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The circulation. sedimentation and ventilation regime of the North Atlantic at present and at the last
glacial maximum are addressed via numerical modeling for the meltwater event (MWE) near 13.5 ka
B.P. The ocean general circulation model (OGCM) is driven by meltwater sea surface thermohaline
conditions and wind stress. The MWE ocean circulation is compared to the control run based on the
present day sea surface climatology. The output of the OGCM is then used in a sedimentation model
and in a model to trace water parcel trajectories. The results of the sediment transport model and
trajectory-tracing calculations both indicate esseutially different circulation and decp ocean
ventilation regime at the MWE as compared to the control run. The sedimentation model gives a lower
sedimentation rate in the Nordic Seas and higher rate in the eastern North Atlantic at the MWE than at
present. There is almost no MWE sediment deposition in the Gulf Stream area, and a lower rate than
at present in the Caribbean. The circulation pattern and the trajectory-tracing modcl both indicatc that
these major changes of sediment transport are caused by disappearance of the southward flowing deep
western boundary current. However, only the trajectory-tracing model clearly reveals the dramatic
change of the ventilation regime caused by much shallower and southward shifted MWE coavection.
According to the model the deep ocean at the MWE was not ventilated at all — a result strongly
supported by proxy-data analyses. The MWE subtropical pool of high potential vorticity is restricted
to the western North Atlantic in sharp contrast to the spread of this pool over the entire subtropics
today. At the MWE, the particles deployed at the surface in the convection regions never pepetrated
decper than 1 km, whercas at prescnt the downward transport at the deep convection sites is deeper
than 2 km. Hence the trajectory-tracing calculations confirm the recent proxy-data analyses and
Eulerian circulation modeling indicating that the most important ocean driving mechanism, namely
the North Atlantic Deep Water outflow, was completely missing from the ccean system at the MWE.
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INTRODUCTION

At present, the world ocean thermohaline circulation is driven by the production
of the North Atlantic Deep Water (NADW) in the northern North Atlantic (NA)
and the Norwegian-Greenland Seas (NGS). The deep outflow of NADW initiates
the global thermohatine conveyor (Gordon, 1986; Broecker and Denton, 1989;
Schmitz, 1995), known also as ‘salinity conveyor belt’ (Broecker, 1991).

Proxy data analysis indicates that the Pleistocene NA conveyor operated
differently from present, causing different modes of circulation (Boyle and
Keigwin, 1987; Broecker and Denton, 1989; Broecker, 1991; Bond et al., 1992;
Lehman and Keigwin, 1992; Sarnthein et al., 1994, 1995). Many numerical
simulations of widely different complexity confirmed that multiple stable modes
of a buoyancy-driven conveyor may indeed occur (e.g., F. Bryan, 1986; Manabe
and Stouffer, 1988, 1995; Marotzke and Willebrand, 1991; Wright and Stocker,
1991; Fichefet et al., 1994; Rahmstorf, 1994, 1995; Stocker, 1994; Weaver and
Hughes, 1994).

The last glacial maximum (LGM) near 18 ka B.P. has the best proxy-data
coverage of any Pleistocene glaciation, and therefore this event has attracted
most interest among modelers. However, although the LGM conveyor differed
noticeably from its present-day analogue, the indeed dramatic circulation
changes in the northern NA and NGS occurred at the firs; major postglacial
meltwater event (MWE) near 13.5 ka B.P. in the NGS and north-eastern NA
(e.g., Sarnthein ez al., 1995). Based on the data from CLIMAP (1981), Duplessy
et al. (1991) and Sarnthein et al. (1995), Seidov et al. (1996) use ocean surface
modern climatology and paleo-reconstructions to simulate the present and past
NA circulation pattern by means of an ucean general circulation model (OGCM).
The modet is driven by wind stress, and by the heat and freshwater fluxes calcu-
lated from specified sea surface temperature (SST) and sea surface salinity
(SSS). The OGCM runs yield three-dimensional (3-D) temperature, salinity and
velocity fields relevant to the present-day, the LGM and the MWE sea surface
conditions.

