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Supplementary Text

Retrodiction of Paleogeography

Retrodiction of the paleogeography requires knowledge of the full suite of
contributors that have impacted surface elevations between the Present and any time in
the past. These would include, but are probably notlim ited to,thermal subsidence,
sediment loading, flexural loading, erosion-related flexural unloading, dissolution of
carbonates or salts, together with glacial isostatic adjustment and changes in dynam ic
topography that were incorporated in Figure 3 of the main text.In this Supplement, we
provide estim ates of the contributions associated with flexural loading and unloading,
present dynamic topography estim ates related to com binations of the joint seismic -
geodynamic tomography inversions and viscosity models V1 and V2 (see below), and
GIA. W e judge the uncertainties associated with the flexural calculations to be
sufficiently large to not warrant incorporating them in our currentretrodictions of the
paleogeography.

Dynamic Topography Change Since 3M a

Four different estim ates of dynam ic topography change are presented in Figure S1.
These represent the combinations of two joint seismic-geodynamic tomography
inversions, the 3-D mantle models TX2007 (33) and TX 2008 (34),and two different
models of viscosity with depth (10, 32),labeled V1 and V2 in the main text. These fields
are overlain onthe ETOPO11-derived topography of the mid-Pliocene marine flooding
surface together with the location of the Orangeburg, Trail Ridge (TR), Chippenham
(CS),and Thornburg (TS) Scarps, and the Fall Zone. Note that all four estim ates place a
maximum upliftin the vicinity of Chesapeake Bay where the surface is mostintensely
incised. The total changes in dynamic topography (Figure S1) are characterized by a
fundamentally non-linear spatio-tem poral evolution thatresults from the combined non-
linearity of the time-dependence of 3-D buoyancy in the mantle and the "advection"” of
the topography signal due to horizontal motion of the overlying North American plate.
Type or paste text here. This should be additional explanatory text, such as: extended
technical descriptions of results, full details of mathematical models, extended lists of
acknowledgements etc. It should not be additional discussion, analysis, interpretation or

critique. Keep this form atting or style as SM text.

Im portance of hot, buoyantmantle under the eastern US

The dynamical importance of hot buoyantm aterial under the eastern U.S. was first
made evident in previous calculations (15) that focused on the impact of Farallon
subduction under the central US, where shallow-angle upwelling mantle under the east
coastresembles ‘corner flow'above the subducting slab (see also Figure S2). However,
we emphasize thatthis does not appear to be passive return flow, because we find a
source of deep buoyancy under the Atlantic mantle adjacentto the US coastal margin that
extends to the Bermuda swell (see Figure 4ain Ref. (15)). As we nextdemonstrate, this
westward transport of upper-mantle buoyancy under the eastern U.S. (Figure S2) is an
important contributor to the dynamic topography.

To elucidate the dynam ical importance of upper-mantle buoyancy for the evolution
of east coasttopography, we calculated the present-day dynam ic topography due only to

hotter-than-average m aterial in the upper mantle under the Atlantic Ocean (Figure S3).



The mantle 'swell'due to buoyancy thatis centered under Bermuda extends a
considerable distance westward, towards the eastern margin of the US. This hot, buoyant
m aterial is being advected westwards (and upwards) by the prevailing mantle circulation
(Figure S2). As aconsequence, there will be a progressive 'wave'of topographic uplift,
associated with the westward transport of the topography signalin Figure S3, that
produces the variable post-Pliocene uplift shown in Figures Sla-d.

Retrodicted Paleogeography at3 M a

The four different estimates of dynamic topography change presented in Figure S1
together with the GIA correction shown in Figure 1 of the main text yield four estimates
of the paleogeography of the eastern seaboard at 3 M a, with an additional param eter
being the height of sea level at 3 M a relative to Present. Figure S4a shows the retrodicted
paleogeography applying only the TX2008 and V2 dynamic topography correction
without any GIA correction and sea level set at +25m , while Figure S4b shows the same
but only applying the V2 GIA correction withoutany dynamic topography correction and
with sea level set at +25m . Figure S4c-j shows the retrodicted paleogeography for each of
the 4 com binations of model param eters considered in Figure S1 and for two different
bounds on the height of mid-Pliocene sea level. Figures S4c-f place this sea level at +25m
relative to present and Figures S4g-j placeitatOm . These images show that for much of
this region there is a reasonably close spatial correlation between the retrodicted
paleogeography and observations, irrespective of the specific com bination of tom ography
and viscosity. Along most of the eastern seaboard, a height of the mid-Pliocene marine
highstand somewhere between 0 and +25 m matches the position of the Orangeburg and
correlative shoreline-related scarps as well as known locations of marine mid-Pliocene
sedimentary rocks. However, the current spatial resolution of the dynamic topography
models, as well as uncertainties in other processes contributing to the topography, which
we discuss below, suggestthatitwould be prem ature to consider this range to be arobust

bound on mid-Pliocene sea level.

