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Geochemical analyses of deep water corals have pro-
vided a wealth of data on past ocean circulation and
chemical changes. Information obtained from these car-
bonate precipitating organisms generally reflects am-
bient conditions at the depth of growth. The bam-
boo coral, Isidella sp., belongs to a group of deep wa-
ter Octocorals that live at intermediate ocean depths
(~ 200 — 1500m) and produce a calcite skeleton that
is divided by proteinaceous gorgonin internodes. Be-
cause, the calcite and organic regions of the skeleton
are precipitated simultaneously, their chemistries are
temporally coupled. Stable isotope, radiocarbon and
210p}, data were obtained from several specimens of
Isidella sp. that were collected in fishing dredges from
the outer continental shelf near Pt. Reyes, CA (38°N
123.4°W ~220 m). 210Pb analyses on one of the speci-
mens suggests the coral was 15-80 years old. §13C and
5180 data from the calcite skeleton display the typi-
cal nonequilibrium covariation that has been described
previously, thereby limiting the use of these data in
reconstructing environmental temperatures. Although
s13¢ analyses of the organic internodes produced typi-
cal marine values of —16.940.1° /4 (n=17), 515N val-
ues were unusually high, 13.8 £ 0.4°/,,. Because the
internode geochemistry records the organic chemistry
of sinking particulate matter ingested by the coral, the
enriched 615N data reflect the chemistry of local up-
welled NO3 that was strongly influenced by subsurface
denitrification. AMS analyses of the center and outer
edge of the skeleton (branch diameter = 2.2 cm) and ad-
jacent organic internodes (growth proceeds from center
outwards) yield 14C ages of 2065 and 2000£35 years
for the calcite (A14C = -226.4 and -220.3°/,,) and
785 and 765+35 years for the organic node (Al4C = -
93.1 and -90.7° /50 ) respectively. The calcite AMS ages
record the 14C reservoir age of upper N. Pacific ther-
mocline waters whereas the organic data record the sur-
face ocean reservoir age during the corals growth. The
reservoir age difference is ~ 1250 years. Comparison
of these ages with data from a mussel collected along
the Pt. Reyes coast in 1913 (14C age = 710 years; M.
Solomon unpub. data) suggest our coral specimen died
is ~ 80 years ago in agreement with the 210py, data.
These results demonstrate that the bamboo corals are
a valuable archive of intermediate and surface ocean
chemistry and could prove invaluable for reconstruct-
ing combined near surface circulation and intermediate
ocean chemistry changes in the past.
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Intermediate water masses in the North Atlantic
Ocean are affected by strong seasonal mixings but their
variability during climate change is still to be explored.
One of the more suitable tools to record this variabil-
ity are deep-sea corals, because they record continu-
ously sea water parameters in their aragonitic skeleton.
Unfortunately they do not precipitate their skeleton at
isotopic equilibrium with sea-water. The positive linear
regression existing between 6180 and §13C is not cas-
ily interpretable in terms of environmental parameters.
We have used Smith et al. 2000 calibration combined
with Shackleton 1974 paleo-temperature equation to in-
terpret the isotopic signal (C and O) contained in deep-
sea corals. Knowing the value of 513C in seawater we
can determine the corresponding value of 5180 along
the regression line for each coral. This value is then
corrected for the fractionation between aragonite and
calcite and it can be used in the equation established by
Epstein et al. 1953 and later rewritten by Shackleton
1974 to find a temperature. The method has then been
applied to corals (Lophelia pertusa) coming from differ-
ent cores collected in the Porcupine and Rockall banks
at about 750m depth. The sampling was made with a
micro-sampler to take into account the distribution of
isotopes in the different aragonite crystal forms. These
isotopic analysis lead us to a relationship between the
(5180 value of the coral, the (5180 of seawater and the
temperature. As the corals have been dated with the
230‘Th/U method, the different isotopic values can be
placed in a Temperature/Salinity diagram in order to
estimate the relative contribution of the various water
masses in the Porcupine and Rockall banks along time.
This new approach offers the possibility to track inter-
mediate water masses variability.
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Geochemical variations in modern and fossil coral
skeletons (Sr/Ca, Mg/Ca, 6180, §13C) are increasingly
being used to reconstruct climate variability in tropi-
cal ocean-atmosphere system on interannual to centen-
nial timescales. Coral-based climate studies are usu-
ally carried out using a single coral core from a reef,
or a collection of cores covering different time inter-
vals from the same reef site. Cross checking or repli-
cation - the generation of multiple climate time se-
ries from a single locality - is not a standard operat-
ing procedure in coral paleoclimatology because of the
expense of generating additional geochemical time se-
ries. Quantitative assessment of intra-reef geochemical
variability in multiple coral cores from the same reef is
needed to verify the fidelity of climate reconstructions
based on geochemical variations from a single coral.
‘We perform such an assessment using the geochemi-
cal signals derived from two Montastrea annularis corals
(LK1 and LK23) recovered in 2002 from Looe Key reef,
Florida USA (24.5° N, 81.4° W). Looe Key is located
in the central portion of the Florida Keys and has an
hourly in situ seawater temperature record extending
back to 1990. We extended this in situ SST record
further back in time by splicing in HadISST 1.1 data
extracted from the appropriate 1° by 1° grid point.
Paired geochemical measurements of Sr/Ca, 6180 and
513C were made by sampling coral LK1 and LK23
along their respective major growth axes. Geochemi-
cal variations versus depth were converted to monthly
resolved time series extending from 2002-1966. The
two ~37 year coral time series replicate well in terms
of both phasing and mean perspective: (5180 LK1,
-3.9040.28 °/50, lo; LK23, -3.93+0.31 °/40, 1lo),
s13C (LK1, -0.804+0.68 ©/50, 10; LK23, -0.7240.59
°/00, 1o) and Sr/Ca (LK1, 9.208+0.080 mmol/mol,
lo; LK23, 9.2264+0.082 mmol/mol, 10). Coral Sr/Ca-
SST estimates of mean SST over the period 2002-1966
for LK1 (27.2542.00°C) and LK23 (26.7141.80°C)
agree to within 0.3°C of observed mean SST in the
instrumental record (26.94+2.12°C). Coral §180-SST
estimates of mean SST (cf, LK1, 26.83+1.33; LK23,
27.05+1.79) also match well the mean SST of the in-
strumental record. Stacking or averaging the LK1
and LK23 records to create composite Sr/Ca-SST and
5180-SST records improves the estimate of the proxy-
based mean SST relative to the instrumental record.

