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ABSTRACT

The ice-rated debris (IRDY) records from Ocean Drilling Program (ODP) sites 918 (St.
John and Krissek, 2002) and | 101 (Cowan, 2001} 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 accumulation
rates were used to represent the histories of IRD supply through time. Age-depth mod-
els were also similarly constructed, 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 (~ | Myr), episcdes of high IRD accu-
mulation is uncertain; however, their presence in both Southern and Morthern
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 Morth Atlantic Deep VWarter formation favors repeated massive calving events
related to ice sheet disintegration as a possible cause.

INTRODUCTION

In science, it is sometimes the curious
observation that leads a researcher to think
outside the “box™. The box being defined, per-
haps, by the boundaries of a carefully con-
structed research program, or more globally, a
paradigm of thought. Deciding not to ignore,
or perpetually pur aside, the curious observa-
tions may divert one from an established path
of rescarch, but may also lead to new ideas and
scientific insight. It can also be an exercise in
creative thinking, Described here is an argu-
ment for a Plio-Pleistocene bipolar dimarte
connection that is rooted in a curious observa-
tion: two similar 3-Myr ice-rafted debris
(IRD) records from opposite polar regions, the
[rminger Basin off SE Greenland and the
marine basin west of the Antarctic Peninsula.
A preliminary argument for a Plio-Pleistocene
bipalar relationship was made by St. John and

Cowan (2000); here it is developed furcher
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and is based on a comparison of the IRD
records published by 5t. John and Krissek
(2002) and Cowan (2001).

The study of north-south linkages is not
new to the field of paleoclimarology. However,
mast studies of this type focus on identifying
high-resolution bipolar connections, including
lead-lag relationships, over millennial time
scales for the late Pleistocene (e.g., Blunier and
Brook, 2001; Kanfoush et al., 2002; Stocker,
2002). Long-term bipolar comparisons are less
common (e.g., Schnitker, 1980), and by their
very nature (Le., lower temporal resolution)
less robust, but valuable just the same.
Climate change records over several thousand
to millions of years provide a context for the
late Pleistocene millennial-scale climare studies
in much the same way thar an understanding
of LS. history provides a context for under-
.-il:irlt.lirlg modern 1.5, |'u:l|iliq:.'1| SCIENCe 1551es,
In addition, given the controversy thar exists

over the proper interpretation of the Pliocene
glacial history of Antarcrica (e.g., Miller and
Mabin, 1998, and related articles), and the
limited understanding of the long-term histo-
ry of the Greenland lce Sheet (5t John and
Krissck, 2002), continued long-term paleocli-
matic study of Antarctic and Greenland
records is warranted.

IRD records reflecting provenances of SE
Greenland and the Anrarcric Peninsula, as
described here, are particularly well suited for
examining possible bipolar climate relacion-
ships over the long-term because both the SE
Greenland [ee Sheer and the Anrarcric
Peninsula Ice Cap are established as dynamic
regions aof climate change compared with the
remainder of their respective continental
cryospheres (Krabill et al., 1999; Bart and
Anderson, 2000). The primary objective af
this paper is to propose a hypothesis for a
bipolar, subArctic-Antarctic climate connec-
tion from the late Pliocene through the mid-
Pleistocene. This is based on broadly co-vary-
ing IRD records, which are dominated by
three shared r:piwdfs n”ﬁgh IRD flux
(Cowan, 2001; St. John and Krissek, 2002),
and on a synthesis of concurring oceanogra-
phy and climaric changes described in the lic-
erarure,

