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ABSTRACT 
The ice-rated debris (IRD) records from Ocean Drilling Program (ODP) sites 918 (St. 
John and Krissek, 2002) and 110 I (Cowan, 200 I) provide evidence for bipolar climate 
connections during the Plio~Pleistocene.These IRD records were derived from distant 
but similarly situated glaciomarine settings, the SE Greenland and the Antarctic Peninsula 
continental rises. Similar methods of sediment analysis were used in developing the tem­
poral records of ice.rafted debris accumulation; at both sites IRD mass accumulatio n 
rates were used to represent the histories of IRD supply through time.Age-depth mod­
els were also similarly cons<ructed, relying upon magnetostratigraphic and biostrati­
graphic age.depth data. Comparison of IRD records from these two sites reveals a 
shared pattern of long-term IRD flux, which is dominated by IRD abundance maxima in 
both records at 0.9, 1.9, 2.7-2.9 Ma.These three episodes of high IRD flux are at least 
twice as large as the average IRD peaks in the respective records. 

The cause of these repeated, and perhaps cyclic (~ I Myr), episodes of high IRD accu­
mulation is uncertain; however, their presence in both Southern and Northern 
Hemisphere high latitude sites suggests that large-scale oceanographic and climatic con­
trols were involved. That each episode occurred during eustatic highstands and during 
suppressed North Atlantic Deep Water formation favors repeated massive calving events 
related to ice sheet disintegration as a possible cause. 

INTRODUCTION 
Jn science, ir is sometimes the curious 

observation rhat leads a researcller to ,hink 
ourside the "box". The box being defined, per­
haps, by rhe boundaries of a carefully con­
structed research program, or more globally, a 
par.ldism of thousht. Dccidins not ro isnorC', 
or pc:rpewally put aside, the curious observa­
tions may d iverr one from an established path 
of r('S(.-arch, but may also lead co nc.·w ideas and 
scientific insigh1. h cm ~1lso be :rn exercise: in 
creative thinking. Described here is an argu .. 
mc:nt for a Plio-Pkistocenc bipolar climate 
connection th~n is rooted in :a curious observ:1-
tion: cwo similar 3 .. Myr ice .. ra~cd debris 
()RD) rt-cords from opposite polar regions, the 
lrminger B~1sin off SE Greenfond :ind the 
marine basin wesc of the Anrarcric Peninsula. 
A preliminary argum('nt for a Plio-Pkiswu·ne 
bipofor refolionship was made by $1. John and 
Cowon (2000); here ir is developed furd1cr 
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and is based on a comparison of the IRD 
records published by St. john and Krissek 
(2002) and Cowan (2001). 

The study of north-south linkages is not 
new 10 the field of paleoclima1ology. Howe"er, 
mos, smdies of chis type focus on idenrifying 
hish-rC'SOlution bipolar eonnC'ctions, indudins 
lc:ad-h1g relations.hips, ovc:r millennial ti me 
scales for che lace Pleistocene (e.g .• Blunier and 
Brook, 200 I; K.1nfoush ct al,. 2002; Stock,·r, 
2002). Long-term bipolar comparisons are less 
common (e.g., Schnitker. 1980), and by ,heir 
v,·ry nature (i.('., low,·r temporal n:solurfon) 
less robust, bul "aluable just 1he same. 
Climate change records over several thousand 
to millions of y<-ars provide a conrc.xt for the 
hne Pleistocene millennial-sc.1le clima£e stt1dies 
in much the same way that an understanding 
of U.S. hjstory provides a context for undcr­
s1~1nding modern U.S. political scienee issues. 
In addition. given cl1e controversy cl1ac exists 

over the proper imerprer:uion of rhe Pliocene 
glacial history of Antarctica (e.g., Miller and 
Mabin, 1998, and related articles), and the 
limited undersmnding of rhe long-rcnn histo­
ry of the Greenland Ice Sheer {St. John and 
Krissok, 2002). continued long-term paloocli­
inatic srudy of Antarctic :rnd Gree11land 
records is warranted. 

I RD records rcAccting provenances of SE 
Greenla1ld and the Amarctic Peni1lsula, as 
described here, are particularly well suited for 
C'xamining possible bipolar climate relation­
ships over the long-term because both the SE 
Grttnland Ice Sheer and the Ancarctic 
Peninsula Ice Cap arc csrablished as dynamic 
regions of climate change: comparc:d with the 
remainder of ,heir respective co11rinen,al 
cryosphercs (Krabill er al., 1999; Ban and 
Anderson, 2000). The primary objective of 
this paper is to propose a hypothesis for a 
bipolar, subArccic-Amarccic climate connec­
tion from the late Pliocene through the mid­
Pleis1ocene. This is based on broadly co-vary­
ing !RD records, which arc dominated by 
three shared episod<S of high IRD flux 
{Cowan, 200 I; $1. John and Kri.ss,k, 2002), 
and on a synthesis of concurring oceanogra­
phy and clim:11ic changes described io the lit­
erarure. 

