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The case for dynamic subsidence of the U.S. east coast since the Eocene
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[1] The dynamic subsidence of the United States east coast
is addressed using the discrepancy between regional and
global estimates of sea level, elevation of paleoshorelines,
and adjoint models of mantle convection that assimilate
plate motions and seismic tomography. The positions of
Eocene and Miocene paleoshorelines are lower than
predicted by global sea levels, suggesting at least 50 m,
and possibly as much as 200 m of subsidence since the end
of the Eocene. Dynamic models predict subsidence of the
east coast since the end of Eocene, although the exact
magnitude is uncertain. This subsidence has been occurring
during an overall global sea-level fall, with the eustatic
change being larger than the dynamic subsidence; this
results in a regional sea-level fall in the absence of land
subsidence. Dynamic subsidence is consistent with the
difference between eustasy and regional sea level at the
New Jersey coastal plain. Citation: Spasojevi¢, S., L. Liu,
M. Gurnis, and R. D. Miiller (2008), The case for dynamic
subsidence of the U.S. east coast since the Eocene, Geophys.
Res. Lett., 35, L08305, doi:10.1029/2008GL033511.

1. Introduction

[2] The mantle density structure drives a large-scale
pattern of surface dynamic topography that may play an
important role in controlling the geoid [Richards and Hager,
1984; Hager et al., 1985]. North America has been sug-
gested as a dynamic topography low using density struc-
tures either inferred from seismic tomography [Hager et al.,
1985; Steinberger, 2007] or the history of subduction
[Lithgow-Bertelloni and Richards, 1998]. Both global
[Grand, 2002; Ritsema and van Heijst, 2000] and regional
[Ren et al., 2007] seismic tomography models show a
linear high seismic velocity anomaly beneath eastern North
America at mid mantle depths, interpreted as the remnants
of Farallon plate subduction [Bunge and Grand, 2000; Ren
et al., 2007].

[3] Independent of these geophysical concepts, Miller et
al. [2005] made new sea-level estimates that putatively
reflect eustasy, based on the backstripping of sedimentary
sections at five boreholes located on the New Jersey coastal
plain [Van Sickel et al., 2004]. The maximum long-term sea
level is around 70 m [Miller et al., 2005], which is lower
than most other published global sea-level estimates
(Figure la). The high-end estimates of sea level with a
maximum on order of 250—300 m (Figure 1a) are based on
correlations of stratigraphic sequences in wells, outcrops

'Seismological Laboratory, California Institute of Technology, Pasadena,
California, USA.

2School of Geosciences, University of Sydney, Sydney, New South
Wales, Australia.

Copyright 2008 by the American Geophysical Union.
0094-8276/08/2008GL033511$05.00

L08305

and seismic data [Haq et al., 1987; Haq and Al-Qahtani,
2005], with the long-term trend linked to the estimates from
changing mid-ocean ridge volume [e.g., Kominz, 1984].
Low-end estimates with maximum of 120 m are based on
backstripping of wells on the continental margin of eastern
North America [Watts and Steckler, 1979]. Miiller et al.
[2008] assimilated marine geophysical data into reconstruc-
tion of ancient ocean basins, modeling a Late Cretaceous
maximum of 170 m (Figure la). Kominz [1984] estimated
global sea-level variations due to changing mid ocean ridge
volume (Figures la and 1b), which closely matched the
component of sea level required to flood continental inte-
riors (Figure 1b), especially since the Eocene, as determined
through hypsometric analysis [Harrison, 1990; Bond,
1979]. In addition, by compensating for regional variations
in flooding with respect to average trends, Bond [1979]
determined long wavelength vertical epeirogenic motions
that are consistent with geodynamic models [e.g., Lithgow-
Bertelloni and Gurnis, 1997].