LOCATIONS AND
LITHOLOGIES
Derailed serting and lithological descriptions
of sites 918 and 1101 are given in the respec-
tive Ocean Drilling Program Initial Reports
volumes (Shipboard Scientific Parcy, 1994,
1999, in 5t. John and Krissek (2002) and in
Cowan (2001). Both sites were drilled in con-
tinental rise sediment accumulations proximal
to glaciated mountainous coastlines at laci-
tudes poleward of 63° (Fig. 1). Site 918 is
locared -65 km from the SE Greenland shelf
edge in 1869 m of water in the Irminger
Basin. Site 1101 is located -94 km from the
Antarctic Peninsula’s western shelf edge in
3280 m of water. Both sites lie within the
present limir af iceberg transport, Plio-
Pleistocene ice-rafted debris accumularions at
these sites were used to interpret temporal and
spal:i:ﬂ Varanons in itl‘h{‘lg release and rrans-
port from the adjacent coasts (Cowan 2001;
5t. John and Knssek, 2002). In addition, the
extensive site 918 IRD record was used 1o
arguc thar glacial expansion ro sea level in SE
Greenland preceded the general Northern
Ht'l'rlih'phrn: gL‘u;i;Lliun by several million
years; IRD evidence suggests it was glaciated
as early as 7.3 Ma (Larsen ct al., 1994; St
John and Krissek, 2002),

Largely due to the commonalities in the site



Figure 1. A. Map showing the general locations of Ocean Drilling Program Sites 918 and 1101 {mod-
fiedd from hesp:igeagraphy.abous. comilibrary'cialblearlansic. bwm); B. Map of Site 918 locared on the
upper continental rise 65 km from SE Greenland's shelf edge in 1869 m of water in the western
frmminger Basin. Shaded aveas indicate ontcrap regions (from Teagle and Ale, 1999); C. Map of Site
1101 located on a sediment drift on the continental rise - 94 km from Antarctic Peninsula’ western
shelf edge in 3280 mt of water (from Coiwan, 2001, and after Rebesco e al, 1998); D, Glaciated SE
Crreenland coast with calved icebergs (photo by Se. fohn, 1995),

characreristics, site 918 and sire 1101 sedi-
ment lithologies are also similar, although
their thickness differ. The 600 m Miocene o
Pleistocene sediment section upper at site 918
and the Plio-Pleistocene 218 m sediment sec-
tion at site 1101 are dominated by biogenic-
bearing marine muds and siles, with drop-
stones, These are interpreted as hemipelagic
sediments and fine-grained distal wurbidites
with discrete occurrences of TRD, In addition,
intervals of poorly sorted, ungraded sand, silc
and pebbles also occur and are interpreted as

glaciomarine diamicrons.

COMPARABLE AGE-
MODELS AND METHODS
Bulk sediment samples for IRDY analysis were
taken approximartely every 50-75 cm from the
sedimentary sections of site 918 (5t. John and
Krissck, 2002) and every 75 cm from the sedi-
mentary sections of siee 1101 (Cowan, 2001).
In both studies, the medium 1o coarse sand

fracrions (250 mm o 2 mm) were isolared

from the rest of the bulk sample and weighe
percentages were calculated. The proportion of
terrigenous grains in this grain size fraction was
then either estimared visually (site 1101} or
physically isolated (Site 918). It was this ter-
rigenous (non-volcanic) medium-coarse sand
thar was used as the indicaror of ice-rafred
debris accumulation in both studies (Fig. 2).
As deseribed in St John and Krissek (2002)
and Cowan (2001), age models for the sedi-
mentary sections of sices 918 and 1101 were
based on shipboard (site 1101) and post-cruise
(site 918} r|'|:|g!1|:'1nl;lral!igraphit: and biostran-
graphic age-depth markers. The resultant age
madels were used to calculate the linear sedi-
mentation rates and sample ages. Linear sedi-
mentation rates were high at both sices (aver-
aging 11 em/kyr at site 918 and 6 cm/kyr at
site 1101, but were more variable ar site 918,
A summary of the depth ranges, calculared
ages, and linear sedimentation rates for both
sites is provided in Tahle 1 for the overlapping

rime span of interest (-3 Ma).
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Because IRD accumularion in a core results
from a different set of processes than exist for
other sediment components, it is necessary o
examine the variable input of IRD in isolation
(Fig. 3). This can be achieved by calculating
the mass flux of IRD to the sea floor, or in
other words, the IRD mass accumularion rare
(MAR; Bea and Leinin, 1989). The IRD
MAR. is independent of the supply rates of
other coarse sand-size components, such as
volcanic ash and biogenic material, and there-
fore yield a more unequivocal record of IRD
supply than would be provided by the weight
percentages of the medium-coarse sand frac-
tion alone, IRD MAR was the method used in
both studies to qu;lnl:'li:v IRD flux (Cowan,
2001; 5t John and Krissek, 2002). The MAR
of the terrigenous medium-coarse sand (i.c.,
IR was calculated for each sample from sites
918 and 1101 as follows:

