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Abstract

The major unknown in paleoceanographic modeling is whether changes of sedimenta-
tion patterns can be linked to long—term variability of the global ocean water mass motion
in numerical experiments. On a millennium time scale, the most dramatic changes of the
ocean circulation are caused by meltwater events in the high latitudes. It is thought that
some of these events were strong enough to halt or even reverse the thermohaline con-
veyor in the Atlantic Ocean. Eolian sediment can be treated as a tracer of the ocean cur-
rents, similarly to other passive tracers. The advantage of using inorganic sediment as an
ocean tracer is that its distribution can be read in geologic record. A combination of an
ocean global circulation model (OGCM) and a large—scale 3—D sediment transport model
is employed in this study in order to simulate the global ocean thermohaline conveyor
and distribution of the global eolian sediment accumulation patterns. Experiments with a
realistic present—day eolian dust source at the sea surface have been carried out. First re-
sults are encouraging and indicate that this approach can substantially increase our confi-
dence in paleoceanographic simulations.

Introduction

Over the past several decades, modeling glacial-to—interglacial changes of the global
ocean thermohaline conveyor and its global impact of on the oceanic sedimentary system
provides, together with the oceanic sediment collection, a growing opportunity to address
quantitatively a number of fascinating paleoceanographic problems. However, most of
the existing sedimentation models are two—dimensional and are designed for small ba-
sins, targeting specific features such as alluvial or deltaic basin fill (cf. Ericksen et al.
[1989]; Tetzlaff and Harbaugh [1989]; Bitzer and Pflug [1990]; Paola et al. [1992]; Sy-
vitski and Daughney [1992]; Cao and Lerche [1994]; Slingerland et al. [1994]). Usually,
such models are not suitable for assessing the impact of global climate change on the
ocean sediment drifts on millennial and longer time scales. As a rule, their sediment
transport is gravity—driven, with the sediment load proportional to the basin slope, water
discharge, and diffusion coefficient (e.g., Granjeon and Joseph [1999]). To address the
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linkages between sedimentation and deep—ocean circulation we use a three—dimensional
coupled ocean circulation—ocean sedimentation model, with the only 3—D global ocean
sedimentation model available to date [Haupt et al., 1994]. Our objective is to assess
whether it is possible to trace the changes in the total terrigenous sedimentation rates in-
duced by millennium—scale changes of the ocean currents. As an example, we model the
global ocean thermohaline conveyor at present—day (MOD), at the last glacial maximum
(LGM) (22-18 ka BP), and at a subsequent Heinrich—type meltwater event (MWE) near
13.5 ka BP. The global oceanic thermohaline circulation, (e.g., Stommel [1958]; Gordon
[1986]; Broecker and Denton [1989]; Broecker [1991]), which is driven by deepwater
production in the high—latitudes, is very sensitive to the changes in freshwater fluxes in
the high—latitudinal North Atlantic. If these freshwater—induced changes in deep—sea cur-
rents led to noticeable changes in sedimentation patterns, they can probably be traced in
experiments with the coupled circulation—sedimentation model. The geologic record indi-
cates that at least in some regions the sediment patterns are indicative of climate change
and perhaps can be used for achieving our goals.

This study expands on previous works by Seidov and Haupt [1997] and Seidov and
Haupt [1999] by using realistic present—day eolian dust patterns [Rea, 1994] at the sea
surface with the objective of predicting more realistic sedimentation pattern.

