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Globally uniform (i.e., eustatic) sea-level trends with time scales approaching 100 Myr have been inferred
from both seismic and backstripping stratigraphic analysis at a small set of geographic sites that are
presumed to lie on stable continental platforms and passive continental margins characterized by simple
thermal subsidence histories (e.g., the New Jersey margin, the western African margin). We demonstrate,
using mantle flow simulations based on high resolution seismic tomography, that both the New Jersey
margin and the conjugate western African margin have been subject to orders of 100 m of dynamic (i.e., flow
induced) topography change over the last 30 Myr. We also show that the changing pattern of downwelling
mantle flow associated with plate subduction is a significant contributor to the background eustatic sea-level
trend, which is also of order 100 m during the 30 Myr time window. Therefore, Late-Cenozoic variations of
dynamic topography on these passive margin sites are comparable to the eustatic sea-level changes and can
partially mask the latter. Furthermore, even if the observed trend could be accurately corrected for local
dynamic topography variation, the residual eustatic signal does not merely reflect changes in mean spreading
rates at mid-ocean ridges. We conclude that the observed long term sea-level variations at so-called “stable”
sites cannot be interpreted as eustatic. Moreover, previous analyses that have used long-term sea-level
trends as a proxy for spreading rates and geochemical fluxes must be revisited.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Stratigraphic analyses of seismic data from continental platforms
and passive continental margins reveal global-scale sea-level vari-
ations spanning a wide range of time scales (e.g., Vail et al., 1977b;
Hallam, 1978; Haq et al., 1987). The origins of some aspects of this
variation are well known, for example the sea-level changes that
accompanied the growth and ablation of grounded ice sheets during
the Pleistocene (Milne et al., 2002) and older times (e.g. Miller et al.,
2005). In contrast, the origin of longer time scale sea-level trends, the
first and second order sea-level cycles (e.g., Vail et al., 1977b), which
we define here as lasting 10–100 million years, is the source of in-
creasing debate (e.g. Carter, 1998; Miall and Miall, 2001).

Under the widespread assumption that these long-term trends
are globally synchronous, that is, eustatic, in nature, they are generally

interpreted to reflect variations in the mean rate of spreading (pro-
duction of oceanic crust) at mid-ocean ridges (Hays and Pitman,1973).
According to this view, an increase (decrease) in rate of spreading
leads to a higher (lower) mean topography of ocean basins and a
displacement upwards (downwards) of sea-level at coastlines (Pit-
man, 1978). Advocates of this connection cite the apparent correlation
between the time history of plate spreading, as inferred from mag-
netic reversal records, and the variation in continental flooding from
the Cretaceous to Present.

Arguments countering various elements of this “textbook” view of
long-term sea-level trends have appeared within the literature. First, a
recent reanalysis of an updated ocean age distribution (Rowley, 2002)
does not require a change in the mean spreading rate over the last
180 Ma, though other analyses question this conclusion (Demicco,
2004; Conrad and Lithgow-Bertelloni, 2007). Second, various simula-
tions of mantle convective flow indicate that the spreading rate-sea
level connection neglects a crucial element of the plate tectonic
system, namely subduction (Hager, 1980; Mitrovica et al., 1989;
Gurnis, 1990). Mitrovica et al. (1989) and Gurnis (1990) have shown
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that viscous stresses driven by plate subduction can drive topographic
(and hence apparent sea-level) variations in the overriding litho-
sphere. An increase in subduction rate, or the subduction of
progressively older (colder) lithosphere, will lead to a dynamic
subsidence of the overriding lithosphere and the associated infill of
water to this area may, at least in part, compensate for the sea-level
rise associated with an increase in the spreading rate. There may be
important phase lags between the sea-level signal from spreading and
subduction rate changes (Husson and Conrad, 2006); however, the
link between plate subduction and tilting of continental margins (i.e.,
regional transgressions and regressions of sea level) is widely
established (Mitrovica et al., 1989; Gurnis, 1990).

