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ABSTRACT

V28-239 core from cruiss 28 of R/V Vema preservas a detailed oxygen-isolope
and paleomagnetic record for all of the Pleistocene Epoch. The entire 2i-m-iong
core has been analyzed at 5-cm imervals. Glacial stage 22, above the Jaramille
magnetic event, may represart the first mejor Northern Hemisphere continental
glaciation of middle Pleistoccae character. Prior 1o this. higher frequency glacial !
events extend 1o near the leve! of the Olduvai magnetic event. Glacial events |
of less regular frequency extend 1o the bottom of the core, which represents late
Pliocene time. Fluctustions in carponate dissolution intensity occur throughout |
the cors with a similar frequency to the oxygen-isotope fuciuations. \ :
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Hay slzoss in the oxypen-Bsotope record are numbered afler Emiliani (1955,
19 2ol Opdyie (1973).

1inifers were selected
o and ultrasonic claaning. Sample

~¢ used for corg V2R-23R
formed in 2 new V.G.
iyses ure referred to the PDR siaWoErd
lue of +0.29% for the Emiliani B-1
=tion is sccurate 1 better than =0.05w.
e (1973 were referred ro the B-1 standard
2 comparisen with the Jaia presented

res
ust be ©
in this paper

A single aralysis has been made al each level in the core. For each analysis,
15 specimens of Globigerinoides sacculifer were selected (in the lower part of
the core G. fistulosus was used in some samples. three samples conteined insufficient
specimens for anazlysis, and a few contained less than 15). Anaiytical precision
is estimated to be + 0.05%0, the standard deviation for 106 analyses of a stundard
carbonate performed during the {irst six inonths of instiument operation. However,
the uncertainty in analysis of a single sample from the sediment is =0.11%7«
(Shackleton and Opdyke, 1973). Isotopic varichility among the specimens and
analytical precision are combined in this figure. Anaiviical results arc given in
Table 1. Figure ! shows the percentage by weight retained on the 180-um sieve
for each sample. the oxygen-isotope record, and the paleomageetic record.

1 ety
orrected by +0.

Character of the Isotopic Record

Jaramiilo Magnetic Event to Present. Figure | supgests that the oxygen-isctope
record may be divided into thres episodes of differing character The upper part.
all of which is represented in core V28-238 (Fig. 2) us well as core V28-139,
contains glacial stages ai approximately 100,000-yr intervais. Apparently, the isotopic
cemposition of the ccean changed by aimost the same exten! in every glaciation
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during this interval. The rather large variability among glacial extreme isotopic
values in core V28-239 is an artifact of sedimentation processes. This is evident
from the fzct that the extreme isotopic values in successive glaciations are both
less varizble 2nd mere distant from the Holoceas value in cores with higher
eccumulalion rates. In core V22-239 (1.0 em/ 10 y0) the extreme isotopic values
in glacial stzgces 2 and 6 1o 22 differ from the Holocene value by 1.22 = 0.24%w.
In core V28-238 (1.7 em/ 10" yr) the same ten glacial extieme values differ from
the Holocenz value by 1.04 = 0.14%.. In core VI9-2% (4.0 cm/10° yr) the last
five placizl extreme values differ from the Holocene value by 1.62 = 0.11%.
{Ninkovich and Shackleton, 1975).

Figure 1 shows cyclic chanzes in the percentnpe of sediment that is greater |
than 180 pm as well 25 in oxygen-isoinpe composition. Thompson and Saito (1974)
€ocumented correlutive cyclic variations in dissolution intensity in cores V28-238.
V2i-232, and RCi1-210. The latter core is in the region where Hays and others
(1959) defined dissolution zones on the basis of changing carbonate percentage.
Thus, we may confidently ascribe the observed variztions in coarse-fraction
percentege to changes in dissolution intensity and assiga them to zones according
to the definition of IHays and others (1953). Fizure 1 shows thase dissolution zones.
The deley between the climatic chunze recorded in the oaygen-isotope record and
the Zissclution change. noted by Luz znd Shuckleton (1975) and by Ninkovich
and Shacklaton (1975), 1z preserved throuzhout the sequence.,