Month-to-month comparisons between predicted and
observed SST indicate that the maximum misfit for
coral §1%0-SST of ~1°C occurs in March-April and
Aug-Oct; whereas for coral Sr/Ca-SST the maximum
misfit of ~0.5°C peaks in September. In summary,
Sr/Ca and 6180 records from two M. annularis coral
heads from Looe Key, Florida replicate quite well,
which provides confidence that accurate records of cli-
mate variability in the tropical Atlantic can be recon-
structed from this scleractinian coral.
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We measured the O-C and B isotope composition of
deep sea coral (DSC) (Lophelia pertusa) at a micrometre
scale by ion microprobe (SIMS - Secondary Ion Mass
Spectrometry). Coral skeletons are composed of two
different microstructures: (1) centres of calcification
and (2) surrounding fibers. In (Lophelia pertusa) cen-
tres of calcification are arranged in lines of centres of
calcification (LCC), large enough (50 microns) to be
measured using the SIMS technique. Our results show
clear patterns between the LCC and the surrounding fi-
bres. LCC have a restricted range of variation in §180
(-2.8 + 0.3%°/55 (PDB)), a larger range in §13C (-14.3
£0-10.9° /50 (PDB)) and 511 B (24.8 to 35.8°/4,) with
most of the values at 30° /o0 (NBS951). The 511B vari-
ation corresponds to a pH variation of 1 unit from 8.4 to
9.4. Surrounding skeletal fibres exhibit large isotopic
variation both for O and C and (up to 12°/55), and B
(up to 17°/60). 633C and 6180 are positively corre-
lated. At the lightest 6180 values of the surrounding
fibers, the C and O isotopic composition of the cen-
tres of calcification deviate from this linear trend. The
variation of 6180 at a micrometre scale is probably the
result of two processes: (1) an isotopic equilibrium cal-
cification with at least 1 pH unit variation in the calci-
fication fluid at the site of LCC and (2) a kinetic frac-
tionation. The d13C apparent disequilibrium in Lophe-
lia pertusa may be the result of mixing between depleted
d13C metabolic COg (respiration) and DIC coming di-
rectly from seawater.
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Pre-treatment protocols for coral skeletal stable car-
bon (6130) and oxygen (5180) isotope analyses in-
clude no treatment, bleach (NaOH), hydrogen peroxide
(HOg9), or vacuum roasting prior to analysis. Such
pre-treatments are used to remove organic material
prior to isotopic analyses. Researchers that do not pre-
treat samples argue that such treatments result in non-
linear shifts in coral skeletal §13C and 680 thus in-
creasing the analytical error in the §12C and 6180 val-
ues. Vacuum roasting does cause isotopic shifts and is
no longer practiced. However, both no pre-treatment
and pre-treatment (with either NaOH or HoOg) coral
513C and 6180 values continue to be published in
the literature. In all previous studies of the effects
of NaOH and HoOg pre-treatments on coral s13C and

6180, the samples sizes were typically small and the ex-
act time interval being sampled and compared was not
specifically controlled. Here, we evaluated the effects
of NaOH and H9Og pre-treatments on coral skeletal

513C and 6180 in Pavona clavus and Pavona gigantea from

Trans. AGU, 84(46), Fall Meet. Suppl., Abstract ###H##-##, 2003.



Panama, and Porites compressa from Hawaii. In Panama,
at least five coral fragments from five different colonies
of each species were stained on November 1978 and
April 1979 then collected in November 1979. In Hawaii,
at least five coral fragments from five different colonies
at 1.7 and 7 m depths were stained on 1 September
and 21 November 1996 then collected 2 March 1997.
For each fragment, a bulk skeletal sample was extracted
representing the entire growth interval between the two
stain lines yielding at least 24 mg of material. Sam-
pling between the stain lines ensured that all of the
fragments from a given site and species were sampled
over the same time interval and avoided any potential
contamination from the tissue layer. Eight milligram
subsamples from each fragment were subjected to 24
hours of the following treatments: NaOH, HgOg, Milli-
Q filtered water (control), or no pre-treatment (con-
trol). Each subsample was then rinsed with distilled
water ten times and dried at 60°C for 48 hours prior
to isotopic analysis. In all cases, NaOH pre-treatment
resulted in a statistically significant decrease in coral
skeletal §13¢C compared to the controls. The decreases
in 613C in P. clavus and P. gigantea were twice as large
as in P. compressa. These results did not change with
depth in P. compressa. Thus NaOH pre-treatment makes
coral skeletal 513 C values less reliable and compromises
any comparisons among species. In all cases HyoOg pre-
treatment resulted in decrease in 613C compared to the
controls, though this decrease was not statistically sig-
nificant. Caution should be taken to avoid pre-treating
corals with HyOg in order to minimize any additional
variability in the §13C values of coral samples. In all
cases, NaOH and HoOg pre-treatments did not have
any significant effect on coral skeletal 6180 values rel-
ative to the controls and does not compromise the in-
terpretation of 6180 values from pre-treated coral sam-
ples.
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The aragonite skeleton of the long-live mas-
sive corals, developed all around the tropical belt,
are unique archives to supplement the instrumental
records. It is generally admitted that the oxygen iso-
topic composition is governed by the classical isotopic
thermometer. Recently ion microprobe investigations
proved that at micrometre scale, during a year, the
signal is not linear relative to time and the isotopic
fractionation is mainly due to a kinetic process. Never-
theless, a quasi-equilibrium formula is derived from the
mean annual oxygen isotopic composition for two coral
genera, from annual data series published by Weber and
Woodhead (1972). The kinetic process, revealed by ion
probe data, is confirmed by analysing corals cultured
in 5 controlled temperature conditions: it affects both
oxygen and carbon isotopic partition, the oxygen show-
ing also the quasi-equilibrium fractionation. By per-
forming a stastistical treatment (an empirical orthog-
onal function analysis), on annual oxygen and carbon
isotope time series over at least one hundred years, we
separate the two fractionations from the oxygen sig-
nal. The trend showed by the quasi-equilibrium signal
from the beginning of the XXth century is mainly due
SST increase and it appears that when the SST changes
linked with an El Nino event are reduced, the interan-
nual fluctuations are essentially related to precipita-
tion changes, revealing an unexpected abrupt shift of
El Nino consequence between 1924 and 1931.
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Alkenone Temperature Record for the
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Pacific Ocean
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The global climate system has varied much over geo-
logic time with continuous oscillations between glacial
(cool) and interglacial (warm) states. The focus of our
work is on the Ocean Drilling Program (ODP) Site
847 ( 0o 11.593’N, 950 19.227'W, water depth: 3334
m) located in the eastern equatorial Pacific Ocean
west of the Galapagos Islands. Sea surface tempera-
ture at this site is influenced by the westward-flowing
South Equatorial Current and equatorial divergent