It is now also widely recognized that mantle flow drives significant
vertical motions of the crust, or “dynamic topography”, across the
entire surface of the planet (e.g., Hager et al., 1985; Forte et al., 1993;
Lithgow-Bertelloni and Silver, 1998; Gurnis et al., 1998; Forte and
Perry, 2000; Daradich et al., 2003). This general coupling raises a
fundamental question regarding the nature of long-term sea-level
trends; namely, are these trends, as has long been assumed, eustatic?

Methods have been proposed for separating eustasy from the
signal associated with dynamic topography (epeirogeny) that are
based on either the geometry of the associated stratigraphy (Mitrovica
et al., 1989) or a comparison of the flooding histories of different
continents (Bond, 1979; Harrison, 1990). However, to date, long-term
(first and second order cycles) sea level variations are based on
inferences derived from continental flooding (e.g. Sloss, 1963; Vail
et al., 1977a) or from modeling of subsidence histories at passive
continental margins, such as New Jersey (e.g.Watts and Steckler,1979;
Miller et al., 2005) or northwest Africa (Hardenbol et al., 1981). In the
case of the Exxon global sea level curves (Vail et al., 1977b; Haq et al.,
1987), the higher frequency (third and higher order cycles) inferred
sea level variations, are based on seismic stratigraphy of coastal mar-
gins of which a majority is restricted to the northern hemisphere
which include margins near tectonically active zones (e.g. Alaska,
California, Sumatra, Philippines, and Japan).

The first-order variations in the Exxon curves were scaled to match
1-D backstripping estimates of a well on a northwest-African margin
by Hardenbol et al. (1981). Whereas, the short-term history and
amplitude variations incorporated Mesozoic and Cenozoic sequences
derived from marine outcrops located in the western interior of the
United States and the Gulf of Mexico. As discussed above, these areas
were subject to large scale dynamic topography variations that would
have contributed significantly to the inferred sea-level trends. The
absolute height of the long-term Exxon curve representing the late-
Cretaceous high sea-level stand was scaled to match the effects due
to change in ridge spreading rates, among other factors based on
Harrison (1990).

Backstripping of one or more wells to derive long-term sea level
variations have, to date, been restricted to a small number of sites
(New Jersey, Nova Scotia, and northwest Africa). The presumption that
the sea-level trends represent eustatic signals (after correction for
effects such as sediment compaction, loading and thermal tectonic
subsidence) is based on the assumption that these sites, which are
distant from the closest plate boundary, are located on stable (passive)
continental platforms unaffected by other, unaccounted for, sources of
vertical components of motion.

In light of the results of global mantle flow calculations (e.g.,
Forte et al., 1993; Forte and Perry, 2000), it is logical to question
whether there exists, anywhere on Earth, a continental platform
that is stable on times scales of 10–100 Myr. Or, more specifically,
whether the key sites used to constrain long-term sea-level changes
are located on platforms in which eustasy is expected to domi-
nate dynamic topography (epeirogeny) on these time scales. In this
paper we explore this issue using mantle convection simulations
initiated by 3-D mantle structure based on seismic tomographic
imaging.

1.1. Mantle convection and dynamic topography

Dynamic topography is defined as the response of the Earth's
surface to convectively-maintained vertical stresses (Mitrovica et al.,
1989). These vertical stresses originate from buoyancy residing in both
the lithosphere and the mantle (e.g. Forte et al., 1993), including those
associated with the cooling of the oceanic lithosphere (e.g. Parsons,
1982). We note that the cratonic lithosphere is chemically distinct
from the oceanic lithosphere, and is neutrally buoyant (Forte and
Perry, 2000; Simmons et al., 2007).

