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Climate modeling studies predict that under a
global greenhouse-gas warming situation the ocean’s
thermohaline circulation (THC) might weaken or even
shut down. The detailed conditions for such an event
are not well understood, it is however likely that a more
or less complete collapse of the thermohaline circula-
tion could be triggered by changes in surface condi-
tions leading to fresher and/or warmer sea surface in
high latitudes. Current observations indicate a freshen-
ing of the North Atlantic and concomitant reduction in
the Iceland-Scotland overflow suggesting that a change
of the THC might already be in progress. The North
Atlantic, however, is a region that undergoes consid-
erable hydrographic variations on annual to decadal
timescales. Hence, additional observations from loca-
tions other than the North Atlantic, that allow for the
early detection of THC change are required. We used
benthic foraminiferal oxygen isotope ratios from two
sediment cores recovered at 426 m and 1299 m wa-
ter depth in the eastern and western tropical Atlantic
to show that strong reductions in thermohaline over-
turning during the last deglaciation were associated
with rapid and intense warming of intermediate-depth
waters. A climate model simulation revealed that a
similar temperature pattern is expected for a reduc-
tion in modern thermohaline overturning in response to
changes in the North Atlantic freshwater budget. We
suggest that a temperature increase of tropical Atlantic
mid-depth waters, as it is already observed for the past
century, could serve as a sensitive indicator of THC
slowdown with a high signal-to-noise ratio.

URL: http://www.palmod.uni-bremen.de/ gerrit/film
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The relatively short length of most instrumental cli-
mate datasets restricts the study of variability that ex-
ists in the climate system. This is particularly true
regarding the atmosphere where high quality spatially
dense data exists only since the late 1940s. With this
data, the Pacific North America pattern (PNA) has
been identified as one of the dominant modes of vari-
ability in the atmosphere. The PNA is related to an
inter-decadal mode of climate variability known as the
Pacific Decadal Oscillation (PDO). The PDO has been
shown to influence marine productivity in the North
Pacific as well as modulating the impact of the El Nino-
Southern Oscillation in North America and Australia.
Here we present an updated 30l-year ice core record
from Mount Logan in northwestern North America that
shows a statistically significant and accelerating posi-
tive trend in snow accumulation from the middle of the
19th century that appears to be associated with secu-
lar changes in the PNA and PDO. A manifestation of
this trend has been a warming over northwestern North
America both at the surface and throughout the lower
atmosphere.
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Ice age cycles are associated with large fluctuations

in the concentration of atmospheric methane and car-
bon dioxide. The cause for these fluctuations remains
unexplained, although clathrates are often proposed as
a potential source of methane. However, the mecha-
nism for methane release from clathrates into the at-
mosphere has not been established. We examine the
possiblity that clathrates accumulate below continen-
tial ice sheets during periods of glaciation, permitting
substantial release of methane during deglaciation. The
source of the methane is due to microbial decomposi-
tion of organic material below the ice sheet. We as-
sume that organic material in soils ahead of the ice
sheet is frozen in place due to low atmospheric temper-
atures. Once the ice sheet is present and sufficiently
thick, the geothermal gradient adjusts to bring the sedi-
ments to the melting point of water. Assuming aneoro-
bic conditions underneath the ice sheet, the presence

of methanogens at the basal surface of the ice sheet al-
low for the conversion of organic carbon to methane.
This methane is stored as clathrate when the temper-
ature and pressure conditions at the basal surface per-
mit thermodynamic stability (ice thickness in excess
of 250m at 0°C). Subsequent deglaciation destabalizes
clathrate causing the release of methane into the atmo-
sphere. We use a numerical model of the Laurentide-
Cascade ice sheet (Marshall et. al., 1999) for the areal
extent, thickness, and the thermal conditions at the
base of the ice sheet as a function of time. In order
to bound the available carbon below the ice sheet, we
consider two estimates of soil carbon inventory based
on tundra and present potential vegetation. Our model
quantifies the decrease of carbon in the soil and the ac-
cumulation of clathrate as the ice sheet advances. As
the ice sheet retreats we track the amplitude and timing
of methane released into the atmosphere. The ampli-
tude of predicted fluctuations in atmospheric methane
are 80-200ppbv, which are of the same order as those
recorded in the ice cores from Greenland and Antarc-
tica. Our findings suggest that clathrates have played
a role in global climate change.

Marshall S.J., Clarke G.K.C. 1999. Climate Dynam-
ics, 17(7):533-550
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State-of-the-art coupled ocean-atmosphere models
used to project future changes in climate produce very
mixed results as to how the El Nino/Southern Oscilla-
tion (ENSO) may be influenced by anthropogenic forc-
ing. In some models, ENSO variability increases as
the Earth warms, in others it decreases, and in oth-
ers it remains unchanged. Clearly, the approach of us-
ing coupled models alone to understand the sensitiv-
ity of ENSO and its possible future behavior is insuffi-
cient. The instrumental record can provide information
on how ENSO has behaved over the past century when
greenhouse gases have been steadily increasing. How-
ever, this approach is also limited since it is difficult
to separate the natural fluctuations of ENSO, which
can occur on interannual, decadal and perhaps longer
timescales, from anthropogenically forced changes.

