27. PLIOCENE STABLE-ISOTOPE RECORD OF DEEP SEA DRILLING PROJECT SITE 606:
SEQUENTIAL EVENTS OF 30 ENRICHMENT BEGINNING AT 3.1 MA!

L. D. Keigwin, Woods Hole Oceanographic Institution?

ABSTRACT

Stable-isotope analysis of two species of benthic foraminifers (Planulina wuellerstorfi and Globocassidulina subglo-
bosa) and one planktonic species (Globigerina bulloides) from DSDP Site 606 reveals the evolution of late Pliocene cli-
mate change. No “stepwise” increase is evident in the 60 record at 3.2 Ma, but events of '80-enrichment of increasing
magnitude occurred at 3.1, 2.7, 2.6, and 2.4 Ma. The two youngest events are correlated with events indicating glacia-
tion at northeast Atlantic DSDP Hole 552A (Shackleton et al., 1984). The oidest 5'%0 spike, centered within the Mam-
moth Paleomagnetic Event, is the most prominent feature of results for the interval between 3 and 4 Ma. This isotope
event is interpreted as evidence of 2°C bottom-water cooling combined with minor glaciation.

Carbon-isotope results for P wuellerstorfi indicate that Site 606 has been under the influence of North Atlantic
Deep Water for most of the interval from 2 to 4 Ma. A significant change in “vital effect” on G. subglobosa at 2.4 Ma is
evident in the 8'3C record. Specimens dating from that time become smaller and less abundant than older specimens,
and have §'*C values lowered by as much as 1%o. This effect could introduce a significant artifact into data sets where

various species are “corrected” to P wuellerstorfi.

INTRODUCTION

In a recent paper, Shackleton et al. (1984) significantly
advanced our understanding of Pliocene climate by their
multidisciplinary study of DSDP Hole 552A in the north-
east Atlantic Ocean. These workers integrated biostra-
tigraphy, magnetostratigraphy, lithostratigraphy, and sta-
ble-isotope stratigraphy to demonstrate that the first ma-
jor glaciation and ice-rafting event in the North Atlantic
region occurred at about 2.4 Ma. This result apparent-
ly refuted the earlier conclusion of Shackleton and Op-
dyke (1977) that significant Northern Hemisphere glaci-
ation occurred as early as 3.2 Ma. The present study ex-
amines the stable-isotope record of DSDP Site 606 in
the central North Atlantic (37°20.32'N, 35°29.99'W;
3007 m water depth), compares the results with those
for Hole 552A, and discusses their paleoceanographic
significance.

Site 606, on the west flank of the Mid-Atlantic Ridge,
was cored using the Advanced Piston Corer. Overall re-
covery was 92.9%, and for the studied interval of mid-
dle to upper Pliocene foraminiferal nannofossil ooze
(Cores 606-8 to 606-18, 60.45-165.75 m sub-bottom) the
recovery was about 97%. Sediment accumulation rates
were 5 to 7 cm/1000 yrs., coring disturbance was insig-
nificant, and all known magnetic reversals during the
last 4 m.y. are recognized (Clement and Robinson, this
volume). Presently, magnetic reversals are constrained on-
ly to within 1.5-m intervals, and stable-isotope analyses
have not been completed. Therefore, results are not plot-
ted with respect to age, although there is sufficient time
control to determine the age of major features in the
stable-isotope record.

1 Ruddiman, W. F,, Kidd, R. B., Thomas, E., et al., Jnir. Repts. DSDP, 94: Washington
(U.S, Govt. Printing Office).
Address: Woods Hole Oceanographic Institution, Woods Hole, MA 02543,

METHODS

The sample preparation and stable-isotope methods used were sim-
ilar to those published earlier (Keigwin, 1979) and elsewhere in this
volume (Keigwin et al., this volume). A shipboard sample set was tak-
en at 50-cm spacing and was supplemented with shore-based sampling
as close as every 10 cm at certain levels of interest. The planktonic for-
aminifer Globigerina bulloides (180-300 um) was chosen for stable-
isotope analysis because it is geologically long-ranging, lives near the
surface, and is an important faunal element at Site 606. No single
benthic foraminiferal species was found in sufficient abundance for
analysis in all samples, so analyses were made on Globocassidulina
subglobosa or Planulina wuellerstorfi picked from the > 150-um size
fraction.

RESULTS AND DISCUSSION

All stable-isotope results presented in Figures 1 and 2
are tabulated in Appendix A. The significance of some
single-point excursions in these figures is uncertain. Du-
plicate and triplicate analyses have established that some
excursions are suspect; results of six suspect analyses have
been eliminated from the figures but are presented in
Appendix B. One anomalous-looking result reproduced
well and remains in Figure 2 at 118.75 m.