3-D lithospheric flexure modeling

There is a substantial volume of sediment in offshore basins along the Atlantic and
Gulfcoastsof North America (16-18). Much of this sedimentis either Triassic/Jurassic or
M iddle Miocene and younger in age (17, 18,42). This load, and specifically the Neogene
sediments, would be expected to have warped the Coastal Plain surface, resulting in uplift
of the surface inland, and thus likely perturbed the elevation of Pliocene and younger
shorelines (7). W e used isopach maps for the entire Neogene (17)to compute the flexural
response (Figure S5). W e currently lack more detailed isopach maps of justthe Pliocene
and younger sequences along the entire Atlantic and Gulf coastmargins that would be
needed to estim ate the impact of flexural loading over the entire area of interest.

W e modulate the total Neogene flexural loading by ascribing ~30% of total loading
to effects associated with Pliocene (at 5.0 M a) and younger sediment loads, based on data
from the Baltimore Canyon Trough where better stratigraphic resolution allows the
distinction between Miocene and post-Miocene sequences (18, 42). We assumed a
constantrate of sediment-related loading since the Miocene resulting in a 6% /m .y.
change in the total sediment load since 5 Ma, in accord with available data (42).

The 3-D flexural response to the offshore sediment load for the entire region from

George’s Bank off Nova Scotia to all of the Gulf of M exico is com puted in order to



capture longer wavelength contributions from regions outside our main area of interest.
This response is calculated by expanding the sedimentthickness into spherical harmonics
up to harmonic degree and order 360 (corresponding to aresolution scale - half-
wavelength - of about 0.5°). A Lanczos-smoothing of this harmonic expansion was
applied to mute the Gibbs oscillations ('ringing') associated with this truncated
representation. The flexure calculation adopts param eters from the 2-D study of Pazzaglia
& Gardner (7), which are based on a 40-km thick elastic plate with a Young's modulus of
70 GPa. The calculation used a sediment density of 2000 kg/m 3, mantle/lithosphere
density of 3200 kg/m 3, and water density of 1000 kg/m 3. The effective subm arine 'load’-
density sitting on the elastic plate is the difference between the sediments and water
density and hence isequalto 1000 kg/m ?

Erosional unloading (see (7)) should also be considered; however, the am plitude and
distribution of erosion since 5 Ma is extremely poorly known. Local estim ates (43-45)
typically average about 20 m /M a, butrange from 0.6 to 57 m/M a. For the present
analysis we used a modified version of a post-50 M a estim ate of erosion rates (46). W e
suspectthatthese are maximum estim ates (46). There is considerable uncertainty in the
estim ate of the spatial pattern of erosion because the number of locations with sufficient
data is lim ited and the techniques used to derive the local estim ates have their own
uncertainties or are varied. The 3-D flexural response to erosional unloading follows the
same procedure as above, exceptthatthe density of the unloaded material is 2700 kg/m ?
On this basis, we estim ate the am plitude of combined sediment load-related flexure and
erosion-related flexural unloading as +20m to -8m along the Orangeburg Scarp (Figure
S5.

Glacial Isostatic Adjustm ent

Ournumerical predictions of GIA follow the methodology outlined in detail in Ref.
(28). These calculations require, as input,the space-time history of ice cover since 3 M a,
and a radial profile of mantle viscosity.In regard to the former, predictions of the
contribution from GIA to the current elevation of mid-Pliocene shorelines are most
sensitive to the ice history over the last glacial cycle, and we adopt, for this purpose, the
ICE-5G model (47).

In Figure S6 we show the topographic perturbation due to GIA along the
Orangeburg Scarp, from 55°-59.5° colatitude, com puted using six different m antle
viscosity profiles, including the V2 model (solid blue line) adopted in Figures 1 and 3 of
the main text and Figure S4. M odel V2 was derived from a jointinversion of data related
to both mantle convective flow and GIA observables, where the latterincluded post-
glacial decay times from Hudson Bay and Fennoscandia, and it is characterized by a
viscosity that increases two orders of magnitude with depth in the lower mantle before
decreasing near the core-m antle-boundary (10). M odel VM 2 (47) is based on GIA data
alone, and it is defined by a lower mantle viscosity that increases by a factor of only 2 -3
with depth. The calculation adopting this model (dashed blue line) predicts a GIA
contribution to the topography thatis less than 5m, and a mean perturbation thatis ~10m
less than predicted using model V2.