LOCATIONS AND 
LITHOLOGIES 
Detailed sening and li1ltological descriptions 
of sites 918 and I 101 are given in the respec­
tive Ocean Drilling Program Initial ReportS 
volumes {Shipboard Scientific Parry. 1994. 
1999), in St. John and Krissek (2002) and in 
Co,van (2001). Both sites were drilled in con­
tinental rise sediment accumulations proximal 
to glaciated mountainous coastlines at lati­
tudes poleward of 63• (Fig. I). Site 918 is 
loCllted -65 km from rhe SE. Greenland shelf 
edge in 1869111 ofwa1cr in the lrmingcr 
Basin. Site 110 I is located -94 km from the 
Antarctic Peninsula's western shelf edge in 
3280 m of water. Both sites lie within the 

presc:111 li mit of iceberg transport. Plio­
Pleismcene icc .. rafted debris accumulations at 
th('SC sit('S w,·rc US(.xl to imcrprct t('mporal and 
spatial varia1ions in iceberg release and tr~1ns­
pon from che adjace111 coasts (l..owan 200 Ii 
St. John and Krissek, 2002). In addition, the 
extensive si1e 918 IRD record was tLSed lO 
argue that glacial expansion to sea level in SE 
Gr<x·nland pr<'<:e<kd the general Northern 
Hemisphere gbcia1ion by several 1)lillion 
years: I RD evidence suggests it wa.~ glaciated 
as early as 7.3 Ma (Larsen ct al .. 1994; St. 
john 311d Krissek, 2002). 

Largely due to the commonalities in the site 



Fig11re 1. A. Map sh<nving rlN gmmtl /()t;adon.s ofOcra11 Dri/li,,g Program Sitrs 918 and I 101 (mudi­
fitd from http:llgrographJnW,11.cq11,Jlibrarylrialblratlantic.hm1); 8. Map o/Siu 918 ltKnltd q11 rhr 
11pprrcomi11mrnl rise --65 kmftom SE Grunlnnd's shrlfedgt ;,, 1869 m ofwaur in the 1ll(strr11 
ln11i11ger Bnsi11. SIMded nrem indimu omcrop region, (from Teagle and Alt, 1999): C Map ofSiu 
I IOI lomud 011 a srdimml drift 011 the rontinmtal riu .. 94 km from A11tairtic Pmin.mlal u,estrm 
shr/fedge in 3280 m ofwntrr(ftom Cowan, 2001. and afier lubrm, ti al, 1998); D. Glar;nud SE 
Grre11/n11d roast ",irl, rnlr,rd ia/grgs {photb by Sr. Jolm, 1995). 

d'laracteristics, sire 918 and sire 1101 sedi­
ment lirhologies are also similar, ahhough 
their thickness differ. The 600 m Miocene 10 

Pleistocene sedime1u section upper at sire 918 
and rhe Plio-Pleisrocene 218 m sediment sec.­
rion at sire 110 I arc dominated by biogenic­
beari1\g marine muds and silcs, with drop­
srones. These: arc: imc:rpreted as ltemipdagic 
sc,djments and finc--grajnc-J distal turbiditcs 

with discrete occurrcncc:s of I RD. In addition, 

intervals of poorl)' soncd, ungraded sand, silt 
and pebbles also occur and arc intcrprct('d as 
glaciom~1rine diamic1ons. 

COMPARABLE AGE­
MODELS AND METHODS 
Bulk S<:dimenr samples for IRD analysis were 
taken approx.imardy ('very 50-75 cm from the 
sediment:,ry sections of site 918 (St. John and 
Krissek, 2002) and every 75 cm from rhe S<:di­
mrntary S<'.<:lions of site 110 1 (Cowan, 2001). 
In bod\ srndies, the medium 10 co:;1rse sand 
ff3ctions (250 mm ro 2 mm) were isolated 

from ,he res, of rhe bulk sample and weigh, 
percemages were calculared. The proponion of 
terrigenous grains in this grain si1.c fraction was 
,hen either es,imaied visually (si,e 110 I) or 
physically isolared (Sire 918). Ir was rhis rer• 
rigenous (non-volcanic) medium-coarse sand 
,har '""' used as ,he indica,or ofice-rafred 
debris accumula1ion in bo1h smdies (Fig. 2). 

As d«cribcd in St. John and Krissck (2002) 
:ond Cowan (2001 ), age models for the St:di­
menrary sections of sires 9 18 and 1101 were 
based on shipboard (si,e 1101) and pos<-cmisc 
(sire 918) m:1gnetos1ratigrnphic and bios1rnti­
graphic age-dcprh markers. The resulranr age 
models w(•rc US('d to cakulatt· the lin('ar s,xli­
mentarion r~Hes and s.1mple :iges. Line~,r setli­
mentarion rares were high at both sires (aver­
aging 11 cm/kyr a< si,e 918 and 6 cm/kyr a, 
site 1101 ), bur were more vuiable at site 918. 
A summary of the depth ranges. calculaced 
ag<'s, and linear s,xlim('ntation rat<."S for both 
sites is provided in T:1ble I for the overfappil'1g 
cime span of interest (0-3 Ma). 
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Because IRD accumulation in a core results 
from a different ser of processes than txisr for 
other sediment components, it is necessary to 
exami1le the variable input of lRD i1\ isolation 
(Fig. 3). This can be achieved b)' cakularing 
the mass Aux of I RD ,o rhe sea Aoor, or in 
ocher words, rhe I RD mass accumulati01\ rate 
(MAR: Rea and Lcinin, 1989). The I RD 
MAR is indcpenden, of the supply rates of 
ocher coarse s:rnd-sh.c components. such as 
volcanic ash and biogenic marerial. and there­
fore )'idd a more unequivocal tCCOrd of I RD 
supply ,han would be provided by 1he weigh, 
percentages of rhe medium-coarse sand frac­
rion alone. IRO MAR was rhc mcrhod used in 
both srudics 10 qua111ify IRO Oux (Cow:on, 
200 I; Sr. John and Krissek, 2002). The MAR 
of the u.·rrigcnous medium-coarse sand (i.e., 
IRD) w;,s calcul:ncd for e;1ch sample from sites 
9 18 and 1101 as follows: 

IRD MAR [g/crn'/kyrJ = LSR [crn/kyr] x 
DBL) [g/cm' ] x %M('--S x %1 Rt) 

where the dry bulk densiry (ORD) v:ilue 
was obtained from the srrarigraphically closest 
discrcre shipboard physical propcrry mcasure­
me111, %MCS rdlects the mc:diom-<:oarsc sand 
weight percent multiplied as a decimal frac­
tion, and %!RD rtAecrs rhe weight percent 
(site 9 I 8) or volume pcrccnr (site 110 I) ofter­
rigenous material in the medium-coarse sand 
fraction multiplied as a decimal fraction. This 
method assumes a constant linear scdimema­
rion rare (LSR) be,ween age-depth markers. 