In general, the pattern of 680 change is similar be-
tween Planulina wuellerstorfi and Globocassidulina sub-
globosa throughout the studied interval (Fig. 1), reflect-
ing a common temperature or seawater compositional
signal. Results generally show no trend with depth be-
low about 100 m, but §'80 increases above that level.
A similar pattern is evident in planktonic foraminiferal
8'80 (Fig. 2), suggesting that by about 3 Ma there was
an increase in permanent continental ice volume. This is
essentially in agreement with the earlier conclusion of
Shackleton and Opdyke (1977), and is also evident in
the increased benthic 880 reported by Shackleton et al.
(1984) for Site 552. The latter study, however, empha-
sized the initiation of ice-rafting in the North Atlantic
rather than initial ice accumulation. At Site 606, four
prominent 6'80 maxima occur at 104 to 105, 87, 84, and
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Figure 1. Stable-isotope results for benthic foraminifers (> 150 um) at DSDP Site 606. Where replicate analyses are present, the
curve connects the mean value. To the immediate right of the depth scale are magnetostratigraphy and ages (Ma) of magnetic
reversals, taken from Clement and Robinson (this volume). Note covariance of 6'%0 results, especially around maxima at 2.4,
2.6, 2.7, and 3.1 Ma. From other studies (Shackleton et al., 1984), it is known the events at 2.4 and 2.6 Ma are glacial ad-
vances. This study suggests minor glacial advance and bottom-water cooling as the causes of the 3.1 Ma event. Note diver-
gence of 8'3C results for G. subglobosa from those for P. wuellerstorfi, reflecting some “vital effect” on the former.
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Figure 2. Stable-isotope results for the planktonic foraminifer G. bulloides (180-300 pm) from Site 606. Magnetostratigraphy and ages
(Ma) of reversals shown to the right of the depth scale. Trend of increasing 5'80 values above 100 m reflects increasing ice volume

beginning about 3 Ma.
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77 to 78 m, and are dated at 3.1, 2.7, 2.6, and 2.4 Ma,
respectively, on the basis of the magnetostratigraphy of
Clement and Robinson (this volume). The two youngest
events probably correlate with lithologic and isotopic evi-
dence for glaciations at 2.4 and 2.5 Ma, described by
Shackleton et al. (1984), but the oldest event is not
prominent at Site 552. This may result from coring dis-
turbance in Core 11 of Hole 552A, which may also have
prevented recognition of the Mammoth reversed event
within the Gauss normal epoch.

In detail, the covariance of 6'80 in the two benthic
species is evident during the Mammoth Event (Fig. 3).
Planktonic 6'30 also follows the benthic signal, but with a
reduced amplitude. From a plot of P wuellerstorfi 6'¥0
vs. Globigerina bulloides 6'%0 it is apparent that the am-
plitude of the benthic signal is more than twice that of
planktonic signal (Fig. 4). Thus, the maximum ampli-
tude common to all benthic and planktonic foraminifer-
al 6'80 values is only ~0.5%o (the amplitude of the G.
bulloides signal). It could be argued that the benthic §'%0
reflects the true seawater compositional signal, which is
masked in the planktonic record by increased sea-sur-
face temperature. This would require surface warming
of about 2°C coincident with a 1% ice-volume effect,
and is inconsistent with floral (Backman and Shackle-
ton, 1983/84; Backman, this volume) and faunal evi-
dence (Ehrmann and Keigwin, this volume), which sug-
gest surface-water cooling. The favored interpretation here
and elsewhere (Prell, 1984) is that the excess 6'80 in-
crease of benthics over planktonics at ~ 3.1 Ma reflects

Benthic 5 180 (©/00)
40 30 20

Planktonic 5180 (°/00)

deep-sea cooling of ~2°C (relative to surface water),
coupled with a seawater compositional increase of
~0.5%o.

Prell (1984) assumes that the permanent enrichment
in 80 in Pacific benthic foraminifers at ~3.2 Ma at
V28-179 is typical of most deep-sea records, with the
notable exception of Site 552. In fact, the results pre-
sented here for Site 606 bear more resemblance to those
for Site 552 than to those for V28-179, raising the possi-
bility that the North Atlantic had a 6'80 history slightly
different from that of other parts of the ocean in Plio-
cene time. Despite the success of hydraulic piston cor-
ing, few DSDP sites have complete paleomagnetic rec-
ords and few have detailed stable-isotope time-series in
the Pliocene. For example, studies of other sites lack
sufficient sampling to establish whether benthic §'80 re-
turns to pre-3.1-Ma values just after the Mammoth Event
(Hodell et al., 1985; Weissert et al., 1984; Elmstrom and
Kennett, 1986). It will be important to sample sites un-
der other water masses in enough detail to determine
how their temperature histories compare with the tem-
perature history of North Atlantic Deep Water (NADW)
at Site 606 at ~3.1 Ma.

