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Variations in sea surface temperature (SST) and
sea surface salinity (SSS) are important components
of climate variability in the tropical ocean-atmosphere
system. Instrumental SST time series are much more
readily available than are instrumental SSS time series,
which are exceedingly rare. SSS variations are strongly
linked to seawater (5180 variations in the tropics, thus
coral-based reconstructions of seawater 5180 offer an
opportunity to reconstruct the history of SSS variations
in the tropical oceans. Seawater 6180 is obtained by
combining coral skeletal 5180, which varies in response
to changes in seawater 6180 and SST, with coral skele-
tal Sr/Ca, which varies in response to SST changes.
This method has great potential for reconstructing past
salinity variations.
monthly-resolved, 65-year record of skeletal 5180 and
Sr/Ca variations in a Porites coral from Espiritu Santo,
Vanuatu (16.0°S, 166.7° E). Santo is well positioned for
such a study because ENSO-related climate variabil-
ity strongly influences local salinity through changes
in the position of the center of South Pacific Conver-
gence Zone (SPCZ) convection/precipitation and asso-
ciated salinity front movements. Moreover, a 24-year
record of SSS variations is available from this region,
which permits a ground-truth assessment of the robust-

We explore this potential using a

ness of the coral-based seawater §180-SSS reconstruc-
tion. Investigation into different methods of combining
coral 5180 and Sr/Ca to reconstruct SSS reveals that
the coral 5180 anomaly time series provides the best
fit to the SSS time series. A post-1976/1977 freshen-
ing trend in the 5180 anomaly time series, which has
been documented in other proxy time series, increases
our confidence that this time series accurately reflects
changes in the hydrologic balance in the western trop-
ical Pacific. The Vanuatu coral 56180 anomaly time
series also correlates strongly with the Southern Os-
cillation Index, the Nifio 3.4 SST anomaly time series,
and with a SPCZ index derived from rainfall records.
The results of this study confirm that coral geochem-
ical records from Espiritu Santo, Vanuatu are climati-
cally significant and that longer modern coral records
and fossil coral records from this area contain a robust
archive of past variability in SSS, SPCZ and ENSO.
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Present climate in southern Australia is dominated
by the strength and position of the subtropical high-
pressure belt (STHB) and mid-latitude Westerlies. The
STHB, in turn, is powered by the position and strength

of the Intertropical Convergence Zone (ITCZ). Shifts in
strength and position of either the STHB or Westerlies,
results in significant changes of rainfall over southern
Australia. A sediment core from the Great Australian
Bight (GAB) is used to evaluate the position, strength
and influence of these climate regimes during the past
18,000 years. ODP Leg 182 Site 1127 provides a record
with high sedimentation rates and abundant planktic
foraminifers allowing a 14C-dated chronology and pa-
leoceanographic reconstruction. Its coastal proximity
links the terrestrial and oceanic climate evolution us-
ing the sedimentary iron content. Iron is a major con-
stituent of dust and only reaches the GAB if entrained
in pre-frontal northerly dust plumes that are subse-
quently scavenged by precipitation related to westerly
low-pressure systems over the Bight. Very little iron
reached the GAB during the last glacial maximum when
strong Westerlies blew dust offshore into the Tasman
Sea and Southern Ocean. Stepwise deglacial warm-
ing and increasing dust deposition reversed during the
Younger Dryas implying a return to dry and windy con-
ditions. High Fe values during the early Holocene co-
incide with warm and wet conditions related to low
summer insolation and reduced seasonality. Reduced
ITCZ migration south allowed for northerly penetra-
tion of rainbearing Westerlies. In contrast, decreas-
ing Fe input since 7000 years coincides with aridifi-
cation related to increasing seasonality and large lati-
tudinal migration of the ITCZ. Holocene climate vari-
ability is the result of insolation-driven seasonality pro-
ducing the large-scale features of atmospheric circula-
tion and climate characteristics of southern Australia
today. Sensitive to changing influence of Westerlies and
Hadley circulation, this record provides evidence for a
tropical-extratropical teleconnection.
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Core MD 98-2165 (9°38796 S, 118°20’31 E, 2100 m)
from the tropical Indian Ocean has been studied at a
time resolution of about 200 y over the two last climatic
cycles within the POP project. Oxygen and carbon
isotopic composition ((5180 and 6130) of benthic and
planktonic foraminifera has been measured. The ben-
thic d180O record is remarkably similar to Antarctica
ice deuterium (6D) or 5180 records. 15 AMS 14C dates
covering the last 26 kyrs allowed us to verify that our
benthic 6180 record is perfectly synchronous with the
ice records. This finding indicates that the impressive
similarity found between a benthic 6180 record from
the Iberian Margin and Vostok §D (Shackleton, 2000)
between 24 and 64 kyrs BP, is not restricted to this
particular deep sea core and to marine isotopic stage 3.