Numerical Setup of Experiments and Data

In order to compare glacial-to—interglacial changes in oceanic sediment transport, we
use a combination of an OGCM and an off-line coupled three—dimensional large—scale
sediment transport model. To test the effect of glacial-to—interglacial global thermohaline
circulation (THC) changes on the deep—sea sedimentation three numerical experiments
were carried out They were completed using GFDL MOM version 2.2, a well docu-
mented and extensively utilized ocean circulation model [Bryan, 1969; Cox, 1984;
Pacanowski et al., 1993; MOM-2, 1996]. In our control experiment (MOD), the upper
layer of the ocean temperature and salinity are restored to the present—day sea surface
climatology that is to sea surface temperature (SST) and sea surface salinity (SSS). As
wind stress field the Hellerman—Rosenstein [Hellerman and Rosenstein, 1983] annual
mean wind stress was used. To address circulation changes during the glacial-to—
interglacial transition we have chosen two experiments from the late Quaternary as ex-
amples: (1) a scenario for the LGM and (2) a Heinrich-type meltwater event (MWE),
when the first strong deglaciation of the Barents shelf occurred. Table 1 gives a detailed
outline of the used sea surface boundary conditions (SST and SSS). The wind stress field
was taken from the Hamburg atmospheric circulation model, which was forced with gla-
cial sea surface climatology [Lorenz et al., 1996]. We use the same wind stress for both
time slices, LGM and MWE, although it has been shown that the alteration of wind stress
in the Southern Ocean can by itself cause changes in the Atlantic deep—water circulation
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(e.g., Toggweiler and Samuels [1995]; Rahmstorf and England [1997]). However, we fo-
cus on the meltwater control, which provides a distinctive signature of glacial-to inter-
glacial changes. Our meltwater event scenarios are designed to mimic real meltwater
events caused by iceberg flotillas from either the Laurentide Ice Sheet (e.g., Ruddiman
and Mclntyre [1981]) or the Barents Ice Shelf (e.g., Sarnthein et al. [1994]). As these
events substantially altered the THC/deep—ocean circulation, we anticipate that they led
to abrupt and noticeable changes in sedimentation patterns.

Table 1. Sea surface temperature and salinity in numerical experiments

Exp.

SST

SSS

MOD

SST from present-day sea surface clima-
tology [Levitus and Boyer, 1994].

SST from present-day sea surface climatology
[Levitus et al., 1994].

LGM

CLIMAP [1981] SST is used everywhere
except for the NA to the north of 50°N
and east of 40°W, where the data from
Schulz [1994], summarized in Sarnthein
et al. [1995] and processed in Seidov et
al. [1996] replace the CLIMAP data.

The present day SSS was increased by 1 psu
according to Duplessy et al. [1991]; in the NA,
to the north of 10°N, the data set from
Duplessy et al. [1991] and Weinelt [1993],
summarized in Sarnthein et al. [1995] and
processed in Seidov et al. [1996].

MWE

As for the LGM except for the NA to the
north of 50°N and east of 40°W, where
SST from Weinelt [1993], summarized in
Sarnthein et al. [1995] and processed in
Seidov et al. [1996] replace the LGM

As in LGM, except for the NA north of 50°N
and east of 40°W where SSS from Weinelt
[1993], summarized in Sarnthein et al. [1995]
and processed in Seidov et al. [1996] replace
the LGM surface salinity.

SST.

Here: MOD is for present—day scenario (modern); LGM =
water event (see text); SST = sea surface temperature; SSS = sea surface salinity; CLIMAP =
Climate Long-Range Investigation Mapping and Prediction; NA = North Atlantic.

last glacial maximum; MWE = melt-

[w] ydep

In order to facilitate multiple millen-
nium-scale runs, we use a relatively coarse
global model domain with a horizontal grid
spacing of 6°x4° and 12 unequally spaced
vertical layers as shown in Figure 1. The
bathymetry is derived from the ETOPOS5

Figure 1. Model bathymetry with a horizontal
grid spacing of 6°x4° and 12 unequally spaced
vertical layers. The bathymetry is derived from
the [ETOPOS, 1986] data set and represents a
smoothed version of the real World Ocean bot-

tom topography.

[1986] data set representing a smoothed
version of the real World Ocean bottom
topography (Figure 2). Cox [1989] and
Toggweiler et al. [1989] have shown that
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Figure 2. Real World Ocean bathymetry

[ETOPOS, 1986].