Although an OGCM provides the ocean circulation pattern sufficient for the
ocean climate analysis, there are some topics that cannot be addressed on a sole
base of such simulations, for example ocean sediment transport. Moreover,
visualization of the deep ocean ventilation and actual water motion meets some
difficulties in traditional circulation modeling. Recently, we have recruited a
major simulation technique, the OGCM, and two complementary models that
quantify the sediment transport and visualize the true three-dimensional water
motion. (For details of using the approach see Seidov and Haupt (1997); further
referred as SH}.
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Typically, sedimentation records are employed to reconstruct ocean currents
that cause observed sediment drifts. Provided that past circulation patterns
differed from the modern velocity distribntion, the paleo-sedimentation and
particle transport had inevitably to be different. Many attempts have been made to
infer the circulation pattern from sediment structure and especially from ice-
rafted debris (Goldschmidt et al., 1992; Honjo, 1990; Seibold and Berger, 1993,
Goldschmidt, 1995 and the reference list in SH).

Theoretically, if one knew the historical circulation patterns for certain con-
secutive tume periods then there would be no fundamental difficulty in solving the
inverse problem: reconstruction of historical distributions of the sediment
throughout the basin. In practice, however, this task is not as straightforward as
one might expect. Yet recently some authors have addressed the issue, showing
that the approach may be useful (e.g., Stindermann and Kldcker, 1983; Bitzer and
Pflug, 1990; see more references in SH).

In SH we studied the LGM circulation. Here we use the same threefold
approach to address the MWE mode of the NA circulation in order to show how
the method helps shed new light on sediment transport and deep-ocean ventilation
in case of suppressed conveyor operation.

NUMERICAL MODELS AND COMPUTER EXPERIMENTS

We employ a planetary-geostrophic ocean circulation model especially designed
for coarse-resolution, large-scale ocean circulation studies (fully described in
Seidov (1996) and Seidov and Prien (1996)) as the major tool. This model is
executed in the same manner as in Seidov et al. (1996) with the only difference of
half the horizontal resolution used here to speed up computations (see SH for
details). The sedimentation model in use here was designed by Haupt (1995) and
tested in Haupt et al. (1994, 1995). The model was revised in SH to incorporate the
impact of deep ventilating convection on settling particles. The water volume
trajectory-tracing model was developed by Haupt (1995) and was employed to
trace particle drifts in the northern North Atlantic (Haupt et al., 1994, 1995). As in
case of the sediment transport model, this trajectory-tracing model was revised in
Seidov and Haupt (1997) for the convection impact. This model uses a hybrid
Eulerian-Lagrangian, or semi-Lagrangian, approach with the velocity components
given by the OGCM being interpolated to the positions of the Lagrangian particles
from the nearby grid points of the Eulerian numerical grid.

The domain comprising a basin from 10°N to 80°N is adopted for simulations.
These latitudinal limits are used because reliable sea surface salinity (SSS),
arranged on a regular grid covering an extended area and suitable for numerical
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modeling, is currently available only in the region north of 40°N. So, a compro-
mise is made to extend the model domain to 10°N with a sponge layer at the
southern boundary (Seidov et al., 1996). However, the North Atlantic branch of
the conveyor cannot be modeled without at least including the subtropical region.
The ocean circulation is spun up from complete rest toward the equilibria relevant
to modern and MWE surface boundary conditions under momentum and buoyancy
forcing across the sea surface provided by specified annual mean wind stress, sea
surface temperature (SST) and SSS.