To address the question of whether human activities
may influence the future behavior of ENSO, a long-
term perspective is needed. We need to characterize
the natural fluctuations of ENSO that arise from inter-
nal instabilities in the tropical Pacific climate system
that may appear on timescales ranging from the inter-
annual to the millennial. These fluctuations must then
be distinguished from changes in ENSO behavior that
may arise in response to forced changes in the mean
climate state. The paleoclimate record provides the
opportunity to characterize such behaviors. Because
of the large magnitude of the ENSO signal, archives
that are preserved in the oceans and on land contain
information about the frequency and amplitude of the
phenomenon at different times in the past.

This paper will compare paleoclimate records with
available model results to determine whether it is pos-
sible to capture past ENSO behavior using our current
understanding of the phenomenon as it is represented
in models. It is shown that the observed increase in
ENSO variability over the last 10,000 years is consis-
tent with model results under the variations in solar
forcing due to changes in the Earth’s orbital parame-
ters that occurred over that time. However, the effect
of conditions at the Last Glacial Maximum, a time of
reduced atmospheric carbon dioxide and lower global
temperatures, produces mixed model results, and pale-
oclimate data are presently sparse. It is suggested that
a focus on the LGM and other times of cooler planetary
temperatures will provide understanding of the effect of
changes in the mean climate state on ENSO, which can
be applied to the problem of how ENSO will behave in
the future as the climate changes under anthropogenic
forcing.
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The Earth’s climate has been highly sensitive and
variable, as shown by voluminous, reliable paleocli-
matic data. Changes, including those associated with
ice ages and with millennial events such as the Younger
Dryas, have had global impacts despite little or no glob-
ally averaged forcing. Natural variability, ranging from
interannual shifts through decadal-centennial droughts
to millennial abrupt jumps, often has been larger than
documented by the valuable but short instrumental
records. Analogy suggests future climate surprises.
Complex climate models are improving rapidly, but
frequently simulate less sensitivity and variability in
the climate system than documented by paleoclimatic
records. Because larger and faster changes are harder
to deal with, the future may prove somewhat more chal-
lenging than anticipated by many people, and Christina
Hulbe’s dictum in the title may be good advice.
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As part of the Western Hemisphere Warm Pool
(WHWP), the Gulf of Mexico is an important source of
heat and moisture to the North American continent and
the higher latitudes. Orca Basin on the Louisiana slope
in the northern Gulf of Mexico is ideally located to
record deglacial WHWP sea-surface temperature (SST)
warming in relation to meltwater input from the Lau-
rentide Ice Sheet (LIS). Paired 6180 and Mg/Ca data
on planktic foraminifera (Globigerinoides ruber, white va-
riety) from cores EN32-PC4 and -PC6 are used to sep-
arate deglacial changes in SST and 618 Oseawater due
to low-salinity meltwater. In core EN32-PC4, Mg-SST
increases from near full-glacial values of about 24°C
at ca. 15 ka 14C to >28°C at ca. 12.8 ka 14C, in-
cluding a sharp increase of >3°C from 14.2-13.3 ka
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14, This warming clearly precedes the peak of melt-
5180) by nearly 2
k.y. Furthermore, Mg-SST and global 518 Oseawater
changes can be subtracted from Gs. ruber 5180 to iso-
late the influence of meltwater (ice-volume corrected

water input (minimum Gs. ruber

Elsoseawater), which can be interpreted in terms of
salinity variations. This exercise indicates a peak
in meltwater input at 12 ka 14C, close to the tim-
ing of meltwater pulse 1A. If confirmed in EN32-PC6,
these results suggest that (1) subtropical deglacial SST
warming preceded LIS decay, and (2) the origin of sea-
level rise during mwp-1A was primarily meltwater de-
rived from the LIS.