MOM is capable of reproducing the rates of deep—water production and thermohaline
overturning fairly well in the framework of a rather coarse horizontal resolution, a result
that has been confirmed by many other recent modeling efforts that target long—term cli-
mate change (e.g., Toggweiler et al. [1989]; Manabe and Stouffer [1995]; Rahmstorf
[1995]; Seidov and Haupt [1999]).

However, the use of a coarse resolution, although well suited for a scenario—type
study as reported here, has its shortcomings, especially in resolving coastal geometry.
For example, Iceland is represented by a seamount in the model bottom topography.
Therefore, velocity vectors, water mass transports, and non—zero sedimentation rates
are artifacts at the exact position of this island. There are some other locations where
coarse resolution leads to distorted land—sea distributions on a scale smaller than the
grid step. However, major features of large—scale thermohaline circulation are resolved.

A key question is whether a coarse resolution model is capable to distinguish be-
tween ‘sediment drifts’, or if the results of the sedimentation models only indicate re-
gions where they might occur. It is unquestionable that such a coarse resolution does
not allow the identification of single known sediment drifts and waves, respectively,
especially when they are in close vicinity. In spite of this Haupt et al. [1994], Haupt
[1995], Haupt et al. [1995], Stattegger et al. [1997], Haupt and Stattegger [1999],
Haupt et al. [1999], and Seidov and Haupt [1997] showed in previous studies with ear-
lier versions of both OGCM and sediment transport model at much higher horizontal
resolutions, 0.5°x0.5° and 2°x2° respectively, that the sediment transport model is ca-
pable of reproducing and distinguishing between ‘small’ drifts in the North Atlantic and
around Iceland. Therefore, we mainly focus on the impact of glacial-to—interglacial
changes in deep—ocean currents on the large—scale sedimentation patterns, especially in
the areas of higher sediment accumulation, rather than on identification of single sedi-
ment drift bodies.

All OGCM runs are 2000 model years long, with a 5—fold acceleration in the deep
layers (which means that the deep ocean is effectively run for 10,000 years). All runs
reached a complete steady state. For example, the global temperature and salinity
changes for the last 100 model years are less than 10 °C and 10™ psu, respectively.
The tracer time step length is 86400 s (1 day) and the time step length for velocity is
250 s. A more detailed view of the OGCM results can be found in Seidov et al. [2001]
and Haupt et al. [2001].

We assume that after a spin—up from one steady state to another (for example, a
glacial or a meltwater state) the deep—ocean circulation is unchanged on those time-
scales and one can use the steady state velocity and thermohaline fields to calculate
sediment distribution employing the off-line coupled large—scale dynamic sediment
transport model SEDLOB (SEDiment transport in Large Ocean Basins). Major features



of SEDLOB are given by Haupt et al. [1994]; the most recent and detailed descriptions
of this model are given by Haupt et al. [1999] and Haupt et al. [2001].

Thus, the OGCM provides velocity, temperature, salinity, and convection depths (in
the locations where convection occurs due to hydrostatic instability) at steady state,
which enter SEDLOB as external parameters. Internal variable parameters that are speci-
fied in SEDLOB are the sediment properties, including the sediment sources, the sinking
velocity (0.05 cm s = 432 m d' after Shanks and Trent [1980]), the density
(ps = 2.6 g cm™) and porosity (y = 0.75) of sediment, grain size and sedimentological
grain diameter, and form factor of sediment particles (FF = 0.7) [Zanke, 1982]. The sedi-
ment source properties as well as the sediment material entry are identical for all experi-
ments. Although the prescribed sediment source can include any kind of inorganic sedi-
ment including eolian dust, ice—rafted debris and riverine sediment input, we prescribe at
this stage of research for simplification only inorganic eolian dust particles at the sea sur-
face. Neglecting the influence of biochemical processes allows us to focus on non—
biogenic and non—dissolvable sediment because it behaves as a passive tracer. Thus, the
mass of sediment covering the seafloor depends only on the balance of sources and sinks,
whereas the spatial variation of the sedimentation rate depends on the circulation pattern
and particle grain size. In the absence of the ocean currents (i.e., when sediment particles
only settle downward and are not transported by the ocean flow; there was a test run with
all velocities set to zero in SEDLOB), the pattern of sediment deposition rates repeats the
pattern of the prescribed dust input at the surface. With currents switched on, the spatial
structure of deposition is entirely determined by the transport, erosion, and re—deposition
of sediment by the three—dimensional ocean currents.

