

1.00 

0 .44 
0 .60 
0.57 
0.79 
1.35 

18 .11 
0 .63 

5 1 8 0 
v loo' 

2 .01 
2.50 
2.27 
2 .15 
2 .45 
2 .11 
2.49 
1.68 
1.34 
1.76 
1.88 
2.05 
1.07 
1.37 
2.45 
2 .13 

2 .03 
2.17 
2 .80 
2.26 
1.45 
1.22 
0 .81 
2 .18 
1.93 
1.59 
1.51 
2 .50 
3.29 
2.40 
3.58 
3 .41 
2.40 
1.83 
2.66 
2.88 
1.42 
2 .31 
1.79 
2.59 
2 .43 
2 .41 
2.08 
1.42 
1.84 
1.44 
2 .73 
1.93 
2.59 
1.61 
2.06 
2.75 
2 .90 
2.55 

51 3C 
( V o o ) 

0.25 
0.52 
0 .24 
0 .91 
0 .79 
0 .63 
0 .70 
0.63 
0.37 
0.32 
0 .68 
0.50 
0 .34 
0 .50 
0 .63 
0 .70 

0.57 
0.75 
0.79 
0.69 
0 .23 

-0 .06 
- 0 . 5 1 
0 .07 
0.47 
0.29 

-1 .12 
- 0 . 2 1 
-0 .39 
0.22 
1.12 
1.34 
0 .14 

-0 .03 
0 .88 
0.96 
0.09 
0.96 
0.45 
0.88 
0.67 
0.72 
0 .44 
0 .23 
0.10 

-0 .53 
0.38 
0 .30 
0.83 
0.39 
0.63 
0.92 
1.28 
0.12 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
P 
A 
P 
A 
A 
A 
A 
A 
A 
A 
P 

Depth 
(mbsf) 

405 .20-405 .25 

412 .00 -412 .05 

421 .10 -421 .15 

431 .94 -431 .99 

434 .40 -434 .45 

443 .00 -443 .05 
451 .50 -451 .55 
460 .53-460 .58 
469 .22-469 .27 
471 .50 -471 .55 
479 .17-479 .22 
489 .80-489 .85 
497 .13 -497 .18 
509 .50-509 .55 
520 .30-520 .35 
526 .77-526 .82 
528 .44-528 .49 
529 .97-530 .02 
540 .30-540 .35 
549 .10-549 .15 
557 .60-557 .65 
565 .75-565 .80 
566 .35-566 .40 
575 .00-575 .05 
577 .00-577 .05 
584 .26 -584 .31 
585 .29 -585 .34 
586 .78-586 .83 
588 .16 -588 .21 
589 .78-589 .83 
593 .66 -593 .71 
595 .24-595 .29 
596 .34-596 .39 
604 .80-604 .85 
612 .90-612 .95 
614 .54-614 .59 
615 .55-615 .60 
617 .07-617 .12 
619 .38-619 .43 
622 .31-622 .36 
625 .20-625 .25 
631 .93-631 .98 
633 .33-633 .38 
634 .91-634 .96 
636 .30-636 .35 
637 .93-637 .98 
639 .59-639 .64 
641 .60-641 .65 
642 .81-642 .86 
644 .38-644 .43 
645 .91-645 .96 
651 .37-651 .42 
661 .08 -661 .13 
670 .63-670 .68 

>63 pm 
(%) 

1.00 

0.56 

0 .64 

1.56 

1.06 

0.89 
1.10 
1.12 
1.34 
1.09 
1.77 
1.04 
1.25 
1.35 
1.85 
2.78 
1.36 
1.41 
1.01 
1.27 
1.24 
1.07 
4 .63 
1.00 
1.01 
0 .42 
0 .68 
0.86 
1.50 
1.87 
2 .35 
2.17 
1.45 
1.25 
3.92 
1.23 
0 .88 
3.04 
3 .31 
1.28 
1.78 
2.62 
2.09 
0 .63 
0 .40 
1.12 
0 .93 
2.57 
1.49 
3.85 
0 .70 
1.28 
1.36 
7.34 

5 1 8 0 
( % o ) 

2 .01 
1.18 
1.56 
1.04 
2.02 
1.68 
3.45 
2.85 
3.27 
2.52 
3 .51 
2.50 
2.72 
2 .91 
2.56 
1.85 
1.51 
1.72 
1.57 
1.31 
1.47 
1.59 
0.52 
1.50 
1.34 
1.56 
1.43 
1.76 
1.50 
1.89 
1.72 
1.44 
2.85 
1.54 
1.79 
1.97 