The salinity conveyor belt is driven by convection and newly formed deep-
‘water outflow at high latitude but convection itself occurs due to the cooling of
warm and salty water brought by the conveyor from the subtropics. More detailed
discussion on the use of regional versus global models is given in Seidov et al.
(1996) and SH. :

Numerical solutions to the OGCM equations are obtained on a regular numeri-
cal grid with 2° X 2° horizontal resolution and 12 vertical levels unevenly spaced
from the surface to the bottom depth at 4.6 km (on the details of discretization in
space see SH). :

The ocean circulation model is driven by the momentum flux specified by the
wind stress at the sea surface and some “effective” heat and freshwater fluxes
emerging in a pseudo-inverse runs employed in this study, as well as in a number
of previous studies using this ocean circulation model (e.g., Seidov, 1996; Seidov
et al., 1996; SH). In such ‘inverse-flux’ runs, temperature and salinity of the
uppermost layer (at 50 m) are restored to the specified SST and SSS with a
relaxation time of 50 days (Bryan, 1987). These boundary conditions imply that
the heat and freshwater fluxes across the sea surface are such that would bring the
upper ocean temperature and salinity to observed SST and SSS values within
50-days of e-folding time in the absence of all other processes in the upper layer
(e.g., advection, horizontal diffusion, etc.). Hence, these “effective” fluxes
effect the sea surface climatology control over the uppermost level thermohaline
structure yet do not equate them completely (see details in Bryan and Lewis,
1979; Sarmiento and Bryan, 1982: Bryan, 1987; Seidov, 1996). In the reference
run, the surface climatology was extracted from Levitus (1982). The sea surface
conditions for the MWE were assembled from different sources including
CLIMAP (1991) SST updated by Schulz (1994) and Sarnthein et al. (1995) to the
north of 50°N and SSS from Duplessy et al. (1991) and Seidov et al. (1996)
(see Table [ in Seidov et al., 1996). Restoring boundary conditions are applied
also at the southern boundary at 10°N. At the southern boundary, a relaxation time
of 1 year was chosen for restoring temperature and salinity to their modern values.
This restoration period increases rapidly northward with no further restoration
applied north of 16°N. Longer relaxation time at the southern boundary and rapid
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decrease of the sponge layer control over the subtropical circulation lessen the
ambiguities imposed on the MWE solution because of the thermohaline structure
in the deep layers retain modern characteristics at the MWE (the deficiency of
the sponge layer technique in relation to a trade-off implied in regional circulation
studies versus global ones are discussed in more detail in Seidov et al., 1996). We
do not expect the northern North Atlantic convection to be affected in any way by
the sponge layer at the southern wall. The convection there is mostly controlled by
freshwater impact which was overwhelmingly strong during the MWE. However,
a word of caution should be issued here concerning the use of a sponge layer
specifically, and a regional model in general.

Concerning the use of the annual sea surface climatology we must add that, in
principle, late-winter values of SST and SSS would be more appropriate, since it
is the winter mixed-layer T and S properties that determine the structure of the
oceanic interior by inducing isopycnal outcrop. However, in view of the MWE
SST and SSS being predominantly summer values, the only plausible solution is
to rely on the annually-mean values in a comparative study like the presented here
(see also a discussion in Seidov et al., 1996).

Wind stress for both the modern and MWE are the newest release from the
ECHAM-3/T42 atmospheric model, generated for paleoclimatic studies by the
groups at Max-Planck Institute in Hamburg and at Bremen University (Lorenz
et al., 1996). This same wind stress is used for the LGM in SH and for MWE here.

All experiments with the sediment transport model are initialized with the same
sediment properties {sediment sources, settling velocity of 0.05cm s™ =43.2 m
day™! (Shanks and Trent, 1980), density and porosity of sediment, grain size, and
sedimentological grain diameter, and form factor of sediment particles). The
simulations were run over 1000 years. It is not possible to run the model to a
steady state condition because of the forward integration (e.g., the bottom slope
changes in time affect the critical velocities, critical erosion and suspension
velocity, and consequently the sediment transport itself). To take into account the
eolian sediment input from the atmosphere, a small flux of about 1.0 x 107'%g
em™257! (= 0.0864 mg m~2day™!) is prescribed at the uppermaost layer as in Haupt
et al. (1994). The sediment input is specified homogeneously over the sea surface.
We did not include any other source of sediment because our task is to infer the
impact of circulation on the sediment transport which can be seen most clearly
in slowly settling particles. Hence, the difference in between modern and past
eolian sediment patterns indicate a change of the circulation pattern. For a real-
istic sediment mapping other sources should be included, which is a task for
another study which have not been done yet. After settling, the eolian sediment is
also available at the sea floor (the sediment particles can re-enter the sediment
flow through turbulent entrainment).
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The trajectory-tracing model has been run over 500 years of model time using
the steady state velocity field provided by the OGCM. The water parcels have no
inherent settling velocity (that is they are neutrally buoyant) and, therefore, they
move together with the water flow.