upwelling. Previous work has shown that the tropics
may play a direct role in triggering changes in the
global climate system. Changes in the solar energy
budget due to orbital parameter changes have an in-
fluence on glacial/interglacial cycles, but paleorecords
have shown that other processes and feedbacks in the
atmosphere-ocean system play a large role as well. We
use the alkenone proxy to reconstruct a high-resolution
record (at 2000 years between samples) of past SST
and compare it with other proxies ( 4180, CaCO3
accumulation, organic matter accumulation) to better
understand the changes in climate and ocean condi-
tions on sub-Milankovitch to Milankovitch timescales
from 0-500 kyr in the eastern tropical Pacific. Over
the last 500 kyr, SSTs have varied from 21.2 oC to
26.5 oC reflecting changes in climate related to the
glacial /interglacial states. Glacial/interglacial cycles
in the record occur with 100,000 year periodicity as
seen in other records such as the benthic 4180 record
from ODP Site 846 ( 30 5.696’S, 900 49.078'W, water
depth: 3295 m). Comparing the SST changes with
measurements from other proxies helps to discriminate
between changes in the upwelling conditions that af-
fect productivity and changes in advection of water
to this site. The ODP Site 847 SST and the &180
benthic record covary with each other indicating a
strong teleconnection between climate changes across
the globe. Some events in the 4180 record are not ob-
served in the alkenone record. Clearly there are cases
when changes in ice volume occur independently from
tropical temperature changes, although characterizing
the circumstances under which high and low latitudes
become independent from each other still needs further
study. Further data analysis will need to be done to
rigorously compare our SST record with other more
distant records to have a better understanding of how
the tropics affect changes in higher latitudes and global
climate.
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The Kuroshio Current is a greatest and impor-
tant warm surface current in the North Pacific. The
Kuroshio plays a role of main heat transport from
the tropical ocean to the North Pacific. Therefore,
it is seemed that the historical changes of the path
and intensity of the Kuroshio influenced the climate
changes in the Northwest Pacific and the surrounding
land area. Three sediment cores, MD01-2422, TSK-
1PC, and OTK-2PC were collected from off Shikoku,
Tokara Strait, and southern Okinawa Trough to reveal
the paleoceanographic changes in the Kuroshio flow re-
gion. Age models of the cores are established by AMS
14C dates (calendar ages) of planktonic foraminifera.
At the site of off Shikoku (MDO01-2422), alkenone sea
surface temperatures (SSTs) fluctuated between 21 and
25 degrees C with amplitude of about 4 degrees C dur-
ing the past 30 kyrs. Alkenone SSTs were abruptly in-
creased by about 3.5 degrees C at 17 kyrs B.P. The
rapid warming corresponded to a sharp decrease of
alkenone production. These results indicate that the
surface water at core site was significantly influenced
by the warm and nutrient-poor Kuroshio at 17 kyrs B.P.
The SST differences between the off Shikoku and the
Nishishichitou Ridge (Sawada and Handa, 1998) were
very small during the last glacial maximum (LGM) and
middle Holocene (2-4 kyrs). Lowered SSTs for these
periods in off central Japan and off SW Japan may
have been influenced by a northern-origin cold water
mass. Middle Holocene cooling at off Shikoku may cor-
respond to the so-called Pulleniatina minimum event
(PME) in the East China Sea. On the other hand,
SSTs in off Shikoku were much warmer than eastern
Kuroshio region (Nishishichitou Ridge) during the last
deglaciation, early Holocene, and latest Holocene. The
path of the Kuroshio main flow at the LGM was shifted
southward due to the global cooling based on the dis-
tribution patterns in alkenone SSTs. The intensity of
the Kuroshio was significantly enhanced at the early
Holocene (7-9 kyrs) because the warm surface water
was distributed in the entire area of off central and SW
Japan.
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High productivity and relatively cool tropical tem-
peratures in the upwelling environment of the eastern
equatorial Pacific make alkenone paleothermometry an
attractive method for reconstructing past sea surface
temperatures. However, because of the complex tem-
poral and spatial ocean dynamics in this region, inter-
pretation of alkenone unsaturation data requires care-
ful consideration of production and sedimentation pro-
cesses affecting alkenone delivery and burial in seafloor
sediments. Here we report new results from applica-
tion of this method in four equatorial cores spanning
the last 30,000 years. Results indicate a range of Last
Glacial Maximum cooling between 1 and 3 °C relative
to present, while the timing of deglacial warming is gen-
erally in phase with planktonic 5180 within the reso-
lution of the records. A warming trend through the
Holocene is evident in a site offshore Ecuador, which
supports the idea of a cooler middle Holocene due to
more persistent upwelling and weaker ENSO. Core-top
alkenone SST values are in general warmer than annual
mean modern temperatures, possibly indicating a sea-
sonal production bias or lateral delivery of alkenones
from warmer waters north of the equator. While attest-
ing to the essential robustness of alkenone paleother-
mometry in this region, these results also underscore
the need for more systematic study and evaluation of
this method as a monitor of regional paleoceanographic
change.
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work has demonstrated the variable
dependence of calcium isotope frac-
tionation ((54403) in planktonic foraminifera up to
0.24°/50°C~ 1. While the majority of this work has
focused on cultured samples and plankton tows, there
have been no detailed studies of core-top sediments.
Here we present the results of 5%%Ca (44Ca/42Ca)
measurements made via MC-ICP-MS on ten species
of planktonic foraminifera (spinose and non-spinose)
from a suite of marine box-core surface samples, taken
from sites between 61°S and 29°N with SST from 8
to 28°C. The §**Ca-temperature relationship seen for
all but three of the species was parallel to, but off-
set from, inorganic aragonite equilibrium by +0.15 to
40.20° /50, and was assumed to represent calcite equi-
librium. In contrast to the results of previous studies,
which found a much greater degree of temperature de-
pendence on Ca isotope fractionation by Globigerinella
sacculifer, Neogloboquadrina pachyderma (d) and Globigeri-
noides ruber than for other species, the core-top spec-
imens of these three species showed the same 544 ca-
temperature relationship as the other foraminifera. In
general, values for Globorotalia inflata, Globorotalia truncat-
wulinoides and Globigerina bulloides, were offset from calcite

Previous
temperature

equilibrium to more positive §%4Ca. The magnitude
of this disequilibrium in some species may be as high
as +0.70° /o0, e.g. G. bulloides. Disequilibrium seems
to be limited to deep-dwelling species and cold-water
sites (<~12°C), and this may be tied to an increase in
calcification rate at lower depths, initiated by the in-
creasing [CO327], and causing further depletion of Ca
in a closed Ca pool. Alternatively, it may be due to the
addition of a later calcite crust. No difference in the
magnitude of Ca isotope fractionation was observed be-
tween species bearing photosymbionts and those with-
out them.
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Mg/Ca in planktonic foraminifera tests is now well
established as a temperature proxy for surface and
near-surface waters. Yet work remains to be carried
out to define the post-depositional processes affecting
foraminiferal Mg/Ca after water-column production.
The advantage of Mg/Ca over other paleotemperature
proxies is that it can be coupled with 5180 measured
on the same foraminiferal sample so as to determine
seawater 5180, We present results of a study of the ef-
fect of dissolution on both Mg/Ca and 5180 of several
planktonic foraminiferal species along a depth transect
(~ 450-4000 m) off Somalia, spanning the lysocline at
~ 2000 m. The planktonic foraminiferal species, Glo-
bigerinoides ruber, Globigerina bulloides, Globigerinoides sac-
culifer and Neogloboquadrina dutertrei were analysed for av-
erage shell mass, Mg/Ca, Sr/Ca, 6180 and §13C from
core-top samples from 250-300 pm size fraction from a
depth transect off Somalia (water depth range for sam-
ples: ~ 450-4000 m). The average shell mass decreases
by 10 % in G. ruber, 19 % in N. dutertrei, 29 % in G.
bulloides and 37 % in G. sacculifer below the lysocline.
N. dutertrei is the only species which shows a significant
decrease in both §180 (from -0.61 to -0.25 °/4,) and
Mg/Ca (from 2.57 4 0.47 to 1.10 mmol/mol). Only a
small decrease in Mg/Ca is found in G. sacculifer (from
3.50 £ 0.07 to 3.08 mmol/mol), G. bulloides (from 4.84
+ 0.20 to 4.39 mmol/mol) and G. ruber (from 4.49 +
0.24 to 4.17 mmol/mol) below the lysocline. The 5180
and Mg/Ca of G. ruber are least affected by dissolution
and hence is the most useful species for surface water
temperature reconstructions at this site. Data from the
water column and the sediment record for G. ruber and
N. dutertrei will serve to quantify the fate of shell mass,
5180 and Mg/Ca proxies from production to preserva-
tion.