Extending paired Mg-SST and §180 data on Gs. ru-
ber into Marine Isotope Stage (MIS) 3 further illumi-
nates the phasing of WHWP changes relative to high-
latitude climate variability. Preliminary results indi-
cate significant SST variability that can be correlated
to Dansgaard-Oeschger events of the Greenland ice core
records. In addition, 5180 data on Gs. ruber (pink va-
riety) indicate at least one interval of significant melt-
water input in mid-MIS 3. Our continuing work will
test the hypothesis that the tropical/subtropical At-
lantic is an important driver of regional to global cli-
mate change.
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Although millennial-scale intervals of cooler, drier
climate have been documented in Holocene and Qua-
ternary marine and terrestrial records of the extratrop-
ics, well-resolved subtropical records of millennial-scale
variability are needed to assess the timing, amplitude,
and possible modes of origin of such events. Recent cor-
ing in Tampa Bay, Florida by the R/V Marion-Dufresne
(core MDO02-2579) recovered 11.3 m of Quaternary ma-
rine, lacustrine and estuarine sediments containing a
record of climate in a subtropical region during the last
glacial maximum (LGM), deglacial and Holocene. Ev-
idence from stratigraphy, radiocarbon chronology and
micropaleontology suggests that the interval from 11.3
m to 7.4 m consists of marine sediments containing in-
terglacial marine faunas and palynomorph assemblages
deposited during marine isotope stages 11, 7 and/or
5. These are unconformably overlain by a non-marine,
lacustrine unit between 7.4 m and 2.9 m deposited be-
tween about 21 ka and 11.5 ka. The glacial-deglacial
interval between about 21 and 11.5 ka is character-
ized by a pine minimum during the LGM and herba-
ceous pollen during the deglaciation. The uppermost
2.9 m of estuarine sediments, deposited after the fi-
nal stage of Holocene sea-level rise (3.5 ka present),
contain pollen assemblages dominated by pine, with
oak and herbaceous taxa subdominant. The MDO02-
2579 pollen and environmental record suggests millen-
nial climate variability related to precipitation during
the LGM-deglacial transition and will be discussed in
terms of broader tropical-subtropical climate patterns
in the North Atlantic region.

PP71A-0374 0830h POSTER

Holocene Climatic and Hydrographic
Variability in the Santa Barbara Basin

Julie Friddelll»3 (603-646-4873;
Julie.E.Friddell@erdc.usace.army.mil)

Robert Thunelll (thunell@geol.sc.edu)
Thomas Guilderson? (guildersonl@popeye.llnl.gov)

Michaele Kashgarianz (kashgarian@llnl.gov)

1Dept. of Geological Sciences, Univ. of South Car-
olina, Columbia, SC 29208, United States

2Center for Accelerator Mass Spectrometry, LLNL,
Livermore, CA 94551, United States

3now at ERDC, Cold Regions Research and Engineer-

ing Laboratory, Hanover, NH 03755, United States

Using an 11-m piston core with an age model de-
fined by 38 radiocarbon dates, we have constructed a
decadally-resolved record of Holocene sea surface tem-
perature and hydrography for the Santa Barbara Basin
(SBB). Time series analyses of planktonic foraminiferal
(G. bulloides and N. pachyderma) 5180 suggest that, dur-
ing the warm mid-Holocene, the Pacific Decadal Os-
cillation was more often in its warm phase and more
frequent and intense El Nifio warm events occurred
than during the cooler early Holocene or the late 20th
century. Paired planktonic and benthic foraminiferal

radiocarbon dates from the same core depths reveal
changes in the SBB hydrographic structure. At the end
of the Younger Dryas, the surface-deep radiocarbon age
difference of the basin was ~550 years. Between 10.5
and 6.0 ka, the benthic-planktonic difference (B-P) os-
cillated between 300 and 500 years but then increased
to a maximum of 580 years at 4.0 ka. We interpret the
10.5 to 4.0 ka increase in B-P as a result of increas-
ing thermal stratification in the basin during this time
period (as shown by 6180) and a concomitant reduc-
tion in surface 14C reservoir age relative to the deep
water. The periodicity of oscillations in the B-P ra-
diocarbon record is ~1300 £+ 300 years. This is sim-
ilar to that found by Bond et al. (1997) for Holocene
climate cyclicity (1374 + 502 years), and most of our
high B-P events identified are at similar to or slightly
later times than the ice-rafting events identified in the
North Atlantic (radiocarbon ages of 9.7, 8.5, 7.1, 5.8,
5.0, and 4.3 ka). If the ice-rafting events were caused
by reductions in thermohaline circulation, then it is
possible that these conveyor slow-downs could have de-
creased deep circulation in the SBB, thereby increas-
ing the benthic 14C age and subsequently B-P. These
findings suggest that the same hydrographic and cli-
matic phenomena that drove cyclicity in the North At-
lantic during the Holocene could have also impacted the
northeast Pacific over the past 11 kyr.
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Earlier results from California margin climate
records (ODP Sites 893 and 1017) implicated that
decadal to millennial scale fluctuations in upper inter-
mediate waters (400 to 600m) and the Oxygen Mini-
mum Zone (OMZ) were as tightly linked to global cli-
mate patterns as were changes in the surface ocean.
Although intermediate waters have been little studied,
they are of potential importance in rapid oceanic heat
and salt transport, and furthermore, may play an im-
portant role in rapid climate change by controlling the
stability of the methane hydrate reservoir, which in-
tersects at the depth of upper intermediate waters on
the continental slope. Recent work has shown warming
and freshening of modern intermediate waters, imply-
ing that they are highly responsive to climate forcing.
New ultra-high resolution studies of surface to inter-
mediate waters during the late Quaternary attempt to
shed light on the timing of abrupt warming and changes
in intermediate water source and characteristics.