IRD MAR [glem*(kyr] = LSR |em/kyr] x
DBD [glem’] x %MCS x %IRD

where the J.Ir}" bulk {l::lmil}r (DBDY) value
was obtained from the stratigraphically closest
discrete shipboard physical property measure-
ment, %MOCS reflects the medium-coarse sand
weight percent multiplied as a decimal frac-
tion, and %IRD reflects the weight percent
(site 918) or volume percent (site 1101) of ter-
rigenous material in the medium-coarse sand
fraction multiplied as a decimal fraction, This
method assumes a constant linear sedimenta-
tion rate (LSR) berween age-depth markers.

DATA AND DISCUSSION

IRD MARs ar sires 918 and 1101 are shown
in Figure 4. Generally the IRD MAR at site
918 was ten times greater than that to site
1101 since ar least 3.0 Ma, Assuming the most
important factors influencing TRD flux were

Figure 2. Terrigenons medivm to coarse sand
(250mm - 2nem) mineral grains and rock
[fragnients interpreted as ice-rafied debris (IRD)
frome ODP Site 9184 6H5, 132-136 cm (-0.9
ﬂfﬂ')l.
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Table 1: Summary of the depth ranges, calculated ages, and linear sedimentation rates for sites 918
(from 5t. John and Krissek, 2002) and 1101 {from Cowan, 2001), 0 to =3 Ma,

Depth (mbsf)

Calculated Age (Ma)

Site 918 0-21.45 0-0.26
21.45-49.00 0.26-0.99
49.00-52.90 0.99-1.07
52.90-71.10 1.07-1.39

71.10 erosional unconformity hiatus
71.10-81.00 1.71-1.77
81.00-115.10 1.77-1.95
115.10-146.80 1.95-2.14
146.80-413.89 2.14-3.65

Site 1101 0-55.08 0-0.78

55.08-71.2 0.78-0.99
71.2-76.15 0.99-1.07
76.15-121.12 1.07-1.77
121.42-126.98 1.77-1.86
126.98-165.98 1.86-2.49
165.98-209.4 2.49-2.95

source-related, this implies thar there was
either greater iceberg discharge from east
Greenland than from the Antarcric Peninsula
and/or greater debris content in the Greenland
ice compared with ice calved from the
Antarctic Peninsula during this time.

When comparing the tming and relartive
magnitude of IRD flux from these two source
regions, a broadly similar pattern can be rec-
ognized; both records are dominated by IRD
MAR maxima ar 0.9, 1.9, 2.7-2.9 Ma, These
three episodes of high IRD fux are ar least
twice as large as the average IRD MAR peaks
in the respective records. On a finer scale dif-
ferences in the two IRD MAR. records are
evident; there are times when IRD flux is
high in one region bur not the other (e.g., at

0.5 Ma). These differences are completely
expected given the various local conditions
that can influence the accumularion of [RD
on the sea floor at any particular site, includ-
ing the climartic conditions on land (e.g.,
debris content of the ice, iceberg calving rare
and provenance) and the oceanographic con-
ditions in the surface warer environment
(e.g., temperature, presence of sea ice, current
strength and direction). Whar is not expect-
ed, is to see repeated coincident high magni-
tude IRD MAR peaks (i.e., at 0.9, 1.9, 2.7-
2.9 Ma ) in records from two regions so far
apart. It is this broad pattern of high IRD
flux episodes that is the focus of the discus-
sion,

debris-laden icebergs

volcanic ash . .

biogenic remains

Figure 3. Sketch illustrating the primary sediment components contributing to the sediment accrmula-
tiow in glaciomarine settings such as site 918. fn addition to the input of terrigenous sediment from the
rainaut of debris laden icebergs, planktonic and benthic biogenic material is deposited. Asl from nearky
velcdnic erupiions mdy also be transported and deposited in this serting. Each sediment component can

be considered a paleoenvirenmental archive,

[
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Linear Sedimentation
Rate (cm/kyr)

8.3
3.8
49
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 the overall co-varying patcern and the
specific timing of each of the high [RD flux
episodes are intriguing. That a similar partern
of high IRD flux exists for sites so distant
from each other, must either be explained by
global-scale oceanographic and climate con-
nections, or be written off as pure coinci-
dence. The question then becomes, what
oceanographic and climaric conditions existed
during these times of high IRD flux thar could
possibly increase iceberg discharge and/or the
debris content of cast Greenland and Antarctic
Peninsula glaciers, or otherwise focus iceberg
mele ar these two sites?