By ~ 2.4 Ma the $'®0 signal nearly doubled in ampli-
tude relative to the amplitude at 3.1 Ma. The glacial-
interglacial range in 8'%0 of G. subglobosa is ~1.5%0
(Fig. 5), somewhat less than the range in the upper Qua-
ternary in cores with high accumulation rates. Rock frag-
ments in sediment at about 78 m sub-bottom are evi-
dence that this glaciation was severe enough to promote
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Figure 3. Closely spaced results for Site 606 samples about 3.1 m.y. old. Interpretation of paleomagnetic results along vertical axis at left is from
Clement and Robinson (this volume). Note general covariance among 6'80 results for all three foraminifers. Probably no more than 0.5%0 of the
5'%0 signal in P wuellerstorfi and G. subglobosa results from variability in ice volume, and the rest results from deep-sea cooling. Covariance
between §°C of benthic species is more apparent in closely spaced results than in coarse sampling (see Fig. 1).
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Figure 4. Plot of 8'80 results for G. bulloides vs. those for P wuellerstorfi (from Fig. 3), showing that amplitude of
the benthic signal exceeds amplitude of the planktonic signal by as much as a factor of 3.

ice-rafting down to 37°N. P. wuellerstorfi has a lower
8'80 amplitude, about 1%, equal to that of G. bulloi-
des. No explanation is offered for the observation that
G. subglobosa has a higher-amplitude §'80 signal than
that of P wuellerstorfi.

Although the pattern of §'%0 change is highly coher-
ent between Sites 606 and 552, significant differences
exist in 6'0 values at various times (Table 1). These may
reflect different water-mass histories at the two locations,
since Site 552 lies under the influence of Norwegian Sea
Overflow Water, whereas Site 606 is in the core of NADW,
At Site 606, the A§'®0O between the events at 2.4 and
3.1 Ma is 0.5 to 0.6%0 for both P wuellerstorfi and G.
subglobosa, whereas at Site 552 (data from Shackleton
and Hall, 1984) the A8'80 is 1.3%q (Table 1). Either the
true glacial maximum at 2.4 Ma was not sampled (or is
not present) at Site 606 (which seems unlikely), or the
same event at Site 552 is recorded with additional bot-
tom-water cooling or salinity increase. Shackleton et al.
(1984) note that 6!80 values at ~2.4 Ma in Hole 552A
are the same as those during the most recent glaciation
(18,000 yrs. ago), recorded at the top of Hole 552A. The
6'80 results for P wuellerstorfi from the 2.4 Ma event at
Site 606, however, are about 0.7%g lower than values for
18,000 yrs. ago from the same species in other piston
cores (Boyle and Keigwin, 1982; Mix and Fairbanks,
1985).

Carbon isotope results show few coherent trends be-
low about 80 m (Figs. 1 and 2). Overall, little evidence
exists of covariance between the two benthic species, but
this may result from the low amplitude of the §3C sig-
nal and the generally coarse sampling interval. Where
samples are more closely spaced, a more sympathetic

pattern emerges (Fig. 5), but the separation between the
P. wuellerstorfi and G. subglobosa curves is about half
the “adjustment factor” quoted (+0.5%q) by Shackle-
ton and Hall (1984). Despite this uncertainty, 6'3C val-
ues for Site 552 (“corrected” to P wuellerstorfi) are on
average somewhat less than 1% and in good agreement
with the present results (Fig. 1). Even in detail, there are
some features in common between the two records, for
example the low benthic §!3C values associated with the
2.4 Ma glaciation (Fig. 5). The 6!3C values near 1%; for
P wuellerstorfi suggest that Site 606 has been under the
influence of NADW during most of the interval from 2
to 4 Ma, since this species deposits its calcite close to the
equilibrium value of §!3C of ¢CO, in seawater (Graham
et al., 1981), and since NADW has a 6!3C of close to 1%
(Kroopnick, 1980).

