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suboxic sediments is well documented, DOC pore wa-
ter gradients have most often been interpreted uniquely
as indicative of a flux of DOC out of the sediments to
the overlying bottom waters [2-5]. This interpretation
stems from our inability to resolve a subsurface DOC
sink from the vertical distribution of sedimentary par-
ticulate organic carbon (POC). This DOC sink, if it
exists, would considerably alter our views of the mech-
anisms that regulate DOC fluxes across the sediment-
water interface as well as their quantification. Sorption
onto authigenic metal oxides may also lead to a molec-
ular and isotopic fractionation of DOC. Furthermore, if
DOC sorption to metal oxides is a reversible proce:

may buffer pore water DOC concentrations and release
to the overlying waters. Oxic surface sediments recov-
ered from the St. Lawrence Estuary and the Saguenay
Fjord were incubated under anaerobic conditions and
extracted with a mild reducing agent to determine the
amount and composition (molecular and isotopic) of
the DOC associated with the authigenic iron and man-
ganese oxides. Preliminary results from the study will
be presented. References: [1] Deflandre et al. (2002)
Geochim. Cosmochim. Acta, 66; 14, 2547-2558. [2]
Alperin et. al., (1999) Geochim. Cosmochim. Acta,
63; 3-4, 427-448. [3] Burdige et al., (1999) Geochim.
Cosmochim. Acta, 63; 10, 507-1515. [4] Holcombe et
al., (2001) Limnol. Oceanogr., 46; 2, 298-308. [5] Pa-
padimitriou et. al. (2002) Mar. Chem., 79, 37-47.
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Inteannual sea surface height variations in the At-
lantic Ocean are examined from 10 years of high-
precision altimeter data in light of simple mechanisms
that describe the ocean response to atmospheric forc-
ing: (1) local steric changes due to surface buoyancy
forcing and a local response to wind stress via ekman
pumping, and (2) baroclinic and barotropic oceanic
adjustment via propagating Rossby waves and quasi-
steady Sverdrup balance respectively. It is shown that
most of the interannual sea level variability is related
to local response to heat fluxes changes (more than 50%
in the eastern North Atlanic). Except in a few places,
a local response to wind stress forcing is less successful
in explaining sea surface height observations. In this
case, it is necessary to consider large scale oceanic ad-
justments: first baroclinic mode forced by wind stress
explain more than 30% of interannual sea level vari-
ations in the eastern North Atlantic or in the South
Atlantic (between 30 and 40 © S) and in the range of
70 % in the latitude band 17-20 °N. A quasi-steady
sverdrup response is also observed betwoen 40 and 45

0S43A-08 1330h POSTER

Multi-Platform Seabed Classification of
Georgia Strait, British Columbia
(Canada)

Liliane Carle! (Icarle@uvic.ca)
Stephen F. Bloomer! (sbloomer@uvic.ca)

Ross N Cl\ap1na1\2 (chapman@uvic.ca)

1C-NIARS, University of Victoria, P.O. Box 3055, Vic-
toria, BC V8W 3P6, Canada

2School of Earth and Ocean Sciences, University of
Victoria, P.O. Box 3055, Victoria, BC V8W 3P6,
Canada

This paper presents the results of a multi-platform
seabed classification in Georgia Strait. This study is
part of an NSERC CRD project to establish a method-
ology to efficiently develop a comprehensive under-
standing of the seabed, based on the integration of the
classification of acoustic data from multiple sonar plat-
forms with suitable auxiliary groundtruth data. Two
different data sets are classified and integrated in this
paper. Classification of the backscatter of Simrad
EM1002 multibeam data generated a high spatial reso-
lution map related to the seafloor geology. Classifica-
tion of high-resolution Huntec seismic lines in the same
area produced a map of the subbottom seabed geol-
ogy that can be compared to the multibeam seafloor