Charrcteristi

tically. the wzasition from glicisl to interglicial »xtreme occurrad
vidly (Eroecker and van Donk. 1570): indeed, 12.000 vr apo deplacistion
ce so fast that its record in sediment cores is almost invariably determined
depth rauber than by the wciual rate of change in the
ssition of e ocera (ot l2ast 6375/ 10° yr). Glacint stages 2. 6.
! 22 wrminaied in this menner. Stages 4. 8, and 14 probably dig
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Figure 2. Oxygen-isotop and pal Eretic 1 in upper 850 cm of cores V25-239 (above) and ¥ 28-23§
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V16-205 seems 1o contain even greater changes in accumulation rate than V28-239.
The rate between the Jaramillo and the top of the Brunhes in core VI16-205 is
reported to be 0.25 cm/ 10" yr. although the average rate through the entire core
is 0.55 cm /10" yr. It is to be hoped that interoceanic correlations for the Matuyama
epoch will become more reliable with the analysis of more cores in both the oceans.

ISOTOPE STRATIGRAPHY AND ITS LIMITATIONS
Oxygen-Isotope Steqes: Terminology

Emilizani (1655, 1945) used numbers 1 10 16 1o designate stages that he recomnized
in oxygen-isotope records he obtuined in sadiment cores from the Caribbean Sea
and Atlantic Ocean. We (Shacklzton and Opdyke. i973) recognized 22 stages in
core V28-238, the first 16 coinciding with those used by Emiliani. As a step toward
formalizing this nemenelature. stase boumdaries were defined by the depth at which
they were loceted in core V2R-238 (Fig. 2). For core V25.23%, 23 stages are shown
in Figure 1;thea depths of stage boundaries. placed by correiation with core V28-238,
are given in Table 2.

Before contidering tha extention of this termirology. it is important to consider
th: assumptions on which usc of the oxygen-isotope record as a stratigraphic tool
is bused and the limitatiors of its usefulness. It is universully agresd that at the

o¥¢

TABLE 2. STAGE m( INDARIES IN CORE Vat-39 AS DETERMINED BY

— ]I — ——

Boundary | ]‘k prh in core® ! Aget | Termination§
| tem) (B. Pj \
1-2 b} 13,000 | i
213 45 32.000
- 72 64,006
45 #2 75,040
56 127 128.000 H
67 120 195.000
7-8 235 251.000 m
59 275 257.000
9-i0 320 347.000 v
1011 345 367,000
11-12 mn 440,000 v
12-13 431 472,000
13-14 452 502000
14-15 500 542,000
15-16 567 552,060 Vi
16-17 635 427,000
17-18 650 647,000
1819 688,000
1920 75 e
2021 750
V 21-2 T
213 R2S
| * Determined by correlation with core V2R-238.
| tAges are those estimatee by Shackkton am(}pdykctl-‘?})hsl‘nﬂ.'mﬁpdwonm

core V2B-23% wing a rate of 1.7 cm/10% yr.

them is the stage 1615 boundary.

§Termunations from Broecker and van Donk (1969). They a=fined terminaticns on the
basis of their imerpretation of the saw-toathed character of the oxygen-isoiope recora. Owing
to a possible hiatus in core V12-122, it appears that the event laveled terrunatioc V1 by
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depth (Berger and Hezth, 1968; Ruddiman and Glover, 1972), and the extremes
analyzed must therefore approximate the extremes present in the core. The mean
amplitude of isotopic fluctuations is less in cors V28-239 than in V28-238, probably
beczuse the 2ccumulation rate is lower in comparison with the mixing depth.

We have argued that the observed pezk-to-peak amplitude of oxygen-isotope
chanoes in cere V28-238 was reduced by mixing (Shacklzton and Opdyke, 1973).
Thus, the full ranze of isolopic variation is aitenuated in the sediment in core
V28-233 znd even more so in core V23-239. However, both cores preserve sufficient
record that successive siagss can be unambiguously recognized.

