LETTERS TO NATURE
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T two deep ice cores recovered by the GRIP* and GISP2* pro-
e n derl avr the past 100000

‘quendly been documented in the maripe sediment
fasc-ocean conditonsinthe North Atlancic’ Betore 100 kyr ago
the
w

ToFani n he Tt record
We have examined two cores (DSDP site 609, V.
he casten Noah Ataatic (g 1) at 1 depth spacing core

period in the ongml oxygen isotope slnugaphy‘ and subsc-

Haumw

°, water-

mass migraions viden in this study are corrlaive With 52

higher frequency changes oce: he Greenland ice shee.,

beginning ~ 110,000 years ago'~. Since at least this time, coolin:
ice cap and at the sca s ve been linked.

Two indicators of oceanographic conditions were utilized for
this study: the planktonic foraminiferal assemblage and th:
sbundance of icorafed deuits (IRD). messared reaive t3
coarse biogenic particles an sclimen. Time series
s rocs are cmarkay similar (Fg. 2 This sty &

of e
e advances across a 20° s

FIG. 1 Stuoy area in Nortn Atiantic. The Green-
and location is the ice-core driling ste 3t the
Summit of the ice sneet. Ocean locations are

indicate warm, saline - subopical/subgolar
fows.
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sedimentary data from two widely spaced cores, epresenting the

eavironments of local basin and abyssal
dift, attests o the accurate recording of widespread oceano-
graphic conditions.

Each of our records contains peaks of polar foraminifera (¥,
yachyderma 5.) and IRD which rise above low ambient values.
Tais background has a value of a few per cent for much of the
sty intervl, and isat o pear 210 n seiment represntiog
MIS Se. Biht warm-cod oclltionsare evides n e T

cord herucen. the siacal inception st ~110 Ky (before e
present) and T end of MIS 4. Toe amping Structure so re
Bt subsequent lacial peiod: s apsnt hre. IRD abund.

sacesincrcase and diminish spsatdly, eulminating in Hoirich
Sent 6 r

Rehmely o condiions provis i the subpolar sufce

of MIS

58 38 vanints. T
maximum warmth

while recurrent climate a rred throughout MIS.
et 11, Siar vidence of mild climate punciuaied by cool

intervals characterizes high-resolution terrestrial records which
are interpreted as correlative with MIS S (refs 12 13).

of an occanic front at the boundary between surface currents
originating in the Arctic and subtropical Atlantic (Fig. 1). On
a glacial interglacial timescale, frontal migrations over a givea
i r

between extreme proxy values. The moderate abundances of
s h ¢

ity of our core locations to a dynamic polar front. As indicated
by the peak values, V29-191 was near the mean position of the
frontal zone during intermediate polar advances, while DSDP
site 609 was ncares the southern adge of the cone.

the surface water-mass boundary has
|mwnanl implications for thermohaline circulation. Such a con-
figr ples restrictd northward export of saline surface

n and pmdu:nnn of North Atlanic Deep Water (NADW)
in the Nordic Seas. Deep circulation s one mechanism capable
o miucncing Crecoland i tmperates by way of surace
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ocean heat transport, on the observed millenial timescaes, which
are not easily explained by orbitally influenced insolation anom-
le. Changes i the mode or fix of NADW would also provide
slobal communication of regional cor

The elationship betwcen [RD and . mvamml{ml e
s i interesting. Each incease in [RD i sssociated wi
rcasein pola foraminifers but not all th iecreass in pol:r
Srominiers e aceompanied by mereased IRD. Tass dne.
ion is important. Colder seas occurred in conjunction with the
arrival of debris-laden icebergs, but colder scas alone were

‘mates for correlative cold events accurs for the earliest two, and
are of the order of 5,000 yr (Fig. 3). Al of the others agres with
an average of 1,200 yr, a reasonable figure given the estimated
exors and uncentain phase relationships.

Diferences in the amplitudes of excursions in the compared
records are evident in two cyces on the MIS 4-5 transition.
‘They are anomalously pronounced in the ice cores, to the extent
tha their sotopic composition implies conditions which were
not only colder than the ensuring MIS 4 but more scvere than
virtually all of peak glacial MIS 2. Our records of the MIS 4-5

nsul -

imilar in amplitude to increases in 60 4
ol re&oluuou i records, and may b inked o eaty
stages of owth on surrounding land_masses. Greater
ot of TR ot DSOP s 409 dhes 4 V20191 s rehe
ceberg ufuce tajectoy, s proposed for Younger IRD events',
nced deposition at the southern edge of an iceberg-