classification map. The main challenge addressed in

this paper is that EM1002 often operates in 3 dis-
crete modes to optimize the quality of the bathymetric
data. Generally these modes are depth related, with a
longer acoustic pulse used in areas where the seafloor
is deeper. For classification purposes, this means that
each mode has to be treated separately, because the
pulse length strongly influences the backscatter statis-
tics. From here, a general multibeam classification was
developed from the 3 separate classification results and
integrated with the seismic classification results.
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Quantitative estimates of past sea-surface temper-
atures (SST’s) based on surface sediment calibration
data sets of planktic foraminifers and modern SST’s
have been widely used in the interpretation and mod-
eling of past climates. One widely used approach, The
Modern Analog Techniques (MAT) relies on comparing
a downcore sample to the Brown University modern
Global Data Base of 1265 seabed samples and choos-
ing either thelO or 5 most similar modern samples us-
ing the squared-chord distance similarity metric. The
SST’s above the best modern analogs are then averaged
to produce the downcore SST estimate. We have cho-
sen a set of 8 modern sea-bed samples from the Global
Data Base with a wide range of foraminiferal compo-
sitions; 3 from the Pacific, 3 from the Atlantic, and
2 from the Indian Ocean and have generated dupli-
cate foraminiferal census counts from sets of 5-6 ran-
dom splits from each of our 8 samples so that we can:
1. compare the degree of similarity between duplicate
samples so that we can evaluate the differences in dis-
similarity values that can be attributed to counting er-
ror and begin to better understand the sensitivity of the
chosen dissimilarity measures to ecologically produced
differences in foraminiferal composition, 2. evaluate
differences in how the duplicate samples choose analogs
from the Global Data Base, and 3. test the sensitivity
of the MAT’s ability to accurately and precisely predict
SST’s using analogs from the Global Data Base for each
set of duplicate samples. Comparison of the dissimi-
larity coefficients within each set of duplicate samples
produces maximum dissimilarity values that range from
0.03 to 0.14. Both mean and maximum dissimilarities
are greatest in sample sets from the low latitudes. The
5 best analogs chosen from the Global Data Base for
samples within each set of duplicates generate average
dissimilarities that range from 0.01 to 0.04. However,
between a total of 8 and 12 different modern analogs
were needed to find the 5 best analogs for all the sam-
ples within a particular set of duplicates, with no re-
gional pattern in this number observed. The warm and
cold SST estimates generated using the SST’s above
cach of the 5 chosen analogs exhibit a wide range of
variation, particularly for the three sample sets from
the high latitudes. The three subpolar sample sets ex-
hibit a 3.4, 1.1, and 1.0 degree C range in their cold SST
estimates. There is no clear relationship between dif-
ferences in SST estimates and differences in the average
dissimilarities within duplicate sample sets. Using 10
instead of 5 modern analogs to estimate SST’s produces
somewhat better results for 4 of the 8 sample s and
similar results for the remaining 4. Our results suggest
that foraminiferal samples with dissimilarity values of
up to 0.15 are not detectably different from duplicate
foraminiferal census counts and should be considered
excellent modern faunal analogs for any fossil sample.
In addition high latitude samples seem to be produce
somewhat less reliable SST estimates than low latitude
samples. Finally, our results suggest that, when esti-
mating past SST’s choosing to average the SST’s above
the 10 best analogs produces more accurate (and pre-
cise) results, particularly in situations where the Global
Data Base contains adequate modern analogs.

0OS44A CC: 520 A Thursday 1530h
Rachel Carlson Lecture (joint with U)

Presiding: J A Carton, University of
Maryland

0S44A-01 1535h

Beyond Correlations: the Search for
Mechanisms Underlying Coupled
Climate/Ecosystem Variability in the
Oceans

Ann E Gargett (757-683-6009;
gargett@ccpo.odu.edu)

Ann Gargett, Center for Coastal Physical Oceanog-
raphy Dept of Ocean, Earth and Atmospheric Sci-
ences Old Dominion University, Norfolk, VA 23508,
United States

