
1. Introduction
Through backstripping, the stratigraphy of the passive, tectonically quiescent Mid-Atlantic margin has helped 
define our understanding of Cenozoic global-mean geocentric sea-level (GMGSL; Gregory et al., 2019) var-
iations (Kominz et al., 2016, 2008; Miller et al., 1998, 2005, 2011, 2020a; Van Sickel et al., 2004). Backstrip-
ping is a method that progressively removes the effects of compaction with burial of sediments, isostatic/
flexural loading of the lithosphere, and the thermal subsidence of the passive margin (Bond et al., 1989; 
Watts & Steckler, 1979) to provide a record of GMGSL plus any nonthermal source of relative sea-level 
(RSL) changes that are not explicitly accounted for (Bond et  al.,  1989; Kominz et  al.,  2008). Therefore, 
the extent to which estimates of sea-level change derived from these analyses (Kominz et al., 2008; Miller 
et al., 2005, 2020a) reflect GMGSL change hinges on whether a sizable fraction of Mid-Atlantic Cenozoic 
RSL is attributable to sources of nonthermal subsidence or uplift that are not accounted for by backstrip-
ping, such as mantle dynamic topography (MDT), glacial isostatic adjustment, faulting, folding, or flexural 
loading effects that deviate from the form of thermal subsidence through time (see Kominz et al., 2016).

Agreement of the backstripping residuals from many different sites across the margin gives confidence 
that there is a shared GMGSL signal (Kominz et al., 2008; Miller et al., 2005), but cannot separate that 
signal from regionally pervasive nonthermal vertical land motion. Mantle convection models predict Late 

Abstract Spatial analysis of discrepancies in sea-level estimates derived from “backstripping” Mid-
Atlantic margin cores reveals a coherent signal that can be fit with a 103 km wavelength, 45 m amplitude 
sinusoid that moved across the margin at a rate and direction of motion generally opposite to that of the 
North American Plate. This signal we observe suggests topographical uplift occurred over much of the 
Mid-Atlantic region since 35 Ma and may be superimposed upon a longer-wavelength signal of Cenozoic 
subsidence associated with the subducted Farallon plate passing beneath the Mid-Atlantic margin. Our 
statistical modeling of Mid-Atlantic margin strata suggests that: (a) Cenozoic subsidence is likely to have 
occurred, but is very unlikely to have exceeded 100 m in magnitude; and (b) variations in ocean basin 
volume are likely to have contributed to 39 ± 24 m (1σ) of global-mean geocentric sea-level fall over the 
past 55 million years.

Plain Language Summary Knowledge of sea-level variations in the geological past help 
constrain predictions of sea-level rise due to future warming. One of the ways to measure prehistoric sea-
level change is to study preserved marine sediments that record changes in water depth. These analyses 
are complicated by the history of these sediments since their burial, including the sinking (subsidence) 
or uplift of the region and specific locations examined. Some effects of sediment burial and subsidence 
can be accounted for through modeling, including the effects of sediment compaction, loading due 
to sediment mass, and cooling of the crust. However, changes in elevation caused by the passage of 
lateral heterogeneities in the mantle beneath the study area, often called the effects of mantle dynamic 
topography (MDT), are difficult to detect. We used statistical modeling techniques to reveal the influence 
of changes in MDT on the preserved sediments of the Mid-Atlantic continental margin. Our results show 
that this process affected estimates of sea-level generated from these sediments, though to a lesser extent 
than some model studies predicted.
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Cretaceous-Cenozoic topographical variations due to MDT (Flament et al., 2013; Gurnis, 1992; Mitrovica 
et al., 1989; Spasojevic & Gurnis, 2012) associated with the subducted Farallon plate that could imprint the 
backstripping results with regional effects (Moucha et al., 2008; Müller et al., 2008; Spasojević et al., 2008). 
However, models of MDT vary considerably in their estimates of the magnitude and sign of Cenozoic top-
ographical motion for the Mid-Atlantic margin (Liu, 2015); for example, Moucha et al.  (2008) predicted 
Cenozoic uplift, while Müller et al. (2008) and Spasojević et al. (2008) predicted subsidence. Additionally, 
sea-level estimates that account exclusively for the fraction of GMGSL change associated with changes 
in ocean basin volume (e.g., Müller et al., 2008; Wright et al., 2020) better fit the backstripping data if the 
margin has undergone Cenozoic subsidence (Muller et al., 2008). However, uncertainty for estimates of the 
fraction of GMGSL change driven by changes in the ocean basin shape is relatively large (>100 m at 66 Ma; 
Wright et al., 2020).