URL: http://www.geo.vu.nl/users/pal/staff/palj.htm

PP11A-0205 0830h POSTER

Glacial-Interglacial Change in Seawater
Carbonate Chemistry Inferred From
Foraminiferal Mg/Ca

Mary Jane Coombs? (coombs@umail.ucsb.edu)
Jennifer S Fehrenbacher? (jsfl@uchicago.edu)
David W Leal (lea@geol.ucsb.edu)

Pamela A Martin? (pmartin@uchicago.edu)

lUniversity of California, Department of Geological
Sciences, Santa Barbara, CA 93106, United States

2The University of Chicago, Department of Geo-
physical Sciences 5734 S. Ellis Avenue, HGS 421,
Chicago, IL 60637, United States

Carbonate ion concentration, which is associated
with both the concentration of dissolved COg in and
pH of seawater, can be used to infer changes in the
carbon cycle and ocean circulation over time. Re-
cent studies have presented reconstructions of glacial-
interglacial deep-water carbonate chemistry changes
using shell thickness (Broecker and Clark; 2001, 2003)
and foraminiferal assemblages (Anderson and Archer,
2002); however, these independent proxies yield con-
flicting views of glacial seawater chemistry. We ex-
plore an alternative method of quantifying variation
in carbonate ion concentration of seawater over time
using changes in planktonic foraminiferal shell chem-
istry. Many studies have shown the utility of planktonic
foraminiferal Mg/Ca analysis as a paleotemperature
indicator; detailed core-top studies demonstrate that
Mg/Ca is also sensitive to shell dissolution. Dekens
et al. (2002) have quantified the relation between
Mg/Ca, water depth, and dissolution for several species
of planktonic foraminifera. Here, we use new Mg/Ca
data from a set of cores from the Ontong Java Plateau,
western equatorial Pacific Ocean (1.6 - 4.0 km), a set
of cores from Ceara Rise, western equatorial Atlantic
Ocean (2.8 - 4.0 km), and core-top calibrations defined
by Dekens et al. (2002) to quantify temporal changes in
carbonate ion concentration of seawater. By applying
Mg/Ca calibrations to the shallowest core from each
region, we infer sea surface temperature. Differences
in Mg/Ca between the shallowest and deeper cores in

each region should reflect differences in preservation,
indicating differences in deep-water carbonate chem-
istry. Preliminary Mg/Ca results from the Pacific re-
veal changes in both sea-surface temperature and disso-
lution between the Last Glacial Maximum (LGM) and
the Holocene. Mg/Ca temperatures reconstructed from
G. ruber reveal ~3 °C lower temperature during the
LGM, consistent with previous results from the region
(Lea et al., 2000). Smaller planktonic Mg/Ca differ-
ences between the shallow (1.6 km) and deep (3.4 km)
Pacific cores during the LGM imply better preservation
and therefore higher deep-water carbonate ion concen-
tration (~20 pmol/kg higher). These preliminary G.
ruber results are consistent with the results of Broecker
and Clark (2001); however, reconstructions of the car-
bonate ion gradient using a second species, G. sacculifer,
imply opposite changes. These differences may reflect
the different depth habitats of the two species.
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Reconstructions of the strength of the Indian Mon-

soon using marine sediments have historically relied
on the percentage of the planktonic foraminifer Glo-
bigerina bulloides, which ideally records the strength of
monsoon—induced upwelling in the Arabian Sea. While
extremely useful, it is unclear whether subtle variations
in G. bulloides abundance can be quantitatively linked to
subtle changes in the monsoon. For example, G. bulloides
abundances saturate above ~35-40%, which suggests
potential problems with quantitative interpretations of
this proxy. In this study, we use 22 core—top sed-
iment samples geographically distributed throughout
the Arabian Sea to assess the paleoceanographic poten-
tial of three alternative proxies for monsoon strength:
planktonic foraminiferal Mg/Ca, leaf wax n-—alkanoic
acid concentrations and leaf wax §13C. Strong up-
welling along the Oman Margin during the Indian sum-
mer monsoon cools sea surface temperatures (SSTs)
along the coast of Oman by several degress relative
to the non—upwelling season and to non-upwelling ar-
eas. Because the Mg/Ca ratio of foraminiferal shells is
temperature dependent, this proxy may provide a more
rigorous estimate of the strength of upwelling than the
abundance of G. bulloides. We also assess the potential
use of long—chain (Cgq-C3g) leaf wax n-alkanoic acids,
derived from terrestrial plants, as indicators of mon-
soon wind strength and direction. Winter and summer
Indian monsoon winds have the potential to deliver leaf
wax n—alkanoic acids to the Arabian Sea from Asia and
Africa, respectively. During the summer monsoon, leaf
waxes should be largely derived from Bthiopia, where
desert grasslands and C4 plants dominate the vegeta-
tion. During the winter monsoon, leaf waxes should
be derived from Asia, where C3 plants are dominant.
Thus, both the concentration of leaf waxes and their
carbon isotopic composition should yield information
regarding the sources of these compounds to sediments.
In addition to presenting modern (i.e. core-top) data,
we will discuss the utility of planktonic foraminiferal
Mg/Ca and leaf wax n—alkanoic acids as potential indi-
cators of monsoon strength in the past.
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We have used a MC-ICP-MS to measure the isotopic
composition of magnesium in a number of samples of
modern marine carbonate. Due to the large mass dif-
ference between 26Mg and 24Mg (similar to that be-
tween 13C and 12C), there is potential for mass frac-
tionation during geologic and biologic processes that

may make this isotope system useful for geochemical
studies. These samples are from the study of Hemming
and Hanson (1992, GCA 56: 537-543). The carbon-
ate minerals analyzed include aragonite, low-Mg cal-
cite, and high-Mg calcite. The samples include corals,
echinoderms, ooids, etc., from subtropical to Antarc-
tic settings. Mg purification was accomplished by ion-
exchange chromatography, using Bio-Rad AG50W-X12
resin on which greater than 99 percent recovery of Mg is
achieved. Samples were introduced into the MC-ICP-
MS (VG Axiom) using a Cetac MCN-6000 nebuliser.
We use a standard-sample-standard bracketing tech-
nique, and samples are analysed at least three times.
For lab standards we find that the reproducibility on
the 26Mg/24Mg to be about + 0.12 permil (2 s.d.).
We monitored our separated samples for Na and Ca,
as we have found that high Ca/Mg and Na/Mg pro-
duce variable magnesium isotopic fractionation during
ma:

spectrometry due to as yet unclear matrix ef-
fects. We have normalized our results to our mea-
sured values for seawater. We observed a d26Mg(s.w.)
range of -1.4 to -2.4 permil in our modern carbonate
samples relative to present day seawater. Due to the
long residence time of Mg in the oceans (ca. 50 my),
this must be due to kinetic or biologic effects. Our
d25Mg(s.w.) variations as a function of d26Mg(s.w.)
plot along the terrestrial fractionation trend. With an
average d26Mg(s.w.) of ca. +0.5 permil in all samples
of mantle lithologies and mantle-derived igneous rocks
(Bizzarro et al., Goldschmidt abs., 2003), we can as-
sume that the Mg isotopic composition of Barth’s river
water lies between ca. -2.4 and 40.5 permil (relative to
seawater). The actual value will vary according to the
d26Mg of provenance carbonates and silicic crust, and
the relative rates of chemical weathering and physical
denudation. It is unlikely therefore that the Mg iso-
topic composition of seawater has remained constant
through time.
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Since the mid-1990s foraminiferal Mg/Ca studies
have been growing more important for paleo-seawater
reconstructions. A distinct advantage of the Mg/Ca
method is the opportunity to reconstruct temperature
and salinity of seawater from the same medium, by
paired measurements of Mg/Ca and §180. Calibrations
of Mg/Ca ratio against temperature are reasonably
well-constrained for temperatures above 10° C but are
less well developed for cooler temperatures, thus limit-
ing the methods applicability to high-latitude studies.
We have developed preliminary calibrations for three
common, arctic, benthic foraminifera (Melonis barleeanus,
Cassidulina mneoteretis, and Islandiella mnorcrossi/helenae)
by using modern, sediment-surface samples from
the Iceland and Greenland margins (spatial bottom-
temperature gradient of 0 — 9° C). We use a set of
surface grab-samples collected from the Iceland mar-
gin (cruise B997) and the Greenland margin (cruise
BS1191). All samples were stained with Rose Ben-
gal upon collection. Both stained and unstained in-
dividuals were used due to a limited number of stained
individuals in the samples. Before analysis each
Mg/Ca sample (60-100 individuals) went through rig-
orous cleaning (Boyle and Keigwin, 1985/1986; Boyle
and Rosenthal,1996).