2.52 
2.58 
2.22 
2.19 
2 .15 
2.26 
1.88 
1.24 
1.55 
2.27 
2 .21 

1.84 

1.50 
1.61 
1.31 
1.50 
1.65 
2 .11 
1.90 

51 3C 
( % o ) 

1.41 
0.72 
1.13 
0 .43 
1.25 
0 .65 
0 .14 
0.75 
1.37 
0.82 
1.36 
1.25 
2.03 
1.11 
1.17 
0.35 
0 .04 
0.26 

- 0 . 1 1 
0 .01 

-0 .28 
0.62 
0.62 

-0 .09 
0.06 

-0 .07 
0.06 
0 .31 
0 .03 
0.47 
0 .71 

-0 .05 
1.15 

-0 .18 
0.57 
0 .38 

0 .11 
0 .05 
0 .61 
0.56 
0 .50 
0 .54 
0.02 

- 0 . 1 1 
0.07 
0.42 
0.28 

0.07 

-0 .26 
0.22 

-0 .70 
-0 .25 
-0 .29 
0.29 
0 .55 

A 
P 
A 
P 
A 
P 
A 
P 
A 
P 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 

A 
A 
A 
A 
A 
A 
A 
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Appendix A (continued) 

D e p t h >63 /xm 6 1 8 0 5 1 3 C D e p t h >63 /im 5 1 8 0 5 1 3 C 
(mbsf) 

672 .13-672 .18 . 
673.63-673.68, 
675 .21-675 .26 
676 .50-676 .55 
677 .81-677 .86 
680 .10-680 .15 
681 .57-681 .62 
691 .13-690 .18 
699 .45-699 .50 
700 .70-700 .75 
703 .51-703 .56 

(%) 

5.44 
0.56 
0.20 
0.56 
2 .30 
1.23 
0.57 
0 .58 
2 .93 
0 .98 
0 .58 

( V o o ) 

0 .83 
0 .53 
0.36 
0.82 
1.07 
1.20 
1.64 
1.70 
2.20 
1.56 

( V o o ) 

-1 .30 
-0 .74 
-1 .09 
-1 .35 
-0 .47 
-0 .67 
-0 .49 
0 .11 
0 .34 

- 0 . 3 1 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

(mbsf) 

709 .12-709 .17 
710 .27-710 .32 
711 .76 -711 .81 
713 .76 -713 .81 
718 .31-718 .36 
733 .08-733 .13 
734 .80-734 .85 
739 .90-739 .95 
747 .54-747 .59 
749 .09-747 .14 
758 .65-758 .70 

(%) 

3.01 
0.52 
2 .01 
0.39 
0 .30 
1.14 
1.16 
1.23 
0.57 
0.90 
1.08 

( V o o ) 

1.36 

2 .21 
1.60 
2 .01 
1.56 

-0 .07 
- 1 . 3 1 
0 .78 

-0 .57 

( V o o ) 

0.22 

0 .91 
0 .83 
0.72 
0 .95 
0.57 

-0 .46 
-0 .15 
-0 .35 

A 

A 
A 
A 
A 
A 
A 
A 
A 
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APPENDIX B 
Oxygen and carbon isotopic data for N. pachyderma sinistral and 

>63-/tm data for the upper -85 m in Site 646. 

Depth 
(mbsf) 

0.00 
0.20 
0.40 
0.60 
0.80 
1.00 
1.20 
1.45 
1.60 
1.95 
2.15 
2.30 
2.50 
2.70 
2.95 
3.15 
3.40 
3.55 
3.75 
4.00 
4.20 
4.30 
4.48 
4.70 
4.90 
5.14 
5.35 
5.60 
5.75 
5.95 
6.17 
6.38 
6.55 
6.75 
6.95 
7.12 
7.32 
7.53 
7.71 
7.90 
8.10 
8.32 
8.50 
8.55 
8.71 
8.92 
9.20 
9.40 
9.60 
9.80 
10.01 
10.21 
10.40 
10.54 
10.72 
10.91 
11.12 

>63 fim 
(%) 