Here, we compare backstripping residuals derived from the stratigraphy of the Mid-Atlantic margin to a 
new estimate of Cenozoic barystatic sea-level change (changes in GMSL due to variations in land water and 
ice storage) derived from benthic foraminiferal δ18O coupled with Mg/Ca paleotemperature estimates (Mill-
er et al., 2020a), and a new estimate of sea-level change driven by changes in ocean basin volume (Wright 
et al., 2020). We fit these sea-level estimates and their uncertainties using a Bayesian hierarchical model 
that can be decomposed to isolate components of the GMGSL and RSL signals within the backstripping re-
siduals in order to estimate the likely partial contributions of: (a) MDT toward Cenozoic RSL change on the 
Mid-Atlantic margin; and (b) changes in ocean-basin shape toward Cenozoic GMGSL. We then test whether 
the spatial structure of the derived MDT signal matches predictions of topographical variations from MDT 
through space and time.

2. Terminology
We adopt the sea-level terminology of Gregory et al. (2019), expanding on it to account for factors that are 
relevant on geological timescales.

RSL change ∆R is defined as the change in the time-mean of sea surface height (SSH) relative to the sea 
floor. Thus, RSL change is the sum of the change in the sea-surface height, ∆η, and the negative change in 
the sea-floor height, -∆F.

Global-mean sea-level (GMSL) change h is defined as the increase in the volume of the ocean ∆V divided 
by the area of the ocean A0, which is for the purposes of this definition treated as fixed, and is thus equal to 
the global mean of ∆R (Equation 1).

 (1)

Global-mean geocentric sea-level (GMGSL) change h’, by contrast, is measured relative to a reference el-
lipsoid. As noted by Gregory et al. (2019), GMSL is unaffected by a uniform change in the height of the sea 
floor, whereas GMGSL is not; thus ∆V in the definition of GMSL is augmented by the change in the volume 
of the ocean basin, ∆L. We define GMGSL to include the effects of a changing ocean area (Equation 2).

 (2)

Thus, GMGSL can be viewed as GMSL augmented by terms reflecting change in mean sea-floor height and 

decremented by terms reflecting increases in ocean area. (Note that Δ
0
L

A
 is equal to the average of ∆F over 

the ocean area; this is why GMSL is equal to the global mean of ∆R if ∆Α = 0.) We relate these ocean-basin 
volume contributors (OBVSL; hOB) to GMGSL in Equation 3.

 (3)

GMSL change is the sum of barystatic sea-level change (BSL; hb) and global-mean thermosteric sea-lev-
el change (hθ). Changes in sea-surface height that differ from GMSL change arise from ocean dynamic 
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sea-level change (ζ) and from changes in the geoid (G’) driven by the gravitational and rotational effects of 
mass redistribution in the oceans, cryosphere, and lithosphere (Equation 4).

 (4)

Changes in the sea-floor height are driven by factors including compaction with burial of sediments (∆FC), 
isostatic/flexural loading of the lithosphere (∆FFLEX), the thermal subsidence (∆FTH) of the passive mar-
gin, MDT (∆FMDT), the deformational component of glacial isostatic adjustment (∆FGIA), and tectonics (∆F-
TECT). The stratigraphy of continental margin sediments reflects all of the processes that contribute to ∆R 
(Equation 5).

 (5)

Backstripping progressively removes ∆FC, ∆FFLEX and ∆FTH (Bond et al., 1989; Watts & Steckler, 1979), leav-
ing residuals (rSL; Equation 6) that comprise GMGSL change plus any source of RSL change that is not 
accounted for in backstripping (Bond et al., 1989; Kominz et al., 2008).

 (6)

In general, we neglect hθ,  and ∆ζ as being small relative to the errors in inferring RSL from stratigraphy 
(Figure S1a).