Above 80 m sub-bottom, the carbon isotope ratio of
G. subglobosa abruptly decreases from values lower in
the core by as much as 1%, increasing the isotope “sepa-
ration” from P wuellerstorfi (Figs. 1 and 5). The new
trend followed by G. subglobosa closely follows that of
G. bulloides, which does not show a dramatic decrease
in 8!3C (Figs. 2 and 5). Coupled with its carbon isotope
change is an abrupt decrease in the size and abundance
of G. subglobosa, to the point where there are too few
specimens for analysis. A dramatic decrease in the size
and abundance of G. subglobosa was also noted in a
shallow-water sequence of middle Pliocene sediment (Site
548, 1251 m) from the northeast Atlantic (Loubere and
Jakiel, 1985). The curious lowering of §!3C values for
this species falls into the nebulous category of “vital ef-
fects.” A bottom-water effect is unlikely because many
of the values are as low as those observed in the equa-
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Figure 5. Closely spaced results from the upper 26 m of Figures 1 and 2. Time scale along left side interpolated from the paleomagnetic results of
Clement and Robinson (this volume). On the basis of 1.5-m paleomagnetic sampling, the bottom of the Olduvai Event (1.88 Ma) occurs at 58.97
m, the Matuyama/Gauss boundary (2.47 Ma) occurs at 79.53 m, and the top of the Kaena Event (2.92 Ma) occurs at 93.93 m. The best covari-
ance among all recorders is seen at about 78 m, where the amplitude of the paleoclimatic signal is greatest. This event is the first major Pliocene
glaciation. After that event, §'°C of G. subglobosa decreases dramatically and for some unknown reason closely follows the record of G. bulloides.

Table 1. Comparison of maximum 8180 values (%0) between Holes

552A and 606.
Hole 606 Hole 552A
Age Uvigerina
(Ma) P wuellerstorfi G. subglob G. subglobosa  (adjusted)
2.4 3.6 4.2 4.9 4.3
3.1 3.1 3.6 3.6 35

torial Pacific for this species (Shackleton and Opdyke,
1977), and because results for late Pliocene P wueller-
storfi are nearly typical of modern NADW. Covariance
of G. subglobosa and G. bulloides 5'*C values invites
speculation that the vital effects in G. subglobosa are
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somehow linked to the carbon system in late Pliocene
surface waters. Perhaps the “microhabitat” (Corliss,
1985) of G. subglobosa was affected by increased flux of
organic matter to the deep sea about 2.4 Ma.

CONCLUSIONS

Initial stable-isotope results for benthic and plankton-
ic foraminifers from sediment between 2.0 and 4.0 m.y.
old at DSDP Site 606 show patterns similar to those seen
elsewhere in the North Atlantic Ocean (DSDP Hole
552A). These include (1) %0 enrichment at 2.4 and 2.6
Ma, reflecting Northern Hemisphere glacial advances,
and (2) 6!3C values of Planulina wuellerstorfi similar to
modern values.



However, Site 606 results also differ significantly from
those at Site 552:

1. Enrichment in '®0O occurs within the Mammoth
Paleomagnetic Event (~ 3.1 Ma). Some of this probably
reflects cooling of NADW and the remainder a small gla-
cial advance. Other 680 events (for example, at ~2.7
Ma) suggest a sequential increase of bottom-water cool-
ing and of ice volume, leading to the 2.4 Ma glaciation.

2. Maximum §'®0 values at 2.4 Ma are significantly
less than those at Site 552.

3. The 8'3C of Globocassidulina subglobosa decreases
abruptly by as much as 1% at 2.4 Ma; the decrease is as-
sociated with a decrease in size and abundance of this
species. This “vital effect” suggests that G. subglobo-
sa is not always a monitor of §'*C of £CO, in bottom
water.
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Stable-Isotope Results (%0 PDB), Site 606