Further simplifications that are described in more detail by Haupt et al. [2001] are:

1. The disregard of biologically mediated aggregations of upper—ocean—generated
particles that settle with bulk speeds up to 200 m d”' much faster than individual
fine particles [Honjo, 1996];

2. The disregard of plate tectonic processes such as continental displacement, subsi-
dence, subduction, and sea—floor spreading, as well as sediment compaction be-
cause they occur on much longer time scales than millennial-scale glacial cycles
that we can simulate with reasonable computer resources;

3. The disregard of glacial sea level lowering of approximately 100 m during the
LGM [Fairbanks, 1989] including glaciation of shelf areas down to 200 m
[CLIMAP, 1981; Lehman, 1991; Mienert et al., 1992] because its effect on the
global thermohaline circulation is minor.

4. The use of only the present—day eolian dust source (after Rea [1994], Figure 3) at
the sea surface for all experiments.



Regarding the use of present—day
source for all three time slices at this stage
of research is justified by the following.
Although there is some basic knowledge
about some of the features of the aridity,
wind speed and direction, and eolian
owsl S 7 | sediment availability in many locations

) = b A " | for the LGM (with much less knowledge
Figure 3. Estimate of the rate of deposition of min- .. s
eral dust based on consideration of atmospheric existing for the MWE), there still is a
transport (reproduced from [Rea, 1994], after [Duce | great deal of uncertainty in mapping the
etal., 1991]). spatial distribution of eolian dust. Given
this uncertainty, the use of the same realistic present—day eolian dust patterns (after Rea
[1994]) for all three time slices has been thus considered, in this preliminary study, a better
alternative to introducing more uncertainty in the source of sediment. Having the same sur-
face sediment source, the modeled sedimentation rates illustrate exclusively differences be-
tween the near—bottom currents during the three glacial-to—interglacial modes.
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All experiments with SEDLOB, one for each climate state, were run for 1000 years with-
out deep—ocean acceleration. An important fact is that it is not possible to run SEDLOB to a
steady state because the forward time integration leads in every time step to continuous
changes in bottom slope. As a result the critical velocities for initiating bed and suspension
loads change as well, altering both bed and suspension load transports. These changes influ-
ence the maximum possible sediment concentrations and transport in the fluid because they
are dependent. This may be viewed as the equivalent of changing sediment availability in
every time step.

Results and Discussion

The effect of climate variability via the global thermohaline circulation is directly linked
to deep—sea sedimentation processes, which means that each climatic phase throughout
earth’s history leaves its characteristic imprint at the sea floor. The comparison of modeled
sediment deposition rate changes will provide a better understanding of the glacial-to—
interglacial variability of thermohaline currents, and help to identify the regions of the world
ocean that are most sensitive to glacial and meltwater impacts.