3. Data
We use three datasets in our analyses. The first is a collection of backstripping derived sea-level estimates 
(rSL) from stratigraphic data collected at 18 sites on the Mid-Atlantic margin. We divide these estimates 
of rSL into three subsets of data. The first consists of estimates derived from 14 sites located onshore in 
New Jersey and just offshore (Browning et al., 2006; Kominz et al., 2008; Miller et al., 2005). The second 
comprises the backstripping estimates from three coreholes collected 43–65 km offshore NJ during IODP 
Expedition 313 (Kominz et  al.,  2016; Mountain et  al.,  2010). The third is the Bethany Beach, Delaware 
backstripping record (Browning et al., 2006). These three subsets are defined as the onshore, offshore, and 
southern datasets, respectively (Figure 1).

The second data set is the δ18Obenthic-Mg/Ca BSL proxy derived from a new, Pacific benthic foraminife-
ral δ18O splice (Miller et al., 2020a) and Pacific Mg/Ca paleotemperature estimates (Cramer et al., 2011). 
These δ18O data were used to capture the ice-volume component of BSL change. A benthic foraminiferal 
paleotemperature equation (Lynch-Stieglitz et al., 1999) and the Mg/Ca-based paleotemperature estimates 
allowed for the estimation of changes in δ18O of seawater (δ18Oseawater). A conversion factor (0.13‰/10 m; 
Winnick & Caves, 2015) was used to relate δ18Oseawater to a sea-level component of ice-volume change. These 
estimates are largely representative of GMSL change on a geological time scale, as changes in thermosteric 
effects and lakes and groundwater storage are smaller in scale (∼10 m amplitude) than changes in ice-vol-
ume (∼200 m amplitude; Miller et al., 2020b). These data have an estimated error of ∼10–20 m (Cramer 
et al., 2011; Miller et al., 2020a; Raymo et al., 2018).

Finally, we use a data set that estimates change in OBVSL (Wright et al., 2020). These data represent likely 
sea-level change from the changing volume of ocean basins attributable to processes such as variations in 
the rate of production of ocean crust or of emplacement of large igneous provinces, and variations in sedi-
mentation through time. These estimates of OBVSL change and their uncertainty combined with the Miller 
et al. (2020a) δ18Obenthic-Mg/Ca BSL proxy represent an estimate of GMGSL change and its error. A notable 
limitation of the Wright et al. (2020) data set is that it does not include contributions from the influence 
of global-mean dynamic topography on OBVSL. Other studies indicate that this process could contribute 
90 m (Conrad & Husson, 2009) to ∼140–190 m (Spasojevic & Gurnis, 2012) of Cenozoic OBVSL rise. A 
contribution of this magnitude would eliminate the estimated 117 m of Cenozoic OBVSL fall predicted by 
Wright et al. (2020), or even alter its sign. This possibility is accounted for in our statistical model that relies 
exclusively on the BSL proxy to represent GMGSL change.
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4. Methods
4.1. Methods for Statistically Modeling Sea Level to Extract Backstripping Residuals.

We applied a Bayesian hierarchical model with Gaussian process priors (Ashe et al., 2019; Rasmussen & 
Williams, 2006) to estimate the change in rSL, BSL, and OBVSL as these processes are represented by data. 
The structure of the statistical model reflects the presence of the BSL and OBVSL signals in both the proxy 
datasets and the backstripping data, while also capturing the regional/local sea-level signals present in the 
backstripping data. This allows us to assess the geometric structure of the statistically modeled estimates 
of differences between the spatially distinct subsets of the backstripping data and GMGSL, as well as the 
variation/motion of these differences through space and time.

The hierarchical model has three levels: (a) a data level that represents the sea-level measurements and 
their uncertainties; (b) a process level that represents the distribution of sea-level values through time as a 
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Figure 1. Map showing the core data used to derive estimates of sea level from backstripping across the Mid-Atlantic margin (Browning et al., 2006; Kominz 
et al., 2016, 2008; Miller et al., 2005). The backstripping results have been divided into three geographical locations comprised of: (a) the onshore New Jersey 
sites; (b) the offshore New Jersey sites; and (c) a single southern site at Bethany Beach, DE.
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Gaussian process prior; and (c) a hyperparameter level that captures the distribution of parameter values 
controlling the structure of the statistical model (see supporting information Text S1).