Correlations between variables describing some part
of the earth’s climate system and others associated with
some part of oceanic ecosystems are widely used to
suggest the existence of causal linkages. I will con-
sider the dangers inherent in using such correlations
for predictive purposes, and argue that real predictive
skill demands identification of the underlying connec-
tive mechanisms. As an example, I will describe a pos-
sible mechanistic explanation for observed correlations
between the winter state of the atmosphere over the
North Pacific Ocean and the success of various North
Pacific salmon fisheries. This same context will be used
to demonstrate that the crucial final step, that of test-
ing candidate mechanisms, is presently severely limited
by lack of long-term data sets that include biological
variables other than fish catches. Identification and
understanding of the mechanisms connecting variability
in climate and large marine ocean ecosystems is both
economically essential, and increasingly urgent as the
earth’s climate system moves into states outside the ex-
perience of observational earth sciences in the modern
age.
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Observations of sea surface height reveal that dra-
matic changes have occurred over the past decade in the
mid-to-high-latitude North Atlantic Ocean. Altimeter
data from TOPEX/Poseidon mission show that subpo-
lar sea surface height increased during the 1990s and
the geostrophic velocity derived from altimeter data
shows a decline in the subpolar gyre circulation. Com-
bining the data from earlier satellites, Seasat (1978)
and Geosat (1985-1988), we find that at the late 1990s
the subpolar circulation may actually be considerably
weaker than in the (late 1970s and) 1980s. Direct
current-meter observations in the boundary current of
the Labrador Sea support the circulation trend of the
1990s and, together with hydrographic data, show that
the mid-to-late 1990s decline extends deep in the water
column. Based on analysis of the local surface forcing
we find that buoyancy forcing over the northern North
Atlantic has a dynamic effect consistent with the al-
timeter data and hydrographic observations: a weak
thermohaline forcing and the subsequent decay of the
domed structure of the subpolar isopycnals would sup-
port the observed decline of the gyre circulation. Only
continued remote and in situ observations will show
whether this 1990s change is temporary or part of much
longer term variability.
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Subantarctic Mode Water (SAMW) occurs north
of the Antarctic Circumpolar Current (ACC) in the
Southern Ocean, where it is characterised by its ho-
mogenous properties. A new method is presented for
classifying and identifying SAMW. From this it is possi-
ble that SAMW is formed south-west of Tasmania by a
mixture of higher salinity and temperature water orig-
inating in the Tasman Sea, and lower salinity and tem-
perature water originating in the Southern Ocean. The
SAMW spreads from the source region into the South
Australian Basin as a plume. A modulation in the two
source water masses could account for the change in
water properties in the upper 1 km of the South Aus-
tralian Basin, where a warming of 1C has been observed
since 1970.
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The Paleocene-Eocene (P/E) boundary is a time of
abrupt fluctuations in the stable isotope record. In par-
ticular, the boundary is marked by a sharp decline to
lighter values in carbon isotope ratios in various sites
throughout the world. In order to assess how the car-
bon isotope distribution in the deep ocean varied be-
fore, during and after the event, a compilation of all
existing carbon isotope data from benthic foraminifera
across the P/E boundary, as well as high resolution
data from 5 new sites has been assembled. The dis-
tribution of § in the modern oceans follows the
pattern of deep ocean circulation, where water masses
recently in contact with the atmosphere have a heavy
isotopic ratio compared to low isotopic ratios in aged
Assuming that the processes responsi-
ble for this distribution pattern also occurred at the
time of the P/E boundary, then §13C can be used as a
tracer for deep ocean circulation. Data from 12 deep-
sea sites suggest that water mass aging gradients at this
time appear to be much smaller than Late Paleocene
or modern values. This may be a result of increasing
global temperatures, which may be responsible for the
weakening of deep water formation at higher latitudes.
Decreased export production may also provide an ex-
planation, since the lower availability of organic matter
would decrease the source of light carbon being incor-
porated in aging water masses.

water masses.

0S51A-04 0915h

Investigation of the Physics of Large
Step-like Structures

Theodore D. Foster (1-858-822-2478;
tfoster@seadog.ucsd.edu)

Scripps Institution of Oceanography, University of
California, San Diego, La Jolla, CA 92093-0220,
United States
Since 1969, on our many expeditions to the South-