Correlating our high resolution benthic §180 records
to Dome Fuji ice 6180 record dated by the inverse ap-
proach of Parrenin et al. (2001), we obtain a high res-
olution marine time scale which is consistent with the

Antarctic ice cores time scales. Moreover, the error on
the relative age of the marine versus ice core records
is necessarily lower than the duration of the millen-
nial events recognised in both records, hence yielding
a great improvement in our ability to compare marine
and ice records over the last two to three climatic cy-
cles. In this new marine chronology, we examine the
relative timing of changes in surface and deep-water
variability in the tropical Indian Ocean with respect to
the air temperature and atmospheric methane concen-
tration records from Antarctic ice cores. Our results
highlight a tight correspondence between sea surface
salinity in the tropics and atmospheric methane con-
centration. In contrast, the millennial scale climatic
variability characterising glacial periods does not ex-
hibit a clear relationship between sea surface salinity
in the tropical Indian Ocean and atmospheric methane
concentration.
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The Cariaco Basin’s high deposition-rate laminated
sediments make it one of the best recorders of tropical
Atlantic climate and Intertropical Convergence Zone
(ITCZ) variability. Different drainage basins within
the South American continent and the clays that are
fluvially transported from them should be affected as
the position of the ITCZ and its associated rainfall
migrates through time. Over glacial-interglacial time
scales it has been suggested that variations in the pale-
oposition of the ITCZ influences the suite of clay min-
erals deposited in Cariaco Basin sediments. Here we
present results of much higher resolution clay miner-
alogy analyses of box and gravity core sediments de-
posited in the basin over the last 1000 years to exam-
ine ITCZ variability on sub-decadal to century time
scales. Continuous sampling of well-dated box and
gravity core sediments at consecutive 1l-mm intervals
provides a record with a temporal resolution of 1-3 yrs
for the time period ca. A. D. 1000 to 1990. The clay
and fine silt size fraction (<10 pm) was analyzed using
x-ray diffraction for semi-quantitative and qualitative
analysis. Kaolinite and illite co-vary over the length
of the record suggesting that variations in these min-
erals are indicative of fluctuations of terrigenous input
to the basin rather than changing weathering regimes.
Between A. D. 1000 and 1550 variations in quartz,
kaolinite, and illite positively correlate with a prior
study of sediment titanium content, an inferred indica-
tor of terrigenous input to the Cariaco Basin. However,
the clay/titanium correlation becomes strongly nega-
tive between A. D. 1550 and 1990 suggesting a possible
change in the source region, and hence paleoposition of
the ITCZ, for either the clays or the titanium fraction
over this interval. In contrast, chlorite is negatively
correlated to sediment titanium percentages over the
entire length of the record.
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Abstract. Previous studies have interpreted varia-
tion in Cariaco Basin sediments as representing pale-
oclimatic changes related to meridional shifting of the
Intertropical Convergence Zone and its effect on the rel-
ative amount and composition of the terrigenous and
biogenic components deposited there. We report re-
sults from major, trace, and rare earth element anal-
ysis of sediment trap material gathered as part of the
CARIACO Time Series Program from two traps (275 m
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and 425 m, i.e. immediately above and below the re-
dox interface) over a two-year period (November, 1996,
to October, 1998). Our goal is to provide insight into
Holocene and older paleoceanographic records (e.g.,
ODP Site 1002) that record climatic changes in ter-
rigenous provenance. We interpret our results along
with the main components of opal, calcium carbonate,
TOC, and total terrigenous matter, in the context of
instrumental records of precipitation, wind stress, and
upwelling. Preliminary results show that the detrital
component has its highest concentration (weight per-
cent) during rainy periods (wet season), but the ter-
rigenous flux does not show a clear seasonal pattern.
Elemental ratios conventionally used as chemical trac-
ers of terrigenous provenance (e.g., Fe/Al, Ti/Al, K/Al,
Cr/Al) indicate seasonality in the source of the mate-
rial. The changes in provenance are decoupled from the
changes in terrigenous flux but can be correlated with
terrigenous material concentration and with some in-
strumental records (e.g., SST). The values of Fe/Al and
Ti/Al fluctuate between those of Post Archean average
Australian Shale (PAAS) and Upper Continental Crust
(UQ), trending toward PAAS in rainy seasons and UC
in dry periods. The seasonal range of Ti/Al is signifi-
cantly smaller than the glacial-interglacial changes po-
tentially caused by varying input of Saharan eolian ma-
terial (Yarincik et al., 2000, Paleocean., 15, 210-228).