Neither model V2 nor VM 2 are tuned to fit GIA data sets along the US eastcoast.
Indeed, GIA predictions based on the VM 2 viscosity profile are known to significantly
m isfit Holocene relative sea-level curves along this coast (48). Since neither model is

likely representative of the viscosity profile beneath the east coast, we also show results



generated using four viscosity profiles distinguished on the basis of the adopted (and
assumed constant) lower mantle viscosity (red lines), which ranges from 3-20><J.O21 Pas.
This range brackets nearly all previous inferences of mean lower mantle viscosity based
on GIA data. The associated predictions show little geographic variability along the
Orangeburg Scarp. However, increasing the mantle viscosity from the lower to upper end
of the viscosity range significantly increases the mean topographic perturbation due to
GIA from 6m to 27m . W e note that a study of tide gauge records along the US east coast
demonstrated thatthe geographic variation in ongoing sea-level rates along this coast was
best fit for models with a lower mantle viscosity greater than 5><1021 Pas (49). For this
class of models, the mean perturbation due to GIA exceeds 15 m. In any case, the wide
range of predictions generated using the 6 viscosity profiles indicates that uncertainties in
the GIA contribution complicate any effortto infermid-Pliocene sea level relative to

present (16), even withoutthe additional uncertainties associated with dynamic

topography orsediment redistribution.
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Predicted Mantle Flow at Depth 250km [TX2007 & V2 visc]
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Fig.S2. Present-day mantle convective flow in the asthenosphere (250 km depth) under

the eastcoast of the United States and adjacent Atlantic Ocean. The flow is predicted

using the TX 2007 joint seismic-geodynamic tomography model (33) and the V2 viscosity

model (31,32). The color contours (scale bar at bottom center) represent the vertical

component of the flow and the blue arrows (scale at bottom left) the horizontal

component. The mantle flow is represented in terms of a spherical harmonic expansion

up to degree 128



Present-Day Dynamic Topography, "hot" in upper 670 km (L = 1-128)
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Fig. S3. Present-day dynamic topography due only to hot, buoyantm aterial in the upper
m antle. This prediction is obtained in a mantle flow calculation in which we strip away
(zero out) all 'cold' heterogeneity (characterized by faster than average shear-wave
velocity) in the joint seismic-geodynamic tomography model TX2007 (33) and by using
only the residual 'hot' heterogeneity in the upper mantle (down to 670 km depth). The V2
viscosity model (31) is used in this calculation. The colorcontours (scale bar at bottom)
represent the vertical surface deflection. The mantle flow isrepresented in terms of a

spherical harmonic expansion up to degree 128.
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Fig. S4. Retrodicted paleogeographic maps applying (a) TX2008 and V2 with shoreline

placed at +25m but without any GIA correction, (b) only the V2 GIA correction, (c)
TX2008 and V2 with shoreline placed at +25m but without any GIA correction, (d)
TX2007 and V2 with shoreline placed at +25m, (e) TX2008 and V1 with shoreline
placed at +25m, (f) TX 2007 and V1 with shoreline placed at +25m, (g-j) analogous to

frames (c-f), except that the shoreline is placed at Om .
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Fig. S5. Estimate of the 3D flexural response associated with sediment-loading and

erosional unloading since 3 M a. Abbreviations are the same as in Figure S1.
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Fig. S6. Predictions of the present-day topographic perturbation along the Orangeburg
Scarp due to GIA. The results are generated using the ice history described in Ref. (15)
and six different profiles of mantle viscosity. These are: models V2 (10), VM 2 (47), and
four models characterized by constant lower mantle viscosities of3><1021Pas(LM 3),
5><1021Pas(LM 5),1022Pas(LM 10) and 2><1022Pas(LM 20). The latter four models are
also characterized by an elastic lithosphere of thickness 96 km and an upper mantle

20
viscosity of 5x10 Pa s.
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Table S1. Topography,dynamictopography changes, glacial isostatic adjustment, and
estim ates of flexural loading and unloading corrections for the eastern U.S. for 3M a to
present at 0.2° by 0.2° resolution. Topography derived from regridding of ETOPO1. All

values are in meters. See associated discussion in the supplemental text for sources.
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