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[1] A simple dynamic model based on boundary layer
theory shows that dynamic topography is unlikely to vary
significantly in response to short term (�20 Myr)
variations in the mean tectonic velocity. Tectonic
velocities essentially mirror variations in mantle viscosity,
but are not indicative of substantial modification of
dynamic topography, which primarily reflects mass
anomalies in the mantle. This implies that relative sea
level is unlikely to be affected by ‘‘tectonic pulses’’ and
also that observed tilting of cratonic margins cannot result
from a pulse of increased tectonic velocities. Thus, relative
sea level is primarily controlled by the seafloor age
distribution, although long term (�100 Myrs) changes in
tectonic velocity will produce dynamic topography that
reinforces sea level changes associated with changing ridge
volume. Citation: Husson, L., and C. P. Conrad (2006),
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1. Introduction

[2] Changes in ridge volume and the seafloor age distri-
bution were the first obvious candidates to explain relative
sea level change [e.g., Hays and Pitman, 1973; Kominz,
1984], which was seen as a eustatic process [e.g., Vail et al.,
1977]. Because sea level is observed via flooding of
continental margins, subduction-related, epeirogenic pro-
cesses have also been invoked [Mitrovica et al., 1989]:
observed transgressions could reflect the dynamic tilting of
continents above sinking slabs, and may be enhanced by
faster tectonic velocities [Gurnis, 1990, 1993]. This reason-
ing, which is valid for subduction onset or cessation, has
also been applied to eustatic sea level: increased negative
dynamic topography above more rapidly subducting slabs
may compensate, and even overcome, the effect of
increased ridge volume associated with faster spreading
rates [Hager, 1980].
[3] In order to evaluate this competition, most studies are

based on semi-dynamic models where tectonic velocity is
an input. Therefore, it has been argued that fast subduction
stuffs dense material into the upper mantle at high rates,
causing it to accumulate and generate large dynamic topog-
raphy [Gurnis, 1990]. Such interpretations, however, do not
account for the dynamic equilibrium between mantle tem-
perature and tectonic velocities. Because slabs are thought

to drive plate motions [Conrad and Lithgow-Bertelloni,
2004], tectonic velocities must be regarded as the result of
the density contrast within the mantle and not as its cause.
Thus, plate and slab velocities must be consistent with (i)
their intrinsic buoyancy and (ii) the density and viscosity of
the mantle, as they are in several dynamically-consistent
studies [e.g., Mitrovica et al., 1989; Ricard and Vigny,
1989] (we discard dynamic fluctuations in upwellings as a
control on plate dynamics below). These interactions can be
captured by a simple, yet dynamically consistent, analysis
based on steady-state boundary layer theory that evaluates
the competition between seafloor age distribution and
dynamic topography.

2. Dynamic Topography in a Convective System

[4] Dynamic topography is the vertical component of the
response of an interface, like the surface of the Earth, to the
viscous flow of the underlying fluid. In a highly viscous
system like the mantle, inertia is negligible and dynamic
topography is independent of viscosity for a uniform New-
tonian fluid [Morgan, 1965]. Therefore the dynamic volume
of the deflected Earth surface can be reduced to an integral
function of the mass heterogeneities in the Earth’s mantle.
Note that support of slabs by a high-viscosity lower mantle
may decrease dynamic topography amplitudes at the surface
[Hager, 1984]. Thus, our use of a mantle of uniform
viscosity leads to upper bounds on dynamic volumes in
the analysis below. In a chemically uniform convective
system, density heterogeneities only depend on the thermal
state of the mantle. In such a case, the key parameter
affecting dynamic topography is the temperature of the
mantle, which sets the magnitude of the density contrast
and the volume of these density heterogeneities (i.e., the
volume of the slab).

2.1. Plate Velocity and Boundary Layer Theory

[5] Boundary layer theory satisfactorily explains the
structure and kinematics of a convecting Earth (see Bercovici
et al. [2000] for a review). The buoyancy force FB that drives
the subduction is balanced by the drag forces FDh

and FDv

that act on the horizontal and vertical boundaries of the
convection cell. Following the derivation of [Turcotte and
Schubert, 2002], the forces per unit length are:
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r0aTm/2 is the mean density contrast within the mantle, r0 is
the reference density for the mantle, a is the coefficient of
thermal expansion, Tm the temperature increase in the
mantle (Tm/2 is the temperature in the core of the convective
mantle assuming a symmetric temperature profile), and k is
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