1.80 
1.60 
1.00 
1.23 
0.79 
0.85 
1.23 
0.70 
4.43 
7.40 
7.00 
2.12 
5.24 
6.42 
2.22 
10.00 
5.00 
4.00 
2.20 
3.27 
1.24 
1.89 
2.25 
4.00 
4.15 
15.00 
0.84 
5.89 
2.88 
0.68 
4.98 
3.00 
3.58 
2.25 
1.62 
0.99 
1.30 
2.25 
3.47 
7.20 
4.91 
4.89 
2.60 
1.30 
2.00 
1.90 
4.88 
1.58 
1.50 
2.80 
1.12 
0.68 
0.35 
0.28 
0.38 
0.35 
0.99 

6180 
(Voo) 
0.55 
0.56 
0.75 
0.47 
0.55 
0.40 
-0.75 
-0.04 
-0.13 
-0.05 
-0.18 
-0.15 
0.04 
0.30 
0.20 
0.05 
0.29 
0.38 
0.40 
0.43 
0.47 
0.45 
0.25 
0.40 
0.35 
0.25 
0.76 
0.70 
0.78 
0.77 
0.90 
1.35 
0.70 
0.26 
-0.21 
0.04 
0.00 
0.10 
0.29 
0.17 
-0.16 
0.26 
0.29 
0.30 
0.32 
0.56 
0.50 
0.18 
0.45 
0.21 
0.35 
0.56 
0.20 
-1.31 
-1.00 
-1.00 
-0.80 

513C 
( % o ) 

2.24 
2.13 
2.49 
2.01 
2.59 
1.80 
2.40 
2.70 
3.32 
4.30 
3.55 
3.95 
4.42 
4.15 
4.08 
3.93 
3.45 
3.60 
3.72 
3.75 
3.65 
3.70 
3.45 
3.67 
3.77 
3.41 
3.32 
3.40 
3.72 
3.68 
3.75 
3.82 
3.40 
3.55 
3.45 
4.04 
3.41 
4.60 
3.46 
3.49 
3.39 
3.41 
3.57 
3.31 
2.93 
2.86 
2.38 
2.98 
2.28 
2.08 
2.03 
2.29 
2.44 
2.57 
1.90 
3.51 
3.57 

Depth 
(mbsf) 

11.32 
11.51 
11.72 
11.91 
12.10 
12.30 
12.51 
12.67 
12.80 
13.00 
13.15 
13.30 
13.45 
13.63 
13.85 
14.10 
14.30 
14.50 
14.67 
14.80 
14.95 
15.10 
15.33 
15.60 
15.80 
15.99 
16.15 
16.30 
16.42 
16.60 
16.78 
17.02 
17.30 
17.77 
17.97 
18.10 
18.30 
18.53 
18.65 
18.80 
19.10 
19.31 
19.50 
19.75 
19.92 
20.10 
20.31 
20.50 
20.69 
20.90 
21.02 
21.21 
21.40 
21.80 
22.01 
22.40 
22.60 

>63 /xm 
(%) 

1.20 
9.52 
9.50 
6.35 
9.29 
4.62 
0.23 
5.45 
12.02 
6.93 
2.84 
6.89 
14.62 
4.03 
6.31 
3.79 
5.39 
3.73 
1.09 
6.49 
7.50 
1.99 
0.34 
4.62 
2.79 
1.23 
0.81 
2.29 
0.41 
2.95 
0.42 
2.49 
2.32 
0.83 
0.49 
1.99 
0.93 
8.40 
4.39 
0.05 
0.19 
0.58 
2.98 
4.22 
2.01 
1.18 
3.83 
2.33 
0.36 
0.17 
0.65 
9.87 
4.13 
8.01 
2.72 
5.99 
3.10 

5180 
(Voo) 
-0.62 
-0.08 
0.09 
0.06 
-1.01 
-0.29 
-0.18 
-0.41 
-0.26 
-0.10 
0.05 
0.00 
0.07 
0.10 
-0.06 
-0.03 
0.02 
0.12 
0.25 
0.43 
0.48 
0.43 
0.42 
0.41 
0.37 
0.37 
0.36 
0.34 
0.35 
0.33 
0.42 
0.32 
0.22 
0.34 
0.11 
-0.12 
-0.30 
-0.06 
-0.04 
-0.02 
-0.02 
0.19 
0.38 
0.58 
0.61 
0.49 
0.45 
0.36 
0.18 
0.15 
0.13 
0.08 
0.05 
0.20 
-0.03 
-0.57 
-0.40 