The identification and quantification of the potential
end-member sources and their seasonal variability will
be better constrained once new data from local sources
are obtained.
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Precipitation in the Amazon Basin is largely related
to the intertropical convergence zone (ITCZ) in the
tropical Atlantic which undergoes a regular seasonal
migration. We chose a site south of the present day
rainforest in semiarid northeastern Brazil, in order to
study the timing of pluvial periods when the south-
ern extend of the ITCZ would have been much further
south than today. Shifts in the ITCZ position may have
influenced the dynamics of rain forest and species di-
versity. We collected speleothems from northern Bahia
state, located southeast of Amazonia. Age determi-
nations with U-series dating methods show that sam-
ples grew rapidly during relatively short intervals (sev-
eral hundreds of years) of glacial periods in the last
210 kyr. In addition, paleopluvial phases delineated by
speleothem growth intervals show millennial-scale vari-
ations. Pluvial phases coincide with the timing of weak
East Asian summer monsoon intensities (Wang et al.,
2001, Science 294: 2345-2348), which have been cor-
related to the timing of stadials in Greenland ice core
records and Heinrich events (Bond and Lotti, 1995, Sci-
ence 267: 1005-1010). Furthermore, these intervals cor-
respond to the periods of light color reflectance of Cari-
aco Basin sediments from ODP Hole 1002C (Peterson
et al., 2000, Science, 290: 1947-1951), which was sug-
gested to be caused by a southward shift of the north-
ernmost position of the ITCZ and decreased rainfall in
this region. Abrupt precipitation changes in northeast-
ern Brazil may be due to the southward displacement
of the southernmost position of the ITCZ associated
with atmosphere-ocean circulation changes caused by
(1) an increase in northern high latitude-tropical tem-
perature gradient (Chiang et al., 2003, Paleoceanogra-
phy, in press), and/or (2) the bipolar seesaw mecha-
nism (Broecker et al., 1998, Paleoceanography 13: 119-
121) during these Heinrich events. Pluvial phases are
also coincident with higher insolation at 10°S during
austral autumn. This association implies that insola-
tion may contribute to the southward shift of the ITCZ
and enhanced precipitation in northeastern Brazil. The
mean latitudinal migration of the ITCZ in the tropical
Atlantic may force Amazon rain forest dynamics. Fos-
sils and geomorphologic evidence found nearby indicate
much wetter climates and possible tropical rainforest
expansion to this locality in the past (Auler and Smart,
2001, Quaternary Research 55: 159-167). Furthermore,

low 613 ¢C (around -11°/44) values in speleothems sug-
gest an extensive C3 forest coverage, different from

current drought-resistant caatinga vegetation. During
time of high rainfall, northeastern Brazil may act as
a migration corridor between two species-rich commu-
nities, the Amazon Rain Forest and the Atlantic Rain
Forest.
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The transition from the arid last glacial maximum
to the moist Holocene represented a profound change
in the Neotropics compared to the relatively small am-
plitude of climate variablity during the past 10 kyrs.
Few lacustrine records of the last delgaciation exist
from Central America because most shallow lakes were
dry during the last glacial period. Lake Peten-Itza,
Guatemala, is the largest (100 km2) and deepest (160
m) lake anywhere in the Neotropics. Paleoshorelines
observed in seismic surveys document lake level lower-
ing to 58 m below modern level during the Last Glacial
Maximum (LGM) indicating that Peten-Itza did not
completely dry during this period. Climate in the Pe-
ten (17deg N) is influenced by the same seasonal varia-
tions in Trade Wind intensity and precipitation, associ-
ated with the migration of the intertropical convergence
zone (ITCZ) and Azores-Bermuda high-pressure system
that affect the Cariaco Basin off northern Venezuela
(11O N). Thus a similar climate record is expected be-
tween Lake Peten-Itza and the Cariaco Basin. For these
reasons, Peten-Itza is an attractive target for paleo-
climatic study that may provide additional informa-
tion on past ITCZ behavior during the last glacial-to-
interglacial cycle. In May 2002, sediment cores were
retrieved from the deep basin of Lake Peten-Itza with
some cores extending back to the last delgaciation. We
analyszed physical properties, stable isotopes, elemen-
tal geochemistry, and mineralogy across Termination I.
Glacial-aged sediment in deep cores (>50 m) are com-
posed of gypsum sands with high 180 values of bulk
carbonate. In shallow cores, the last glacial is repre-
sented by a soil horizon indicating subaerial deposition.