At the data level, the δ18Obenthic-Mg/Ca BSL proxy, xi (Equation 7), represents the sum of the estimate of 
BSL change through time, hb(t), and the error associated with those data. That error is the sum of , asso-
ciated with the nominal error assigned to the δ18Obenthic-Mg/Ca BSL proxy data, and hb jw , which captures 
any additional error. The Wright et al. (2020) data, yi (Equation 8), represent OBVSL change. Its error, , 
was digitized from Wright et al. (2020). The backstripping data, zi (Equation 9), represent the backstripped 
sea-level estimate, rSLk,j(t), from a given time, t, and space, k, plus the error associated with each data point, 
or the sum of  and . The spatial marker, k, identifies data from the onshore, offshore, and south-
ern subareas with values of 1, 2, and 3, respectively.

 (7)

 (8)

 (9)

At the process level, estimates of sea-level, hb(t) (Equation 10), hOB(t) (Equation 11),  (Equation 12), and 
rSLk(t) (Equation 13), are represented as a combination of component processes (Figure S1b). Considering 
uncertainty associated with the OBVSL data, including both the error on estimates of OBVSL components 
and the influence of potentially offsetting processes like global-mean dynamic topography that were not ac-
counted for, we consider two alternative models. In the first model, the “static ocean basin” model, OBVSL 
is assumed to be constant and does not contribute to GMGSL change ( Equation 12). In the “growing 
ocean basin” model (Equation 12), we allow OBVSL to vary.

 (10)

 (11)

 (12)

 (13)

The component processes are each modeled with a zero-mean Gaussian process prior and are structured to 
capture discrete physical processes operating on different timescales. Nonlinear component process, m(t), 
and temporally linear term, lb(t), are inferred to represent a BSL signal driven by changes in ice-volume. 
The constant term, cb, serves as an offset for hb(t). These components contribute to GMGSL change and 
are shared with rSL in both the static and growing ocean basin models. The OBVSL process hOB(t) is also 
represented by a nonlinear, a temporally linear, and an offset component. These components (n(t), lOB(t), 
and cOB, respectively) contribute to GMGSL change and are shared with rSLk(t) exclusively in the growing 
ocean basin model.

The temporally linear term lk(t) is unique to rSLk(t), and is inferred to represent long-term trends in the 
measurement of rSL change. This linear term represents the long-term differences between the individual 
backstripped estimates of rSL change and change in GMGSL. Additional long-term variations among the 
spatially distinct backstripping sea-level estimates are captured by the nonlinear process ∆k(t). The term 
Εk(t) captures high-amplitude variations correlated at relatively short time-scales (<400 kyr) that are likely 
distinct from the differences captured by slowly varying linear and ∆ functions. The constant term, ck, cap-
tures the difference in time-average sea-level between each backstripping record and GMGSL. Therefore, 
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rSLk(t), or the sum of: (a) ; (b) linear terms lk(t) and ck; and (c) the nonlinear terms ∆k(t) and Εk(t), rep-
resents a location specific sea-level estimate comprised of GMGSL plus the effect of regional processes that 
affect RSL change at the backstripping locations, such as but not limited to MDT. Estimates of hb(t), hOB(t), 

, and rSLk(t) are portrayed in Figure 2.

4.2. Methods for Isolating Continental Margin Processes Within the Statistically Modeled 
Backstripping Residuals.

Global and regional sea-level change occurs due to a number of physical processes that change the vol-
ume of water in the ocean or change the volume of ocean basins (Miller et al., 2005) that act on different 
timescales and distinctively in space. For example, changes in BSL and GMTSL can act on relatively short 
(decadal-105 year) timescales, whereas variations in ocean crust production and sedimentation (compo-
nents of OBVSL) take much longer (106–108 years) to substantially affect GMGSL (Miller et al., 2020b). 
Regional/local subsidence processes can be instantaneous for a process like a single faulting event, rapid 
for GIA (∼5  kyr scale), or act on long (106–107  year) timescales like mantle driven processes (Petersen 
et al., 2010). GMGSL processes will affect RSL at all locations relatively (though not exactly) equivalently, 
whereas sea-level changes specific to a given region only affect RSL at a specific location at a given time.