Oxygen isotope records suggest that significant
temperature changes were associated with oscillations
in upper intermediate waters on the California margin
during the late Quaternary. In Santa Barbara Basin
(Site 893, 580m water depth), oxygen isotopic changes
record inferred bottom water warmings of 2-3 degrees
during stadial to interstadial transitions. These oscil-
lations have been interpreted to represent changes in
the production of northern, cool, well ventilated ver-
sus southern, warm, and poorly ventilated intermediate
waters. Previous work has shown that these changes
influence the strength and depth extent of the OMZ,
recorded in benthic foraminiferal records via shifts from
well ventilated to anoxia-tolerant assemblages.

Understanding the temporal relationships between
surface and intermediate water changes on a decadal
to millennial scale is crucial to determining pro-
cesses and mechanisms that force such abrupt change.
‘While controversial, evidence implies that during sta-
dial/interstadial transitions and the deglacial episode,
upper intermediate water warming may have preceded
surface water warming on the California margin. Dur-
ing the last deglaciation at Site 1017 (off Pt. Concep-
tion, 990 m), intermediate waters warmed several hun-
dred years prior to surface waters. In Santa Barbara
Basin (Site 893), intermediate waters lead surface wa-
ter warming on the order of decades to centuries, during
several stadial/interstadial transitions. The timing of
these temporal responses presents a challenge based on
the original Site 893 climate record, sampled at a reso-
lution of every 50 years. For this reason, new ultra-high
resolution data from several stadial/interstadial tran-
sitions is presented, yielding continuous stable isotopic
records at a resolution of 3-5 years.

These new records lend supporting evidence that in-
termediate waters warmed prior to surface waters dur-
ing several stadial/interstadial transitions. Further-
more, at such resolution, transitions that originally ap-
peared synchronous actually show a decadal lead in in-
termediate water warming by possibly as little as 10-20
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years. Determining the temporal response of intermedi-
ate versus surface waters during rapid climatic warming
is critical to understanding the importance of interme-
diate waters in millennial-scale climate change, OMZ
strength, heat transfer in the ocean, and methane hy-
drate destabilization.
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High resolution isotopic, faunal and floral records
have shown that millennial-scale events are clearly
recorded in California margin sediments. However, un-
certainties remain in the phasing of these signals rel-
ative to global climate change. In particular, recent
work based on alkenone unsaturation indices shows a
large temperature lead on the terminations, suggest-
ing that temperature changes on the California mar-
gin may be dominated by variation in the strength of
the California Current. We address this question using
planktonic foraminiferal Mg/Ca, a sea surface temper-
ature proxy that is directly comparable with the §180
record, yet completely independent.

We have extended the G. bulloides Mg/Ca record
from ODP Sitel017 (Point Conception, California)
through Marine Isotopic Stage 3. High productivity
and slope location have led to a sedimentation rate
of 23 cm/kyr, which is sufficient to resolve millennial-
scale events with minimal attenuation. We com-
pare the Mg/Ca record with G. bulloides 5180 and
foraminiferal faunal records. Abrupt millennial-scale
temperature events are clearly resolved using Mg/Ca.
The Mg/Ca record indicates that the major tempera-
ture events, including interstadial warmings, Termina-
tion I and the Younger Dryas cooling, were synchronous
with §180. Mg/Ca temperatures indicate a glacial-
interglacial temperature change of 7°C and full glacial
sea surface temperatures of approximately 8°C. Mg/Ca
temperatures also exhibit events, such as the prominent
pre-Bolling warming, that are not recorded by §
Interstadial warmings were as much as 6°C, and the
amplitude of Stage 3 temperature oscillations is, on av-
erage, 2°C larger than those inferred from 5180. This
work indicates that investigations at high- chronologi-
cal resolution are necessary to accurately document the
timing of paleotemperature changes on the California
margin. Recently recovered IMAGES core material will
allow us to extend this work to the even higher sedi-
mentation rate Santa Barbara Basin.

PP71A-0377 0830h POSTER

A Latest Glacial and Holocene Record
From Medicine Lake, Siskiyou
County, California: Preliminary
Diatom, Pollen, and Sediment Data

Scott W. Starratt! (650-329-4990;
sstarrat@usgs.gov); John A. Barronl
(jbarron@usgs.gov); Tara Kneeshaw®!
(tkneeshaw@usgs.gov); Larry Phillips!
(Iphilips@usgs.gov); Jake Lowenstern®

(jlwnstrn@usgs.gov); James A. Wanket2
(jwanket@uclink4.berkeley.edu)

lu.s. Geological Survey, 345 Middlefield Road, Menlo
Park, CA 94025, United States

2Dept. of Geography University of California, Uni-
versity of California, Berkeley, CA 94720, United
States

Medicine Lake is a small (165 ha), relatively shal-
low (average 7.3 m), medium- altitude (2,036 m) lake
located within the summit caldera of Medicine Lake
volcano, a dormant Quaternary shield volcano located
in the southern Cascade Range. During September
1999 and 2000, high-resolution bathymetry, seismic-
reflection profiles, and sediment cores were collected
from the lake. Twenty six samples from core B100NC-
1 (water depth 12.6 m; length 226 cm) were analyzed
for physical properties, sediment grain size, diatoms,
pollen, and total organic carbon (TOC). Using both
4o (AMS) dating and tephrochronology, the sedi-
ments at the bottom of the core are estimated to be
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11,000 cal yr B.P., thus yielding an estimated average
sedimentation rate of about 21 ¢m/1,000 yr.