Of the three species, M. barlecanus showed the greatest
temperature sensitivity and was fitted with an expo-
nential relationship between Mg/Ca and temperature,
while both C. neoteretis and 1. norcrossi/helenae showed
a lower temperature sensitivity and were fitted with a
linear relationship in the range of 0 — 7° C.

To test our new calibrations we have reconstructed a
2000-yr temperature record from a well studied and
dated core (MD99-2269) from the NW-Iceland shelf.
Where available all three benthic species were ana-
lyzed.
content, oxygen isotope, diatom and coccolith temper-

We compare our reconstructions to carbonate

ature and environmental reconstructions from the same
core. During this interval in the core we expect to see
climate signals from the Little Ice Age and the Medieval
Warm Period.

Cite abstracts as: Fos. Trans. AGU, 84(46), Fall Meet. Suppl., Abstract #####-#7, 2003.
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The quest to understand the marine controls over

atmospheric carbon dioxide has led paleoceanographers
to seek reliable reconstructions of past seawater car-
bonate chemistry. Laboratory culture experiments have
shown that the uranium/calcium ratio of planktonic
foraminifera (O. wuniversa and G. bulloides) is sensitive
to changes in seawater carbonate ion concentration,
decreasing by 28% per 100 pmol kg71 increase in
[CO327]. However, the application of U/Ca as a proxy
for carbonate ion has been limited by its apparent asso-
ciation with a diagenetic manganese-rich phase in many
cores. Here we present a U/Ca profile from ODP999A
in the Caribbean over the last 140 kyr, showing that
U/Ca in G. ruber covaries with pCOg from the Vostok
ice core, consistent with a primary signal controlled by
variations in surface-water [CO327]. The U/Ca record
from ODP999A is similar to shorter records from two
other Caribbean cores (G. ruber VM28-122 and G. sac-
culifer in CP6001-4), in spite of striking differences in
their Mn/Ca records, suggesting that Mn-rich phases
are not the dominant control over U/Ca in these cores.
When U/Ca from ODP999A is corrected for covari-
ation with Mn/Ca, its correspondence with the Vos-
tok COg record improves. We estimated surface-water
pCOy using the ODP999A U/Ca record and SST de-
rived from G. ruber Mg/Ca. Paleosalinities were ob-
tained from Mg/Ca-SST and G. ruber 18O records from
the same core. Finally, we assumed a constant alka-
linity /salinity ratio throughout the past 140 kyr. The
calculated pCOg5 shows maxima during the Holocene
and MIS Stage 5, with glacial (MIS Stage 2) pCOgq
20% lower than Holocene levels. The correspondence
between the Mn-corrected U/Ca record from ODP999A
and the Vostok pCOg record is consistent with a strong
influence of surface-water [CO327 ] over foraminiferal
U/Ca in this core.
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Mg/Ca, Sr/Ca and Ba/Ca in foraminiferal calcite
are important proxies for reconstructing the past hy-
drological properties in the ocean. Paired Mg/Ca and
5180 measurements on single foraminiferal species are
especially of great merit in estimating both tempera-
ture and 6180 in seawater. However, only a paucity
of data is available for the purpose of direct calibra-
tion between seawater and foraminiferal shells compo-
sitions. Several species of planktonic foraminifera (250-
350pum) obtained from the plankton tow and sediment
trap (between 14 Oct. 2000 and 20 Mar. 2002) near
the central ocean basin of the South China Sea (SCS)
were hand picked and cleaned thoroughly for high preci-
sion trace element/calcium ratios determination using a
HR-ICP-MS (Element II, Thermo- Fannigan) installed
at NCKU. The SCS located between Southeast Asia
Continent and Western Pacific Ocean is an ideal place
for assessing the relationships between foraminiferal
shells chemistry and properties of ambient seawater,
because of its distinctive intra-annual variability in T
and S in terms of both the spatial and temporal dis-
tributions. Seawater profile samples were collected us-
ing CTD rosette sampler over the plankton tow and
trap deployment periods. This allows us to examine
if calcite shells reached isotopic equilibrium with sur-
rounding seawater and to calibrate precisely of Mg/Ca
thermometry in foraminiferal shells and other climatic
proxies. The preliminary results indicate: (1) Mg/Ca
of all species show a significant relationship with in-
strumental T calculated from habitat depths of each

species, Mg/Ca = 0.43 exp 0.075 T (r= 0.76). (2) The
Sr/Ca ratios display gradual decreasing trends with
dwelling depth, which are similar to the distributions
in seawater profiles. (3) The Ba/Ca of thermocline-
dwelling species show large variations compared with
other depth dwellers.
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Reliable sea surface temperatures (SST) are cru-
cial to any reconstruction and modeling of past ocean
salinity and density, water column stratification, ther-
mohaline circulation, and ice volume. Currently,
foraminiferal Mg/Ca paleothermometry is widely used
for reconstructing past SST, although modern species-
specific Mg/Ca vs. SST calibrations still suffer from
inconsistencies, and the impact of calcite dissolution
needs still to be better defined. Here, we present
paired Mg/Ca and § 180 data of the spinose mixed
layer dwelling foraminiferal species Globigerinoides ru-
ber and Globigerinoides sacculifer, and the nonspinose
thermocline dwelling Neogloboquadrina dutertrei gathered
from Caribbean and South Atlantic core-top sediments.
Samples cover a wide range of water depths from 1000-
4600 m, thus extending existing data sets to more shal-
low water depths. In particular, the Caribbean study
allows to assess dissolution effects since spatial tem-
perature variations are minimal. Caribbean specimens
of G. ruber have highest Mg/Ca ratios, while Mg/Ca
in G. sacculifer is lower by 10-12%, and N. dutertrei is
even lower by ca. 50%. G. ruber shows a wide range
in Mg/Ca concentrations from 3.6-5.8 mmol/mol, while
the Mg/Ca range in G. sacculifer and N. duterteiis smaller
(1.4 and 1.5 mmol/mol, respectively). § 180 values of
the deep-dwelling N. dutertrei are consistently more pos-
itive than those of the shallow-living G. sacculifer and
G. ruber. All species exhibit stable Mg/Ca ratios down
to species-specific water depth levels. N. dutertrei and
3-3.5 km wa-
ter depth, whereas for G. ruber, Mg is being removed
f rom the tests far above 3 km water depth. The
according § 180 data of all species consistently be-
come more positive with increasing water depth, al-
though the strongest change is seen in tests of G. ru-
ber. From these data it can be noted that G. ruber is
most sensitive to dissolution (up to 15-20% decrease
in foraminiferal test Mg/Ca per km), whereas N. dutrei
is the most resistent (25-30% decrease in Mg/Ca per
km water depth). Our results, therefore, are in con-
trast to previously published data from other ocean ar-
eas. Based on these results we develop species-specific
Mg/Ca vs. SST calibrations for the Caribbean and the
(sub-)tropical Atlantic, which consider the effect of in-
creased dissolution with increased water depth.