DATA AND DISCUSSION 
IRD MAR, ar sires 9 18 and 1101 are shown 
in Figure 4. Generally rhe IRO MAR ar sire 
918 was ten times greater than that to site 
110 I since a< leas, 3.0 Ma. Assuming ,he moS< 
imporram factors inAuencing IRD Aux were 

h'gure 2. 7'rrrigenous medium to coarsr sand 
(250mm - 2mm} minrral gmim and rock 
fmgmruts intrrprrtrd as icr-rafied debris (/RD) 
from ODP Siu !JJ8A 6H5, 132-136 rm (-0.!J 
Ma). 
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Table I: Summary of the depth ranges, calculated ages, and linear sedimentation rates for s ites 918 
(from St.John and Krissck, 2002) and 1101 (from Cowan, 200 I), 0 10 ~3 Ma. 

Site 918 

Site 1101 

Depth (mbsf) 

0-21.45 
21.45-49.00 
49.00-52.90 
52.90-71.10 

71.10 erosional unconformity 
71.10-81.00 

81.00-115.10 
115.10-146.80 
146.80-413.89 

0-55.08 
55.08-71.2 
71.2-76.15 

76.15-121.12 
121.42-126.98 
126.98-165.98 
165.98-209.4 

Calculated Age (Ma) 

0-0.26 
0.26-0.99 
0.99-1 .07 
1.07-1.39 

hiatus 
1.71-1.77 
1.77-1.95 
1.95-2.14 
2.14-3.65 

0-0.78 
0.78-0.99 
0.99-1.07 
1.07-1.77 
1.77-1.86 
1.86-2.49 
2.49-2.95 

source--rdated, this implies 111:u there was 
eirher grcarer iceberg discharge from easr 
Greenland ,han from the Antarctic Peninsula 
and/or greater debris content in the Greenland 
ice compared with ice c.tlved from the 
Anrarcric Peninsula during this rime. 

\X'hcn comparing the timing and relative 
mag11icude of lRD flux from these cwo source 
regions, a broadly similar panern can be rco-­
ognizcd; both records arc dominated by IRD 
MAR maxima at 0.9, 1.9, 2.7-2.9 Ma. These 
three episodes of high I RD Aux are at least 
twice as large as the average IRD MAR peaks 
in the respeaive records. On a finer scale dif­
fe rences in rhe two IRD MAR records are 
evident; there arc times ,,.,hen IRD Aux. is 
high in one region but not the other (e.g., at 

0.5 M'1). Thc:se difl'erencc:s :ore completely 
expecred given the various local condirions 
char can influence che accumularion of I RD 
on the sea floor at any particular site, includ­
ing the climatic condirions on l:rnd (e.g., 
debris conrcrn of che ice, iceberg calving rate 
and provenance) and the oceanographic con­
diti01'lS in the surface warer environme1u 
(e.g .. cempcramre, presence of sea ice, current 
strength and direction). \'(!hat is not expect­
ed, is to see repeated coincident high 1nag_1'li­
rude IRD MAR peaks (i.e., ai 0.9. 1.9, 2.7-
2.9 Ma ) in records from cwo regions so fur 
apart. It is this broad pattern of high IRO 
flux episodes chat is the focus of the discus­
sion. 

volcanic ash •. . ' 
biogenic remains 

Figure 3. Sketch ill11strati11g the primary udimmt compmmllS r.omrihuting to r/,e stdimmt arc,mmkt­
tion in glaciomarine settin,t;J sur/1 as ,iu 918. In addition to the input of urrigmo11S sedimem from the 
rainout of debri, ladm irrbergs, planktonic a11d bmthic biogmic material is depo,iwl A,h from nearby 
110/canic en,ptiom may also be tramported and deposited in thi, setting. Each sediment componml can 
hr comitlerNI a ptdcot'1wiro11mM/JII tlrfhiw. 
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Linear Sedimentation 
Rate (cm/kyr) 

8.3 
3.8 
4.9 
5.7 

16.5 
18.9 
16.7 
17.7 

7.06 
7.68 
6.19 
6.42 
3.25 
6.18 
9.46 

TEMPORAL PATTERNS 
Both rhe overall co-varying panem and the 
specific timing of each of rhe high I RD Aux 
episodes arc intriguing. That a similar pattern 
of high IRO Aux exiSts for sit<$ so disr.tnt 
from each ocher, must either be explained b)' 
global-scale oceanographic and climate con-
1lecrions, or be written ofT as pure coinci­
dence. T he question then becomes, what 
oceanographic and climatic conditions existed 
during these timC$ of high I RD Aux that could 
possibly increase iceberg discl,arge and/or rhe 
debris content of cast Greenland and Antarctic 
Pe1'linsula glaciers, or otherwise focus iceberg 
mclc a, these C\VO sices? 