A summary of potentially relevant condi-
tions thar existed ar the times of the three
high IRD flux episodes is provided in Table 2.
Also included in Table 2 is reference to two
other high TRD flux episades (ar -3.5 and
-4.5 Ma; 5t. John and Krissck, 2002) record-
ed in the longer sedimentary section at site
918. The timing of these older high TRD flux
episodes is poorly constrained given increased
uncertainties in the site 918 age-model down
core. However, it appears that similar oceano-
graphic conditions existed at these times as
existed during the influx of IRD ar 0.9, 1.9
and at 2.7 Ma.

An oceanographic condition thar appears to
be common to all of the high IRD flux
::pi.umlr:s wils high eustatic sea level (Table 2;
sce references therein), One way o explain
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Table 2. Comparison of the timing of high IRD flux to sites 918 and 1101 with potentially relevant oceanographic
and climatic conditions,

High IRD Flux .
e Potentially Relevant Concurrent
Site 918, Site 1101, H H H HH
S AR e T Oceanographic & Climatic Conditions
(51, John & Krisssk, 2001) {Cowan, 2001}
0.9 Ma 0.9 Ma NADW Low-Salinity | Mid-Pleistocene Subantarctic high Eustatic Highstand
Suppressed | Surface Water, | Climate Transition IRD flux (1.0-0.9 Ma)"
(0.9 Ma)'** | Irminger Basin | (0.88-0.92 Ma)"#° | (0.65-0.9 Ma) 11, 14 &
(0.6-0.9 Ma)y’ extreme deglaciation of
the Antarctic Peninsula
{usﬂ Ha}:c
1.9Ma 1.9Ma NADW Eustatic Highstand
Suppressed (1.8-1.9 Ma)"
(1.75-1.8 Ma)**
2.7 Ma 2.8 Ma NADW Warm Southemn Subantarctic Eustatic Highstand
Suppressed Ocean High IRD flux (2.6-2.7 Ma)"
(2.5-2.7 Maj"** (2.48-2.9 Ma)" (2.8 Ma)”
35Ma?) NADW Eustatic Highstand
Suppressed (3.2-3.4 Ma)
(below base -3 M
4.5Ma(?) of record) NADW Eustatic Highstand
Suppressed (4.2-5.0 Ma)
(4.5-5.0 Ma)

"Raymo ot al., 1994, ‘Raymo ot al., 1997; *King et al., 1997, ‘Raymo ot al., 1989; *Haug & Ticdemann, 1993; “Flower, 1998,
“Rerger & Jansen, 1994; "Mudelsee & Schulz, 1997; "Clark & Pollard, 1998; “Anderson & Andrews, 1999; "Ciesiklski et al., 1982;
“Haq et al., 1987 "Murphy et al., 2002;

this association is thar coastal portions of the  duction as surface water salinities decreased  isorope evidence for such a meltwarer pool
east Greenland Ice Sheet and the Ancarcric lee causing the water column to become more in the Irminger Sea at 0.9 Ma (Flower,
Cap were repeatedly susceptible to destabiliza-  stracified (Broecker, 1991). There is oxygen-  1998).

tion by rising sea levels and increases in the

volume of iceberg discharge, and presumably

increases in IRD rainout, ensued. This is SE Greenland Margin, Site 918 Antarctic Peninsula, Site 1101
sssentally che scenatio proposed by Bombold IRD MAR (g/cm’/k.y.) IRD MAR (g/cm’/k.y.)