APPENDIX A

Sample Sample

depth(m) &8 '3 depth (m) &8 '3

G. bulloides
6045 160 -0.38 7775 077 -066
6095 087 -035 7785 129 -0.76
6145 095 -044 7799 124 -060
6195 125 -002 7805 121 -075
6195 080 -058 7805 123 -063
6245 139 -0867 78.15 094 005
6295 160 -090 7825 104 -007
6345 087 -043 7835 076 -0.23
6395 117 -049 7845 063 -0.18
6445 134 -0865 7855 049 -047
6495 082 -044 7865 079 -0.28
8545 142 -072 7865 070 -0.48
6595 180 -032 7875 040 -0.48
6645 076 -027 7885 063 -0.15
6695 106 -063 7895 093 0.3
6746 102 -029 7905 068 -0.38
6795 081 -080 79.15 083 -033
6845 109 -074 7825 094 -028
68.45 115 -0.83 7965 068 -054
6897 132 -0.17 7985 002 -031
7005 145 -0.74 7985 037 -057
7025 128 -050 7995 089 -031
7056 1.00 -0.45 80.15 070 -055
7075 106 -0.36 8035 0.89 -0.46
7106 083 -003 8055 114 -077
7125 148 -0.38 8065 124 004
715656 075 0.00 8095 113 -0.15
7176 072 -043 81.15 080 -048
7205 136 -0.24 8125 069 -0.33
7225 132 -0.23 8143 078 -037
7255 126 000 8165 093 -044
7256 090 -0.06 8185 163 -0.15
7276 086 035 8205 079 -0.12
7305 0686 -0.35 8205 119 -0.34
7325 104 030 82.15 087 -0.23
7355 118 039 8245 072 -032
7365 1.00 0.19 8265 069 -0.39
7375 135 031 8289 094 -036
7385 078 024 83.15 154 -059
7405 099 003 8315 118 -069
7425 112 -0.06 8345 118 -033
7443 045 -033 8365 085 -0.18
7455 110 -085 B385 126 -032
74756 146 -056 8395 091 -089
7488 143 -0.12 8405 104 -098
7443 119 -055 8415 071 -062
7505 140 -077 8425 119 -081
7525 118 -0.18 8435 100 -064
7540 083 -029 8445 123 -050
7540 068 -030 8465 113 -032
7555 1.03  0.02 8475 105 -0.14
7575 089 -0.15 8485 059 -047
7590 079 -043 8505 061 -023
7605 087 -059 8525 053 -0.35
7625 154 -0.88 8545 086 -042
7638 151 -046 8565 082 -055
7655 167 -038 8575 086 -052
7675 056 -062 86.15 073 -0.30
7690 073 -054 86.45 081 -0.21
77.05 082 -056 8665 0.82 -039
77.25 0.80 -0.80 86.89 075 -051
7745 072 -1.15 8715 090 -044
7755 138 -120 8738 107 -033
7765 131 -079 8765 112 -0.8

Appendix A (continued).

Sample Sample

depthp(m} 5180 §13¢ depth (m) &80 5'3c

G. bulloides (Cont.)
8787 083 -006 10516 064 007
8815 077 -043 10525 074 -050
88.39 088 -0.29 105.37 0.84 0.07
88.85 092 0.16 105.45 098 -0.07
8825 081 -041 10557 102 002
89.75 075 -047 10565 1.05 054
9025 084 -001 10575 078 -032
8025 088 -054 10584 071 009
90.75 079 -0.19 10598 058 -052
9125 068 -035 10606 064 030
9175 089 -075 106.16 083 0.19
9225 105 004 10625 052 -0.16
9235 054 -0.20 10675 046 -0.48
9275 076 -026 10675 072 -069
9325 102 -045 10705 055 -0.33
9328 099 -023 10776 063 -0.11
8375 076 -071 10825 073 -034
94,28 105 -052 108.756 076 -057
9475 071 -032 108256 056 -007
9485 087 -027 10975 045 -045
9505 081 -020 11025 045 -0.21
9525 073 -058 11075 068 -0.33
9535 099 -0.18 11125 043 000
9625 092 -041 11125 067 -0.23
9675 049 0.19 11175 040 -0.11
9675 021 -022 11225 067 002
9875 073 -051 11275 058 -008
9945 065 0.14 11325 051 0.13
9975 087 -051 11378 057 -007
9989 065 044 11378 074 -0.41
10025 058 -052 11425 057 -0.31
10055 060 029 11475 064 0.10
10055 069  0.02 11525 080 036
10095 061 056 115756 072 -0.19
101.25 060 -0.12 116.25 087 -0.15
10155 103 032 11675 057 005
10175 084 -0.18 11775 081 -0.46
10205 083 031 11825 071 005
10225 093 006 11875 051  1.18
10225 088 -001 11875 051  1.20
10225 075 -0.13 11925 030 -007
10245 080 037 11825 052 -032
10275 0687 -0.20 11977 085 -0.19
10305 080 049 12025 048 008
10325 080 000 120.75 048 -0.44
10335 106 020 12125 033 -0.19
10355 101 -0.10 12175 048 -0.17
10355 072 -054 12225 089 -005
10367 101 024 12275 088 004
10375 085 -0.11 12275 0681 -012
10386 083 0.14 12275 038 017
10398 095 -0.01 123.25 064 0.30
10405 082 -078 12375 066 -0.09
10405 100 -099 12425 084 -031
10415 110 0.14 12525 051 -008
10425 109 -094 12575 046 -0.21
10435 111 -0.15 12625 072 0.9
10447 081 -027 127.85 022 -066
10455 078 -087 12845 085 -034
104,66 095 0.13 128.85 071 -0.05
104756 067 -0.71 12885 052 -0.13
10485 086 007 12937 046 -032
10485 096 -044 12095 081 -055
10495 067 =051 130.35 025 -0.78




Appendix A (continued).