The lowermost part of the core (226 cm - 200 cm)
records the transition from glacial to interglacial con-
ditions. During the period from about 11,000-7,200
cal yr B.P., lake level fluctuated between deeper olig-
otrophic conditions with a diatom flora dominated by
Cyclotella spp. and shallower intervals with a diverse
benthic flora. The relative low abundance (10-15%) of
Abies (fir) pollen and relative high abundance (30-40%)
of Artemesia (sagebrush) pollen in this interval suggest
drier than present-day conditions. The lowest part of
this interval (226 cm - 210 cm) is almost devoid of Cy-
clotella and may represent an ice-covered lake in which
only a small benthic flora could exist around the mar-
gins of the lake where light penetration was the great-
est. The sediments in this interval are relatively low in
TOC and are dominated by glacial flour. From about
7,200 cal yr B.P. to the present, conditions have fluc-
tuated between higher lake levels (three intervals) that
are dominated by Cyclotella with a reduced number
and diversity of benthic taxa, and lower lake levels (two
intervals) during which the abundances of Cyclotella
decrease to less than 10
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Changing downcore distributions of hydrocarbon,
long-chain alkenone, and sterol lipid molecular fossils
from an 8.1 m piston core taken from Lake Titicaca,
South America (152 m depth, 16° S, 69° W) reveal a
record of significant paleoecological change in the lake
for the past ~30,000 years. Trends in lipid abundances
and distributions follow previously reported changes in
lake water balance and the climate of the northern Al-
tiplano region of Bolivia and Peru over this time pe-
riod. Hydrocarbon fractions are characterized by a
mixture of normal alkanes and alkenes. Most samples
have greatest abundances of odd-numbered Cg1-Coj
n-alkanes and alkenes and smaller amounts of longer
chain length and even numbered compounds. The ra-
tio of Co71 to Cog n-alkanes and the abundance of Cgp
alkenes follow similar downcore trends with highest val-
ues during periods of higher lake level (the last glacial
interval and the late Holocene) and lowest values dur-
ing the mid-Holocene when lake-level was lowered by as
much as 90 m from the present level in response to an
extended drought. Normal alkanes with chain length
>Cgg are consistently in low abundance and indicate
little terrestrial input into Lake Titicaca throughout
the record. Long-chain alkenones (C37-Cyq), indica-
tors of haptophyte presence that have been used to
determine paleotemperatures in marine settings are
highly abundant in many mid-Holocene samples when
lake-level was especially low, and nearly absent during
the last glacial interval and in the late Holocene when
lake-level was relatively high. Long-chain alkenones
have rarely been reported in lake records, and their
presence indicates the past importance of an algal
species (from the phylum Chrysophyta) that is not
common or absent in the modern lake. The downcore
abundance of dinosterol and other 4c-methyl sterols di-
agnostic to dinoflagellates is also correlated with lake-
level change and dinosterol is particularly abundant
during the mid-Holocene. Changes in all lipid frac-
tions indicate the algal response to salinity, temper-
ature, and other physical and chemical changes in Lake
Titicaca since the late Pleistocene. The great abun-
dance of dinosterol and long-chain alkenones during the
mid-Holocene indicate bloom conditions for a few phy-
toplankton species at this time.
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Denitrification is the predominant global loss term
for combined nitrogen and can exert a major control
on its oceanic inventory, global productivity and atmo-
spheric COg. Our prior work demonstrates that proxy
records for changing denitrification, oxygenation and
productivity in the recent geological past in the Ara-
bian Sea exhibit unprecedented similarity with abrupt
climate fluctuations recorded in high-latitude ice-cores.
Since the Peru Margin and Arabian Sea together consti-
tute almost two-thirds of global marine water-column
denitrification, changes in concert in these two regions
could potentially have effected rapid global climate
changes through an oceanic mechanism.

The Peru Margin is intimately coupled to the Equa-
torial Pacific, source of El Nifio-La Nifa SST, produc-
tivity and precipitation anomalies. Here, biogeochem-
ical cycles are especially sensitive to abrupt climatic
changes on decadal time-scales by virtue of this ENSO
coupling. The purpose of our research is to investigate
whether longer changes in tropical Pacific oceanogra-
phy represent a ’scaling up’ of anomalous ENSO condi-
tions, modulated by both internal (e.g. nutrient inven-
tory or WPWP heat budget) and external (e.g. orbital)
forcing throughout the last glacial/inter-glacial cycle.