513C 
>■ / o o 

3.97 
2.87 
4.49 
4.44 
4.34 
4.77 
4.26 
3.99 
4.09 
4.24 
4.14 
4.09 
4.38 
4.08 
4.19 
4.18 
4.19 
3.85 
3.57 
3.55 
3.45 
3.15 
3.19 
3.08 
3.74 
3.91 
3.92 
4.05 
3.67 
2.43 
2.89 
2.74 
2.57 
2.89 
2.86 
2.94 
3.02 
3.26 
3.39 
3.49 
3.54 
3.57 
3.61 
3.56 
3.35 
3.03 
2.84 
2.38 
2.69 
3.07 
3.25 
3.64 
4.09 
4.29 
4.29 
4.70 
3.77 
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MIOCENE TO HOLOCENE OXYGEN AND CARBON ISOTOPIC STRATIGRAPHY 

Appendix B (continued) 

Depth >63 urn fi180 51 3C 
(mbsf) (%) ( V o o ) ( % o ) 

22.84 
23 .01 
23.18 
23.32 
23 .50 
23.70 
23 .91 
23.99 
24.20 
24.49 
24 .71 
24 .93 
25.35 
25.52 
25.73 
25.99 
26.20 
26 .35 
26.62 
26.80 
26.97 
27.13 
27.29 
27.49 
27.62 
27.89 
28.10 
28.28 
28.50 
28 .71 
28.92 
29.19 
29.40 
29.59 
29.80 
30.00 
30 .20 
30 .41 
30.70 
30.90 
31.09 
31.29 
31.49 
31.69 
31.88 
32.20 
32.40 
32 .70 
32.80 
32.99 
33.20 
33.37 
33.57 
33.79 
33.92 
34.18 
34 .30 
34.45 
34.68 

2 .33 
2 .60 

15 .01 
6 .53 
5.69 
6 .91 
8.05 
2 .73 
5.13 
3 .01 
1.31 
0 .55 
4 . 1 1 
1.05 
2 .51 
3.50 
1.00 
6 .31 
7.60 
3.00 
0.85 
6.79 
5.72 
1.54 
1.28 
0 .60 
0.59 
0.18 
0.19 
0 .23 
0.36 

12.59 
10 .01 

2 .38 
3.20 
2 .43 
8.54 
2 .78 
5.22 
3 .11 

15.09 
6.99 
2.39 
4 .50 
3 .21 
6.30 
1.22 
1.02 
1.03 
1.00 
0 .81 
0 .98 
0.39 
0.06 
1.00 
0 .54 
1.29 
0.95 
0 .82 

-0 .28 
- 0 . 2 4 
-0 .20 
-0 .16 
- 0 . 3 1 
-0 .52 
0 .04 

-0 .15 
0 .00 
0.22 
0 .31 
0 .41 
0.25 
0.22 
0 .13 
0 .23 
0.30 
0.46 

-0 .08 
0 .01 
0.26 
0.29 
0.32 
0.52 
0.59 
0.05 

-0 .03 
-0 .08 
-0 .17 
-0 .19 
-0 .20 
-0 .25 
-0 .26 
-0 .29 
-0 .32 
-0 .35 
- 0 . 1 1 
0 .21 
0 .13 
0 .45 
0 .60 
0 .56 
0 .51 
0.80 
0 .51 
0.60 
0 .75 
0 . 7 1 
0 .70 
0.59 
0.48 
0 .21 
0 .75 
0.16 

-0 .19 
-0 .09 
0.55 
0.34 
0 .24 

4 .04 
4 . 2 3 
4 . 2 4 
4 .27 
4 .05 
3.42 
4 .43 
3 .71 
3.84 
3.85 
4 .45 
4 .14 
3.93 
3.88 
3.80 
3.59 
3 .91 
3.96 
3.34 
3.14 
2.80 
2.32 
2 .51 
2.89 
2.58 
2.99 
2.67 
2.62 
2 .24 
2 .41 
2.36 
2 .31 
2 .24 
3.25 
4 .04 
3.94 
3 .71 
3.80 
3.97 
4 .08 
4 .10 
3.99 
3.26 
3.05 
3.26 
3.82 
3.10 
2.68 
2 .55 
2 .75 
2 .13 
2.26 
1.88 
1.87 
1.85 
2.57 
2.42 
1.85 
2 .50 

Depth 
(mbsf) 