A summary of potentially relevant condi­
rio1'lS that existed at the rime$ of the three 
high I RD Aux episodes is provided in Table 2. 
Also included in Table 2 is rcfc.rcncc to two 

other high IRD Aux episode$ (at -3.5 """ 
-4.5 Ma: Sr. John and Krissck, 2002) record­
ed in th(· long('r st'<iirnenrary section at sire 
9 18. The rin,ing of 1hese older high IRD Aux 
episodes is poorly constrained given incrc.a.~ 
unccrtaintic.s in rhc site 918 ag(.'--rnodd down 
core. However, i1 appears 1hat similar oce~H10-

graphic conditions c.xi.stcd ar these rimc.'i as 
,·xistc'<I during the influx of IRD at 0.9, 1.9 
and at 2.7 Ma. 

An oceanographic condition that appears to 
be common to all of the high IRD Aux 
episodes ,v:is high eus1:uic se;L level (T:1ble 2; 
sec references therein). One ,vay 10 explain 
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Table 2. Compariso n of the timing of h igh IRO flux to s ites 918 and 110 I with potentially relevant oceanographic 
and climatic conditions. 

High IRD Flux Potentially Relevant Concurrent 
Stte 918, Site 1101, Oceanographic & Climatic Conditions 

SE Greenland Antarctic Peninsula 
(St. John i Kt1$Sel<. 2001) (Cowan. 2001 J 

0.9Ma 0.9Ma NAOW Low-Salinity Mid-Pleistocene Subantarctic high Eustatic Highstand 
Suppressed Surface Water, Climate Transition IRD Hux (1.0-0.9 Ma)" 
(0.9 Ma)'" lrminger Basin (0.88-0.92 Ma)7·8·9 (0.65·0.9 Ma) 11, 14 & 

(0.6-0.9 Ma'f extreme deglaciation of 
the Antarctic Peninsula 

(D.88 Ma)" 

1.9Ma 1.9Ma NAOW Eustatic Highstand 
Suppressed (1.8-1.9 Ma)" 

(1. 75-1.8 Ma)" 

2.7Ma 2.8Ma NAOW Wanm Southern Subantarctic Eustatic Highstand 
Suppressed Ocean High IRD flux (2.6-2.7 Ma)" 

(2.5-2. 7 Ma)'-" (2.48-2.9 Ma)" (2.8 Ma)" 
----------- ---------- --------------------------- ------------ -----------

3.5 Ma(?) NAOW Eustatic Highstand 
Suppressed (3.2-3.4 Ma) 

(below base (3.5Ma) 

4.5 Ma(?) of reeo<d) NAOW Eustatic Highstand 
Suppressed (4.2-5.0 Ma) 

(4 5-5.0 Ma) 

'Raymo ct al., 1990; 11b ymo ct al., 1997 ;·1King ct al. , 1997; 1Raymo ct al., 19R9 ;111aug &Tiedemann, 1998;~Flowcr, 1998; 
·oerger &Jansen, 1994; ' Mudelsee & Schulz, 1997; 'Clark & Pollard, 1998; ,.Anderson &Andrews, 1999; "Cieslklski et al., 1982; 
11Haq ct al., 1987: '-'Murphy ct al. 2002; 

this associatiOJ\ is that coastal porrio1'ls of the 
east Greenland Ice Sheer and 1he Antarctic Ice 
Cap were re~tedly susceptible to desrabiliza­
tio11 by risii1g sea levels and increase$ in che 
volume of iceberg discharge. and presumably 
increases in IRO rainout, ensued. This is 
= ntially the scenario proposed by Bornhold 
(1983) for an increase in IRD flux rn the SE 
Argentine Basin at 0.90-0.65 Ma and by 
Murphy et al. (2002) for an increase in IR.D 
flux 10 Meteor Rise in rhe Somh Adamic ar 
2.8 Ma. Alternatively or addi tionally, an 
incrC3se in debris content of rhe ice would 
likely have occurred if 1he glacial ice became 
inereasinsly warm-based, as Andcroon and 
Andrews (1999) suggesled tO explain an 
increase in Antarctic Peninsula I RD in the 
Wcddd l Sea at 0.88 Ma. 

A second oce:,nogr::iphic condition th:1t 
appears ro be concurrent with each of the 
high !RO Aux episodes at sites 918 and 
110 I was suppressed North Atlantic Oetp 
Water (NAO\'<') formation (Table 2, and 
references thcrdn) . An assoc.fared increase in 
meltwn.ter (i.e., iceberg melc) ro the nonh­
ern No rch Aclant.ic during the.~ tirne.s of 
high !RO Aux may accounc for this. A 
freshwater cap in the nonhern Norch 
Aclamic could interfere wirh dccpwarcr pro .. 

ducrio1'l as surfuce wacer salinities decreased 
causing rhe warer column ro become more 
stratified (Broccker, 1991 ). There is oxygen-

SE Greenland Margin, Site 9 18 

IRO MAR (g/cm2 / k.y.) 
0 I 2 3 4 s 

0.0 _.......,c........ ......... ~ .......,_~ .......... ~ --; 
0.2 
0.4 
0.6 

isorope evidence for such a melrw-arcr pool 
in rite lrminger Sea at 0.9 Ma (Flower. 
1998). 