To estimate the present-day dynamic topography induced by
mantle convection, and its evolution, we employ a spherical, 3-D,
time-dependent, compressible mantle convection model. In our simu-
lations, the mantle flow is dynamically coupled with surface tectonic
plates (i.e. the plate motions are not used to drive the flow; rather
they are predicted by the flow [Forte and Peltier, 1994]) and its time-
dependent evolution is solved using a pseudo-spectral numerical
method (Espesset and Forte, 2001). We incorporate Newtonian rhe-
ology with a viscosity profile that is constrained by global joint in-
versions (Mitrovica and Forte, 2004) of convection-related surface
observables (surface gravity anomalies, residual topography, diver-
gence of tectonic plate motions, excess ellipticity of the core–mantle
boundary) and data associated with the response of the Earth to ice-
age surface mass loading (decay times inferred from post-glacial sea-
level histories in Hudson Bay and Fennoscandia, and the Fennoscan-
dian relaxation spectrum). This profile, shown in Fig.1, is characterized
by a three order of magnitude increase in viscosity from the base of
the lithosphere to a depth of ~2000 km, followed by a decrease toward
the core–mantle boundary; we term this profile ‘V1’. Additionally,
because dynamic topography and its rate of change are sensitive to
both buoyancy forces used to drive mantle convection and to the
adopted viscosity profile which controls mantle flow velocity, we
consider a second viscosity profile in our study termed ‘V2’ in Fig.1. The
V2 viscosity profile is also consistent with the aforementioned geo-
dynamic constraints, though it has a reduced low viscosity notch at the
base of the upper mantle and is overall slightly stiffer than the V1
viscosity profile, specifically in the lower mantle.

Fig. 1. Mantle viscosity as a function of depth used in the simulations. The viscosity
profile labeled V1 is from Mitrovica and Forte (2004). The model V2 is a slightly
modified version of V1; it is characterized by a moderate increase in viscosity of the
lithosphere and lower mantle with a less pronounced low viscosity notch at the base of
the upper mantle.
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Three-dimensional density perturbations in themantle are derived
from a high resolution global seismic shear-wave model that is pa-
rameterized into spatial blocks defined by 22 layers extending from
the core–mantle boundary to the surface, with thicknesses ranging
from 75 km to 150 km, and with lateral dimensions of ~250 km
(Simmons et al., 2007). This model is the first to be obtained through a
joint inversion of global seismic (travel times) and geodynamic surface
observables (see above) in which both thermal and compositional
contributions to density are simultaneously considered. These com-
positional contributions are crucial for an adequate representation of
the intrinsic buoyancy in the sub-cratonic root of North America (Forte
et al., 2007). The resulting model of mantle heterogeneity satisfies
both seismic constraints and geodynamic constraints equally well.
Specifically, a mantle convection simulation driven by this model of
mantle heterogeneity fits the observed free-air gravity, residual to-
pography, and plate divergence (up to spherical harmonic degree 16)
to a variance reduction of 90%, 94%, and 76%, respectively. The seismic
travel time constraints are satisfied to within 96%.

The resolution inherent to this model enables us to perform flow
calculations with much greater spatial resolution than previously
possible. All mantle flow results presented below are based on spheri-
cal harmonic representations up to maximum degree 128 (~156 km
half-wavelength at surface), thereby allowing us to fully resolve the
fine-scale details in the tomography model. The radial variation in the
mantle flow field is parameterized in terms of Chebyshev polynomials
up to order 65, corresponding to a maximum radial flow resolution of
~70 km at mid-mantle depth.

A time-dependent reconstruction of dynamic topography in the past
is obtainedvia “backward”mantle convection simulations.Weadopt the
approach used by Forte and Mitrovica (1997) and by others (e.g.,
Steinberger and O'Connell, 1997; Conrad and Gurnis, 2003) where the
direction of buoyancy induced flow in the mantle is numerically
reversed by using negative time. Naturally, the advective term in the
heat-energy equation is a time-reversible process, whereas the diffusive
portion is not. However, for a relatively short simulation period of
30 Myr, the diffusion of heat in the mantle is very small compared to
advection and therefore, to first order, the diffusive term in the heat-
energy equation can be explicitly set to zero. To this end, the initial
(present-day) heterogeneity is advected backwards using boundary
conditions that are consistent with a new Indo-Atlantic plate recon-
struction model in the no-net-rotation reference frame (Quéré et al.,
2007).

