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The dynamic surface topography is defined as a topographic signal
maintained by the viscous flow in a sublithospheric mantle. The dy-
namic topography should not be confused with the observed
topography, which is mostly related to isostatic compensation
of crustal thickness variations and tothermal cooling of the litho-
sphere (for a detailed discussion of the concept see Le Stunff
and Ricard, 1995). The analysis of geological data suggests that
the amplitudes of the long-wavelength dynamic topography are
significantly smaller than the observed amplitudes. This fact has
been a puzzling problem for many years since a small dynamic
topography can hardly be explained by numerical simulations of
the whole-mantle convection and it seems to be in contradiction
with the long-wavelength gravitational signature of the Earth as
well. The interpretation of the dynamic topography thus repre-
sents a challenging problem the solution of which can provide
important information about the style of mantle convection.

The last decade has seen many attempts to constrain
the amplitudes of thedynamic topography from geological
data and/or geophysical modeling. The first-order estimates of
the dynamic topography based on whole-mantle flow models
with a free-slip upper boundary usually show large topographic
depressions close to subduction zones and topographic elevations
in the neighborhood of ridges and the regions of hotspot activity.
This paradigm is intuitively acceptable since it apparently agrees
with the observation: We indeed find topographic heights close
to spreading centers while the convergent plate boundaries are
accompanied by pronounced depressions. A careful analysis
of the bathymetric data taking into account thermal models of
the oceanic lithosphere (Colin and Fleitout, 1990; Panasyuk and
Hager, 2000) indicates, however, that the above concept may be
misleading: The topography of the Pacific ocean corrected for
the cooling effects shows an increase of amplitudes from slightly
negative values (shallow depression) in the neighborhood of
the East-Pacific Rise to positive values in the West Pacific (pro-

nounced elevation). This result, which cannot be explained on the
basis of whole-mantle flow models with a free-slip upper bound-
ary, suggests that the dynamic topography may be strongly influ-
enced by a complex flow situation at the boundary between the
upper and lower mantles and by the existence of stiff lithospheric
plates. If the plates are mainly driven by mass heterogeneities
near the boundaries (slab pull), then the lithosphere drags the un-
derlying mantle, giving rise to a large-scale flow. This flow gen-
erates and a negative topography close to the spreading centers
and a positive large-scale topography above the convergent plate
boundaries. At a short distance from the trench, the positive large-
scale topography is overprinted by a small-scale depression.

We test this hypothesis using a model of mantle flow with
imposed plate velocities, partial layering at 660 km and strong
lateral viscosity variations in the tectosphere (Cadek and Flei-
tout, 1999, 2003). The parameters of the model are tuned up
to satisfy the observed long-wavelength gravitational signal as
well as thebasic seismic and tectonic information (buoyancy
forces proportional to seismic velocity anomalies, existence of
subducted slabs in the upper mantle, changeable thickness of
the oceanic lithosphere, existence of continental roots, etc.).For
such a model we predict a dynamic surface topography and
we compare it with the oceanic topography corrected for the
cooling effects (=presumable dynamic topography). Our model
shows reasonably small topographic amplitudes (200-600 m)
provided that the mass flux across the 660-km interface is
significantly (by a factor of 3) reduced in comparison with the
whole-mantle flow. The partial layering together with the plate
motion imposed on the top leads to a flow pattern which
strongly differs from the usual whole-mantle flow models and
which produces a strikingly different pattern of the dynamic
topography. The predicted dynamic topography basically fits
the main trends of the bathymetric data corrected for the ef-
fects of lithospheric cooling: It shows a large-scale elevation
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in the West Pacific and South-East Asia, depressions close to
the mid-ocean ridges and a weak elevation in the East Pacific.

Our model confirms the large-scale pattern of the dynamic
surface topography proposed on the basis of bathymetric data
and lithospheric cooling models. The amplitudes of the predict-
ed dynamic topography are reasonably small and the distribu-
tion of the main topographic extremes is basically opposite to
the observation. This suggests that the circulation in the mantle
is partially layered and the whole-mantle flowmodels should be
rejected. The lithospheric plates are an important ingredient to
include in the mantle flow modeling. They can produce a signif-
icant large-scale flow influencing both the dynamic topography
and the stress distribution in the lithosphere.
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