At the Pleistocene/Holocene boundary, Peten-Ttza be-
gan to fill rapidly in response to increased precipita-
tion expressed as a 4°/,odecrease in 6180 and a min-
eralogic shift from gypsum to aragonitic and calcare-
ous silty-clays. However, the transition from glacial to
interglacial climate was not smooth and considerable
structure exists in density, magnetic susceptibility, sed-
iment color, (5180, sulfur content, and percent carbon-
ate signals. The Younger-Dryas is marked by enriched,
5180 that remain high until the onset of the Holocene
“thermal maximum”. Density, percent carbonate, and
sulfur content were highly variable and may indicate
short-term changes in moisture availability. The “8.2
ka event” is expressed as a > 1°/,0 increase in §180
concurrent with increases in density, susceptibility, and
carbonate content as well as a distinct color change in
lithology. Sediment color and density in the Peten-Itza
core are well correlated with the Cariaco Basin tita-
nium signal, indicating that both records respond to
past changes in latitudinal migration of the ITCZ.
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In general, information regarding tropical African
climate variability is relatively limited, especially in
comparison with high-latitude studies. Unlike the
high-latitudes where climate change is often expressed
by fluctuations in temperature, low-latitude climate
change is often expressed as variability in zonal cir-
culation, which can result in hydrological fluctuations.
Lake Malawi, situated in low-latitude tropical Africa
(9-14° S), contains a continuous and high-resolution
sedimentary record of the past 22ka BP and is anoxic
below 250m, which enhances preservation of organic
matter (OM). For these reasons, L. Malawi is an ex-
cellent location to examine the response of low-latitude
African climate to global climate change. The climate
of Malawi is strongly influenced by the position and
seasonal migration of the ITCZ. During the rainy sea-
son from November to March, the ITCZ is positioned
over L. Malawi (12-13° S) and the dominant winds
are weak and northerly. Between April and May the
ITCZ moves northward towards the equator and strong
southerly winds prevail (Jury & Mwafulirwa, 2002).
Previous studies of L. Malawi have shown responses to
global climatic events, such as the Younger Dryas. Ad-
ditionally, studies have demonstrated the response of
L. Malawi to local or regional events, such as variabil-
ity in the ITCZ. Based on BSi MAR, diatom, phospho-
rus, and trace metal data, Johnson et al. (2002) pro-
posed that at times more frequent or stronger northerly
winds promoted upwelling in the northern basin of L.
Malawi, and suggested more southerly migrations of
the ITCZ (reaching latitudes of >13°S) as the cause
of these increased winds. Additionally, a recent study
of L. Malawi based on multiple bulk geochemical prox-
ies provides evidence for both southward and north-
ward displacements of the ITCZ during the past 23ka
BP (Filippi and Talbot, submitted). In this study the
molecular biomarker record of L. Malawi is examined.
Previous studies of Lake Malawi have been based on
bulk geochemical parameters, which are indicators of
the type of OM preserved in sediments. These studies
indicate that variations in primary productivity likely
have occurred during the past 22ka BP, however, these
bulk geochemical analyses have also yielded ambiguous
results and have failed to adequately distinguish terres-
trially and aquatically derived OM. Presently, the algal
community of L. Malawi is dominated by four major
groups: diatoms, cyanobacteria, dynoflagellates, and
green algae, with diatoms being the major contributor
to primary productivity. Each of these algal groups has
characteristic biomarkers, therefore, from the molec-
ular record we will examine primary production as a
whole within L. Malawi. Molecular reconstructions will
provide information on the response of the L. Malawi
algal community to hydrological variations, which may
be linked global climate events or to smaller regional
events, such as fluctuations in position and intensity
ITCZ.
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The apparent increase in frequency of strong El
Nino events in the mid Holocene as recorded around
the tropical Pacific (e.g., Moy et al., 2002, Nature) has
prompted the search for additional records to help iden-
tify the mechanism(s) behind tropical climatic variabil-
ity on interannual and longer time scales. Lake Junin
is a large lake (300 km2) in the Peruvian Andes (11°8,
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4100 masl) that has rapidly accumulated authigenic
carbonate over the last 10,000 years. A 14C and U/Th
dated time series of §180calcite with an average sam-
ple spacing of ~30 years shows up to £2°/,, (VPDB)
deviations from an overall decreasing trend. The §180
of source precipitation to the region, as recorded in the
Nevado Huascaran (9°S) and Nevado Sajama (18°S)
ice-cores, reveals no decadal-centennial changes over
the same time period and a long-term Holocene trend of
<3%/00 (VSMOW). It is likely that large changes in the
hydrologic balance (precipitation minus evaporation) of
Lake Junin led to relatively rapid and large changes in
5180calcite The hydrologic changes at Lake Junin
can be correlated with El Nifio events recorded in lake
sediments in southern Ecuador, lake level records from
Lake Titicaca, and the amount of ice-rafted debris in
North Atlantic sediments. The variability in precipi-
tation in the tropical Andes is likely a result of the
interplay between air masses that deliver moisture to
the Andes from the east and the upper tropospheric
westerlies that are impacted by sea-surface tempera-
tures in the eastern tropical Pacific(Vuille et al., 2000,
JGR). Climatic conditions are generally drier in the
tropical Andes during intervals marked by an increased
frequency in El Nifio Southern Oscillation warm events
and cooler North Atlantic sea-surface temperatures.