In the first part of this section, three different climates, i.e., MOD, LGM, and MWE, are
compared by comparing the THC parameters, such as intensity of meridional circulation,
oceanic meridional heat transport, thermohaline structure of the ocean, deep—water produc-
tion rates, and calculated water transport through vertical sections in certain areas in the
global ocean. In the second part of the section, simulated sediment accumulation rates are
compared with the available geologic record. In the following section, we try to link the gla-
cial-to—interglacial variability of the deep ocean circulation to the changes in sediment depo-
sition and to show that sediment transport modeling can be used as an instrument for validat-
ing the ocean paleocirculation modeling.
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Figure 4. Meridional overturning in the Atlantic
Ocean for the present—day experiment (MOD) (in Sv;
1 Sv =10° m’s™) The positive values depict clockwise
motion while negative values depict counterclockwise
motion. The Atlantic overturning is valid only within
this ocean’s geographical boundary (with meridional
walls at both sides; therefore the area south of 30°S is
not shown).

One of the key elements of the pre-
sent—day meridional ocean circulation is
the southward North Atlantic Deepwater
(NADW) outflow from the convection
sites in the Norwegian—Greenland Seas
and northern North Atlantic (NNA).
Figure 4 shows the meridional overturn-
ing (in Sverdrups (Sv); 1 Sv=10°m’s™)
in the Atlantic Ocean in a vertical plane.
The stream function is positive if the
water motion is clockwise while nega-
tive values show counter clockwise wa-
ter transport. The Atlantic overturning is
shown only north of 30°S because the

meridional overturning can only be determined either for global flow with cyclic condi-
tions or with meridional boundaries. In our present—-day (MOD) control run the NADW,

which has a production rate of approximately
15 Sv (compare also Figure 5), penetrates
deep enough to set forth the deep—ocean con-
veyor. This result agrees well with water
transport estimations of Schmitz [1995]. The
Antarctic Bottom Water inflow into the At-
lantic Ocean is about 8 Sv, the NADW out-

Table 2. Meridional overturning in the Atlantic
Ocean (north of 30°S) in Sv (1 Sv=10°m’ s™)

Exp NADW | NADW out- | AABW in-
" | production | flow at 30°S | flow at 30°S
MOD 15 10 68
LGM 8 6 4
MWE — -2 34

flow across 30°S is more than 10 Sv (see Table 2). This fits the range given by different
models, which are known to be sensitive to even small changes in bottom topography,
especially in the Drake Passage area (see discussion by Toggweiler and Samuels [1995]
and by Rahmstorf and England [1997]), and vertical diffusivity [Bryan, 1987; Cummins

et al., 1990].
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Figure 5. Present-day (MOD)
water mass transport in Sv
(1 Sverdrup (Sv) = 10° m’s™)
across chosen meridional and
zonal vertical sections for differ-
ent depths in different oceans.
Primarily, the transports in the
upper and deep ocean are
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shown; in cases when upper and
intermediate water movement
essentially differs, the transports
in three layers are shown to
differentiate between the upper,
intermediate—to—deep, and deep-
to—abyssal flows.




Figure 6 presents the northward heat flux in the Atlantic Ocean and for the global
ocean, respectively. The cross—equatorial northward heat flux shows how strongly do

ocean currents warm the Northern Hemisphere.
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Figure 6. Northward oceanic heat transport (in PW; 1 PW = 10> W) in the (a) Atlantic Ocean and (b)
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Meltwater impacts in the Northern Hemisphere caused largely by sea ice melting lead
to a weakening of the THC as soon as a sufficient number of icebergs travel to the main

convection sites in the North Atlantic reducing

or even stopping the NADW production

(Table 2) within a matter of years. However, it may take hundreds of years to transport

the signal of a reduced density of the NNA’s
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b)
Figure 7. As in Figure 4 for (a) LGM and (b) MWE.

sea surface waters into the deep ocean
[Broecker, 2000]. The weakening
(LGM) and collapse (MWE) of the THC
is shown in Figure 7. The depth and in-
tensity of the NADW outflow and over-
all circulation configurations in the pre-
sent—day and LGM runs, especially in
the Southern Ocean, match those by
Winguth et al. [1999] (who provide a
comparison of modeled circulation with
reconstructed biogeochemical tracers).
The weakening of THC leads in the At-
lantic Ocean to a reduced cross—
equatorial northward oceanic heat flux
(Figure 6a), which even reverse its sign
in the MWE case leading to a southern
versus northern (normal) ‘heat piracy’