Antarc tic Peninsula, Site 1101 

IRO MAR (g/ cm2/ k.y .) 
4 0.10 0.20 0.30 0.40 

0.0 
o.2s-
0.4 
0.6 

0.9 maximum 
0.8 t=:=====~- -J.-1 
1.0 

0.8 
1.0 

0.9 maximum.:, 

-1.2 
~ 1.4 
~ 1.6 
Q) 
0) 1.8 
<C 2.0 

2.2 
2.4 
2.6 
2.8 
3.0 

1 .9 maximum.:, 

2.7-2.9 maximum.:, 

- 1.2 

~ 1.4 
~ 16 
Q) • 

~ 1.8f;;;piE::;=---:-- .... 2·0 .9 maximum ,.,; 
2.2 
2.4t..ii=--
2.6 
2.8 
3.0 

2.7-2.9 maximum 

Figurr 1. ke•raflrd drbris mass arr11m11l111io11 nll-e (/RD MAR) rrfonls p/01ud agai11sr r11/e11laud agtt 
far sius 918 (Sr.John ,md Kn'J.Yk, 2002) "''d I 101 (C<1wa11, 2001). A hi111t1S rxi.stS in 1hr siu 918 
rrrord ar 71 meters belmusra floor, ,vhi"h is imerprtted 10 "PrtSmtS dumrirm o/320 igr,ftom 1.71 to 
1.39 Ma (Sr. jo/111 a11d Kri,s,k, 2002). 
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The 3ppro;,cirn:m.• l•Myr Lin1c spa,, between 
.:,ch of th< high IRD flux episodes identified 
at both sites 918 and I IO I docs not go with­
out notice. However, because the age-models 
for these sites were" bad on a limited number 
of age-depth markers, chronological une<r­
rninties in the timing of IRD Aux ro the rwo 
sites exisr, disallowing any rigorous statistical 
im·cstigalion of the limfog of thac events or 
oflead-log relaiionships. Speculatively. the 
riming of major I RD flux m:ay reflm a 1-Myr 
cyclidty in global climate. Crowley and North 
( 1991) notcd ,hat 01hcr h1e Ccnoioic record,. 
including ,hose of sea level (Moore c, al., 
1987) and of ccmpcrarurc sensitive marine 
bioF.icics (Poore, 1981 ). display :i charncterbtic 
l•Myr fluc.ru:uion as wdl. A common origin 
for this possible cydicity is nor known 
(Scl,langer. 1986). 

TEMPORAL EVENTS 
Two of the high I RD Oux cpisodc:s common 
ro sire.,; 918 and I JO I, arc inrcrc.,;1ing for an 
addirional reason: their timing ,vich n-spccc co 
glob:11 di111:1te: reorg:mi1t1rion. \Xfithin the 
bounds of the age-models, rhc increased I RD 
ffuxro,ircs918and 1101 ar2.7-2.9 Mamay 
slightly preccdc: Lhc gcrn::r~I 0 11sec ofNorrhen1 
Hemisphere glaciaiion ar 2.65 Ma. This is 
consiscenr with the view Lhac che SE 
Greenland Ice Sheet (Krabill e< al.. 1999: 
Jansen er ol., 2000: St. John and Krissck. 
2002) and th< Antarctic Peninsula kc Cap 
(Bart and Andcoon, 2000: Cowan, 200 I) arc 
dynamic regions of climo1c chong,. and were: 
spccifially more sensici\'t" co glob.-il clim:ttt" 
forcing ch:m was the Ulurcntidc ice shcc, in 
Norch America. 

The increased IRD fluxes 10 siies 918 and 
I IO I >t 0.9 Ma can also Ix: linked to a major 
gJob,I climate rcorgonimion tha, is well rec­
ognized bur poorly understood: the mid­
PleiS<Occnc climate rran.sirion (M PT; Table 2). 
The Ml'T is nt3tkcd b)' a period of increased 
ice--rafring from climatically sensitive ri:-gions 
arow1d the glob:tl, such as Scandinavia 
(From·:11 :ind J:msc::n, 1996; J:rnscn c:1 al., 
2000) and SE Alaska ($1. John and Kris.«k. 
1999), in addi,ion 10 SE Greenland (St. John 
and Krissek. 2002) and ,he An1:1rc:tic 
Peninsula (Cowan, 2001). The MPT is also 
marked by a shift to more cxucrnc global gla­
ci:,l-imergl:ici:11 cycles (Rerger ;ind Jansen, 
1991: Mulddcss and Schulr,, 1997: Clark and 
Pollard, 1998). 

CONCLUSION 
Records of IRO flux dcrivt-d from similarly 
situ:uc::d hut dis-r;mt gfodmarinc: settings, the: 
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contincm2I morgins of SE Greenland (001' 
site 918) and rhe Anrarcxic Peninsula (ODP 
site 1101), co-varied during the Plio­
Pleistocene. These records are domin,ied by 
high IRD flux episodes at 0.9, 1.9, 2.7-2.9 
Ma, which appear ro fit in a global, ond pcr­
hnps cyclic ( - 1-Myr). pmern or oceanograph­
ic changes in sea lcvd and thermohalinc: circu ... 
lotion. Evidence points to rcpc,red bipolar 
dcstabiliz:uions of coasr:al ice bodies i1t these 
climaricaUy-scnsicivr regions as SC'J lc:vrls 
achieved highmnd positions. Subsequent 
increase.< in ,he calving of debris-laden ice­
bergs would explain the episodes of high I RD 
fl,c, rosircs918 an I IOI.An incrca.sc in fresh­
water ir1put from 1)11.~h ing icebergs in tile: 
norchern Nonh Ad:.mtic may also expl:iin r.he 
concurring pancrn of suppressed NADW for­
m:uion. 

ACKNOWLEDGMENTS 
I wish 10 .:xpr<:Ss my .ippra:inlion to F.. 
Cowan, for her comribULion of dat-J rh,u 
cnabk-d rhc development of a preliminary 
:11"tract on this topic (St. John and Cowan, 
2000). 1 also wish rn ,hank M. L<dheucr for 
his constructive comments, whid1 improved 
the <.1u:1liry of I his: nmnu.scripr. Rc:suhs from 
this project wett only pos,sible ro achie,rt> due 
rn tht> inicial labor•incensive work of the Leg 
152 and 178 shipboard parties and the finan­
cbl support of pose-cruise rese,rc:h grnni,; 
from JOI-USSSP. 