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In closed lake systems C and O stable isotope ratios
often co-vary, although it is seldom clear why. Based
on results from Lake Junin, Peru (11° S, 4100 masl),
we have developed a simple C mass balance model that
treats the lake as C-limited by low influx of dissolved
bicarbonate. The model can explain both the highly
enriched C isotope values of the sediments and the
strong correlation between O and C isotopes, and is
a good general explanation for co-variation in C and
O other closed lakes. The sediment record from Lake
Junin, Peru, provides an unusual opportunity to recon-
struct tropical climatic variability through the analy-
sis of authigenic lacustrine carbonates. Carbonate-rich
sediments have been accumulating rapidly in the lake
since shortly after deglaciation of the region (Seltzer et
al., 2000). We have made a several hundred measure-
ments of O and C stable isotopes of both authigenic
calcite and ostracods from the lake. During the Late
Glacial, C isotope values are around +8 to + 9 O/oo,
and at around 12 ka increase to between + 13 to +
15 ©/50 until around 8 ka. From 8 ka to about 3 ky
BP, C isotope values decreases to a low of +3 /g0,
then increases again to around + 8 ©/5,. Throughout
the core, the C isotope values very closely track oxy-
gen isotope values (r2 = 0.9). Carbon isotope ratios
of lacustrine carbonates are often interpreted in terms
of changes in lake productivity, yet organic C concen-
trations and accumulation rates in lake Junin are rela-
tively constant and are not correlated to carbonate C
isotope values. A C isotope mass balance model for the
lake suggests that the C isotope values are instead con-
trolled by the flux of bicarbonate to the lake from sur-
face inflow, which controls the degree of drawdown of
dissolved COg. The model treats the dissolved COq as
susceptible to isotopic enrichment through a Rayleigh
fractionation process as the light isotope is lost to or-
ganic matter.
solved carbon is driven not by changes in organic C
burial, however, but by variation in the rate of resup-
ply of bicarbonate. Wetter climate conditions result in
both lower O isotope ratios because a smaller fraction
of water lost is to evaporation, and lower C isotope ra-
tios because of an increased flux of dissolved inorganic
C.

Variation in the isotopic ratio of dis-
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Two ice cores studies have been carried out in Bo-
livia (Sajama and Illimani) for the last few years. Al-
though the long term trend of water stable isotopes
records clearly reflect well known periods (deglaciation,
period associated to the Younger Dryas cooling in the
North Atlantic sector, Holocene optimum), the inter-
pretation in terms of climate changes is difficult be-
cause of the complexity of the hydrological cycle in the
tropics and subtropics (cloud convection, recycling over
Amazonia, partial evaporation of droplets at the based
of the cloud). Indeed, a remarkable common signal has
been pointed out from deuterium records over the last
century and the interpretation of such a signal is cur-
rently discussed in terms of precipitation amount vari-
ations. To better understand the seasonal isotopic sig-
nal recorded in those ice cores, we need to calibrate the
isotope content of precipitation regarding local and/or
regional and/or source meteorological parameters. In
this context, a network sampling either each event of
precipitation or monthly precipitation has been set up
for more than 4 years in Bolivia. We present here anal-
yses for both deuterium and deuterium excess regarding
local meteorological data, reanalysis, satellite data and
atmospheric general circulation model outputs.
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There are very few complete terrestrial, Holocene
paleoclimate records from coastal southwestern North
America. Lake Elsinore, located 120km southeast of
Los Angeles, represents one of the only natural, non-
playa lakes in the region. Furthermore, it is well doc-
umented that coastal southwestern North America is
highly sensitive to changes in atmospheric circulation
and its affect on regional hydrodynamics. As shown
by Kirby et al. (in press), modern lake levels at Lake
Elsinore respond directly to total annual precipitation,
particularly winter season amounts. The lake is also
located along the eastern Pacific Ocean where changes
in ocean circulation and its thermal structure modu-
late the overlying atmosphere, and thus the adjacent
continental climate. Here, we present two 7 meter sed-
iment core records from Lake Elsinore spanning the en-
tire Holocene. Although the cores are from the lake’s
littoral zone, they show surprisingly complete records
with very little lithologic evidence for major hiatuses.