[4] Although all global sea-level estimates are subject to
considerable uncertainty [Miller et al., 2005], the flooding
of continental interiors seems most reasonable to us. First,
the method averages over large length scales within rela-
tively stable continental interiors, hence avoiding the need
to subtract the much larger change due to thermal subsi-
dence of rifted margins. Second, geodynamic models sug-
gest that most locations are subject to long-term vertical
motions [e.g., Gurnis, 1992; Lithgow-Bertelloni and Gurnis,
1997] and hence methods that depend on a few boreholes in
close proximity could be subject to regional effects, as we
will describe below. Finally, it has been argued that methods
that depend on global correlation of stratigraphic sequences
only extract higher frequency sea-level change, and long-
term sea-level fluctuations must be obtained by calibration
with flooding of continental interiors.

[5s] If we compare the Miller et al. [2005] long-term sea-
level estimate with other estimates, especially those consis-
tent with the flooding of continental interiors, there appears
to be a significant discrepancy between maximum Late
Cretaceous sea levels on the order of 50—200 meters
(Figure 1). Consequently, we hypothesize that the estimate
of Miller et al. [2005] reflects regional, rather than global
sea-level variations on the 107 year scale considered here.
Further, we suggest that the discrepancy is driven by a
dynamic subsidence of the eastern areas of the United States
but the magnitude of the subsidence has been somewhat
smaller than the fall in global sea level over the same
period. We approach this hypothesis from two directions,
one empirical, and the other involving mantle flow models.
First, we reconstruct paleoshorelines in eastern United
States and use them to estimate subsidence that is indepen-
dent of the New Jersey boreholes. Second, we use adjoint
models of mantle convection from L. Liu et al. (Recon-
struction of Farallon Plate subduction beneath North Amer-
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Figure 1. Comparison between sea-level curves. (a) Comparison between Haq et al. [1987], Haq and Al-Qahtani [2005],
Miiller et al. [2008], Kominz [1984], and Watts and Steckler [1979] curves with sea-level curve derived for New Jersey
coastal plain [Miller et al., 2005] for last 100 million years, smoothed by a 10 m.y. cosine arch filter to isolate long-term
sea-level change. (b) Comparison between sea-level estimates based on the analysis of continental flooding [Harrison,
1990; Bond, 1979] and Miller et al. [2005] and Kominz [1984] sea-level curves. Thin continuous lines indicate maximum
and minimum estimates from Kominz [1984], hatched area shows range of estimates from Bond [1979], and black line with
triangles indicate average estimates of Harrison [1990] with associated error bars.

ica using adjoint models with tomographic, plate motion
and stratigraphic constraints, manuscript in preparation,
2008) that assimilate plate motions and seismic tomography
to determine if reasonable dynamic models can predict the
requisite dynamic subsidence. These complimentary
approaches suggest that the Atlantic coastal region of the
United States has been experiencing dynamic subsidence
since at least the Eocene.

2. Paleoshoreline Analysis

[6] We analyze elevation of the paleoshoreline with
respect to predictions from global sea level to infer vertical
motions. If a reconstructed paleoshoreline is topographi-
cally lower (higher) than global sea level at the same time,
then we can infer relative subsidence (uplift) of the region
since that time. We reconstruct Miocene and Eocene
shorelines using abundant marine (Paleobiology database,
available at http://www.paleodb.org; the data were down-
loaded from the Paleobiology Database in November 2007

using the following parameters: time intervals = Miocene
and Eocene, region = United States, paleoenvironment =
marine) and less preserved non-marine sediments [7edford
and Hunter, 1984; Wright and Eshelman, 1987; Gazin,
1953] along the U.S. Atlantic coast (Figures 2a and 2b).
Paleoshorelines for the Eocene (Figure 2a) and Miocene
(Figure 2b) are defined as the furthermost inland location
of the marine sediments, positioned just oceanward from the
non-marine location, with the exception of the youngest non-
marine sediments in North Carolina (Figure 2b), which we
did not take into account since it captures the lowest Miocene
sea level.

[7] Considering significant disagreement regarding in-
ferred global sea levels described earlier, we will perform
our analysis with sea levels defined by Bond [1979],
Kominz [1984] and Haq and Al-Qahtani [2005] in order
to define a range of possible vertical motions. The singular
Eocene and Miocene levels reconstructed based on the
flooding of the continents [Bond, 1979] are most probably
eustatic, as discussed earlier. They are generally consistent
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