REFERENCES 
A~. J It, ..i AM.,,...-.. J T. lffl, Rwioc.lb,,n ~~,,..•n•m• o,, 1«­

.!1«1 ed¥l111tt .id kUOI u, d>e! \l'Nd,.II Sa. 11-~'IIQI) ( ... ~.-. 

11. ,1. 179-1&: 
l'..tr. l'I • U'.d Ar.dtnoa. pt.. !000. Jt&IJdw l.:'m~ 111ib,llr,- al IN 

/u:11-'n.,.._ lu .ti«u d,,,ln, 1hc bit ~•~ tu.._J ,... ,bii. m.n,.-,.,. 
(mp1m,q,o( otilC• .tM'.lf' i;,,o11,tdm~~ll £,ml, u,J ft.,,~ 
S,:xn«lctirn."' Ill, I" JY).,!il. 

"'r,p,:r. W_ t n,I J"'"'"• 1- 1'9-1 Ml.l-hrh,11:,..,t11ttl!m.111t ,hl11 • t~ 

:,,:,,_._._.",._ TI1,1c l\,lu Cl..ca," •~ l1wir Roi.. .. :ll~rinJflll' 
~ I f ,rr1m11CW~: ("..upbJ,-.,ul M~ • .- 3-4, I\ 1'1'5-JI I 

Kl11nirr, T .,,,J ~ f- 1 :X.01, Tim1"'5 al nullrM!4---.& t!.m..u 
du• 111 ,\ne,111,.,-.:., ,nJ (~nl.t,n.1 dom1111, d,r: a.. Jhrul f'l!llo:J 
5..:ic.-:c. v !'91. p. l@J.111 

&mld,t, 8 , l?&l, l..is•rihcd dcbN ~ LrJ-1. t1>111h~ ,\:haoilc 
t.kr:sn, WI l.odwc, W J- KnJ~n!.nt!u,;. VA. cJ,_ l11ll..bl ~f!Om of 
dlf IXq, Sn unu,,. J'tlW-,•· ... 71! LIS c;.,..,,m., • ..,,., ... 
otrll'1', \\•11,i..,o,'" DC.11. 307.J1(,, 

l'-:o«lcq, w~ .. ,,.,,. r"" p1 o.x-,11 ~ 0tt.a111,.,.~. "· 4. "."<;II. .. 
OuitlW. rI, lc.Jbc1m. M.T .. did Dl-.t. B.8 .. 19fl:l, Thoe:~ 

CJltlll o( Muttlic:: gl.:ildon _, ih( N~"'(ll( ~\if'l)Cll!Kllt"f ~ 
11 .. M-~h .. ,v; l\ml: ,..., ..... c....,.1.,::,.~.,6,p 1-~1. 

Cl<1\. P.ll_.,..t l\dl,.J, f> • I-Ha. l'lt'llti,,r .,,.I.At floc,w,...c,1e 1-.i 

<ioobj<b lh<ff tfOlioe ol qoluh; ~hy,., I}. p. l ·'> 
t.:<Wl"ln. t-J. , JO(ll, klr111J'w:,.....,. 11r ,h,r pa<'"'I ? (l'(Wn 1hrA,11,.m-.. 

l'l:,;,,....i, ,o...-. ,I.U M,.t1 !-.1111011 • • • u m1111n11.d ,,,.. ,,:J,~ 
J.tl{i. 111 n.wiu.. r.r_ C.u11.-titnf,11;. A .. MOA. c.o_ ..,i,J R...awr. 
II.. t.S ni~. P,ocro!!Qg-, ot !bf O.On twmg l'rogrini. ~·lnm& 
RrM,11, • .-. rtt tOwl,nrJ: / w-... t.1,lrfmn, \\',;,,,IJ Wdr '\\'(111 
.t.1,1rJ,-_-.!,,....,, . ... rJ,./r111fu,lomJl71f-5RtJuoi,_11)1 
dup_ lO.lm,u-. (Cilltd l00-1 Ol,06J 

('..,,...1r:y. ,-J~,1111 S.,.ni...<.,ll. l ??l. l'aro.lli,q~ 01ktd 
""""'1,1"1,h "" C.o,4:,.,-.i,,J ( ,to•phpo.o, llO- IM. C.hl.-mt l 1,i,.,.00,v 
l'1"4.~'i'11,rk. 

I 11,,,.~,. II&. I ?''8. Mid co l.m Quncnw,· mbk iw.-orc ,mr.ig,.l('hy 
•ml r;,kfl(Y•,.,'fPrl,.- " J u: 911 ,,.. ,lot """'tlr aoc t:tt(ftl ,mJ """J.'"' 
., laoncn, 11.C.. ~, .. ,.Jn., A.O .. -.iJ CM1. 1•n,. al-.. f>tvt.,..li..,,, ,,f 
dw O.:e-1,. Drillinc l'Ng,ffl'II, Sc:Mncilk ~ v. IS.?; O.:,u11 
l>rillin; J'f~ 0:6:;c Suuon, l'X. p !U·246, 

1-N11,w l, '1 .• ,,4 J., .... .,. 1-_ 19•)6. 1- Nc,,,fr-.n,; p;okl,-.l .. u1n 11.l 1~ 
.eii,,op4•lir In the l~'-1.S""""'f;U" $,co. c,!okn..c r,,_ ,h,c kd..,nl 
And VM!ngrt.am.. in ThWe.J .. Myhtc. AJ.L ..nd l"inh,J.V. td, .. 

l'No.n,Jlflf> J 11.: ~n l)fJl;lni: l't,-.,..,.m. ~.A.. ~ .. I, , , I\ 1 • 

~ Otlilffl,: l'l'WliHI. ~ · "'•-· rx. "' ◄5s-46$ 
I hq. l'I-\.'~ l·bnk:nl,ol. J .n,1v.a. rv .. 1"7, Tlic: ,_ ,h,_r,ti• 