[Seidov and Maslin, 2001]. Although it could be thought that the impact of these changes
of the meridional overturning regime is constrained to the Atlantic branch of the THC,
our model confirmed the concept of global impact of these changes. The THC, also
known as a ‘salinity conveyor belt’ [Stommel, 1958; Broecker and Denton, 1989;
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Broecker, 1991], is driven by deepwater production in the high—latitudes, especially by
the production of NADW, a problem that has been addressed in several studies (e.g.,
Manabe and Stouffer [1988, 1995, 1997], Maier-Reimer et al. [1991], Seidov and Haupt
[1999]; Seidov and Maslin [1999]). The impact of the weakened THC during the gla-
cial/interglacial periods (Figure 7) can be clearly traced to the Indian and Pacific Oceans
(compare Figure 5 with Figure 8). The model confirms that cooling of the Pacific
Ocean’s intermediate and deep water is caused by weakening of the THC during both
LGM and MWE (Figure 9).
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2 The dynamics of sediment transport
2 | correlates well with the major THC
changes. Figure 10 depicts the modeled
changes of sediment deposition rates for
the three time slices MOD, LGM, and
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s Latitude ;“1 N model still does not represent the details
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of a real world sedimentation pattern.
% | Consequently, the modeled sediment
rates do not look like any real map of
sediment accumulation rates despite the
use of realistic present—day eolian dust

5000 A e e e load [Rea, 1994] at the sea surface.
s T e T Very important riverine source of inor-
0 - 01‘53%2516 i » | ganic sediment can dramatically change
° - - LB 22 | local sedimentation rates. This sediment

L= 23 | supply has not yet been included in the
model. However, the areas of strong
impact of the circulation on the sedi-

ment transport can be easily identified
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Figure 9. Temperature sections in the Pacific Ocean at As the absolute rates of sedimenta-
170°W (see arc in Figure 1): (a) MOD, (b) LGM, and | tjon are biased due to absence of the
(c) MWE

riverine discharge, they cannot be used
in a direct model—-observation comparison. Yet the analysis of areas with higher sedimen-
tation rates helps to verify changes in deep—ocean water transports reflected in sediment
drifts and sediment waves [Flood and Shor, 1988]. The presence of known sediment
drifts (Figure 11), revealed by fine—grained sediment, has often been used as an indicator
of steady, sediment—laden flows. This correlation is useful for understanding the role of
deep—ocean currents in creating and maintaining large—scale sediment drifts.

McCave and Tucholke [1986] link high sedimentation rates to areas of maximum ki-
netic energy in the western boundary currents. Our present—day simulation also shows
increased sedimentation in the western North Atlantic, within the southward—flowing
deep western—boundary current. Moreover, our model predicts sediment drifts south of
Iceland, in the Caribbean Sea, and in most other key regions, including the southern part
of the Argentine Basin, the Cape and Agulhas Basin, and areas east of Australia and New
Zealand, which are under the control of the East Australian Current. According to Carter
et al. [1996] the oceanic sedimentary system on eastern New Zealand margin was con-
tinuously supplied with sediment for at least 10 My (see also sedimentation pattern in this
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z | region for LGM (Figure 10b) and MWE
% | (Figure 10c)). Locations of high sediment
deposition rates of modeled sedimentation
patterns are generally in a good agree-
ment with the current knowledge of the
dynamics of inorganic sediment in these
arcas [McCave and Tucholke, 1986;
Bohrmann et al., 1990]. Other areas with
increased  sedimentation rates  that
emerged in our experiments are observed
in the southern part of the Argentine Ba-
N Secion 7050 %) sin in the area of the Falkland Escarpment