Here we present first results of a detailed investi-
gation of recently-recovered sediments from ODP Site
1228 on the Peru margin upper continental slope, in
an attempt to capture some of the essential aspects of
ENSO-like variability. Despite the existing availabil-
ity of high quality sediment cores from this margin,
little detailed paleoclimatic information currently ex-
ists because of poor sedimentary carbonate preserva-
tion (exacerbated post-recovery) which has limited gen-
eration of essential chronostratigraphic controls. In-
stead, we rely on the development and novel appli-
cation of compound-specific AMS dating verified and
supplemented by intermittent foraminiferal and bulk-
carbon AMS dates, a magnetic paleo-intensity record
and tephra layers to tie our records to established
global chronologies for abrupt climate change. Based
on this age model, we present records of nitrogen iso-
topic values (§15N), chlorin and alkenone abundances,

and alkenone-derived (Ué?;) SSTs for the last glacial-
interglacial cycle. We extrapolate these new nitrogen
isotopic results in the context of global marine deni-
trification. By constraining the loss term for marine
nitrate at decadal-to-millennial timescales within the
principal major regions of global denitrification, we
make a first attempt to reconcile the records of at-
mospheric COg trapped in ice-cores with such rapid
changes in global nutrient inventory.
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Marine planktic oxygen isotope stratigraphy fur-
nished with AMS carbon-14 dating for the past 30
kyrs was established for three piston cores retrieved re-
spectively from the South China Sea, Celebes Sea and
Banda Sea. Compared to the low-latitude sites, the
northern site (MD972142) shows more negative 5180
values throughout the record, implying that the sea-
surface salinity of the South China Sea (SCS) has
been lowest during the last 30 kyr. Both MD972142
(12°41N, in SCS) and MDO012388 (6 °43N in Celebes
Sea) show relatively higher amplitudes of fluctuation
than site MD012380 (5 ©45S in Banda Sea), suggesting
a less stable climatic condition along the northwest-
ern edge of the Western Pacific Warm Pool (WPWP)
during the last glacial interval and in the Holocene.
Notably, the three sites show a northward trend of
progressive depletion of §180 values during the last
deglaciation. This diachronous northward depletion
trend in 6180 might have been resulted from a north-
ward migration of the Inter-Tropical Convergence Zone
(ITCZ), which would have brought in heavy precipita-
tion and contributed meteoritic waters with much de-
pleted oxygen isotopes (i.e., amount effect).
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The Kuroshio Current as the western boundary
current was effects on every character of surface wa-
ter masses in the NW Pacific Ocean and on climate
changes in the NW Pacific region. As it passes through
the Okinawa Trough of the Ryukyu Arc region, the
Kuroshio Current strengthens its nature after diverg-
ing from the North Equatorial Current (NEC), so that
this area is called as the Kuroshio source region. We
reconstructed the time-space changes in the surface wa-
ter masses based on planktonic foraminiferal assem-
blages in the Ryukyu Arc region after ca. 20 ka, us-
ing data from 15 piston cores. In four modern plank-
tonic foraminiferal groups of this region, the Pulleniatina
group is the most characteristic planktonic foraminifera
of the Kuroshio Water. However, this species suddenly
diminished twice; during the LGM and mid-Holocene
from ca. 4.5 to 3 ka, the latter event is termed the
” Pulleniatina minimum event” (PME). During PME, the
effect of the Kuroshio Water was greatly diminished
without any cooling signal. The same event has been
recognized in the South China Sea and the western
equatorial Pacific Ocean. We propose a new hypothe-
sis about this event, taking into account the delicate
ecological differences between Pulleniatinaobliquiloculata
and Neogloboquadrinadutertrei. Although both species are
characteristic of the Kuroshio Water, their occurrence
is reversed from each other during PME. According to
a study of plankton-net tows in the central equato-
rial Pacific, the abundance of N.dutertrei exceeds that
of P.obliquiloculata when primary productivity decreased
and vice versa. When the thermocline of the whole
equatorial Pacific was relatively deeper, it leads to an
environment with low productivity in the sub-surface
layer similar to the El Nino pattern. At present, the
transport of the Kuroshio Current tends to decrease in
strength, when the NEC bifurcates at its northernmost
extents prior to El Nino. Recent study suggests that
the typical ENSO system started after ca. 5 ka in the
eastern equatorial Pacific. Therefore, PME seems to
show the beginning of the typical ENSO system in the
NW Pacific Ocean.
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We have extracted high resolution records of past
climate conditions from varved sediments accumulat-
ing near 10 S in the north basin of Lake Malawi, the
southernmost of the East African Rift lakes. Here we
compare profiles of biogenic silica and Nb/Ti ratios
spanning nearly 1000 years in Malawi with the Cari-
aco Basin high-resolution record of Haug et al. (2001),
which is based primarily on sedimentary profiles of Fe
and Ti. During the past 1000 years Nb/Ti and bio-
genic silica track one another in Malawi sediments, as
observed for the late Glacial (Johnson et al., 2002).
These signals have been interpreted this as a reflec-
tion of the intensity or frequency of north winds over
the basin. Such winds carry Nb-rich volcaniclastic sedi-
ments into the lake and promote upwelling, favorable to
diatom productivity. Johnson et al. (2002) attributed
the greater frequency of north winds over the Malawi
basin during cold episodes such as the Younger Dryas to
southward shifts in the Intertropical Convergence Zone
(ITCZ). Haug et al. (2001) have suggested that south-
ward migration of the ITCZ over South America as such
times has caused decreased rainfall and delivery of ter-
rigenous clastics rich in Fe and Ti to the Cariaco basin.