,, .. p11.o. b,t.-.... oiCc-- _. M~ ,...le-wt ")'(In.Ill Rot..CA 
.-1 lli1e11 ... ,1. I> .. t.t.., 11•1•11 •id Oti-w,itiull.ll H..wry '11 ~ ~~\,.Gil,.,.,.,.. r:,,,._ :>1nnsr1r'-r C..hai,a 
t..,J.-o1 llonai11""1 ktw:u<li ~ l\ihl,.;a1,o,n • .-. H. f'• 7-

" 11,oq;. G.tl. _. rl(<o),;1111111\. k.. 1•.,\'18. I:""'"' ,1 ... r.xlll...ll)i)H ,-,( tM 
l,oJ-.,1\ <1'1'.111•m• 0111u1,.,.,.._ \'),:n;,, ,hrtnml,,IJ.,.._■lniom 

-...,11#.• ''·'•r 1,1J.,G14. 
J..i,wo. F-. f,oov•I. T. R.J... F. • .Mill Ot.t111!d.J~ 2000. f'tiia,;ffit , 

nr ... ~""iw k,• nruniJ luuc,1y ,11J 'l',loc••Y 111 dk' Non!~ &..• duri"'­
IJ,c- l,i,14 J.~ M .... f'1ko«-,;1.orh7v. l\,r ~(».~I. 

Kan~ ~L HoJdl. 0.A.. Qinkl. C.ll., <.;.,lckno,n. 11!. )torn-.. 
r.c; . •nd Niftllt'l'IMn•. U.S . lrol). M1llninloll-.lr -.ibili1v.,r 1lw 
An,i,a(.11, k( Sh«• d11ri11gMbtil a;l,,i1u1111 S..oc-. •!88.1"' 181!1· 
ma. 

Kutic, TA. Ull•. W.L .M11ruv. O.\t., llh.,.lke..11. N.I .. J.ftll Um,'- .lo.L. 
I ffl, l1,..-lbl; 1.ad ,,,...,..,._ i.--J~•- " C'A'.lllll 14.•"'• "'l'llfflt 

lfOf'itd A1!,m 14. •¥Pf'(JIU ~-~ ~ w,1c1 linlu,p: 
bccweco J,.r:,;191wffl, 1,i :,h.k;~n. NJ .. C..n,-. W 8 .. 1,wl R..~1. 
c .. t'do.. l"to..t,,<dln~ ,,( ,II<' d, . ..,,. u,m,,., l'rugt•. S..1t1mr ... 
~ y, I ~L O:.t..ul Drilli,,g: l'logiirn. Ulllfp- SuciOII. 'J:'<.r, .\31 

"' K,:,J,;11. W .. fmkt.J.. 1,.. M,,.,..Jt. :, .• Mm.,,. ("_ l,,,,.,noqi. J., ,.._,ti, 
R... TI,oou., R.. 'IX'riidM. w .... nJ Yn11r,rl.J .. am, R.ipo,J ,hlMU,11 or 
p.unof die"~ Gl'ffllli.uw i« Gffl ~11«. '( .!SJ. r, l ~U-
15?"-. 

, ........ 11.C ... S.11..kn.A. D .. a,lt. f o .. flti;,,,,J., ~. ~~. 
Sr,t'llmui.S.l..-1 oor Leg I(.! Xic11ciG.: r,.,.,. ,.,., .• Snti111t:1llioa. 
yc'"(lr S,..:im,,n ;., G!'ffll"8.i S<irn..-c. v ~6-4. r, 'l'Sl-?)) 

M1Un. ~I .I--;. • nd .'d.tia,. \1.( ... I 'N"l,, A111.,ro:11t Nn.,.., LoJ,._.,,...._ - "' 
1lwi,J,~ .. ,. \If u11!cJn.11 ftC"U<!: GS.\ Tod..y., ~. nu. ◄•fl• I t 

.,\~. l'C.. Lourit. 'l:S., •nd<iffllltt.$1,L 1')67, ~Jb<itt 
term Ju,ap;"•n ,.......,,i( or• kvflt I'"~"°~')\ v J, 1• 4U).(,J7 

MulJr.k.'- M. ••.J S,JuJ.-,. \t., llfl9l'. T11c MJ,l1nt1<1Clt!W ,!mute tu,.,. 
~oon, 11Mt1 al 100Lqdl: bp ~ ~ I..- b.a,DJ u11 bi)' UO b. 
l.uth uwl f'hll('1•'1:'l<oco« Lct1m • .-. UI. p, ll:'•llJ 

Mu,,,1,,. 1 .... w .... i.... n A..,A,,.1,-n,.,., <:..<.:tu11...-I.J .. -l!'ltl!111",j. 
100.?.. I ftl(o,'1 of1o..c uli,,ig •• Sc..,,eh Nl,m ... OOf• ~iu 177•10't? 
WflllC me c,- And Lut Gilbtn aw-~hv. 
f'•bcdim~•~l~l,«,c~ • 1112,p llll-1'>6 

l\lfl1,. W.1- . 1'111, 1.-,e JltlO,.O"fw 1,1,., ,...,!l,l'l,lw ,11d f'uk,,J,,,,,......., .,j 
dw: ~11u..1I Xe.cl, Iv.I.ta~ M .. , ioc .\f~ol•'ll\'·"' 6, r, S9'~ ., .. 

lt.7ma, M l-,... t>pp..,. IJ.",\•, •11J(4ff)', 'O., n,•11, U,r -•l'ln""'-n"' 
•l.uuuc•u, .. u,111:. • ,k,.p oau,l•MI '"""f"'-l"""'lin.onr. 
r~ipliy. "' Ll. JI• S46-SS?. 