Sample Sample

depth (m) &%  #'3c depth (m) 8%  s'3c

G. bulloides (Cont.) P. wuellerstorfi
13145 027 -080 6045 337 102
13145 -006 -1.34 6145 327 114
13185 048 -0.18 6185 276 073
13185 010 -059 6245 374 068
13235 066 039 6295 358 057
13285 040 -0.16 6345 302 088
13335 039 -0.13 6395 318 081
13385 041 -009 6446 315 060
13445 056 -0.21 6495 302 110
13485 079 -0.49 6545 367 039
13535 089 027 6595 319 099
13695 057 0.18 6645 3.4 121
13695 044 -021 6695 323 076
13745 069 -026 6746 249 056
13745 053 -046 6845 283 080
13795 044 -0.13 6897 285 073
13845 054 0.1 7005 321 072
13895 086 033 7025 314 056
13945 045 -035 7025 315 091
13995 093 020 7105 243 085
13995 033 -026 7125 287 056
14045 068 -046 7155 252 054
14095 087 -0.29 7175 249 082
14145 072 004 7225 310 077
14195 015 025 7255 256 113
14245 077 004 7275 236 086
14295 061 056 7305 254 084
14345 069 -042 7325 295 095
14345 087 -056 7385 292 032
14395 047 -0.17 7405 230 080
14395 051 -043 7425 244 0860
14655 058 -0.13 7443 352 086
14705 070 -0.43 7475 347 070
14760 022 -0.11 7525 297 079
14805 041 -007 7540 260 088
14857 027 004 7575 237 087
14910 046 -025 7605 293 111
14955 085 036 7625 286 -096
15005 031 036 7638 348 053
15005 059 033 7655 265 043
15060 039 -0.10 7675 264 075
15105 117 0.0 7690 264 092
15210 114 -0.14 7705 260 083
15255 060 -005 7725 255 0866
15305 062 020 7745 363 057
15360 035 -053 7755 322 024
15405 083 -0.15 7755 361 048
15455 055 057 7765 378 078
155.10 052 -006 7775 344 019
156.15 080 -0.04 7785 349 037
15665 039 003 7799 328 058
15715 056 -0.40 7815 290 101
15765 059 021 7825 3.10 097
15817 043 -004 7845 288 113
15865 068 -058 7875 321 104
150.15 070 -0.38 7885 286 107
15965 059 076 7895 293 102
160.15 039 -048 7925 297 086
16065 107 022 7995 280 074
18115 075 040 8055 344 059
16165 051 -022 8065 296 068
16215 081 -0.11 8125 282 097
16265 053 -032 8165 273 091
163.15 083 054 8185 3.17 094
16365 051 054 8205 311 087
16415 100 -0.02 8245 250 098
16465 029 -039 8265 256 065

Appendix A (continued).