To be consistent with geological markers of sea-level change, sea
level at a specific geographic point is defined as the height of the sea-
surface, or geoid, relative to the solid surface of the planet. Thus local
changes in sea level arise from variations in the radial position of
either of these two bounding surfaces. Thus, in our backward ad-
vection scheme we keep track of fluctuations in both the solid surface
(i.e., dynamic topography variations) and the geoid.

Geoid height changes have two contributions. The first is asso-
ciated with gravitational potential perturbations arising from both the
advection of density heterogeneity and deflections of boundaries
(including the surface) in the solid Earth. This is the usual definition of
the geoid in the mantle convection literature. The second contribution
is a uniform shift in the geoid that reflects the fact that the equi-
potential defining the sea surface may change in time (Dahlen, 1976),
and this term may be computed by invoking conservation of mass
within the oceans. Specifically, if we assume a constant volume of
water in the oceans, and ignore any sedimentation, the uniform shift
in the geoid will be equal to the change in the mean dynamic to-
pography within the ocean basins. That is, the mean geoid must rise
(or fall) to account for a net increase (decrease) in the volume of ocean
basins driven by convective flow.

This shift in the geoid will be termed the eustatic sea-level change.
It is important to note that this change does not imply a variation in
the volume of ocean water. The eustatic sea-level change, as we have

defined it, does, however, have a clear physical explanation; it is the
sea level rise (or fall) that would be measured by an observer on a
fixed edge of the ocean basin (e.g. on a perfectly passive margin),
subject to no local geoid perturbations.

Following Moucha et al. (2006), we estimate the change in the
volume of ocean basins as a function of time by integrating the dy-
namic topography over the geometry of these basins. This surface
integration is performed via a 1st order numerical integration on a
very fine (sub-degree) unstructured spherical triangular mesh where
each ocean basin is defined by its own polygon. The surface area
coverage of ocean basins as a function of time was obtained by
backward-rotation of present-day continental blocks using the same
Indo-Atlantic plate reconstruction model as used in the backward
mantle convection simulations.

2. Dynamic topography, eustasy and relative sea level

Two examples of predicted dynamic topography, at 0 Ma and
30 Ma, are shown in Fig. 2 for a simulation adopting the V2 viscosity
profile. The change in the volume of the ocean basins over the last
30 Myr appears to be dominated by a change in the volume of the east
Pacific ridge system and an uplift of the lithosphere in vicinity of
various subduction zones (e.g., Sumatra, Indonesia, and southwestern
South America). To quantify these contributions, we have computed
the change in eustatic sea level over this time period for simulations
based on both the V1 and V2 viscosity profiles by integrating the
dynamic topography over the ocean basins at each 5 Myr instance
back to 30 Ma. The change in the area of the ocean basins over this
time period is negligible. These results are presented in Fig. 3(a). In
both cases, our convection simulation predicts a eustatic sea level
rise in the last 30 Myr. As one would expect, the viscosity profile
controls the mean rate of uplift; in particular, the stiffer viscosity
profile V2 corresponds to a sea level rise of ~100 m in the last 30 Myr,
whereas the viscosity V1 profile predicts ~140 m of sea level rise.
(We emphasize that we are computing sea level change driven by
mantle convection alone; we are not including effects such as
changes in sedimentation flux into the ocean basins or the formation
of ice sheets in Antarctica and Greenland. The formation of
permanent ice sheets began at about 30 Ma, and is estimated to be
responsible for about a 40 m eustatic sea level fall over this time
period [Harrison, 1990]).