RESULTS

The present-day and the MWE simulated velocity fields may be inspected in Seidov
et al. (1996). One may infer from these maps that the modemn and meltwater paleo-
circulation patterns are indeed very distinct, both in the upper and the deep ocean.
The most noticeable feature of the upper meltwater ocean currents is the deviation
of the paleo-North Atlantic Drift from its modern north-eastern path (which is also
found in the LGM case) and a reversed Norwegian Current in the NGS (which is a
MWE-specific feature). Moreover, total meridional overturning reveals reversed
overturning (which means a cyclonic meridional streamfunction as seen from east
to west in the vertical plan) in the upper acean down to 1 km and to the north of
40°N. The MWE convection pattern shows no convection to the north of 50°N and
much shallower convection between 40°N and 50°N in the central and eastern part
of the ocean (see Figure 5 in Seidov er al. (1996)). There is a strong incursion of
Antarctic Bottom Water (AABW), dominating the abyssal-to-deep ocean during the
MWE because of virtually non-existent NADW production at that time. This is in a
good agreement with the water mass contouring by Sarnthein ez al. (1994).

There is a much stronger difference between the MWE and modern circulation
structures than between the LGM and the modern ones. However, one particular
feature which makes the LGM and MWE deep ocean circulation more similar to
each other.than to the modern one in the western subtropical area, namely that
both paleo patterns lack a strong deep western boundary current.

Today’s southward deep return current is a deep-ocean western boundary flow
forming a strong counter-current under the Gulf Stream. This western boundary
current is well recognized as the most prominent feature of the thermohaline
circulation (Stommel and Arons, 1960). Though a noticeably weaker western
boundary current still existed at the LGM, the descending branch returned to the
south-western basin, largely as a broad zonal westward flow in the middie
latitudes. At the MWE, there is further degradation of the deep western boundary
current. Instead of this southward boundary flow there is an increased incursion of
AABW flowing northward at much shallower depths than at present.

Hence the re-deposited sediment in the eastern mid-to-high latitudes might be
of different origin. Today, the drifts indicate the transport of material largely from
north-east to west and south-west. In contrast, during the MWE some drifts could
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change direction of transport to re-deposit the grains from south to north and
north-west. Note that because of the coarse resolution we are not able to repro-
duce accurately the spatial boundaries between the drifts. We can only give a
general picture of sediment drifts where sedimentation rates are noticeably higher
than elsewhere in the basin.

Total accumulation is governed by the requirement that sources and sinks must
balance at the sea surface and are the same for both time periods. The spatial
distribution of modern and meltwater sediment is, however, different and reveals
two distinctly different circulation modes between present and the MWE. A very
high accumulation rate associated with the present-day mode of circulation is
found in the vicinity of Iceland in the Irminger Basin, along the Reykjanes Ridge
at both the south and north sides of Iceland, at the Rockall Plateau and in the NGS
(Fig. 1a). This is in agreement with the present-day concept of sediment trapping
in these areas (McCave and Tucholke, 1986; Bohrmann et al., 1990). We find that
the modeled sediment accumulation rates are smaller than those which have been
measured. This is because of the low eolian sediment input from the top, and
also because of the missing lateral irput (Haupt, 1995). The sediment is trans-
ported by the deep western southward boundary current with local maxima near
Newfoundland and further to the south in and near the Caribbean (McCave and
Tucholke, 1986). We note that Iceland and the Caribbean are represented by
seamounts in the model bottom topography; hence the non-zero accumulation
rates are artifacts at the exact positions of these islands.