34.88 
35.08 
35.29 
35.44 
35 .65 
35.80 
35.97 
36.07 
36.20 
36.40 
36.58 
36.78 
36.94 
37.17 
37.28 
37.48 
37.59 
37.69 
37.90 
38.05 
38.24 
38.47 
38.66 
38.80 
38.98 
39.00 
39.20 
39.30 
39.50 
39.70 
39 .91 
40 .10 
40 .33 
40 .50 
40 .70 
40 .80 
41 .00 
41 .10 
41 .20 
41 .40 
41 .60 
41 .79 
41.99 
42 .20 
42 .30 
42 .44 
42.79 
42 .89 
43 .10 
43 .30 
43 .49 
43 .70 
43 .80 
44 .00 
44 .10 
44 .20 
44 .40 
4 4 . 6 1 
44 .75 

>63 pm 
<%) 

0.70 
2 .63 
1.92 
3 .61 
0.89 
1.02 
1.05 
1.09 
1.11 

14.03 
11.00 
14.99 
13.55 

6.29 
6.30 
1.26 
6.85 
4 .99 
2 . 9 1 
5.20 
4 .84 

15.00 
8.80 
9.98 
8.84 
7.73 

10.95 
4 .00 
4 .80 
8.06 
3.10 
1.59 
1.68 
1.03 
1.80 
1.92 
3 .13 
3.42 
4 .39 
5.09 
3.05 
2 .14 
3.27 
2.09 
2.10 
2 .00 
1.79 
4 .29 
2 .33 
2.26 
2.49 
3.25 
3 .31 
4 .30 
3.62 
3.00 
7.52 
3.78 
3.32 

5 1 8 0 
(%<,) 

0.54 
0 .45 
0 .25 
0.17 
0 .10 
0 .03 

-0 .13 
- 0 . 2 4 
- 0 . 3 1 
-0 .26 
-0 .35 
-0 .55 
-0 .44 
-0 .25 
-0 .17 
-0 .09 
- 0 . 1 0 
-0 .05 
0.02 
0 .01 

- 0 . 0 1 
0 .00 
0 .05 
0.07 
0 .15 
0.22 
0 .25 
0.27 
0.30 
0.39 
0 .75 
0 .72 
0 .30 
0.82 
0.56 
0 .60 
0.59 
0 .61 
0 .74 
0 .70 
0.62 
0 .68 
0 .58 
0.62 
0 .24 
0.86 
0.72 
0 .66 
0 .28 
0 .50 
0 .30 
0.25 
0 .21 
0 .13 
0 .05 
0 .25 
0.22 
0 .15 
0.09 

51 3C 
(% 0 ) 

2.43 
2 .61 
2.40 
3.00 
2.79 
2.80 
2 .75 
3.42 
3.59 
3.55 
3.74 
3.86 
3.97 
4 . 1 4 
4 .26 
4 .50 
4 .55 
4 .50 
4 .26 
3.98 
3.57 
3.88 
4 .20 
3.83 
4 .00 
3.32 
3.48 
3.57 
2 .75 
3.82 
3.07 
3.87 
2 .24 
1.96 
2 .14 
1.79 
2.79 
2 .01 
1.79 
2.12 
2.86 
1.91 
2 .75 
3.79 
3.52 
3.82 
3.45 
3.57 
3.78 
3.57 
3.72 
3.46 
3.73 
2.98 
2 .98 
3.32 
3 .01 
2.84 
2 .74 
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Depth >63 /xm 
(mbsf) (%) 

44. 
45. 
45. 
45. 
45. 
45. 
45. 
46. 
46. 
46. 
47. 
47. 
47. 
47. 
47, 
48. 
48, 
48. 
48 
48, 
49, 
49. 
49, 
49, 
49, 
50. 
50, 
50, 
50, 
50, 
51, 
51, 
51, 
51. 
51. 
51, 
52 
52 
52 
52 
52 
53 
53 
53 
53 
53 
54 
54 
54 
54 
54 
54 
55 
55 
55 
55 
55 
56 
56 

98 
21 
30 
50 
60 
70 
90 
08 
30 
90 
10 
30 
50 
,70 
.89 
,02 
,24 
,40 
,56 
.80 
,00 
,18 
39 
68 
99 
00 
20 
.40 
.59 
,80 
,00 
,21 
,39 
,50 
,70 
.90 
.10 
.29 
.50 
.78 
.90 
.04 
.20 
.39 
.60 
.80 
.00 
.20 
.38 
.47 
.70 
.87 
.08 
.30 
.50 
.70 
.87 
.04 
.18 