Over the past 1000 years, the trends in the African
and South American records are remarkably similar.
Both show evidence for the ITCZ being positioned more
to the north during the Medieval Warm Period, more
to the south during the Little Ice Age, and subse-
quently returning to the north. Both records also ex-
hibit greater variability during the LIA, with three dis-
tinct southerly ITCZ excursions. Uncertainties inher-
ent in the absolute chronologies preclude determination
of whether or not these higher frequency variations are
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in phase at the two sites. The cause of the apparent co-
eval shifts of the ITCZ on both the African and South
American continents during the past thousand years
is yet to be explained. While North Atlantic temper-
ature gradients may contribute to climate variability
over northern South America (Haug et al., 2001), it is
difficult to imagine this mechanism having a direct ef-
fect in East Africa.
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Until now there has been a lack of long high-
resolution terrestrial records monitoring Indian Ocean
monsoon variability in Southern Arabia and the neigh-
bouring regions. A potential source for information
about Indian Ocean monsoon variability is stalagmites
from caves in Southern Arabia. One monitor of mon-
soon variation are the oxygen isotope ratios of stalag-
mites measured in caves where drip water accurately
reflects the oxygen isotope ratios of monsoon precip-
itation, such as stalagmites from Qunf Cave and De-
fore Cave in Southern Oman. The area sits at the
northern limit of the summer migration of the ITCZ
and the associated Indian Ocean monsoon rainfall belt.
Annual precipitation in this region is highly seasonal,
more than 80% of total annual precipitation (400-500
mm/yr) falls during the summer monsoon months when
dense clouds and mists cover the region. Today, con-
vective cloud development is controlled by the height of
a temperature inversion, which is created by the con-
vergence of hot dry northwesterly winds and low-level
southwest monsoon winds. The height of this temper-
ature inversion is dynamically linked to the mean lati-
tudinal summer position of the ITCZ and to the south-
west monsoon pattern over Southern Arabia. A north-
ward migration of the ITCZ into the Arabian Penin-
sula would lift the height of the temperature inversion,
leading to stronger convective cloud development and
higher monsoonal rainfall over Southern Oman. Due
to the amount effect, § 180 values of precipitation be-
come more negative (depleted). Hence, stalagmite &
180 values are a proxy for the amount of monsoon pre-
cipitation, which is controlled by the mean summer lat-
itude position and convection intensity of the Intertrop-
ical Convergence Zone (ITCZ). Three Uranium-series
dated stalagmites, sampled in two caves in Southern
Oman, provide a continuous high-resolution (temporal
resolution varies between 1-5 years) terrestrial record
of Indian Ocean monsoon variability from 10.3 to 2.8
kyr BP. The oxygen isotope profiles show that changes
in monsoon precipitation between 10.3 and 8 kyr BP
are in phase with high-latitude temperature fluctua-
tions recorded in Greenland ice cores, indicating that
early Holocene monsoon intensity is largely controlled
by glacial boundary conditions. After 8 kyr BP mon-
soon precipitation decreases gradually in near linear re-
sponse to changing Northern Hemisphere summer inso-
lation. Finally, results of spectral analyses of all proxy
records show statistically significant cycles of 1000 yr,
420 yr, 220 yr, 136 yr, 100 yr, 45 yr, 13-10 yr and 8-3
yr. These cycles support the hypothesis that monsoon
variability during the Holocene is closely tied to solar
activity.
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Seasonal-resolution proxy records of past climate
variability are mostly restricted to tropical corals, and
often provide information on interannual to decadal
ENSO variability through time. In contrast, coral oxy-
gen isotope records from the subtropical northern Red
Sea (28°-29°N) document regional ocean-atmosphere
variability which in turn is linked to large-scale ex-
tratropical atmospheric circulation patterns. A strong
5-6 year oscillation detected in a bimonthly-resolution
coral time series covering the past 245 years is strongly
linked to regional variability of sea surface temperature
and surface winds in the Middle East, which in turn
are controlled by the Arctic Oscillation, the dominant
mode of Northern Hemisphere atmospheric varability.
The correlation of the coral time series with global sea
level pressure and sea surface temperature fields, all fil-
tered in the 5-6 year period band, reveals the signature
of the Arctic Oscillation over the Northern Hemisphere.
Corals from the subtropical northern Red Sea therefore
provide a unique archive of atmospheric variability over
the middle- and high-latitude regions of the Northern
Hemisphere during the pre-instrumental period.