To investigate the effect that thermal diffusion in the lithosphere
has on our inferences of eustatic sea level change we remove the
upper 100 km of heterogeneity in the mantle and compute the
resulting dynamic topography. In essence, we are then assuming
that the thermal structure of the lithosphere, which is controlled by
a balance between horizontal advection and vertical conduction
(Turcotte and Oxburgh 1967), is effectively unchanging or in steady-
state over this 30 Myr time interval. On the basis of this assumption,
any change in sea level due to variations in dynamic topography of the
ocean floor will be driven entirely by convective flow below the
lithosphere. This result is labeled with the suffix “100 km” in Fig. 3(a)
and compared to results that include the upper 100 km of (litho-
spheric) mantle heterogeneity. We thereby obtain an approximate
estimate of the uncertainty associated with the neglect of thermal
diffusion in the lithosphere that is about 15%.

Moreover, we have decomposed the V2 results in Fig. 3(a) into
contributions from both uplift and subsidence of the solid surface in
the ocean basins. Specifically, the net contribution to the eustatic sea-
level change over the last 30 Myr from all regions showing a dynamic
topography high (i.e., yellows and reds) in Fig. 2 (bottom) is a rise of
40 m, while the contribution from regions that are dynamically de-
pressed in this same figure is a rise of 60 m. We conclude that
variations in eustatic sea level are not, as is generally assumed, solely
driven by changes in the volume ofmid-ocean ridge structures; that is,
as our qualitative inspection of Fig. 2 suggested, the contribution from
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Fig. 2.Modeled ocean basin dynamic topography for viscosity profile V2 (Fig.1) at present day (top) and 30Ma (bottom); the latter with reconstructed continental shelf positions on a
present-day graticule. The continental blocks were backward rotated using an Indo-Atlantic no-net-rotation plate reconstruction model (Quéré et al., 2007). Also shown are the
locations of regional relative sea level sites discussed in the text: the New Jersey coastal plain (NJ) and the northwest African margin (NWAF).
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dynamic topography fluctuations in the vicinity of subduction zones
cannot be ignored.

Of course, the results in Fig. 2 also indicate that the notion that
there exist perfectly stable continental margins that serve as natural
markers for eustatic sea-level change may be overly simplistic. Our
goal in the following is to quantify the impact of local dynamic to-
pography fluctuations on estimates of sea-level change at putatively
stable sites that have played a role in past efforts to constrain long-
term eustatic sea-level change.

Detailed backstripping inferences of global sea level change from
the presumed passive margin off eastern North America, including
sites on the coastal plains of New Jersey and Nova Scotia, were carried
out by Watts and Steckler (1979). Analyses of boreholes on the New
Jersey coastal plain have been the most prominent focus of attention
over the past three decades (Steckler andWatts 1978, Van Sickel et al.,
2004; Miller et al., 2005) and they have been interpreted as indicating
a fall in global eustatic sea level since the Cretaceous. Our prediction of
the dynamic topography over the past 30 Myr, relative to the present

Fig. 3. (a) Eustatic sea level (relative to the present-day value) over the last 30Myr obtained by integrating the dynamic topography over the full ocean basin geometry (water–mantle
density contrast 2.2 g/cm3). The two curves refer to simulations based on the viscosity profiles V1 and V2, as shown in Fig.1. The curves denoted by the suffix “100 km” refers to results
obtained with the upper 100 km heterogeneity set to zero (see text). (b) Dynamic topography (i.e., convection-induced radial displacement of the solid surface) at a site on the New
Jersey (NJ) coastal plain (see Fig. 2) relative to present day (air–mantle density contrast 3.2 g/cm3). Results are shown for both the V1 and V2 viscosity profiles, as well as cases in
which all lithosphere density heterogeneity within the upper 200 km is set to zero (denoted by suffix “200 km”). (c) Modeled relative sea level variation at the New Jersey coastal
plain. RSL is computed from the predicted eustatic sea level trend (frame a) and the predicted difference between changes in the radial position of the local geoid and solid surfaces
(see text). The suffix “100;200 km” corresponds to the combination of eustatic sea level change with suffix “100 km” in (a) and solid surface change with suffix “200 km” in (b).
(d) Present-day dynamic topography for model V2_200 km at the central east margin of USA compared to dynamic topography at 30Ma. Also shown is the NJ area of integration used
for results in (b). The coast line and area of integration were backward rotated using an Indo-Atlantic no-net-rotation plate reconstruction model (Quéré et al., 2007).
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day, at this site is shown in Fig. 3(b) for simulations using both vis-
cosity profiles V1 and V2. We may also explore the impact of the
stability of the continental lithosphere on dynamic topography by
removing all heterogeneity above a depth of 200 km and repeating the
simulations (results denoted by the term “200 km”). These results
provide a measure of the variability in the predictions associated with
uncertainties in lithospheric density within continental regions.