As the meltwater North Atlantic Current diverged from today’s north-eastern
path, the accumulation rate in the Iceland and Irminger Basins dropped and a
significant part of the sediment mass was spread over the abyssal plain in the
Canary Basin (Fig. 1b). Here we have a clear indication of the very strong impact
of the circulation on the pelagic sediment in this area caused by essential change
of the inflow/outflow and the convection regime in the northern NA and Nordic
Seas, Note that although the sedimentation rate is far lower there than in the
Iceland Basin, the sediment mass is roughly the same because bottom area in the
latitude/longitude grid cells increases rapidly to the south. The sedimentation
rate around Iceland decreased by over a factor of two as compared with its
modern value (compare Figs. la and 1b). This is mainly because of the absence
of ventilating convection both in the NGS and in the Irminger Sea. At the LGM,
a relatively high glacial accumulation rate still emerges in the model in the
Newfoundland Basin (SH). However, we do not see continuous southward sedi-
ment transport along the North American coast, a signature of all our experiments
based on the modern ocean surface climatology. Instead, a noticeable southward
sediment transport is found at the eastern flank of the Mid-Atlantic Ridge. At the
MWE this tendency is increased significantly. The accumulation rate in the
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FIGURE la Sedimentation rate (cm/1000 yr.) produced by the modern ocean circulation patterns.

Newfoundland Basin decreased in comparison with the LGM run, whereas
deposition was stronger at the eastern flank of the Mid-Atlantic Ridge. The area
between Newfoundland and the Caribbean is almost totally free of sediment
deposition.

Although most of the features common to the two sediment transport patterns
(the modern and the MWE) can be explained by comparing them with the hori-
zontal circulation patterns given by velocity vector maps, fundamental differences
between modern, glacial and meltwater ventilation and sedimentation regimes arc
not revealed using solely the velocity maps. The transport in a transit area of
intense ventilation can differ principally depending on whether convection is taken
into account or ignored. ‘I'he actual motion of water i1s masked in traditional
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FIGURE 1b  Sedimentation rate (¢cm/1000 yr.) produced by the MWE ocean circulation patterns.

Eulerian calculations and mappings because of ‘invisible’ vertical motion, both in
the three-dimensional flow and especially in the convective ‘chimneys’ (for more
details see discussion in SH).

In the discussed experiments, the particles visualizing the flow were deployed
in different areas. In each of the areas, about 30 particles started to travel through
the Eulerian velocity fields, once each in the modern and in the MWE cases. In
SH we employed two different techniques to show the trajectories. First, all
trajectories were shown as colored ‘spaghetti’ to delineate the depth of a particle.
Another technique depicts only two pairs of trajectories but shows the elapsed
time and the water parcel depth along the trajectories. Here we use the same
visualization techmigue which shows the particles' pathways with depth and
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FIGURE 2a  200-year history of pairs of the Lagrangian particles for modern. Small rectangles show
elapsed time and depth; small circles indicate starting points, the arrows show the direction of motion,
and the bullets indicate the end points of the trajectories. One of the trajectories of each pair is
presented by broken line. The convection depths are shown by different shades of gray.

elapsed time shown in small rectangles attached to the trajectories (Figs. 2a-d).
Although the model time in the trajectory-tracing calculations was over 500 years,
only the tracks for the first 200 years of the elapsed time are shown in the maps to
avoid confusion. The upper panel (Fig. 2a, b) depicts the present day motion,
whereas the lower panel (Fig. 2c, d) shows the trajectory at the MWE. A striking
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FIGURE 2b  200-year history of pairs of the Lagrangian particles for modemn. Small rectangles show
elapsed time and depth; small circles indicate starting points, the arrows show the direction of motion,
and the bullets indicate the end points of the trajectories. One of the trajectories of each pair is
presented by broken line. The convection depths are shown by different shades of gray.