New bimonthly-resolution oxygen isotope records
from fossil corals suggest that Arctic Oscillation-like
teleconnections also controlled Middle East climate
variability during the late Holocene and the last inter-
glacial period. Both a 98-year coral time series from 3
ka and a 44-year coral time series from 121 ka (based on
TIMS Th/U-dating) show a strong 5-6 year oscillation.
The application of the coral Sr/Ca paleothermometer
indicates cooler mean conditions in the northern Red
Sea at 121 ka. We speculate that this is the result of a
prolonged high index state of the Arctic Oscillation at
this time. The high index state usually leads to colder
temperatures over the Middle East and warmer temper-
atures over most middle- and high-latitude Northern
Hemisphere continental regions.
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The oceanographic environment of the eastern In-
dian Ocean is influenced by the Western Pacific Warm
Pool, the Indonesian throughflow and the fluctuation
of land-ocean material interaction due to river inputs.
Sedimentation of biogenic and abiogenic components
was studied in cores Fr10/95-GC5 (148, 121E; 2,472
m) and Fr10/95-GC14 (208, 112E; 997 m) from the
eastern Indian Ocean to verify the fluctuation of pa-
leoenvironment. Organic carbon (OC) and Al con-
tents have been always much higher in core Fr10/95-
GC5 than those in core Fr10/95-GC14 during the last
150 kyr. Content of OC in the former core increases
from oxygen isotope stage (OIS) 3 to boundary of OIS
1/2 although that in the latter core does not change
largely. The mean OC/TN ratios in both cores (10.3 in
Fr10/95-GC5 and 9.1 in Fr10/95-GC14) indicate that
terrigenous OC has been minor contribution to OC in
the sediments, which means mass accumulation rate
(MAR) of OC would be a proxy for paleoproductivity.
The fact that core Fr10/95-GC5 has high MAR of OC
at boundary OIS 1/2 is compatible with stronger up-
welling in the Java region (or shallower thermocline)
during the last glacial maximum estimated by Martinez
et al (1999) based on analysis of planktonic foraminifer
assemblage. Al content in core Fr10/95-GC5 slightly
fluctuates from 2.73 to 4.92 wt.% with high values in
early OIS 5. In core Fr10/95-GC14, Al content varies
between 0.36 and 1.79 wt.% with maxima in OIS 1,
boundary OIS 5/6, and OIS 7. As Site Fr10/95-GC5
is located in the Timor Passage, the main outlet of In-
donesian throughflow, and a reduced eolian dust input
because of high precipitation, terrigeous components
should be transported mainly by rivers and ocean cur-
rents. In the West Caroline Basin situated in an inlet
of the Indonesian throughflow MAR of Al has increased
during OIS 1, middle OIS 2 to OIS 3, early OIS 5 to
late OIS 6 and middle OIS 7 (Kawahata, 1999), which
is a different pattern compared to the results from core
Fr10/95-GC5. The correlation coefficient of Al and Ti
in core Fr10/95-GC5 is not high (r=0.90), which sug-
gests existence of several sources for terrigenous com-
ponents. Average Ti/Al ratios in core Fr10/95-GC5
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display different values in OIS; 0.035-0.038 in OIS 1,
3, 4 and 5, 0.051-0.052 in OIS 2 and 6, while those in
core Fr10/95-GC14 have nearly the same values (aver-
age 0.053), which implies that the terrigenous source of
former core during OIS 2 and 6 are the same to the lat-
ter core. These results may be attributed to that Site
Fr10/95-GC5 has been more influenced by terrigenous
input from Australia in OIS 2 and 6, and that pale-
oproductivity has been promoted because of stronger
upwelling at least during the LGM.
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Geochemical analyses of coral skeletons are used
to estimate past sea surface temperatures (SSTs). In
brief, a linear regression between the local SST and
5180 is established for an interval (the calibration in-
terval), for which we have instrumental data, and is
then applied to predict the temperature during past
times in which we have isotope data.

Crowley et al (1999) demonstrated that the regres-
sion coefficients differ markedly between calibrations
involving annual mean data and the standard seasonal
calibration. Furthermore, when both methods were
tested in a validation interval (in this case the early
20th century), it was found that the seasonal calibra-
tion seriously underestimated early 20th century cool-
ing while the annual calibration gave a reasonable hind-
cast. Hindcasts made with the annual calibration, how-
ever, underestimated the seasonal cycle

In fact neither method is mathematically satisfac-
tory, as the relation between the two variables may be
nonlinear. In this work we employ a different method,
that of Cyclostationary EOFs (e.g. Kim and North
1997 ). By performing a regression not between each
time series, but rather between the principal compo-
nents of each time series, this method separates the
causal and non causal components of the correlation be-
tween SSTs and 6180, allowing a reconstruction which
captures both the long-term change in Temperature
and the seasonal cycle. This method both captures the
strength of the seasonal cycle and gives a good hindcast
of the early 20th century cooling.
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North Atlantic sediment accumulation rates are sen-
sitive to climate change due to variable supply from
glacial delivery, wind-borne dust, productivity, disso-
lution, and sediment redeposition. Excess Th-230 pro-
filing allows us to build a high resolution record of
regional accumulation rate variations, as the flux of
Th-230 to the seafloor beneath a region is known and
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