(1983} for an increase in IRD flux o the SE 0 1 2 3 4 5 4 0.10 020 030 040
Argentine Basin at 0.90-0.65 Ma and by 0.0 0oy L
Murphy et al. (2002} for an increase in IRD 0.2 0.2

flux ro Meteor Rise in the South Adanric ar 0.4 0.4

2.8 Ma. Alternatively or additionally, an 0.6 0.6 "
increase in debris content of the ice would 0.8 0.9 maximum D 0.8 0.9 maximum p
likely have occurred if the glacial ice became 1.0 1.0

increasingly warm-based, as Anderson and 1.2 12
Andrews (1999) suggested to explain an "éu‘ 1.4 7= %“ 1.4
increase in Antarcric Peninsula [RDY in the = E. ) =16
‘eddell Sea ar 0,88 Ma. Si188 1.9 ma:ﬂmum‘: @ 1 8
A second {H,;r;lrlugr:!pl'liu condirion thar < 2.0 T E-D . ﬁ
appears to be concurrent with each of the 22 2'2 .9 maximum
high [RD flux f.'pismlics at sites l‘:\‘ 18 and 2'4 2'4
1101 was suppressed Morth Atlantc Deep : X : ’
Warer (N.-'\l.’f‘l\ix-"} formartion (Table 2, :1|.'1|:lL 2.6 ST ma__xlmuma 2.6 2.7-2.9 maximum
references therein). An associated increase in 2.8 2.8 f
meltwarer (i.e., i{:c.-hl:rg melt} to the north- 3.0 3.0
ern MNorth Adantic during these times of Figure 4. fee-rafied debris mass accunulation rate (IRD MAR) records plotred apainst calewlated apes
high IRD flux may account for this. A Jor sites 918 (e, Jobn and Krizsek, 2002) and 11 (Cowan, 2000 ). A biatus exises in the site 918

recard at 71 meters below sea floor, which is interpreted to represents duration of 320 kyr, from 1.71 to

j]’t‘!i':]w’iil.i:r tZiIP m lhi: |'Lnrl.|'|r:rn NHTII'I. f.j_';er:i m{,_ﬁ]‘;ﬂj‘ Jﬂ'ﬂr K!‘f‘l’k‘k, 2!‘?{?2).

Adlantic could interfere with deepwarter pro-
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The approximate 1-Myr time span between
each of the high IRD flux episodes identified
at both sites 918 and 1101 does not go with-
out notice. However, because the age-models
for these sites were based on a limited number
of age-depth markers, chronological uncer-
tainties in the riming of IRD flux to the two
sites exist, disallowing any rigorous staristical
investigation of the timing of these events or
of lead-lag relationships. Speculatively, the
timing of major IRD flux may reflect a 1-Myr
cyclicity in global climate, Crowley and North
{1991) noted that other late Cenozoic records,
including these of sea level (Moore et al.,
1987) and of remperature sensitive marine
binfacies (Poore, 1981), display a characteristic
I-Myr fluctuarion as well. A common origin
for this possible cyclicity is not known
{Schlanger, 1986].

TEMPORAL EVENTS

Two of the high TRD flux episodes common
to sites 918 and 1101, are interesting for an
additional reason: their timing with respect to
global climate reorganization. Within the
bounds of the age-models, the increased [RD
flux to sites 218 and 1101 ar 2.7-2.9 Ma may
slightly precede the general onset of Northern
Hemisphere glaciation at 2,65 Ma. This is
consistent with the view thar the SE
Greenland lee Sheet (Krabill er al., 1999;
Jansen et al., 2000; St. John and Krissek,
2002) and the Antarctic Peninsula lce Cap
{Bart and Anderson, 2000; Cowan, 2001) are
dynamic regions of climate change, and were
specifically more sensitive to global climate
forcing than was the Laurentide ice sheet in
North America,

The increased 1R fluxes to sites 918 and
1107 at 0.9 Ma can also be linked to a major
global climare reorganization that is well rec-
ognized bur poorly understood: the mid-
Pleistocene climate transition (MPT; Table 2).
The MPT is marked by a period of increased
ice-rafting from climatically sensitive regions
around the global, such as Scandinavia
{Fronval and Jansen, 1996; Jansen et al.,
2000) and SE Alaska (5t. John and Krissek,
1999}, in addition to SE Greenland (St. John
and Krissek, 2002} and the Antarcric
Peninsula {Cowan, 2001). The MPT is also
marked by a shift to more extreme global gla-
cial-interglacial cycles (Berger and Jansen,
1994; Muldeless and Schulez, 1997; Clark and
Pollard, 1998).