A combination of sedimentological analyses (e.g., mass
magnetic susceptibility (CHI); total percent carbonate;
total organic matter) and lithologic descriptions pro-
vide insight to lake dynamics over the Holocene. Using
the historical calibration between magnetic susceptibil-
ity and relative lake level (i.e., high lake levels = high
CHI values and vice versa) from Kirby et al. (in press),
we developed a first-order estimate of Holocene rela-
tive lake levels for Lake Elsinore. The historic calibra-
tion is extrapolated through the sediment record based
on the assumption that, like today, first order lake
level change is directly related to precipitation amount.
Both total percent carbonate and total organic matter
support our historical calibration between CHI and lake
level. Our data suggest a relative increase in lake lev-
els during the mid-Holocene (ca. 8,000 cal yr BP) and
through to the present day. From this observation, we
hypothesize that regional hydrology as linked to precip-
itation became more vigorous during the mid-Holocene
(i.e., an increase in winter precipitation via an increase
in the passage of winter cyclones). Because precip-
itation amount in coastal southwestern North Amer-
ica is so closely linked to ENSO variability, we fur-
ther suggest that our observations support the hypoth-
esis that modern ENSO variability and conditions de-
veloped during the mid-Holocene. This statement is
in concert with recent findings from South America
and the western Pacific that suggest a mid-Holocene
onset of modern ENSO conditions. Our results are
also supported by the recently published isotope data
from Santa Barbara Basin (Friddell et al., 2003), which
indicate an increase in more frequent “warm” ENSO
events during the mid-Holocene. Our findings add to
the growing number of terrestrial archives that docu-
ment ENSO related Holocene variability and its timing
of onset.
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In the northwestern Pacific Ocean, the Kuroshio
Current is a main component of subtropical circula-
tion and heat transfer under the monsoon and ENSO
system. The Ryukyu Arc region, especially the Ok-
inawa Trough, is a key area for studying past vari-
ability of the Kuroshio since it is the area where the
current becomes strong after diverging from the North
Equatorial Current. In this area, Ujiie et al. (2003)
reconstructed time-space changes in the surface water
masses after 20 ka based on planktonic foraminiferal
assemblage of 15 piston core samples. The fluctuations

of the most characteristic species of the Kuroshio Wa-
ter, which is the Pulleniatina group, represent that the
effect of the Kuroshio Current diminished twice dur-
ing the LGM and late Holocene, from 4.5 to 3 ka,
respectively. BEspecially, the latter event (Pulleniatina
minimum event; PME) has no cooling signal, although
other water masses extended over the Ryukyu Arc re-
gion. This study focuses on the vertical fluctuations
of the Kuroshio Current in the water column, compar-
ing the fluctuations of 5180 and 613C between sur-
face and sub-surface habitual species in 5 piston core
samples. During the PME, the 6180 curves of Pulleni-
atina obliquiloculata and Neogloboquadrina dutertrei, which
are living in sub-surface water near the thermocline,
indicate heavy values, although sea surface tempera-
ture estimated by 6180 of Globigerinoides sacculifer and
planktonic foraminiferal assemblage has no change. At
the same period, the differences of 513C between P.
obliquiloculata and G. sacculifer becomes small. According
to the decrease of the abundance of the Kuroshio Water
species during the PME, the transport of the Kuroshio
Current tends to decrease and then the thermocline
is shallower in the Okinawa Trough. At present, the
transport of the Kuroshio Current decreases, when the
North Equatorial Current bifurcate is at northernmost
position prior to the El Nifio. Impacts of the PME have
been recognized outside of the Ryukyu Arc region in-
cluding the South China Sea and probably within the
equatorial Pacific Ocean. Therefore, the PME is likely
a response to a broad scale oceanographic-climatic pro-
cess of the subtropical and tropical circulation.
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How have the changes in the Earth’s orbit have
driven glacial-interglacial climate changes? Recently, a
new hypothesis has been proposed that the tropical Pa-
cific ocean-atmosphere interactions have a strong influ-
ence on global climate changes on an orbital timescale
(Cane, 1998; Clement et al., 1999; Lea et al., 2000).
Nevertheless, the orbital-scale changes in the tropical
interactions are less clear, and their impacts on a global
climate have not yet been proven. Our study was aimed
at understanding whether or not and how the long-
term tropical El Nifio-Southern Oscillation (ENSO)-
like variability has a global impact on orbital-scale cli-
mate changes. We generated continuous records of the
alkenone sea surface temperature (SST) at the west-
ern and eastern margins of the mid-latitude North Pa-
cific (MD012421 and ODP1014) during the last 145,000
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years. We found that the difference between the SSTs
of the NE and NW Pacific margins (ASST) reflected an
orbital-controlled ENSO-like variability, and the ASST
can be used as an indication of the long-term ENSO.