PLIOCENE STABLE-ISOTOPE RECORD, SITE 606

Sample Sample
depth (m) 380 s'3¢ depth(m) 880 s13c
P wuellerstorfi (Cont.)
8365 247 0.71 104.85 2.82 0.80
84.05 326 0.22 104.95 266 0.73
84.15 311 057 105.05 259 0.85
B4.25 339 085 105.16 250 099
84.45 2.48 0.95 105.25 299 098
B465 333 1.09 105.37 261 0.79
B4.85 223 0.50 105.756 2.18 052
85.05 261 0.80 105.84 254 078
85.25 247 1.18 10598 27 0.88
8545 2.46 0.71 106.06 2.86 1.08
8575 227 0.41 106.06 256 1.09
86.15 257 1.02 106.16 234 0.72
86.89 277 0.87 106.16 262 0.82
B87.15 291 0.14 106.75 190 0.49
87.15 342 0.79 108.25 2.18 0g8
87.39 303 0.91 109.25 205 0.36
87.55 333 1.08 109.75 2.18 0.71
8765 264 055 110.25 241 0.49
87.87 264 1.33 110.25 236 0.56
88.15 259 1.04 110.75 2.14 0.80
88.39 283 1.10 11225 261 1.09
89.25 264 0.88 114.25 230 097
89.75 261 1.21 115.25 2.1 0.81
90.25 285 0.95 116.75 237 117
80.75 255 0.79 117.75 3.10 074
91.25 250 0.76 11875 209 071
9175 2.82 085 119.25 246 0.78
9175 293 068 120.25 238 0.89
92.35 225 1.05 120.25 279 0.88
9275 235 0.99 120.75 255 068
93.28 237 0.81 121.25 237 1.20
93.75 2.84 077 121.75 260 098
94.75 223 0.32 122.25 265 0.86
94,85 221 0.89 122.75 2.30 1.10
95.05 248 1.07 123.25 238 0.92
9535 312 083 124.75 257 1.22
96.75 230 066 125.75 240 1.21
96.75 248 094 126.25 2.08 0.78
98.75 219 060 128.45 2.20 0.79
99.45 235 073 129.37 157 0.81
99.75 232 0.54 129.37 157 0.81
99.89 248 1.07 129.95 252 0.73
100.25 2.14 1.05 131.85 208 062
100.85 236 1.18 132.35 229 0.80
101.25 1.88 063 13335 2.11 093
101.55 2486 1.01 134.45 229 0.82
101.75 232 0.88 134.85 240 095
102.05 244 1.18 135.35 240 1.03
102.25 3.18 1.41 137.95 231 0.75
102.45 254 1.04 138.45 2.05 0.83
102.75 222 0.83 13945 2.28 094
103.05 240 1.08 139.95 249 0.87
103.35 265 0.51 140.45 2.70 1.22
103.35 2486 0.88 14095 257 0.85
103.55 256 0.94 141.45 212 0.83
103.75 249 0586 14195 2.37 0.84
103.86 255 1.03 142.45 2.38 0.83
103.98 2.70 069 14295 2.40 0.88
104.05 2.88 0.74 143.45 262 0.88
104.15 3.05 0.79 14395 1.54 065
104,25 299 059 146.55 228 094
104.25 3.05 059 14955 264 097
104.35 31 091 150.05 237 092
104.35 2.89 0.76 150.60 226 1.04
10455 2.86 061 151.05 223 1.04
104.66 2.83 0.84 152.10 2.06 0.80
104.75 248 0.78 15255 276 0.30
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Appendix A (continued).

Appendix A (continued).

Sample Sample
depth (m) '8  513¢ depth (m) &%  s13¢c
P. wuellerstorfi (Cont.)

15360 233 0.76 B2.45 3.16 0.77
157.156 185 059 8245 319 082
15865 240 0.75 8265 3.19 0.77
160.15 204 068 8289 3.40 0.86
162.15 252 1.07 8289 323 078
162.65 223 1.13 83.15 353 047
83.15 352 -0.5

G. subglobosa 8345 3.78 066
8365 3.40 0.56

62.95 362 -067 B365 360 073
63.45 335 -041 83.85 363 0.11
66.95 3.00 -032 8385 3.85 033
68.45 335 -080 B84.05 4.00 0.41
70.55 258 -0.73 84.15 4.08 0.45
71.05 283 -051 84.15 391 -0.14
72.05 322 -023 B4.25 395 0.29
7225 366 -0.12 B4.45 367 0.486
7255 275 0.30 B465 3.72 0.45
73.05 292 067 B465 352 0.47
7325 363 0.40 B465 347 051
7375 420 -001 B4.85 3.26 060
7443 313 0.04 85.05 3.14 052
7455 309 -088 85.25 3.17 069
74.88 407 0.34 85.45 3.01 0.33
75.05 349 -0.24 85.75 324 0.31
76.05 314 -0.10 B8B.15 324 053
7625 359 -0.82 8665 320 068
77.25 322 -0.186 B6.B9 3.22 0.35
77.45 4.10 0.20 87.15 337 0.17
7755 393 -0.1 87.39 369 0.70
77.55 4.25 0.12 87.65 3.15 051
7755 4.20 0.11 87.87 381 061
7765 429 038 88.15 332 091
7765 408 -0.02 88.15 3.00 0.46
77.75 439 -0.02 88.39 3.45 0.85
77.75 415 -0.01 B88.85 341 0.73
77.75 403 0.14 88.85 3.79 0.81
77.75 418 -0.10 89.25 330 057
77.85 401 -029 89.75 3386 0.49
77.85 421 -0.086 89.75 3.29 0.35
77.85 418 -0.28 90.25 3.28 0.14
77.85 4368 -0.28 90.25 325 057
78.25 412 0.01 90.75 3.z22 066
78.35 365 0.83 90.75 3.22 0.68
78.45 332 0.75 91.25 281 -007
7855 271 052 9175 347 -0.15
7865 320 0.74 92.35 2.83 057
7875 295 0.75 9325 2.80 0.10
78.85 3.24 0.70 93.28 3.16 0.52
7895 3.18 0.50 893.75 332 0.00
79.05 271 0.25 94,75 314 0.34
79.15 345 065 94.75 3.23 0.38
7965 3.03 0.20 94.85 293 0.28
7965 225 0.47 95.05 3.06 055
79.85 3.06 061 9525 317 0.28
8035 343 0.12 89535 326 024
B055 369 -0.34 96.25 3486 051
8065 342 043 8625 3.17 0.60
81.25 3.13 0.45 96.25 3.14 0.29
81.25 331 058 96.75 3.13 0.45
81.25 3.05 0.29 96.75 3.23 0.56
8149 352 083 98,75 3.09 033
8165 343 052 89945 305 030
8165 348 078 89.75 282 041
B1.85 3.83 087 99.89 3.20 053
8205  3.87 061 10055 309 0861
82.15 285 019 100.85 2.86 0.48
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Stable-Isotope Results (%o, PDB) of Analyses
Considered Suspect