CONCLUSION
Records of IRD flux derived from similarly
sitwated but distane glacimarine settings, the

| June 2004

continental margins of SE Greenland (ODP
site 918) and the Antarcric Peninsula (ODP
site 1101), co-varied during the Plio-
Pleistocene. These records are dominated by
high IRD flux episodes ar 0.9, 1.9, 2.7-2.9
Ma, which appear to fit in a global, and per-
haps eyelic (- 1-Myz), pattern of oceanograph-
ic changes in sea level and thermohaline circu-
lation. Evidence points to repeated bipolar
destabilizations of coastal ice bodies in these
climatically-sensirive regions as sea levels
achieved highstand positions. Subsequent
increases in the calving of debris-laden ice-
bergs would explain the episodes of high IRD
flux o sites 918 an 1101. An increase in fresh-
water input from melting icebergs in the
northern North Atlantic may also explain the
concurring pattern of suppressed NADW for-
mation,

ACKNOWLEDGMENTS

1 wish to express my appreciation w E,
Cowan, for her contribution of dara thar
enabled the development of a preliminary
abstract on this topic (5t, John and Cowan,
20007, 1 also wish o thank M. Ledbeter for
his constructive comments, which improved
the quality of this manuscript. Results from
this project were only possible 1o achieve due
to the initial labor-intensive work of the Leg
152 and 178 shipboard parties and the finan-
cial suppart of post-cruise research grants
from JOI-USSSE

REFERENCES

Anderon, |, and Andrews, | T, 199, Hadiocarbon consoranrs on loe
shewt silvance mnd reerean in the Weddell Sea, Ammoncn Gealogy, »
I, IT-182

Barr, IF)., amed Ardlerien, B, 3000, Relisive temparal nabilicy of the
Antancric e sheeo during she lane Meogene bhased om the minimum
Frospuoney of canor shelf grounding ovemis Earth amd Planotsry
Seienee Letten, v, 182, p. 299272,

Berger, W amil Jenwen, E. U904, Mid-Plelancene climaee shift = the
“anacm conmeotion. The Polar Oceans and Their Bole i Shaping rhe
Clohal Envvirnnmiena; Gaophysical Monograph, v 84, p 295311

Blunser, T and Brock. E | 3001, Timiag of millennlsl-sale climase
chamge in Anrarcrics and Greenland during the lan glacial peried
Scienr, v 291, p 1R-111]

Bamhold, B, |93, loc-rateed debela from Leg 71, southwons Adanslc
Oicean, bn Lodwig, W) Krabenlsniow, VoA, edi, Initlal Repoen of
he Dieep Sew Dirilling Progesan, v. 712 LIS Governosem Priming
O, Washimgron, D, p 307-3140,

Bresckes, WA, 1991, The great acesn camveron Ug.-:.mquph-. = 4§, T

A

Chesielaki, N, Ledbeer. MU, und Ellwood, B.B., 1982, The develop
e of Ansarcric glaciaion and the Neogene palcocnvirenmenns of
el Mustr Fuing Mank: Marsne Genlopy, v. 46, p 1251,

Chirk, PLUL s Pollad, D, 1998, Onigln af midille Plosmeiic irim-
tion by ice sheet ercaion of regolith: Paleoceanography, = 13, p. I3

Cowean, EA, 2007, Bleniificatiom aof the "|;|.u1..|1 ugnal Froom the Antarsric
Permandas st 3.0 M g1 Soe 1011 s gonvinenial fis walimem
disidi. in Duskes, PE. Camerenghi, A, Acon, G, and Famiay,

A TS, edv., Procoedings of the Clocan Dirllling Program. Samndic
Hewilin, vi 178 [Ondine]: Available from Wiardd Wiele Wil

abuepd fwweanl o mu odulpublicasionsd | 78_SRichap 1
chap_10heme. |Cised 2004-03-08]