feature of the trajectory map is the change in the meltwater deep-ocean circulation
regime which would not be so obvious from the velocity maps shown in Seidov
et al., (1996). Note that there are particles deployed in the convection regions in
both cases. However, at the MWE, no particles penetrated into the deep ocean,
regardless of where they started their journey. Note that in a coarse resolution
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FIGURE 2¢  200-year history of pairs of the Lagrangian particles for MWE. Small rectangles show

elapsed time and depth: small circles indicate starting points, the arrows show the direction of motion,

and the bullets indicate the end points of the trajectories. One of the trajectories of each pair is
presented by broken line. The convection depths are shown by different shades of gray

model it is impossible to simulate accurately the Denmark Strait overflow, the
fluid parcels in the model, after entering the NA through the Denmark Straits,
descend through convectively mixing chimneys rather than within a waterfall
density current. This deficiency 1s common to many OGCMs and is though to
have some impact on the net formation rate and structure of NADW (e.g., Roberts
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FIGURE 2d  200-year history of pairs of the Lagrangian particles for MWE. Small rectangles show
elapsed time and depth; small circles indicate starting points, the arrows show the direction of motion,

and the bullets indicate the end points of the trajectories. One of the trajectories of each pair is
presented by broken line. The convection depths are shown by different shades of gray.

et al., 1996). However, in our study this impact is not as important as it might be
expected. Firstly, we study a case of complete cessation of NADW due to
convection capping during the MWE, and therefore the secondary effect of the
overflow not modeled accurately may not decisively hamper our simulations.
Secondly, the parcels descending to the deeper ocean within the density currents
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and sliding along the outcropped isopycnals in the convection zones all reach the
westward-southwestward deep flow, and therefore cannot be distinguished in
their further travel within the deep acean. _

With respect to the fate of the descending particles, color maps of particles
trajectories may help to trace the parcels after entering the North Atlantic through
the Denmark Straits. As in SH, in Figure 3 the trajectories are colored to show the
depth of a particle (convection sites are depicted by different shades of gray: the
deeper the convection, the darker the shade). We use the sunlight spectrum
colors, from dark red in the uppermost layer (<100 m) to violet and black in the
two deepest layers, to visualize vertical migration of the water parcels. Although
the model time in the trajectory-tracing calculations was over 500 years, only the
tracks for the first 100 years of the elapsed time are shown in the maps to avoid
confusion.

A comparison of the modern and MWE trajectories (Figs. 3 a and b) reveals the
fundamental difference of water transport during these two time slices. Present
day southward flow in the deep western boundary current is the dominant feature
of the deep ocean conveyor and conforms well to the Stommel-Arons theory. In
contrast, the MWE trajectories indicate that at that time slice there were no venti-
lation of the deep ocean in the NA at all (Fig. 3b), and therefore one cannot find
any indication of the deep ocean conveyor in the NA. The spaghetti of the MWE
trajectories indicate also that the Nordic Seas were rather isolated area at that
time. The selected trajectories iHustrate the collapse of the forward conveyor and
delincate the shallow and slow motion within the upper ocean layers.

Hence, on the basis of the spaghetti maps and the trajectories in Figure 2, deep
water production is found nowhere in the MWE North Atlantic. We note that
Figure 2c, d shows that water ventilaton of subsurface and intcrmediate water
still occur to the south of 40°N. However, the fate of descending volumes are
quite different to what occurs in the present-day simulations. This descended
water limits the subtropical warm and salty pool of high potential vorticity water
to the western part of the basin and upwells within this pool and western bound-
ary layer (Fig. 2¢c, d). The eastern upper-to-intermediate water move largely
southward and comprises the reverse upper-ocean conveyor (Seidov et al., 1996).
The color map in Fig. 3b also indicates that there was still quite intensive ventila-
tion of the subtropical thermocline, which is an inherent feature of wind-driven
circulation in the subtropics and therefore not affected by the high-latitudinal
convection regime. However, the ventilation regime in the subtropics was essen-
tially different from the present-day regime. At the MWE, the subtropical thermo-
cline is ventilated not only from the north, but largely from the east, which makes
it decisively different from its modern analogue. Indeed, the density outcrop to the
north and east of the Ekman-induced pool of high potential vorticity leads Lo
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FIGURE 3 Spaghetti of particle trajectories deployed at the HM in the central part of the northern
North Atlantic: a) Present-day: b) MWE. The convection depths are shown by different shades of gray.
First 100 years of the particles history are shown. The depth is indicated by colors from the color
palette; as a particle descends or upwells the color of the trajectory changes.
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FIGURE 3 (Continued).
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separation of this pool from the eastern boundary, which in turn leads to collapse
of the North Atlantic Drift and eventually to suppression of the thermohaline