G. sacculifer start loosing Mg below ca.
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In the northwest Pacific, the Oyashio Current (low-
temperature, low-salinity) and the Kuroshio Current
(high-temperature, high-salinity) meet each other to-
day at the east coast of Japan, and the Kuroshio-Front
is located offshore Kashima in central Japan. Latitu-
dinal gradient of SST is extremely steep in this region,
and variations of SST and hydrological structure off-
shore Kashima are closely related to the north-south
migration of the Kuroshio-Front. Jlsocalcitc (JISOC)
and Mg/Ca ratios of Globigerina bulloides were analyzed
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from piston core MD012420 (36°04.05’, 141°48.92/,
2101 m), recovered during the IMAGES-WEPAMA
cruise to reconstruct water mass structures offshore
Kashima. Both 6180, and Mg/Ca ratios were mea-
sured from the same samples, then Mg/Ca-based SSTs
were combined with JISOC to estimate past seawater
5180 (6180w) using a élgo—temperature calibration.
Estimated SSTs from the core-top and Last Glacial
Maximum (LGM) are 15.8°C and 6.4° C, respectively.
The calculated §180 are 0.10° /40 for the Holocene av-
erage and 0.66°/,0 for the LGM average. The differ-
ence in calculated 61804, between LGM and Holocene,
0.76° /00, includes both global continental ice volume
change and local §180,, (salinity) changes. Assuming
the amplitude of élgow variation due to glacial ice vol-
ume was 1.0°/40, then the residual, —0.24° /45, must
be due to local élgow (salinity) change. We suggest
that the Kuroshio-Front was located further south and
the influence of the Oyashio Current, constituting low
salinity water, was dominant offshore Kashima during
the LGM.
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Several recent experiments have confirmed early
hypotheses that seawater pH is the dominant fac-
tor in determining the boron isotopic composition of
foraminiferal calcite. Such a proxy for the paleocar-
bonate chemistry of the oceans is extremely useful as
it can potentially provide information concerning the
COgq content of the atmosphere in the past. However,
despite several important studies, boron isotope mea-
surements of foraminifera has yet to become a routine
tool in paleoceanography. Previous foraminiferal stud-
ies have exclusively utilised negative ion thermal ionisa-
tion mass spectrometry (N-TIMS), due to the superior
sensitivity of analysing boron as BO2- ions. However,
because B has only two isotopes, mass bias effects have
been minimised by analysing relatively large samples
(5-100 ng; 30-300 foram tests) coupled with rejection
of up to 30% of analyses. This relatively large sample
size, the requirement of running in triplicate to achieve
acceptable precision, and the necessary rejection of 1
in 3 analyses, has contributed to the limited applica-
tion of this technique to paleoceanographic problems.
In this contribution we present details of a novel To-
tal Evaporation N-TIMS approach that allows the ac-
curate analysis of sub-ng amounts of boron (equating
to less than 10 foraminiferal tests) to a precision of c.
0.5 per mil (2. s.d.). Automatic analysis and a rel-
atively short acquisition period (c.1-2 hours) enable a
large sample through put (12-20 analyses per day). Ap-
plication of the approach to a number of fundamental
technical problems (e.g. inter- and intra-species iso-
tope variation and the effect of test size), as well as an
investigation into the isotopic composition of plankton
tow and monospecific benthic foraminifera will also be
presented.
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The temporal record of the lithium isotopic com-
position of seawater has the potential to provide an
important proxy of the relative rates of weathering
and hydrothermal processes. One of the most power-
ful types of evidence for changes in ocean chemistry
comes from analyses of foraminiferal calcium carbon-
ate. Here, we explore the utility of foraminifera as
recorders of the Li isotopic composition of seawater.

Cite abstracts as: Fos. Trans. AGU, 84(46), Fall Meet. Suppl., Abstract ####H#-##, 2003.
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The Li isotopic composition of foraminifera tests has
been determined by multicollector inductively coupled
plasma mass spectrometry (Nu Instruments) using a
sample-standard bracketing technique. The external
precision of this technique is + 0.3 © /50 (20), based on
fifteen analyses of seawater over a period of 9 months.
Planktonic foraminifera (~10 mg) have been picked
from surface sediments of the equatorial Pacific and
the North Atlantic. Samples from the equatorial Pa-
cific are Holocene/Pleistocene in age; those from the
North Atlantic are from the Holocene. The foraminifera
were subject to; cleaning in methanol and water, oxi-
dation (hydrogen peroxide and sodium hydroxide), and
leaching in weak acid (0.001M nitric acid). Additional
reductive and refractory-phase cleaning steps (respec-
tively, hydrous hydrazine/ammonia and DTPA solu-
tions) had no effect on §7Li or Li/Ca. The §7Li value
of the foraminifera ranges from 27 to 31°/0; slightly
lighter than modern-day seawater (31.1 ©/50). Dif-
ferent species have consistently different &7 Li values;
O. universa have §'Li values within error of seawater,
while Gr. truncatulinoides record the lightest 57 Li (27.1+
0.3°/00)-
cific vital effects on foraminiferal §7Li. Samples of
the same species from different latitudes in the North

This indicates that there are species spe-

Atlantic have the same 67Li, suggesting that there
is no temperature effect on foraminiferal 6‘Li. Fur-
thermore, with the exception of G. sacculifer, there ap-
pears to be no variability in foraminiferal §7Li with
test size. Similarly to foraminiferal (57Li, foraminiferal
Li/Ca varies between different species. Foraminifera
with lower Li/Ca generally have higher 67Li, suggest-
ing that species specific vital effects are due to differ-
ences in calcite precipitation rates; i.e. there is a ki-
netic control on foraminiferal Li/Ca and §7Li. 0. uni-
versa have lowest Li/Ca (and highest 57Li), suggesting
that the bulk of their calcite is laid down in a more
open system.
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The presence of hematite-stained ice-rafted debris
(IRD) in the Irminger Basin reflects the discharge of
debris-laden icebergs from the east central coast of
Greenland and possibly Svalbard. In a comprehensive
paleoceanographic study of a 630-kyr Irminger Basin
sediment record recovered from ODP site 919, it was
found that typically 20-40 percent of all the lithic
(non-volcanic) grains of the coarse sand fraction were
hematite-stained. Modern values for this area do not
exceed 15 percent hematite-stained grains, and nearly
all modern values greater than 15 percent are in the
Greenland-Iceland Sea. This indicates that the mod-
ern discharge of icebergs from northern redbed regions
to the Irminger Sea is anomalously low, compared to
conditions during the last 630 kyr. Spectral and cross-
spectral analyses of the site 919 sediment accumulation
record were performed using the SPECTRUM program.
Statistical results include recognition of 123, 91, 19 and
8-kyr dominant periodicities in the abundance record of
hematite-stained IRD. These results indicate that both
orbital and sub-orbital forces influenced east Greenland
ice-rafting since 630 ka. The 19-kyr period of hematite-
stained IRD accumulation lags the 19-kyr period in the
Site 919 oxygen isotope record by 3.2 kyr (4 /- 1.6 kyr),
suggesting that there was a persistent delay in the re-
sponse of east Greenland ice sheets to changing global
climates in the Pleistocene. In addition, the presence
of the 8-kyr period suggests that Heinrich-type events
may have been a characteristic feature not only of the
last glacial cycle but of the Pleistocene in general.
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Predominant late Pleistocene (0-0.6 Ma) 100-kyr cy-