ern Ocean we have observed large (from about 10 to
over 100 meters thick) step-like structures in the verti-
cal profiles of temperature and salinity at depths from
about 100 to about 600 meters, but so far have only
observed these phenomena in the central Weddell Sea.
In order to study the physical cause of these large step-
like structures, we have carried out several time series
of measurements using CTD lowerings at regular time
intervals while the ship drifted with the ice pack at var-
ious locations around Antarctica. From these time se-
ries of CTD profiles in the central Weddell Sea we found
these large steps are carried up and down with inter-
nal tides, which would change pressures at interfaces
sufficiently to cause instabilities. This effect might en-
hance the convection that may be the cause of these
very large steps. The "density ratio” at the interfaces
of these large steps always seems to be about 1.0, while
for the smaller steps observed in the thermocline here
it is about 1.4 and near the surface of the Arctic Ocean
about 6 to 7. Somewhat similar large step-like struc-
tures have been observed recently by the Canadians in
the Canada Basin of the Arctic Ocean at depths be-
low about 2400 m. The cause of these steps may in-
volve some of the same physical phenomena, but unless
the renewal of the deep waters in the basin is rather
rapid, the physical situation is very different than in
the central Weddell Sea where the Ekman drift proba-
bly causes significant upwelling.
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The productivity of the St. Lawrence is strongly de-
pendent on circulation and fresh water input. How nat-
ural climate variability or climate changes may affect
the dynamics of this ecosystem need to be evaluated in
order to improve its predictability. Here, we present re-
sults of a coupled 3D physical-ecosystem model of the
Estuary and Gulf of St Lawrence that was developed to
study the complex interactions between climate forcing
and the productivity of biological resources at the base
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of the food chain. The physical model is a high resolu-
tion 3D baroclinic circulation model (5 km in the hori-
zontal and 5 m in the vertical) that is presently opera-
tional for the St. Lawrence basin (Saucier et al. 2003).
It includes a level 2.5 turbulent kinetic energy scheme
and an ice module. The ecosystem model includes eight
compartments : nitrate and ammonium, two classes of
phytoplankton (diatoms and flagellates), two classes of
zooplankton (microzooplankton and mesozooplankton),
and two sizes of detritus (Le Fouest et al. 2004). This
ecosystem model is driven by the physical model us-
ing realistic tidal, atmospheric and hydrologic forcing
for three years: 1997 as a typical year with high ice
cover and high runoff, 1999 as a warm and productive
year with low runoff and low ice cover and 1998, an
intermediate year with low ice cover and high runoff.
The simulated results of the seasonal and inter-annual
variability in ocean climate and primary production are
compared to field observations from the Atlantic Zonal
Monitoring Program. Particular attention is directed
towards the influence of climatic and hydrologic fac-
tors that exert a control on the nutrient distribution,
seasonal plankton biomass, timing and magnitude of
the spring bloom and primary production. Our re-
sults highlight the strong influence of winter hydro-
graphic processes on the inter-annual variability in the
St. Lawrence productivity. Le Fouest, V., Zakardjian,
B., Saucier, F. J., Starr, M. 2004. Physical and cli-
matic induced subregional variability of planktonic pro-
duction in a high latitude marginal sea : the Gulf of
St. Lawrence (Canada), in preparation. Saucier, F. J.,
Roy, F., Gilbert, D., Pellerin, P., Ritchie H. 2003. Mod-
eling the formation and circulation processes of water
masses and sea ice in the Gulf of St. Lawrence, Canada.
J. Geophys. Res., 108(C8):1-20.
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The purpose of this study is to develop a Holocene
sea level curve for the western North Pacific-Bering Sea
region by utilizing information contained within pro-
files and stratigraphy of beach ridge sets on the east-
ern coast of Kamchatka, Russia. In order to succ
fully develop such a curve it is first necessary to find
a site that is dominated by oceanic processes and to
eliminate sources of noise by processes such as tecton-
ics, isostasy, eolian transport, and fluvial and volcanic
sediment fluxes. Each of these processes can influ-
ence the genesis of beach ridges, and each process con-
tributes specific structural components to the overall
morphology of a beach ridge set. Over the past seven
years an international collaboration of scientists has in-
vestigated the eastern coast of Kamchatka, in part to
study the relationship between numerous coastal pro-
cesses and Kamchatka’s enigmatic coastline. During
this collaboration, beach ridge profile and stratigraphy
data have been collected from seven study areas located
along 1000 km of the eastern coast of Kamchatka. The
study reported herein focuses on three sites: Khodutka,
Ozernoi, and specifically on Uka which is a site ap-
parently controlled by oceanic processes and which can
therefore be utilized in the development of a Holocene

sea level curve.
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