Carbonate Dissolution and the Oxygza-Totope Record

Ceore V23-239 was taken at a depth of 3,490 m, compared to 3,120 m [or core
V22.233. Tris accounts for more intense dicsolution occurring in core V28-239.
Savin and Dovzlzs (1273) pointed out that increasing dissolution not only progres-
sively removes the more solution-suscepiible species (eften those that lived in
shallower water}, but it also selectively removes from the populstion of a single
species thess members that lived closer to the surfzce. Thus, ihe fossil population
that has suffersd more dissolution registers a lower isotopic temperature 2s a
conszquence of that dissolution.

TABLE 3. STAGE-BY-STAGE ISOTOPE EXTREMES FOR CORES V28-239 AND
VIS

25-238
Stage merval V25239 B V28-3R Batviencore
A B i o D Dilference
5, o0 1mns) {5, %) (ranze) tA—-Cr
1 i -1.72 -1.03 0.26
2 .l,‘; -0.84 -0.97 :‘0.1_ 0.12
3 gy ~1.32 =14 bl 0.15
H 7 -6.53 -055 g -an
s cE -7 -1 132 039
6 o7 -£.55 -0.74 105 0.18
7 pd -1.50 -1.79 110 0.2
8 £9 0.8 —0.69 {30 c.01
2 10 -i 35 -1.9 T 5 0.64
10 o -0.45 -071 198 026
1l 1112 -i.42 -1.97 153 0.55
12 s -0.14 -0.65 l‘i; 0.51
13 o -1.2% -1.81 0.8 0.53
14 -0.72 -105 ael 0.33
1415 0.82
15 156 ~1.45 -1.47 198 0.42
16 5 0.1 S 0.5 3 0.49
16-17 : ; 077
17 4 -1.35 -1.36 0.01
1718 0.82 0.64
18 053 -T2 0.19
1519 n.61 097 A
19 193 ~116 0.52 —1.69 Yoe 0.53
20 -9.64 =2 —0.66 e 0.02
2621 3 0.63 .87
21 i -1.27 0.90 -1.53 0% 0.26
2 -037 g -0.77 : 0.40

Note: Columm A, extrems oxygen-'solopic compssition in each stage in core V28239,
from Table 1. Column B, sotopic difference betwesn adiacent stuges in core V2823, Mzan
084 + 6.28. Column C, extreme oxygen-isolopic composition in each stage in core V28-238,
from Shackletos and Opdyks= (1973, Taoie 1), corrected to PL'B standard. Celumn D, isotopic
differcnce betwaen adjacent stapes in core V24-238. Mean 100 £ 0.27

*Difference between ihe extrems reached in cores V282392 and V28-218 for each stage.
Mean (.25 = 0.21.
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TABLE 4. THICKNESS OF CLIMATIC CYCLES IN A SUITE OF CARIBBEAN
CORES AND IN PACIFIC CORES V28-238 AND V28-239

stages Cores
P3044  PE3047  P&3048  P63049  Mean PR30 V2R-23R  V28-239
suite
1 25 30 30 0 2 i 3
23 130 145 150 165 148 f8 47
4-5 178 185 170 145 169 110 53
67 240 5 280 240 259 210 110
89 160 195 21 200 191 165 85
10-1 145 180 190 & 174 160 57
12-13 158 150 cid 120 144 105 85
14-15 85 807 55 200 200° 155 105
16-17 95 93

Note: Duta for Caribbein cores from Emilizni (1955, 1972): for Pacilic cores from Shunclileton
and Opdy ke (19731 for core VIE-232 from this paper.

*Dotz for stazes 14-15 from FA30d 5 is inconsisient. Valve for 6304-9 has been adopted.
becpuse it is more consistent wilh the Pacific cores (Figs. 3. 41

performed on the basis of an zssumed uniform azcumulation rate may be in error
even if the extrupclation is bused on averzee accumuiation riles from pumerous
cores.