The variation of ASST was large and pronounced at
the 23-kyr cycle during 0-60 ka (MIS-1 to MIS-3) and
120-145 ka (MIS-5e to MIS-6), which agreed well with
the long-term ENSO behavior predicted by the Zebiak-
Cane ENSO model (Clement et al., 1999), as regards
both the timing and frequency. In contrast, the varia-
tion was relatively small and pronounced at the 41-kyr
cycle during 60-120 ka (MIS-4 to MIS-5d), which dis-
agreed with the model prediction. Our observation also
demonstrated that a strongly El Nino-like SST pattern
prevailed in the mid-latitude North Pacific during the
last two deglaciations. The synchronous warming of the
Antarctica (Petit et al., 1999) and the tropical Pacific
(Lea, 2000; Koutavas et al., 2002; Visser et al., 2003)
prevailed within these strongly El Nifio-like intervals
during deglaciations. These findings are concordant
with Cane (1998)’s hypothesis that a long-term El Nifio
must have resulted in global heating. Both meridional
heat transport and pCOg increases might have been ac-
celerated under a strongly El Nifo-like condition during
the last two deglaciations. These new findings suggest
that a strongly El Nino-like condition was essential to
the global warming that induced glacial terminations.
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Whether the climate of tropical seas during glacial
periods became cold and dry has been an open de-
bate. Models by different authors proposed the tropical
sea-surface temperature (SST) during the Last Glacial
Maximum (LGM) to be about 2° lower, or 5-6° lower
than present. The controversy partly arise from dis-
parate reconstructions of temperature from stable oxy-
gen isotope archives of marine sediments. In this pa-
per, we provide field evidence of semi-arid or arid cli-
mate during late Cenozoic sea-level lowstands from an
atoll located in central South China Sea near the West-
ern Pacific Warm Pool (WPWP). Lower rainfall and
higher evaporation associated with the dry conditions
might have resulted in less meteoric water component
in the surface sea-water, and this factor should be taken
into considerations in deciphering temperature from
isotopic records. Taiping Islet (Itu Aba), located at
N10° 23’ and E114° 22’ is part of the Nansha (Spratly)
Islands near the northwestern margin of the Western
Pacific Warm Pool. Rock cores of a borehole at Taip-
ing became accessible to the authors in the recent years.
We identified at least four subaerial exposure surfaces
(SES) in the late Cenozoic carbonates. Caliche de-
posits are recognized on each of the four surfaces on the
basis of alveolar texture, micro-rhizolith, caliche glae-
bules and corroded limestone nodules in reddish ma-
trix (terra-rossa). Caliche developed on limestones typ-
ically forms in semi-arid to arid areas with annual pre-
cipitation from about 500 to 1000mm, while the mod-
ern annual rainfall of Nansha Island is 1800-2100mm.
The occurrence of the Nansha caliche suggests the cli-
mate was much drier than present during the sea-level
lowstands represented by the four SES. During the sea-
level falls, reduced surface area of South China Sea with
continental shelves exposed might have resulted in less
moistures in the atmosphere and therefore less precip-
itation and higher evaporation rates. As a result, the
reduced amount of meteoric fresh water in the surface
sea-water may yield heavier oxygen isotopic composi-
tions. We suggest that paleo-SST interpretations based
on oxygen isotope archives in or near South Chine Sea
should take the precipitation factor into consideration.
Previous studies in Southeast Asian land regions and
offshore northern Australia have proposed a scenario
of a drier WPWP during LGM. Our data suggest such
dry condition may not only occur in LGM but also in
the previous glacial periods or sea-level lowstands; may
not only in lands, but also in the central South China
Sea.