lt.,ymr,. M t . ltuJ,Jim,11. '\\\t i, i;....Sua,"-J • <.lcmirnt. 8 ~la 1-d 
M,1t1- O.( • ., l'Jll1, IAc 11.....,~fl( ~,.,,..1,:,1110, Nvttku, 
I-le~"" kc~ .uoJ N«di IIW:Wk' l.)np 'f.•..- c:ot<:11Wl,,n ,.!Q.:..l ..... pa,,,.~4.p.-41.M-46 

R.lymo. M.Jl~. lt11Jdi111-n, \\'.f .. Sl11J.kt,:,,e1. ~ J ~ •nd CJrl,o, O. \l•., 
19')0. l:;...,,iu,ion1or Ai.""'"'• l'.1(1/k gn,!Mn(' (lll'(f thC'l•III ~-Sm r 
t.udi Ukl J\iecuf'J' ~kfl.c-Lfum. v. •>~. 1'· J"t).,)6!;. 

Rn. lJ.K., #WI l.#11W11.M .. ljS.. Q,ucun..lJ Oi,rut,o; The~ 
W11K"J1111ryltr<oni GSA~h,:,ni(l1111t.St I-MO, 

lt(bn,¢,1,. M ... C.l!lffl(;,ighi. /1... ,,:ad z-tl... C.. 1 ''9$, &a.,_rtty ,aftJ. 
~ldp'-ol 1W uwn"'""'-" "'--'" -c,I dlt'A'1u11,.u,_ 
l\'l!i111111.a!T...n "'""''-'!a·" ,-, ,,. 71\.7~ 

$.lil•n~, $..0., 1••116. Hi litqll(D.~ _.~-k.-(l ilu,.1•"'""" 1t1 Cm­
'lMt:: JI\ CIIIC"f$lto_s pc,s,h.-.-1. phlbltm, m I lw. K... c,l., ~!bllfo>it 

-.IC~..-: <Aoo.. "-iom C'.«11>11;...ul lli,11)11. ~:.-dllnpi!O. 
OC.r.-01-14 

Sd11l11kff. O .. 1?$0. N,,nll,,Ad.,n,k --,;.c-aphr~ PIJl"l>k ~Q( oil 
AM""1a p,tu110n,llld cu.1Wtf!hudon. Nlu11"C • .-. JM. p. I'll ,_-'>16. 

S11i()OOl1J Six-1,ur.._ l~tt). Jqt4. Siec i 18, i91 L.1>t:t1, I LC.. futt0,Jm, 
A.I> .. 111<1 Clill, l'D .. (Jo,. ~inp.,f4bc-fu,,. Drill,-.: 
""'9iuni.. ltll1ul R,,p,111,. 'fl I Sl: ~ OrJli111 lltop:am, ~ 
'IQllufl. lX. p, 177, l.'I.C",. 

9,1pb,,.11J ~11ir..; f•my. lffi, S,.r 1101, Ill S.tko. P:f_ <"Amnloi,;h,, 
A...1+,..,o,n. G, 1) ., .. ..i., Pro«c,dl"P of 1h.r (M.i;a Dnlllllg ~ . 
l111ti.tl Rqw,,t" ~ , .. , (()llliiwl: An,Llik ,_ WMJ w .. 1t 
\Xat1 <1lwl11://,..........,,Jp.u1111, ...Jw"Jllll•llo.:.!1-.ll111_IRIJ.•1• _o.u 
Jo.,p_Ctt..lHIIO•, 10ml :<KM .. ,,. Ull 

)Ii. John. K,, •no.I (:,)w.1A, t;...,\.. ;Of.II.I. f'A-'l'U)'i!IS lfW ~• ""P 
h1pob, tydo oli..c .&.ta .L1111•q1pclun Mll¢t JO M.i E<h 
1,_. .. i<m,. An, • .,.....,, C....pt.,-.o.;ol U,,_. "· 11.-.411. ,._ fl"'· 

" · Jc,h"' K, im,11\ri•-ac:I.. t... 19'.n . ~ I .,..iirrn,.,1 1•n- I«· 
t,Nn.1,lrtl.• 11.n ;,. ti,.. Nm,h 1• ... .r.~ 1,!,-ot,r..,11,p;,1•hr,. .._ 1◄:.1~ 
tiH.(i&L 

St. job"' K. .mJ Mlld. L. lOOJ. 11w: t.lt M1omk' 10 l'kvtot(11( i« 
nfol"'l:hh.1,"Tc,(wonh,,"c.1.i c;~i..i: .........._., -41. p, JA-J\ 

\i.11!.._,. rJ!~ llllJl. N,,,,~•"t)w,11n.1Nt1-. -,...,,,. ... , 2'11, 11. IMI 4-
181$. 

Tngk. t)A, ..-.IM,, ,.c.. 1m. o.i, 1tcpo,rc1 ,\ka-,tien, •nd- los 01 
H:.L-.917/t .,,,J91~n. " ""'"""' '""'""h,kl m•'J'"• I" 1_,._ 
I LC:. Ou.I..-. fl.A.. A!l.n. J. It Bt...c;L. K .. ,J,._ Ptu..nJJ..,.. .,r •I"' 
O.:c:.i1 Dri1ing 1'1-op,m. S.:imnfic Rt.ilu. ., I(, l {ODlin<Jt Av•il.ablt 
r-WoriJ 'Q.1ilk \l<lx .-h11P'Jl"'"'-JJr IM!ll cdu/p11t.liQ­
'""'Jl(o., :,.k/.Ji,p l;tltlup l;J11111~. !C11<'11 loot.o}-081 