cles occurring in paeloclimatic records has been a major
challenge to the orbital theory of climate change. By
applying wavelet analysis to two Pleistocene sea surface
temperature (SST) records, the onset and dominance of
100-kyr cycles were found to coincide with the reduc-
tion in amplitude of the 41-kyr cycles in SST records at
about 0.6 Ma. Also the late-Pleistocene 100-kyr cycles
were evolving toward longer periods to the present, sug-
gesting the nonexistence of direct orbital forcing from
eccentricity. The occurrence of strong power at both 41
and 80-kyr bands at the transitional stage (1.2-0.8 Ma)
indicates a nonlinear climatic response to the orbital
obliquity forcing. The apparent trade-off between 100
and 41-kyr power and the absence of significant preces-
sion power lead us to speculate that the 100-kyr period
could be regarded as a pseudo’ cycle, which actually
could be a blending of two and three obliquity cycles.
The spectral evolution of Pleistocene glacial and inter-
glacial changes is thus interpreted as the development
of nonlinearity in the climate system in the mid- and
late Pleistocene, which acts on the primary obliquity
response. This nonlinearity is associated with the cli-
mate responses to weak northern hemisphere summer
insolation maxima, arising from the combined varia-
tions of all three orbital parameters.
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Numerous investigations suggest that the subpolar
ocean has experienced considerable variability in sea
surface temperature (SST) associated with iceberg dis-
charge events during the last glacial-interglacial cycle
but, at present, little is known about the significance
or amplitude of SST climatic fluctuations in previous
glacial-interglacial cycles.
of detailed palaecoenvironmental measurements span-
ning the last 3 glacial periods from cores SU90-03 and
MD99-2253, recovered from the northern margin of the
subtropical gyre and the subpolar gyre respectively.
The chronology for the cores are derived from ¢
dates and 6180 measurements made on the foraminifers
Globigerina bulloides, Cibicidoides wuellerstorfi and Uvigerina
spp. Past SST conditions were estimated from compo-
sitional changes in the planktonic foraminiferal assem-
blages and compared to a history of ice rafted detri-
tus (IRD) input provided by counts of lithic particles.
The impact of the northward surface transfer of heat
on the return flow of North Atlantic Deep Water are