conveyaor

DISCUSSION AND CONCLUSIONS

A threefold modeling approach was employed to understand particular aspects of
the meliwater paleoceanography of the North Atlantic. Primary among those are
the ventilation regime in the North Atlantic. The threefold approach helps to
reduce ambiguity of the traditional circulation modeling and data analysis. There
are some reasons why such ambiguity may arise.

Commonly, assumed features of a water flow, thought to be suitable for
explaining a particular distribution of proxy data, are largely based on specula-
tions. There is no guarantee that this hypothetical flow would satisfy hydro-
dynamic restrictions posed over the ocean by the wind stress, ocean geornetry,
hottom morphology. and heat and freshwater sea surface fluxes. OGCMs may
prove a useful addition to anaiyze the proxy data, having a reasonable and hydro-
dynamically consistent circulation pattern. Still, it would be better to validate
this pattern on the basis of data not used to constrain the conditions driving the
OGCM. Here we employ a sediment transport model to provide such means.
Having simulated a sedimentation pattern one can validate the resulting circula-
tion pauern by comparison with existing interpretations of the sediment struc-
tures. As pelagic (and to some extent hemi-pelagic) sediments can be used to
verify computations of the modern deep-ocean current, they can also be employed
to certify paleo-circulation.

Based on only partly known SSS, recently corrected SST, and simulated glacial
wind stress, we have arrived at resuits which largely conform to current ideas
about ventilation and overturn in the North Atlantic at the height of a meltwater
event subsequent to the last major glaciation. The sediment transport model out-
put contains features that agree well with interpretation of sediment data in the
northern North Atlantic.

In the eastern part, our sediment model agrees with data that indicate increased
flow along the eastern flank of the Mid-Atlantic Ridge. Dowling and McCave
(1993) and Robinson and McCave (1994) provide evidence that the Feni Drift
was substantially enhanced at the LGM. These authors interpret enhanced bottom
current activity in the Rockall Trough region as an indicator of enhianced deep
water production there. Though here we model the MWE pattern, the cessation of
the deep western boundary current is common to both the LGM and MWE
patterns. Our results, indicating a south-west shift of convection that facilitated
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only the intermediate water production at the MWE, are in good agreement with
findings of Sarnthein et al. (1995).

Our trajectory-tracing model reveals very different fates of the water volumes
in the modern and LGM cases. The lack of NADW production in the MWE North
Adtlantic is strongly supported by the proxy data (Sarnthein et al., 1994, 1995).

Bascd on a threefold numerical simulation of the NA circulation and sedimen-

tation we conclude the following:

1. Sedimentation in the NA is non-linearly coupled to the circulation modes asso-
ciated with different surface climatology. The MWE sedimentation pattern dif-
fers fundamentally from the modern sedimentation pattern showing a strong
decrease of sediment deposition rate in the vicinity of Iceland, an increase of
sedimentation rate in the eastern NA, and a dramatic drop in sedimentation rate
in the Gulf Stream area, if compared to the present-day rates in these regions.

2. The results suggest practically absent MWE sediment deposition in the Gulf
Stream area, and a lower rate than at present in the Caribbean.

3. The trajectory-tracing model indicates complete absence of the deep ocean
ventilation at the MWE. The model reveals disappearance of the deep western
boundary current and westward contraction of the subtropical warm pool. This
contraction leads to collapse of the eastern continuation of the North Atlantic
drift and contributes to formation of the upper ocean reverse conveyor.
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