nhanced IRD deposition began with the initial advance of
polar waters relatively early in MIS 5. This may indicate rapid
3rowth of Northern Hemisphere glaciers, accounting for much
5 the fall insea level and Increase in seawater-3.°0 assosiated
wth MIS 50 Aemtively, mletion of gacers may have
near enough o the surrounding coasts t0 e

sen cany duing e growth
D peks i the context of

. Our study

on 2, for a total of 11 during the last climate cycle. This is
exactly the number postulated by Heinrich', but not identified
 his study of Jow sedimentation-rate cores. The event associ-
ated wath termination 2 shares 3 suie of characerstes with
the younger glacial events'” (for example, detrital carbonate,
Zoraminifera minimum), while it remains 1o be seen if the MIS
itute interglacial equivalents of Heinrich events.
“The eight intervals of enhanced polar influence are essily cor-

temperatare on Greenlacd, as deduced
fom ice shect 80, Subsequent retreats of pelar waters thus
correspond 1o the oldest eight interstadials ideatified in Green-
‘and ice (Interstadials 17-24)'". Each of the warm and cold events
2an be matched between records on 4 one-to-onc basis (Fig. 3),
35 well as on the basis of pairs of cold events associated
MIS 4, Sb, 5d and the 4-S boundary. This observation supports
s climatic interpretation of this portion of the Greenland record
and is further evidence of the deep sea’s capacity to record high-
requency variability.

We used published age models for the GRIP ice core' and
DSDP site 609 (ref. 4 to establish a chronology for comparison.
Although temporal models based on the flow of thinning ice:
<onstant sediment accumulation contain significant uncertaint-
25, these independent timescales put our correlation to a simple
st which goes beyond establishing that eight events occurred
during a given interval. The largest difference between age osti

sons preiously documented in sea surfacc™ and decp ocean

These events are real,yet their i core expression may
lmorporxle differing water-vapour sources™ and/or may reflect
local o high lattude climate smplieation, perhaps ascocaied
with the glacial transition.

Below substage 30, the correspondence between our marine
records and the ice core record breaks down. This observation
bears reflection, considering the subsequent similarity. Because
DSDP site 609 is not continuous through MIS Se. V29-191
better suited for comparison. The signature, if any, of unstable.
peak interglacial climate in this core is extremely muted, in con-
st 10 the cler cxpeesion of younger event that ae e
in amplitude and duration. One possibility for this lack is that
ur proxis ar saturated throughout ond e e Famion i
mate was unstable while remaining warmer than all ensuing
imeruals of MIS 5. Whil this view s not complily supported

derived from the more divere fos-
miniferal assemblage display a limited amount of ity
roush e ok imergacis
tion. A second possibilty is that the subpolar North Adantic
was decoupled from atmospheric conditions over Groeniand
during MIS 5" In tis cax the GRIP record from Sumait
may contain the imprin of locl climate varably.
1 hat he Ecman tabiny cpreents & diTscnt
non- local phenomenon from the énsuing record. for examplc
rce region variability rather than temperature. It is also pos-
sible that the integrity of the ice core records has been compro-
records remain the best test of this possibiity.
0 come from the deep sea. Recent
vidence fiom the Bakama Outer Ridge sugges 3 simia
structure in beathic indicators™. No equivalent ics cores will be
recovered fo some time, and while carefal scruiny has failed
to demonstrate anomalous deformation within the mid and late
Eemian scction of the GRIP summit core, the GISP2 ice core,
drled near the summit s i clary disrbed throughout
the interval of interest’ an o sppon the
GRIP soord. Allough i i w " L word on Bem
Snstabilty, the deesc record appears 10 hold the key in the
near future. S

e 13 e, ccoiod 2 A 1994

5 Conagaas, .o 3 Kt 364, 215-220 (1933
2 Gioten P A, St B Wi, W C. o 5. & e ) Notre 38, 552354

3 Ton K. Gt Notrs 388, 843-552 1993,
L B 6 G ek N 36 03137 35051

B s ot 364, 205-207 (16951

& Emian 0. ) Geo 63, 539578 2955,

T s v ' S a7y 35 3 56,

$ e oo Do Sca . 19,8177 (9721

ey ; " umm & iy s e Serresraorh,
KT EE W ivann

o 6, 285273

55 Sonatia . Inone, . KGR N. . Mg, A & Ruimr, .. Gut s 2,355~
e

i, G . Q. Res 9, 521 (15781

argenc 3 Q. . 3/, -4 (1365,

MATURE - VOL 371 - 22 SEPTEMBER 1994

Sponger. s
s nmn»-m&;nmk;nxmv.&a 1550,
G & i, 5. ot 5. Ko, % . & Facianes & G Soerce 263, 508.551

cgvaom

£ can.
e T e na g 5 1 U5 NS AASA R0/ SSAC