We have generated a suite

evaluated from benthic 6'3C measurements. A series
of IRD depositional events are documented throughout
the length of both cores, with most intervals of en-
hanced IRD input readily recognisable at both 40°N
and 56°N. In general, short-term coolings appear to
match the pattern of IRD variations. However, a ma-
jor amplification of the IRD signal and an increase in
the frequency of IRD events appears to have occurred
during the last glacial period compared to the previ-
ous glacials. This pattern is matched to a large extent
by the characteristics of the palaeotemperature records
through MIS 8, 6, and 4-2. Well-defined millennial-
scale fluctuations in surface water temperatures are less
frequent during MIS 6 and the amplitude of SST vari-
ability during MIS 8 appears to be of a lesser magnitude
(83 —4°C) compared to the last glacial period (6 —8°C)
at the southern site. Significant differences are also
evident when comparing SST variability and patterns
of IRD variation through MIS 7 and 5 and the last 3
deglacial transitions. Results from these North Atlantic
cores reveal a complex pattern resulting from differ-
ences in the timing and the strength of mid latitude
temperature gradients which accompanied the phases of
ice sheet growth and decay over the last 300,000 years.
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Geological evidence for periodical low oxygen bot-
tom water conditions in the Mediterranean is known
since the early sixties. Sediment layers deposited dur-
ing these conditions are enriched in organic matter and
known as sapropels. After more than 40 years of inten-
sive study, controversies still exist over the mechanisms
of their formation. Whereas some authors believe the
water column to have been anoxic, possibly even into
the photic zone, others argue that only the sediment
water interface may have been oxygen depleted. Ac-
cording to the latter theory the higher organic carbon
content in sapropelic sediments is attributed primarily
to increased sea surface productivity. The proponents
of the water column disoxia argue that a lower organic
matter degradation rate under oxygen depleted condi-
tions caused the higher organic matter contents. One
of the reasons for this long standing controversy is that
non of the methods used to reconstruct the paleoenvi-
ronment during sapropel times gives direct information
on what happened in the water column. Proxies used to
reconstruct bottom water conditions are valid only at
the sediment water interface and reconstructed low oxy-
gen concentrations can also be explained by a dysoxic
blanket covering the sea floor. To resolve this issue in-
formation concerning higher parts of the water column
is needed. We present such data for sapropel S5 found
in a core from the Ionian Sea. Ten centimeter from
the base of the sapropel a remarkably well preserved
fish specimen was discovered parallel to the lamination
of the sapropel. The fish specimen was determined as
Myctophum punctatum, a mesopelagic lantern fish, and
still contained both its otholiths. Over the complete
depth interval corresponding to sapropel S5 several
other otoliths of mesopelagic fish species were found.
To reconstruct water column properties before, during
and after the deposition of sapropel S5, we quantified
the trace metals incorporated in the fish otoliths, us-
ing depth resolved Laser Ablation Inductively Coupled
Mass Spectrometry.
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The modern Mediterranean Sea is oligotrophic, yet
its sediment record contains layers of organic-carbon-
rich sapropels at 21 ky (precessional) spacing that im-
ply periods of elevated productivity in the past that
were equivalent to the high rates of modern upwelling
systems. This paradox is resolved by lines of evi-
dence suggesting that the mode of primary productivity
changed from one dominated by algae to one dominated
by photosynthetic bacteria during times of sapropel de-
position. We have made a high-resolution comparison
of the organic carbon and nitrogen isotopic composi-
tions of three sapropels and their background sediments
in a 3-m sequence that covers 1001 to 946 ka. Del 13C
values systematically increase from -25 to -22 per mil
and del 15N values systematically decrease from 5 to
-1 per mil as organic carbon mass accumulation rates
increase. The increase in carbon isotope values mir-
rors the increase in marine productivity indicated by
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the increased mass accumulation rates. The decrease in
nitrogen isotope values implies major contributions of
nitrogen-fixing cyanobacteria to the total productivity.
The precessional minima with which sapropels coincide
were times of wetter climate, which stratified the sur-
face Mediterranean Sea and increased delivery of soil-
derived phosphorus. Cyanobacteria function best when
an amplified oxygen minimum zone extends into the
photic zone, which also enhances recycling of phospho-
rus from detrital organic matter and thereby sustains
nutrient availability. Our high-resolution study reveals
several relatively rapid excursions into and out of the
high-productivity mode, which indicates that sapropel
deposition was a surface-driven phenomenon that did
not require basin-wide stagnation.
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Previous work in the Bering Sea region is difficult
to integrate with data from other parts of the world
because of the low sediment accumulation rates and
low carbonate preservation endemic to the Pacific. In
summer, 2002, we collected new sediment cores from
3 regions of the Bering Sea from the USCGC Healy.
Based on lithologic and isotopic correlation, prelimi-
nary data show that accumulation rates are high (10
to 100 cm/ky). These cores will provide a stratigraphic
and chronologic framework for studying the extent and
timing of climate events in the region over the past
~60 ky. The deglaciation in the Bering Sea was marked
by an abrupt freshening of surface water, as recorded
in planktonic foraminifer and diatom §'80. The origin
of this freshwater is unknown. One possible source is
discharge from the Yukon River, though Alaska is not
thought to have been highly glaciated during the last
glacial maximum. Another possible source is the newly
opened Bering Strait, though the timing of the submer-
gence of the strait is poorly constrained. Today, flow
through the strait is primarily northward, though in
the past, with different boundary conditions, the flow
could have been reversed. All of our Bering Sea cores
contain this deglacial sequence, which is characterized
by high %carbonate, low %opal, and high organic car-
bon, and can be correlated with other cores from the
open North Pacific. In our oxygen minimum zone-depth
cores, this sequence is often laminated, not just during
the deglaciation, but in the early Holocene and episodi-
cally through marine isotope stage 3. This is analogous
to the lamination found in Santa Barbara Basin and the
Gulf of California cores.
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Accurately defining the sea level history of Beringia
since the Last Glacial Maximum has important im-
plications for understanding local paleoclimate data,
paleoceanography of the Arctic Basin, and the tim-
ing of human migration from Asia into North Amer-
ica. However, few constraints exist on the timing of
post-glacial sea level transgression across the former
land bridge. To address this data gap, a new inves-
tigation into the sea level history of Beringia and its
effects on regional paleoclimate and paleoceanography
was launched in the summer of 2002 during a cruise
on the USCGC Healy in the Bering and Chukchi Seas.
A transect of cores were collected across the continen-
tal shelf to record the flooding history associated with
glacial termination after the LGM. Cores from > 60m
modern water depth lack lithologic changes expected
from a marine transgressive sequence. Instead, these
sediments consist primarily of clay and silt, with only
minor amounts of coarser material, reflecting offshore
marine burial. However, abrupt changes in downcore
density suggest that disconformities may exist, with
Holocene and Late-Glacial muds overlying older marine
clays from an earlier sea level high-stand. To confirm
this possibility, three cores were selected for elemental
and isotopic analysis of bulk sedimentary organic mat-
ter. Downcore variations in §13C, §1°N, TOC, and
C/N are being used to determine the relative contribu-
tions of marine and terrigenous organic matter to the
sediments. These geochemical data are useful as indica-
tors of proximity to shoreline, riverine organic matter
delivery and diagenetic alteration. Together with ra-
diocarbon ages from fossil mollusks, these data place
minimum limiting ages on the post-glacial transgres-
sion at multiple water depths on the Chukchi Shelf.
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Marine sediment cores from high resolution basins
on the North Icelandic shelf provide reliably dated
archives of Holocene palaeoceanographic changes in the
vicinity of the Polar Front. The present position of
the Polar Front separates Arctic surface water of the
East Greenland and the East Icelandic currents (Polar
Water) from branches of the North Atlantic Current,
the Irminger Current (Atlantic Water) to the west and
north of Iceland. The area is also within the realm of
the Arctic Front that delineates the maximum extent
of the winter sea ice, which periodically extends from
Greenland to Iceland. The Norwegian Sea Deep Water
replaces the surface and intermediate water masses at
a depth of 300-400 m off North Iceland. The modern
salinity and temperature data from the area show that
the deep water masses may be expected to encroach
into topographic lows and basins on the shelf during
periods of active deep water formation in the Nordic
Seas. Another climatic boundary is represented by
the North Atlantic Atmospheric low-depression track
and the accompanying westerlies across Iceland. The
strong gradients both in the ocean and in the atmo-
sphere make this region extremely sensitive to climatic
changes. The chronology for the North Icelandic shelf
work is based on combined tephrochronology and AMS
14C datings. A marine reservoir correction of 400 years
is generally applied for Holocene datings in the region.
However, recent results from the North Icelandic shelf
show that the reservoir age has not been constant in
the area through Holocene time. Tephrochronology en-
ables us to obtain independent control on radiocarbon
datings from sedimentary records in an oceanographic
boundary region between Atlantic and Arctic water
masses. Icelandic tephra markers can be traced by the
help of chemical analyses from volcanic source regions
into the marine environment. The tephras are histor-
ically dated or dated on terrestrial material. A high-
resolution record (200 cm/kyr), covering the last 1200
years, is dated by the help of nine well-known tephra
marker horisons from volcanic eruptions in Iceland. A
reconstruction of environmental changes, including the
Medieval Warm Period (MWP) and the Little Ice Age
(LIA), is based on sedimentological parameters, ben-
thic and planktonic foraminiferal data, stable isotopes
and diatom-based reconstructions of sea-surface tem-
peratures. Both the summer (SSTs) and the winter
(SSTw) sea-surface temperatures show multidecadal-
to-centennial timescale fluctuations and the magnitude
of fluctuations, from relatively warm to cold periods
is about 1.0-1.5 degrees Celcius. There is a prominent
drop in SSTs at AD 1300 and in both SSTs and SSTw at
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AD 1600. Changes in the sea-surface and bottom wa-
ter environments, including temperature fluctuations,
on the North Icelandic shelf are correlated with the
MWP and the LIA. The timing of the relatively warm
MWP (AD 850-1300) and the cold LIA (AD 1300-1900)
north of Iceland corresponds to that reported in histor-
ical sources from Iceland. It is also in accordance with
climatic changes recorded in Greenland ice cores and
in Europe, as well as the Northern Hemisphere temper-
ature anomaly fluctuations. Palaeoceanographic vari-
ations within the LIA on the North Icelandic shelf is
also similar to the indication of the Iceland Sea Ice In-
dex and other historical sources in Iceland.
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Taiwan is located at the junction point between the
Philippine Sea and Burasian plate, where the Asian
monsoon is supposed as the most important factor in
controlling the regional climate. Due to the high sub-
sidence rate caused by westerly moving thrust sheet,
sedimentary sequences of late Quaternary overlying on
the Tertiary basement in coastal plain are usually over
300 meters.

The isotopic composition of organic carbon has been
reported to preserve the syn-depositional signals for
source identification derived from two major sources,
the terrestrial plants and marine organisms. Bxcept
for the extreme region, the terrestrial plants can be
roughly divided into C3 and C4 plants in modern
world. Since they adopt different photosynthesis pro-
cesses, each of them shows specific §13C values. As lit-
eratures the §13C values of organic matters in marine
sediments are relatively constant in a local area. On the
other hand, the concentrations of total organic carbon
(TOC) preserved in sediments can also reflect the ex-
perienced paleo-environment. For instance, an anoxic
environment, such as a lagoon or marsh will usually
preserve high TOC. Consequently, the elemental abun-
dance and corresponding isotopes of organic carbon are
wildly used as proxies to retrieve sedimentary environ-
ment and vegetation changes. For the purpose of high
resolution, i.e., every 3 to 4m, we sampled cores drilled
in coastal plain of southwestern Taiwan and conducted
carbon isotope analysis to diagnose the detailed envi-
ronmental changes under the major framework-global
change.

As our results, TOC values remain in a relatively stable
and low level when the corresponding 513 ¢ data indi-
cate marine organic source, while the terrestrial source
usually causes undulated TOC. On the other hand,
based on the isotopic data measured in the lower part
of the core, the study area was inundated by sea-water
as a result of the high sea-stand of MIS (marine isotope
stage) 5. Subsequently, the climate turned to drier dur-
ing MIS 2-4, even though there were different durations
and extent from north to south. To the beginning of
the Holocene transgression the northern study area was
still a terrestrial environment dominated by Cy4 plants
when the southern was a shallow marine or lagoon. As
a whole, our results can conclude that the coastal envi-
ronments in southwestern Taiwan were consistent with
major trend of global changes, but local characteristics
were still locally influenced by neotectonics.
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Quaternary shallow-water carbonates, which are of-
ten characterized by high sedimentation rates, can pro-
vide high-resolution records of sea-level fluctuation, cli-
matic change, and oceanographic evolution for tropical
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