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Proxy records indicate that the tropical climate has
experienced substantial changes that appear to coincide
with Dansgaard-Oeschger and glacial-interglacial cli-
mate changes in the northern hemisphere. The source
of the tropical climate variability is debated. To date,
climate models have exhibited a relatively minor tropi-
cal climate response to northern hemisphere extratropi-
cal forcing. To further explore the influence of northern
hemisphere extratropical forcing on tropical climate,
a series of coupled ocean-atmosphere experiments us-
ing the Fast Ocean-Atmosphere Model have been per-
formed to test the influence of the Laurentide Ice Sheet,
and the post-glacial CO2 rise on tropical climate. The
control experiment is a Last Glacial Maximum sim-
ulation (including ice-sheet configuration, orbital pa-
rameters, land surface characteristics, and trace gas
concentrations appropriate for 21k). Two additional
experiments have been conducted, the first with an
11k ice-sheet configuration and the second with an 11k
ice-sheet configuration and 280 ppm CO2. All other
boundary conditions remain constant in these sensi-
tivity experiments. Preliminary model results indicate
that the extratropical forcing has a substantial effect
on tropical climate and the ITCZ. Deglaciation causes
a pronounced (5-10°latitude) northward shift in the
position of the ITCZ. This in turn has an effect on
SST and thermocline structure in the Pacific, leading
to changes in the periodicity and magnitude of inter-
annual and interdecadal variability. The tropical Pa-
cific warms 2-3°C in the LGM simulation compared
to the 11k ice-sheet experiment, whereas a cooling of
10°C in the Southern Ocean, south of Australia, oc-
curs between the same two experiments. Furthermore,
the Asian monsoon appears to be affected by the change
in glacial boundary conditions with stronger convective
precipitation during times of full glaciation. Model re-
sults demonstrate that extratropical forcing may have
caused significant climate changes in the tropics.
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Based on direct measurements of gas trapped in ice
cores, we know that fluctuations in CO2 levels and
glacial periods are highly synchronous. However, we
have no direct means of measuring past temperature,
so we must rely on proxies that correlate with temper-
ature to infer temperature variability through time. A
concerted effort to measure the change in global tem-
perature since the Last Glacial Maximum (LGM) was
undertaken by CLIMAP (1980) who estimated tropical
sea surface temperatures during the LGM to be 1.5°
+ 1.2 C cooler than today. Since the first estimates of
temperature at the LGM, numerous biological, chemi-
cal and physical temperature proxies have been devel-
oped. Estimates of tropical surface cooling at the LGM
from these proxies have varied considerably (O—SOC),
Here we conduct a meta-analysis of proxy estimates to
arrive at an impartial approximation of tropical cool-
ing at the LGM: 3.3° + 2.0 C. This approximation of
tropical surface temperature would suggest a mid-range
climate sensitivity of about 3.5 © C for the anticipated
doubling of CO2. Developing more paleo-temperature
proxies and evaluating existing proxies is critical to our
understanding of how Earth’s temperature responds to
changes in CO2.
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The major factors contributing to Barth’s green-
house effect are discussed along with various quan-
titative methods for determining the greenhouse ef-
fect. Barth’s greenhouse effect has evolved over geo-
logic time scales and continues to evolve. The magni-
tude of Earth’s greenhouse effect is explored for partic-
ular time periods of Earth’s evolution from the Neopro-
terozoic to present. Coupled climate model simulations
for these various time periods are used to estimate the
magnitude of the greenhouse effect. A comparison is
made between the present greenhouse effect and those
of past times. The connection between the greenhouse
effect and Barth’s hydrologic cycle is also discussed. Fi-
nally, a comparison is made of between past greenhouse
effects and that predicted for the end of the twenty-first
century.
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Methane was arguably an important greenhouse gas
during the Archean and early Paleoproterozoic BEras,
prior to the rise of O2 at 2.3 Ga (1,2). Atmospheric
CH4 concentrations of 1000 ppmv or more are pre-
dicted, assuming that methanogenic bacteria evolved
early and that they were widely distributed in the
prevailing anaerobic biosphere (2,3). Indeed, previous
models (1-3) may have underestimated both the con-
centration of CH4 and the greenhouse effect itself at
this time. Knauth and Lowe (4) have used oxygen iso-
topes in cherts to argue that the mean surface temper-
ature at 3.2-3.5 Ga was between 550C and 850C. The
Sun is thought to have been some 23 percent dimmer at
that time (5), so this would have required substantial
greenhouse warming by both CH4 and CO2. Further
constraints are imposed by the formation of hydrocar-
bon haze, and an accompanying ”anti-greenhouse ef-
fect”, if the CH4 concentration exceeds that of CO2
(2). Thus, only certain combinations of CH4 and CO2
are possible. The rise of O2 at 2.3 Ga destabilized the
methane greenhouse, leading to widespread (possibly
global) glaciation (1,6). The next 1.5 billion years were
warm, however, as evidenced by the absence of glacial
deposits and the continuing high temperatures implied
by O isotopes in cherts (7). CH4 levels could have re-
mained relatively high during this time, 20-100 ppmv,
as a consequence of low concentrations of dissolved O2
and sulfate in the deep oceans, and increased recycling
of organic matter by fermentation and methanogenesis
(8,9). An increase in either O2 or dissolved sulfate at
around 0.75 Ga may have once again decreased atmo-
spheric CH4 levels and triggered the widespread Neo-
proterozoic glaciations.
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