We compare the present-day dynamic topography of the New
Jersey margin with the dynamic topography at 30 Ma in map form in
Fig. 3(d). This comparison illustrates the effect of the progressive
descent of the Farallon slab which is located at shallower depth at
30Ma relative to present-day and hence produced amore pronounced
dynamic topography low. Between 30 Ma and today, the Farallon slab
inclination steepened and descended deeper into the mantle thereby

driving a sublithospheric influx of warmer suboceanic mantle under
the east coast of North America from the Atlantic. This increase in
positive buoyancy in the asthenospheric mantle produces the uplift
evident in Figs. 3(b) and (d). The mantle flow geometry produced by
Farallon slab subduction under eastern North America is described in
greater detail in the recent study by Forte et al. (2007).

The results in Fig. 3(b) indicate that the variations in dynamic
topography are comparable to eustatic sea-level changes over the last
30 Myr, and thus, at least in this regard, the New Jersey coastal plain
cannot be considered a stable continental platform. This implies that
analyses of geological markers of sea-level change at this site will not
provide a direct estimate of the eustatic sea-level trend. This is rein-
forced in Fig. 3(c), where we plot predicted relative sea-level (RSL)
curves for this site generated from the same four numerical

Fig. 4. Dynamic topography (solid surface) variations, relative to the present-day value, predicted for the site on the coasts of (a) northwest Africa (NWAF) and (location shown in
Fig. 2) (air–mantle density contrast 3.2 g/cm3). b) Modeled relative sea level at the NWAF margin. Labels in the inset are defined in Fig. 3. (c) Present-day dynamic topography for
model V2_200 km at the NWAF margin compared to dynamic topography at 30 Ma. Also shown is the NWAF area of integration used for results in (b). The coast line and area of
integration were backward rotated using an Indo-Atlantic no-net-rotation plate reconstruction model (Quéré et al., 2007).
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simulations. RSL refers to predictions of sea-level relative to the
present day value, and these predictions include not only eustasy (Fig.
3a) and dynamic topography (Fig. 3b), but also local changes in geoid
height (i.e., RSL equals eustasy plus local geoid height changes minus
dynamic topography).

The net change in the predicted RSL over the last 30 Myr depends
on the adopted viscosity model, although a majority of the results
show a sea-level fall in the last 15 Myr of order 50 m. The viscosity
profile V2 appears to provide the closest match to observational con-
straints from theNew Jersey coastal plain since the early Oligocene.We
note that excluding density heterogeneity within the oceanic and
continental lithosphere for a simulation with this viscosity model V2
(denoted by “V2_100;200 km” in Fig. 3c) yields a marked increase in
the magnitude of the predicted RSL fall to ~100 m. This value is
comparable to the 150 m fall that characterizes the global sea-level
curve of Haq et al. (1987) and also fall within the range of observational
constraints from backstripping analysis (e.g. Van Sickel et al., 2004;
Miller et al., 2005). The main conclusion from Fig. 3 is that local
dynamic topography fluctuations cannot be ignored in interpreting
sea-level constraints from this site; indeed, these fluctuations are large
enough to yield a RSL trend with a different sign than the eustatic
trend.