EZfect of Varying Surf{oce Temperature

In the Curibbean, Emiitzni £11958) has shown that the axygen-isolope compasition
of G. sacculiifer in rezent sediment imphes deposition at or near swrface temperature,
Vincent and Shackleten (1975, hive shown that this is also true in the Indian
Ocean. While this situziion hold s, changes in surface temperature during Pleistocene
time, if present. sho osttion of G. saceulifer popilations
in Plmictocens < sumed that changes in surface

ure n component that is ascribad to
£5 in ocesn sl cemposition from the total record of
{Tmbric and others, 1973},

In the Pacific a dilferent situation preveils: The oxyvgen-isotope composition
of G. sacculifer correspords 10 & temperature several degrees below sea-surface
temperature in many corz-top semples (Savin and Douglas. 1973). To whnat exrent
this fizure is an indicatien of a dif"erence in the depth distnibittion of caicification
in the species ard to what extent it is a function of selective dissolution of the
individuals from sheilower depths in the waier column (Savin and Douglas. 1973)
remzin to be evaluated. However, we ‘Shucklelon and Opdyke, 1973) argued that
the close similarity between the isotopic records of G. sacculiferund benthic species
incore V28-23% implics that both records depict the history of the isotopic composition
of the ocean, and that changes in surface temperature. temperature-depth structure.
depth distribution of G. sacculijer, and selective dissolution all play minor roles.
Discrepancies between the plankionic «nd beathic records in core V28-238 were
ascribed by us (Shackleton and Opdyke. 1973) to the effects of postdepositional
sediment mixing by burrowing orgarisms 1ather than to the factors mentioned
above.

Long-Term Trends in the Oxygen-Isotope Record

There is no gencra! agreement regatding any long-term trends in climate during
Plzistocenc time; trends that emerge from studies hased on the present-day ecuiugical
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the climatic record. The intensity of dissolution rose not at the boundary between
stages 6 and 5 (termination 11 of Bruecker and van Donk. 1970) but a few thousand
years later. We now show that this relationship has held through the past 1.5
m.y.

Figure 1 indicates the boundaries of the dissolution zones, numbered according
to the scheme of Hays and others (1959), and their relation to the oxygen-isotope
stages. The dissolution zones are not manifested as carbonate fluctuations, and
the carbonate content is high throughout the core (Thompson. 1976). However,
Thompson and Suito (1974) have shown that change in dissolution intensity is
the dominant factor in determining the downcore changes in foraminiferal faunal
compasition in this area. i

Figure 1 clearly indicates that Hays and others (1969 were correct in their
assertion that chunges in carbonate content in eustern equatorial Pacific sediments
could be comelated with the Northern Hemisphere climatic record and with
oxyeen-isotope records from the Caribbezan. However. use of carbonawe cvcles
28 a precise stratigraphic tool may be misleading. Fipure | shows that the base
of ezch disselution zone in the sediment is not found at the same position as
the glacial-to-interglacial isotopic transition, but ruther some 5 to 20 cm above.
This represents a deluy of a few thousand years between the climatic change
and its effect on bottom-water chemistry in the 2quatersal Pecific. This delay may
not be constant from one latitude to another or froni one climatic cyele to another.

CHRONGLOGY

The record of changes in the oxveen-isolope composition of the worid ucéans
may be readily used as a stratizraphic ool in Pleistocere dec¢p-sea sediments of
all oceans tthe Atlantic and Cariobean. Emilinni. 1955: the Arctic, van Donk and

iett, 1969; the Indian Ocesn. Oba. 1959: the Pacific Ocean, Shackleton and

the primury mechanism giviig rise to these changes is the growth 2aa retreat
of continental ice sheats in the Nerthern Hemisphere, the record is of considerabie

300 -

Figure 5. Comparison of thick-
ness of climalic cycles (odd- and
sucecesding even-nundiered steges!
in core VI5-233 and in suite of
cores PGE304-4, PGI04-T7. PS304-8,
and P53344-9 from Emillani (1958,
1572). Data from Table 4.
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