Cowwley, T ). aml Monk, G R 19, Paleoclimatalogn: Chiord
Maspusgraph an Condogr sl H--||||||:|-|.u.|. . T8, Chfand Diniverary
Pyeas, Mew Yok,

Flower, BLE, | %5, Mid-to Lare Quasernary stable istope srarigraphy
sl pulsocearmgraphy at st 91 on 1 southrais Groeaband mangin,
i Lanen, ML, Sosmlers, A1, snd Chfi, B0, o, Prscndiag of
the Ocean Dirilling Program, Solenrific Resuhs, v 152 Ocean
Drilling Program. College Stadion, TX, p. M3-248,

Framal, T amd Janen, 190, Late Neogeng palenchianaio and pelon-
ceapmgraphy i the loelassd-Morwegin Sea. evidence from the Toelaml
and Voring Placens. in Thiede, |, Myhre, AM.. and Firth, [V edu.,

Peoweealings of the Oloean Deilling Program., Sclesiific Hesulis, » 151¢
Ooean Dinlbing Frogram. Collage Sumiom, TX p. 455468

Hag, B Handonbal. 1. and Vail, IV, 1987, The new dhronoarati-
praphis banls of Cenopols and Mewsods w23 kvl ayeles, in Ross, CA
wnal Hamman, 10, s, Timing sl Deposivional Hiswory of Evamic
Sepeencen Constrsins on Selsmic Soratigraphy: Cushman
Foundsiion ol Formindral Rewanh Special Pablicatzon, v 24, p, 7-
14

Hiaug. G 1L, amd Thedemanm, K., 1958, Efec of the foemanson of the
Bshmus af Panama on Aslasiic Oz ibermishalime cocalation
Matare, v 404, P [ B

Jatven. . Frowwal, T, Rack, E. snd Chansel, [, 20660, Moo
Fleistocene koo ul'lulu huvary aml cwcllicity in the Modic Sean duriug,
the Lass 3.3 My Paleocesnagraphy v, 1%, . 76731

Kanifmaih, 8.1 Hedell, DA, Cheales, 210, Gaildesson, TE, Mo,
RG and Nimnermanm, LS. B0 Millesnisl-scale immabsling of ihe
Amiwretic lor Sheor during the bt placianion: Sciomer, w 288, . 1B15-
5111

Kimg. TA., Ellis, WG Murray, DU, Shackleron. ML), el Harri, S.E,
1997, Biogenis ansd wrngenons sadimestaions ar Ceam Rise, weanm
trogical Adlantic, supprans Phocme-Moisocone deep-waier linkage
bemween hemsdpheses, 1a Shackleran, M., Curre WB., and Riches:,
€, e, Procoedings of the Uvean Dirilling Preggram, Scientific
Resdis, v 130 Ocean Deilling Program. Callege Station, TX, p. 331
335,

Keasdlll, W, Froaderack, ., Mararade, 5., Martsn, C., Somiiag, |-, Swifi,
R Thomsas, B.. Whright, W0, and Yungel, ] 1999, Rapsd thinming of
pam of the sesthern Greenland ioe shern Scence, w 283, p. 15311
1524,

Lastnea, H. €, Raunders, & D, Clife, 1 10, Begey, 1 Wet, W,
Sperraferti 5. amd ODP Leg 152 Scienrific Pary 1994, Seven million
yeam ol glaciagion in Crroomlamd: Scicnoe, v, 264, ™ 255,

Miller, ALE, anid Maben, MU, 198, Anearctic Meopene Lindwapes — in
the pefiagrrmon of b il decp eere?s GRA Today, w8, no 4, o 15,

Moore, T.C. Leusic, I'5., and Geealer. .M. 1987, Estimating shoar
term chimpes i ewstarie sea lovel: Palceanagraghy, v 1. p, 625037,

Miikbelens, WA, anial Schiuilee, ML, 1997, The Mid-Plasioo: camate tran-
sitiean: poriet of 108 ka cycle bags boe volumse busdld-up by 280 La
Earrh and Plancvary Scienec Levwom, v 151 pe 117-023