We have also explored the implications of dynamic topography for
the Nova Scotian margin analyzed by Watts and Steckler (1979) and
we found that for viscosity profile V2 the predicted convection in-
duced RSL over the past 15 Ma was, within model uncertainties,
essentially null. The prediction of constant sea level over this time
interval is in accord, within observational uncertainties, with the Nova
Scotia margin RSL interpretation by Watts and Steckler (1979).

In Fig. 4, we consider a similar set of predictions for the northwest
margin of Africa (NWAF in Fig. 2), an area that was once joined to the
New Jersey coastal plain prior to the opening of the North Atlantic. For
this site we model a RSL rise of about 150 m over the past 30 Myr using
the viscosity profile V2 that best-fits the sea-level history along theNew
Jersey coast. This rise in sea-level has contributions of ~100 m from
eustasy (Fig. 3a, green line) and ~50 m from a dynamically driven
subsidenceof the crust (Fig. 4a, green line). Ifwe exclude the lithosphere,
we predict an uplift of the crust of ~80m (Fig. 4a, cyan dashed line). We
note that Bond (1979) estimated a 90muplift of Africa for this same time
period in order to bring it into line with the mean global sea level
variations. Themodel, denoted by “V2_100;200 km”, in Fig. 4 (b) yields a
negligible change in RSL at NWAFmargin. This is in stark contrast to the
RSL results for conjugate NJ margin, but further demonstrates how local
epeirogeny can mask the “true” eustatic sea level.

3. Conclusions

We have demonstrated that so-called passive continental margins
can be subject to significant, mantle-flow induced vertical motions, or
dynamic topography, on the order of 100 m over geologically short
time intervals (30 Myr). This variation is comparable in magnitude to
the eustatic (i.e., globally uniform) sea-surface height change com-
puted over the same time interval; we thus conclude that long term
sea-level variability at these locations inferred from either seismic
sequence stratigraphy or backstripping analysis of borehole data can-
not be interpreted as solely reflecting global eustatic sea level change.
As an illustration of this mantle dynamic contamination, we predict a
sea-level fall of 50–100 m for a site in the New Jersey coastal plain for
viscosity model V2, with contributions of ~100 m (rise) from eustasy
and ~150–200 m (fall) from dynamic topography. The sensitivity
of the time-dependent dynamic topography predictions to viscos-
ity opens the possibility of using these RSL data as an additional
geodynamic constraint in joint inversions for mantle viscosity (e.g.
Mitrovica and Forte, 2004).

We have deconstructed our ~100 m prediction of eustatic sea level
rise into contributions from regions that are dynamically elevated

(e.g., areas in the vicinity of mid-ocean ridges) and depressed (e.g.,
area close to subduction zones). We find these two contributions to be
of comparable magnitude and we conclude that eustatic sea-level
variations are not, as is commonly assumed, related to changes inmid-
ocean ridge spreading rates (i.e., ocean ridge volume) alone. Thus,
even if one were able to decontaminate local sea-level records for the
non-negligible signal from dynamic topography, the residual, eustatic
signal would not serve as a robust measure of spreading rate changes.

Models of long-term geochemical fluxes often assume the fol-
lowing chain of proxies (e.g., Hardie, 1996; Stanley and Hardie, 1998;
Lowenstein et al., 2001; Horita et al., 2002): long-term trends in sea
level at sites on passive continental margins serve as a measure of
eustasy, which in turn serve as a measure of the history of mean plate
spreading rates, which in turn serve as ameasure of geochemical ridge
fluxes. Our results indicate two flaws in this chain of logic, related to
both the impact of dynamic topography at stable margins and the
origin of eustatic sea-level trends. We conclude that the conclusions
based on such analysis require reappraisal.
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