50 70 40 % 4o @ A0 0 W D N 0 0 @ (~50°S, ~55-40°W). Flood and Shor
) Y " [1988] link these drifts, in particular the
% | Zapiola Drift, to the Falkland current.
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12 In the Indian Ocean SEDLOB gives
high accumulation rates in the Cape and
o Agulhas Basins, which is in agreement with

000 L e ORI observations (e.g., Hollister and McCave
e [1984]; Faugeres et al. [1993]). The map of
Figure 9. TemperatureC)sections in the Pacific suspended material load by Hollister and
Ocean at 170°W (see arc in Figure 1): (a) MOD, | McCave [1984] corresponds to the high
(b) LGM, and (c) MWE. kinetic energy of surface currents and the

spread of deep—ocean cold water. However, predicted sedimentation rates for the Arabian
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Figure 10. Sedimentation rates: (a) MOD, (b)
LGM, and (¢) MWE. The color bar gives the
sedimentation rates in cm/1000 years. All three
climate scenarios were forced with the present—
day sea surface eolian sediment distribution [Rea,
1994]. The goal is to link the changes of sediment
drifts to changes of the ocean circulation patterns
and inter—basin water exchange (see text).
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Sea are too low although the atmospheric dust concentration is high and the modeled circula-
tion fits observations. A lack of correlation between the surface supply and bottom accumula-
tion is also found in the Bay of Bengal and several other regions. In the Arabian Sea, for ex-
ample, simulated sedimentation rates are, by an order of magnitude higher due to a higher
eolian dust supply. However, the model sedimentation rates in the northern part of the Indian
Ocean are much lower than observed. The reason for this discrepancy is the lack of strong
riverine sediment input in our simulations (riverine sediment discharge is responsible at least
for approximately 90% of sediment deposition [Lisitzin, 1996]).

60°E 120°E 180° 120°W
1 1 1 1 %
o N
ABBREVIATIONS N
AD  —Argyro Drift GLD  -Gloria Drift
AP —Amirante Passage HAD —Hatton Drift 60°N
BAD -Bahama Drift HD  —Hatteras Drift
BD  -Bjorn Drift HFD -Hikurangi Fan-Drift
BFD —Bounty Fan HOD -Hoiho Drift
BLD -Blake Drift KP —Kerguélen Plateau
CAD —Caicos Drift MD  -Moat Drift
CBD —Campbell Drift MMSD-Madagascar—Mascarene Drifts* 30°N
CD  —Chesapeake Drift NBD —Northern Bermuda Rise Drift
CDD - Chatham Deep Drift NCD —North Chatham Drift
CDR —Canterbury Drift RD  —Rekohu Drift
CP  —Crozet Plateau SAD  —Sackville Spur Drift
CTD —Chatham Terrace Drift  SD —Snorri Drift
ED  —Eirik Drift SND  —Southeast Newfoundland Drift
EWD -Ewing Drifts WAP —West Antarctic Peninsula Drifts* 0
FD  —Feni Drifts D ~Zapiola Drifts
GAD —Greater Antilles Drift
\GD —Gardar Drift P -named by authors (convenience) )

60°W 0° 60°E 120°E 180° 120°W

Figure 11. Locations of sediment drifts.

For the Yellow Sea and East China Sea simulated sediment distribution matches the
geologic record [Nittrouer and Wright, 1994] qualitatively. However, the model underes-
timates the sediment accumulation compared to observed sedimentation rates. This dis-
crepancy is due to the riverine inputs absent from the model. For example, there is a large
supply of inorganic sediment from the Huanghe (Yellow River), which is a substantial
regional source, running into the Gulf of Bohai [Nittrouer and Wright, 1994]. However,
for modeling the large—scale open—ocean patterns this source is not essential, and the im-
pact of deep—ocean currents can be traced more accurately. For the central North Pacific
SEDLOB’s predicted low sedimentation rates are consistent with measurements [Rea et
al., 1985] (see also e.g., Lisitzin [1996]). Sedimentation rates derived from their data
range from a minimum of 0.02 cm/ka (30°N) to a maximum of about 1.4 cm/ka (40°N).