5.18 
5.43 
10.00 
7.11 
5.59 
7.00 
3.94 
12.12 
6.17 
5.09 
2.39 
10.05 
7.13 
3.80 
5.16 
1.12 
3.58 
4.65 
5.49 
0.37 
0.90 
0.42 
0.93 
3.41 
9.09 
7.97 
2.05 
1.34 
1.40 
0.44 
1.96 
7.21 
2.55 
10.21 
5.03 
9.80 
5.51 
2.71 
8.01 
4.41 
11.39 
9.87 
2.79 
4.60 
4.22 
3.55 
3.99 
3.77 
10.30 
7.48 
5.23 
1.04 
8.12 
5.54 
4.21 
2.82 
1.75 
1.68 
0.77 

5180 513C 
(Voo) ( % o ) 

0.04 
0.03 
0.12 
0.40 
0.35 
0.34 
0.12 
0.10 
0.42 
0.13 
0.27 
0.01 
0.04 
0.34 
0.12 
0.60 
0.21 
0.39 
0.46 
0.35 
0.26 
0.37 
0.30 
0.10 
0.13 
0.28 
0.35 
0.31 
0.32 
0.18 
0.25 
0.25 
0.34 
0.49 
0.57 
0.90 
0.25 
0.51 
0.69 
0.29 
0.25 
0.50 
0.24 
0.69 
0.35 
0.70 
0.35 
1.00 
0.29 
0.34 
■0.47 
•0.60 
0.35 
0.90 
0.10 
0.35 
0.26 
0.17 
0.08 

3.03 
3.69 
3.80 
4.13 
4.54 
4.57 
3.64 
3.87 
4.41 
3.09 
2.70 
2.99 
2.88 
2.62 
2.46 
2.07 
2.45 
2.11 
2.06 
2.64 
2.58 
2.30 
3.28 
2.80 
3.00 
3.44 
3.52 
3.12 
2.77 
2.74 
2.91 
3.57 
3.71 
3.41 
3.59 
3.90 
4.34 
4.04 
4.70 
4.51 
4.23 
4.21 
4.34 
3.88 
4.10 
4.09 
3.74 
3.70 
4.06 
4.02 
3.94 
3.85 
3.64 
3.60 
3.12 
2.74 
2.50 
3.88 
2.84 

Appendix B (continued) 

Depth >63 /xm 
(mbsf) (%) 

56. 
56. 
56. 
57. 
57. 
57, 
57. 
57. 
57. 
58. 
58, 
58, 
58. 
58. 
59, 
59, 
59, 
59, 
60, 
60, 
61, 
62, 
62, 
62, 
62, 
62, 
63, 
63, 
63, 
63, 
63, 
64, 
64, 
64, 
64. 
64 
64 
65 
65 
65 
65 
65 
66 
66 
66 
66 
66 
67 
67 
67 
67 
67 
67 
68 
68 
68 
68 
68 
69 

40 
60 
80 
00 
20 
,40 
50 
,59 
,90 
08 
,29 
,50 
68 
.78 
.00 
.19 
,60 
,85 
,03 
,20 
,20 
.01 
23 
,51 
61 
83 
00 
,25 
,44 
,69 
,83 
,01 
,14 
,38 
,50 
.74 
.95 
.15 
.35 
,53 
,65 
.80 
.00 
.23 
.42 
.67 
.82 
.03 
.10 
.30 
.52 
.72 
.90 
.13 
,31 
,58 
,64 
.80 
.03 

0. 
0. 
0, 
0. 
0, 
1, 
1, 
0, 
0, 
0, 
0, 
1, 
0. 
1, 
1, 

10. 
11. 

1. 
3, 
6. 
2, 

10, 
3, 
0, 
3, 
2, 
2. 
9. 
2, 
5, 
2, 
2, 
2, 
0 
2, 
6 
7 
15 
12 
4 
5 
6 
6 
9 
11 
5 
3 
9 
5 
6 
1 
12 
6 
4 
2 
5 
15 
10 
12 

56 
30 
79 
69 
85 
.13 
.00 
31 
.99 
,65 
,94 
,79 
95 
29 
59 
,44 
,00 
,59 
,38 
,40 
,00 
,74 
,85 
,70 
68 
,00 
59 
,50 
97 
61 
,95 
,05 
,32 
,55 
,60 
.39 
.88 
.03 
,51 
.54 
,34 
.40 
.09 
.17 
.78 
.19 
.70 
.93 
.76 
,29 
.60 
.47 
.79 
.65 
,69 
,22 
,00 
,06 
.00 