Sub-bottom

depth

(m) Species 5130 613(:
86.65 G. subglobosa 2.46 0.46
100.55 G. bulloides 1.50 1.08
115.25 G. bulloides -0.28 -0.71
131.85 G. bulloides 116 0.10
134.85 P wuellerstorfi 3.33 0.87
150.05 G. bulloides 1.48 0.96

Note: Duplicate or triplicate analyses of samples at
these depths are presented in Appendix A.

Sample Sample
depthp(m) 5180 513 depth (m) &80  s13c
G. subglobosa (Cont.)

10126 281 0.41 11925 287 044
10155 289 0865 11976 285 036
101.75 268 0.24 118.75 3.17 0.70
102.05 297 1.00 120.25 3.21 0.19
10245 296 0.78 12075 302 073
102.75 3.02 0.50 121.25 274 0.44
103.05 2.86 050 121.75 286 045
103.35 2.86 0.38 122.25 315 053
10355 3.07 0.35 122,75 279 0.40
10367 312 064 123.25 268 052
103.75 253 0.03 123.75 263 0.22
103.86 3.26 0.74 124.25 307 0.25
10398 3.15 0.44 12475 3.06 0.84
104.15 383 0.19 125.25 259 064
104.25 356 0.19 125.75 291 0.48
104.25 369 0.39 126.25 329 0.71
104.35 367 0.16 126.25 3.35 087
10447 351 037 12845 284 022
10455 352 0.40 12985 3.17 037
10466 353 0.32 130.35 297 053
10466 357 0.17 131.45 249 0.17
104.75 352 0.71 131.85 2.86 0.39
104.75 366 0.24 132.35 283 0.36
104.85 355 0.42 13295 295 0.29
104.85 3.46 0.37 133.35 2867 0.33
10495 345 062 133.85 3.19 0.74
104.95 354 0.34 13445 299 0.46
105.05 335 037 134.45 3.26 0.75
105.16 336 0.48 134.85 3.11 050
105.25 3.31 0.55 134.85 3.20 0.55
105.37 317 0.46 135.35 3.14 063
105.45 271 0.41 13795 292 062
10557 3.16 0.38 138.45 3.04 0.75
10565 3.12 0.49 138.95 2.85 0.41

105865 298 0.12 13845 2.87 0.48
10575 2.76 0.21 138.95 3.17 0.84
105.75 3.06 033 140.45 266 0.38
10584 326 044 14095 323 054
105.98 333 0.58 141.45 2.88 059
106.06 3.17 058 141.95 3.20 055
106.16 3.20 066 14245 291 0.60
106.25 3.06 0.39 143.45 3.14 047
106.75 3.18 0.18 14395 261 0.72
106.75 3.21 0.21 146.55 255 0.28
108.25 3.04 0.40 147.05 2.87 0.44
10875 308 055 147.60 273 058
109.25 2.70 0.20 148.05 3.15 0.80
109.75 2.86 0.39 14857 2.82 0.43

111.25 291 0.36 14955 3.01 047

11175 3.07 0.56 150.05 265 057

11225 268 0.11 150.60 2.89 061

11275 245 0.44 151.05 3.15 0.74

113.75 291 063 15155 292 054

115625 259 0.34 15360 2.86 0.33
11575 294 0.46 160.15 296 045
116.25 321 0860 16065 3.39 068
116.75 286 043 16216 268 026
118.25 256 041 163.15 3.19 081

APPENDIX B