Since ice—capped Antarctica does not provide much eolian dust to the world ocean
(see Figure 3), sediment deposition rates around Antarctica are relatively low [Rea, 1994]
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(see also e.g., Lisitzin [1996]. Also, a part of the Southern Ocean is covered by sea ice
screening the ocean from atmospheric dust. Our present—day simulations are in good
agreement with these observations. Although the sediment supply around the Antarctica
is low, SEDLOB predicts sediment accumulations along the continental rise west of the
Antarctic Peninsula between 63 and 69°S where Rebesco et al. [1994] identified several
sediment mounds as drifts in the area where the currents weaken and turn northeastward.
Another area with an increased sedimentation rate over a large area is beneath the Antarc-
tic Circumpolar Current — southeast of the Crozet Plateau near the Kerguelen Plateau
[Hollister and McCave, 1984]. These features of simulated patterns that agree well with
observations can only result from deep—ocean transport. Thus, these results indicate that
the deep—ocean current system is adequately modeled.

Importantly, the modeled circulation patterns reflect major glacial-interglacial cli-
mate variability introduced in the surface boundary conditions. They are substantially dif-
ferent in the three OGCM experiments.
Since all experiments were run with the
same present—day eolian surface dust
distribution from Rea [1994], we can
focus on changes in deep—sea sediment
depositions caused exclusively by
changes in the ocean circulation and in-
ter—basin water exchange, rather than
possible change in eolian sediment sup-

ply.
The maps of absolute deposition

rates in Figure 10 look very similar in
all three sets of experiments. However,

b)
Figure 12. Differences of sedimentation rates between
(a) MOD and LGM and (b) between MOD and MWE
experiments. The color bar gives the scale of the thick-
ness (in centimeters) of sediment accumulated during

1000 years, or sedimentation rates in cm kyr™.

; }.. the maps of the differences between the
LA ;-i.u/" sediment deposition rates in the LGM
%“‘ —-'7‘,’,‘5& and MOD (Figure 12a) and MWE and

MOD (Figure 12b) clearly reveal the
presence of the ocean circulation im-
pact. The strongest changes in sedimen-
tation rates correlate well with the
changes of the strongest deep—ocean
currents, especially the western bound-

ary currents (a more detailed discussion can be found in Haupt et al. [2001] and Seidov et
al. [2001]). This result agrees well with deep—sea measurements (see for example
Hollister and McCave [1984]).
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Conclusions

In a set of numerical experiments, we have presented the change of the THC for three
different climates, the present—day, the last glacial maximum, and the meltwater event.
As ocean currents at least partially control the dynamics of sediment drifts, these drifts
may be indicative of major changes in circulation patterns. Our numerical simulations
allow assessment of the quality of circulation reconstructions based on their ability to
produce sedimentation patterns that are comparable with the geologic record. Yet our
relatively coarse—resolution experiments are rather limited in this capacity. For instance,
an eddy-resolving model would yield far stronger western boundary currents — one of the
key elements in circulation—sediment transport coupling. There are many other weak-
nesses of this study. Most obvious is the exclusion of riverine sediment discharge. More-
over, the same present—day pattern of the surface sediment source was used for all three
time slices. However, despite of all these shortcomings, the link between millennial-scale
changes in ocean currents and sedimentation is clearly seen and is in a reasonable agree-
ment with the changes of sediment drift patterns. Thus, the geologic record of eolian dust
accumulation can be used to verify modeled circulation patterns in scenario—type numeri-
cal simulation studies of millennial-scale and longer ocean variability. Validating the
deep—ocean circulation schemes using sedimentary data can dramatically increase our
confidence in modeling past climates.
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