5 1 8 0 51 3C 
( % o ) ( % o ) 

0.02 
0.05 
0.10 
0.05 
0.04 
0.05 
0.00 
0.00 
0.05 
0.47 
0.40 
0.29 
0.00 
0.31 
0.20 
0.72 
0.49 
0.34 
0.40 
0.42 
0.42 
0.52 
0.63 
0.95 
0.68 
0.26 
0.35 
0.38 
0.08 
0.29 
0.37 
0.74 
0.98 
0.30 
0.69 
0.58 
0.45 
0.11 
0.15 
0.08 
0.09 
0.10 
0.06 
0.07 
0.26 
0.65 
1.29 
0.50 
0.46 
0.41 
0.21 
0.29 
1.06 
1.12 
1.04 
0.72 
0.90 
0.82 
0.69 

2.76 
2.50 
2.66 
2.59 
2.50 
2.74 
2.44 
2.29 
2.75 
2.71 
3.10 
2.81 
2.64 
3.14 
3.34 
3.66 
3.59 
3.55 
3.48 
3.33 
3.45 
3.85 
3.92 
3.46 
3.40 
3.25 
3.49 
3.92 
2.64 
2.56 
2.41 
2.15 
1.64 
2.68 
2.79 
3.66 
3.23 
4.27 
4.19 
3.25 
3.42 
3.25 
3.00 
2.99 
3.17 
3.13 
2.72 
2.83 
2.84 
2.45 
3.25 
3.14 
2.74 
2.62 
2.30 
2.59 
2.54 
2.66 
2.90 



MIOCENE TO HOLOCENE OXYGEN AND CARBON ISOTOPIC STRATIGRAPHY 

Appendix B (continued) 

Depth 
(mbsf) 

69.22 
69 .41 
69.52 
69 .75 
69.96 
70.19 
70.30 
70 .51 
70.75 
70.89 
71.04 
71.20 
71.49 
71.68 
71.88 
72 .05 
72.23 
72.35 
72.50 
72.72 
72.95 
73.14 
73 .31 
73.56 
73.75 
74.04 
74 .20 
74.40 
74.60 
74.85 
75.04 
75 .30 
75.40 
75.68 
75.70 
75 .91 

>63 /im 
(%) 

11.20 
12.74 

5.68 
5.15 
0.97 
1.02 
1.29 
6.80 
0.89 
4 .20 
0 .55 
3.10 

14.85 
6.86 
3.80 
1.31 
0 .30 
0 .60 
1.20 
2.52 
4 .90 
9.06 
3.19 
1.29 
5.20 
0.20 
0 .21 
0 .83 

14.98 
13.70 

3.53 
0 . 9 1 
1.68 
1.66 
5.13 
1.15 

5 1 8 0 
( V o o ) 

-0 .58 
-0 .49 
- 0 . 4 4 
-0 .30 
-0 .24 
-0 .30 
- 0 . 3 1 
-0 .15 
-0 .65 
-0 .69 
-0 .34 
-0 .59 
-0 .80 
-0 .72 
-0 .65 
-0 .56 
-0 .50 
-0 .60 
0 .00 

-0 .10 
0.00 
0.04 
0.04 
0.25 

- 0 . 1 1 
-0 .33 
- 0 . 4 1 
-0 .30 
- 0 . 2 1 
-0 .06 
-0 .08 
0.25 
0.30 
0 .01 
0.27 
0.40 

51 3C 
< % o > 

3.08 
3.20 
3.37 
3.57 
3.65 
3.70 
3.64 
3.70 
3.70 
3.70 
3.78 
3 .71 
3.79 
3 .53 
3.23 
3.97 
2 .71 
2 .90 
3 .41 
3.15 
3.18 
3.24 
3.25 
2.89 
2 .64 
2.09 
1.70 
2 .14 
2.37 
2.92 
3.29 
3.76 
3.89 
4 .13 
3.77 
3.28 

Depth 
(mbsf) 

76.12 
76.30 
76.53 
76.70 
76.92 
77.13 
77.20 
77.40 
77.62 
77.82 
78.00 
78 .21 
78.40 
78.60 
78.70 
78 .91 
79.12 
79.32 
79.50 
79.70 
79.90 
80.10 
80.20 
80.40 
80.60 
80.80 
81.00 
81.20 
81 .41 
81.60 
81.72 
81 .90 
82.10 
83.60 
85.10 