Murphy, | Warnke, 1.4 Andensm, O, Channe, 1., sl Seme, 1,
2002, Hiiwnry of e raftiog a1 Seth Atbanse QU Sie 1771092
dhuring the Gass and Lare Gilbert Chaone Malseogeography.
Palacclimaralogy. Malacovenlogy, v 182, p 183-19%

Ponre, BLA, 1951, Late Miscens hiosteatigrapher sl pabeosclimandgy off
the central Noach Arlamc: Marine Micropaleomology, v 6, p. 5%
GlG

R.-::rm.:. BUE, U, DLW, and Cliarey, W, 0997, The ot - Henssone
clamate sransieine o deep ses casbes ot ponpooine
Palenceancgraphy, v. LL p, S46-55%,

ayma, M E.. Roddiman, W E Backman, | Clement, B0, and
Martwon, [hG., 1989, Lac Mioxne vamaison (o Mortben
Hemiipherr e sheots and Moerh Aclantle Deep Wader ciroulation:
Paleooranegraphy, v. 4, p. 413440

Tayma, M.E. Ruddiman, WE, Shackloon, MU0, and Ogppa, TU%,
19901, Evalution af Aclimtic-Pacific gradienss over the bt 2% m.y.
Earth and Manctary Science Lentens, v 97, p. 333368,

Rea, DKL andd Leinen. S0, 1989, Chiamernary Climanes: The Okoeam
Sodimoniary Reoond: GSA Shiwt Course, 5t Loun, MO,

Rebeiea, M. Cametlenghi. A aad Zenolls, € 17198, Batbymeerr and
rrtsrphiope nesis of the cominesaal mangin west of the Ananaic
Peninsula: Tirra Amarcia. w §, p 71575

Schlanger. 500, 1986, Hi Froquency sea-lovel lucrussions i Crrtacoous
pife A emergiag Mlny-ul problem, in M, B ool Meogok:
sl Cemarnic Oorans: American Geophysical Union, Washimgeon,
IR 6174,

Schadiker, [, 1980, North Atlantic ocesnapraphy as poasible cavae of
Amarotic glackanion amd emrophicacion: Marure, v 384, p 61 5606,

Shiphoand Scenific Pary, 1994, Sie 918, in Lasen, HC., Sanders,
A, and Clifs, 10, vdi. Procoedings of the Uhazan Chrillimg
I‘tug:m. |sledal ll.:pum. w 1A% Ovean Diilling l"mp.nm.l_"u'l.:g:
Sranmn, TH: po 177254,

Shiphoand Sciemific Pary, 1999, Saie 1101, m Barkew, FE. Camorenghi,
A, Agion, G, eral, Procoedings of ihe Oceaa Drilliag Progesm,
Inieial Repoer, o 178 [Onlinef: Avallable frem World Wide
Weln «barpe wswe-adp amasde/publicmns I7H_IRfdhap 840
whap_ D hema, [Cioed J004-03-10]

S, John, K. and Cowan, EA 2000, Co-vanying IRD meonds sugpes
bipolar cycles of ice sheer disinsegracion since 30 M EOS
Trmnsacrions, Amesican Ceoplysical Unios, v 81, no A8, p. FYAL

34, Johne K, and Krivck, L., 1%}, Hegional parerns of Pleshoorns -
rafird alebera Aus in the Manih Pafic Plecosnography, « 14,
653662

52, lohne K. and Krisecle L, 2002, The bae Micorne wo Pleboocone icc
r:!'lms Bivtory of sntheau Geoonlind; Bormas, w 41, p 28-3%

Sanher, TE, 20002, Murib-Sowih Unnncotsan: Soence, v 297, o 1H14-
1815

Traghe, DA amed Alg, 1O, 1999, Dhata Bepors: Aloerarion and woin log of
Hatlkes 917A and DTRIY, Somiihesii Cirpendand margim, i Lanan,
HLAT, Dhshesn, A Allan, LE, Brosds, K. odi, Prxendiog of ihe
3cean Diilling Program. Sciennfic Resul, v 163 [Chaline]: Available
firom Workl Wide Wirke choprifwaw-ndp ismu.odud publics-
vionsl 108 SR chap 13 chap_ | Ahims, S 2004-0%-08]