>63 pm 
(%) 

1.38 
5.60 
4 .99 
1.55 
4 .75 
6 .11 
7.70 
1.82 
0.69 
1.34 
2.35 
3.65 
1.26 
1.51 
3.17 
6.56 
1.60 

12.06 
4 .12 
0.99 
0 .91 
0 .84 
1.57 
2.50 
4 .09 
2.98 
0 .65 
0.78 
0.89 
5.74 

12.06 
7.82 
7.85 
0 .21 
1.13 

5 1 8 0 
( V o o ) 

0.59 
0.32 
0 .34 
0.36 
0 .41 
0 .45 
0.46 
0.49 
0 .50 
0 .54 
0.29 
0 .31 
0.32 
0.05 
0.09 
0 .23 
0.72 
0.67 
0 .63 
0.56 
0 .51 
0.46 
0 .14 
0 .04 
0 .04 
0 .05 
0.05 
0.05 

-0 .06 
-0 .15 
-0 .14 
-0 .12 
-0 .10 
0 .04 

-0 .25 

51 3C 
( V o o ) 

3.36 
3.50 
3.43 
3.36 
3.26 
3.16 
3.14 
3.06 
3.05 
2.99 
3.09 
3.40 
3.53 
3 .41 
3.54 
3.65 
3.54 
3.49 
3.40 
3 .21 
3.24 
3.12 
3.03 
3 .51 
3.60 
3.69 
3.76 
3.82 
3.74 
3.65 
3.87 
4 . 3 3 
4 .64 
4 .18 
3.62 
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APPENDIX C 
Oxygen and carbon isotopic data for TV. pachyderma and >63-/tm 

data for Hole 647A. 

Depth (m) 
(mbsf) 

0.58-0.64 
2.13-2.19 
8.32-8.38 
9.27-9.32 
17.03-17.09 
29.52-29.56 
30.79-30.84 
31.96-32.01 
33.53-33.58 
35.46-35.51 
36.94-36.99 
49.03-49.08 
50.53-50.58 
52.03-52.08 
53.53-53.58 
55.03-55.08 
56.53-56.58 
58.33-58.38 
59.83-59.88 
61.33-61.38 
62.83-62.88 
64.33-64.38 
65.83-65.88 
68.21-68.26 
69.71-69.76 
71.21-71.26 
77.75-77.80 
79.25-79.30 
80.75-80.80 
87.39-87.44 
88.89-88.94 
90.39-90.44 
91.89-91.94 
97.29-97.34 
98.79-98.84 
100.29-100.34 
101.79-101.84 
107.03-107.08 
108.53-108.58 
110.03-110.08 
111.53-111.58 
116.16-116.21 
117.66-117.71 
119.16-119.21 

>63 /im 
(%) 

10.03 
5.30 
27.55 
11.20 
9.84 
35.89 
9.95 
17.79 
7.79 
12.52 
8.83 
0.36 
5.90 
11.02 
11.81 
7.71 
10.47 
8.61 
8.93 
7.64 
7.63 
9.50 
14.83 
12.23 
7.06 
13.89 
7.93 
4.51 
12.78 
11.24 
25.55 
7.25 
9.90 
8.10 
14.17 
11.68 
13.71 
11.59 
12.09 
13.03 
18.00 
1.38 
0.14 
1.44 

5180 
( % o ) 

3.74 
2.73 
2.08 
3.24 
3.86 
2.44 
2.46 
1.15 
2.38 
3.51 
2.24 
3.88 
1.91 
3.74 
3.28 
3.55 

2.24 
3.37 
3.32 
4.03 
2.02 
0.29 
0.60 
0.55 
0.69 
1.02 
0.11 
3.02 
2.35 
0.81 

0.99 

1.93 

513C 
\ /oo ■ 

0.39 
-1.08 
-0.22 
-0.12 
0.15 
-0.29 
-0.33 
-0.56 
-1.11 
0.04 
-0.05 
-0.33 
-0.84 
-0.20 
0.41 
0.68 

-0.28 
0.62 
0.90 
1.33 
-0.07 
-1.18 
-1.03 
-1.35 
-0.98 
-0.67 
-0.76 
-0.29 
-0.11 
-0.28 

-0.45 

-0.63 
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