We use the spatial and temporal characteristics of the physical processes that contribute to the differences 
between the backstripping estimates and GMGSL to isolate and extract a signal potentially attributable to 
mantle driven processes. We eliminate the variations that are not related to mantle processes by removing 
signals that are global in nature, or are correlated on timescales shorter than 2 Myr (“τ” values in Table S1). 
These constraints eliminate the GMGSL signal, h’(t), and the ‘Εk(t)’ functions (high-frequency, regional/
local variations). This leaves the spatially varying long-term components unique to rSLk(t), including ∆k(t) 
and lk(t), and the offset, ck. These components represent the differences between rSL change at each subarea 
and GMGSL (Figures 2d and 2h) that vary at the time-scales mantle process affect regional topography (e.g., 
Petersen et al., 2010). If a signal from MDT exists within these data, then these curves of long-term rSL 
components minus GMGSL should contain it.

4.3. Methods for Modeling the Backstripping Residuals through Space and Time

We calculate the dimensions of a topographical form and its trajectory through the Cenozoic that fit the 
long-term differences between rSL and GMGSL change in the static ocean basin model. To do this, we used 
the long-term differences between the onshore, offshore, and southern spatial subsets of rSL and BSL (Fig-
ure 2d) to calibrate a simple dynamic topographical model. The model simulates the apparent change in 
topography through space and time captured by the backstripping record using a dampened sine curve with 
a constant form that moves at a constant rate and direction (Equations S13–S16). It oscillates once, creating 
a succession of subsidence-uplift-subsidence at a given location through time.

The shape and motion of the dynamic topography are fit by maximizing the likelihood that a given set of 
parameters simulates dynamic topography that accounts for the backstripping residuals using an MCMC 
sampling routine (supporting information Text S2). The optimal values and uncertainties for the parameters 
are listed in Table S2. The fit of the model output to the backstripping residuals and maps of the topography 
is presented in Figure 3 and Movie S1.

5. Results
5.1. Quantifying Differences Between rSL and Components of GMGSL

We performed two statistical analyses, one that assumed a static ocean basin and a second that included 
estimates of OBVSL change in GMGSL. Both analyses show that spatially distinct portions of the back-
stripping record vary differentially relative to GMGSL over the past 35 Ma (cf., Figures 2d and 2h), and are 
indicative of a regional/local process, like MDT, acting on rSL. This is expected as there is not a large contri-
bution of OBVSL to GMGSL (Figure 2g) since 35 Ma. However, OBVSL is likely to contribute more toward 
GMGSL from 66 Ma to 35 Ma (Figures 2e and 2g) and that results in differences between the two analyses.
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Figure 2. Estimates of GMGSL and rSL change and their component variations derived from statistical analyses. Panels (a–d) show the estimates of BSL 
recorded by δ18O-Mg/Ca proxy and rSL from backstripping studies of core sites on the Mid-Atlantic margin (a and b), as well as the decomposition of those 
estimates to isolate the long term trends associated with them (c) and the difference between the regionally grouped rSL estimates and BSL within the static 
ocean basin model (d). Panels (e and f) show estimates of GMGSL and rSL variations (e and f) that incorporate estimates of OBVSL (g). Panel (h) shows the 
difference between long-term components of rSL and GMGSL within the growing ocean basin model.
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Figure 3. Estimates of dynamic topography at 60 Ma (a), 30 Ma (b), and at present (c) extracted from fitting a sine curve of constant form moving at a constant 
rate in a constant direction to the statistically derived, spatially segregated backstripping residuals of the Mid-Atlantic margin. The red, purple, and blue dots in 
the images represent the centered locations of the onshore New Jersey cores, the offshore New Jersey cores, and the Bethany Beach core, respectively. (d) Plot 
of the best fit modeled topography through time to the corresponding backstripping residuals at each location. The results are plotted with the uncertainties for 
both the backstripping residuals (1σ [dark shading] and 2σ [light shading]) and the model output (2σ [dashed line]).
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Utilizing the static ocean basin model, the relative variation observed in the offshore NJ record (rSL2 - BSL; 
Figure 2d) from 34 Ma to 3 Ma is replicated ∼20 Myr earlier in the onshore record from 52 Ma to 20 Ma 
(rSL1 - BSL; Figure 2d). These results would indicate similar rates of relative uplift in both regions over those 
durations, 1.3 ± 0.4 m/Myr onshore and 2.1 ± 0.5 m/Myr for the offshore. For comparison, these rates of 
change are slightly less than the topographical variations of 10–40 m/Myr modeled for the past 3 Ma on 
the Mid-Atlantic margin by Rowley et al. (2013). An assessment of the 3.5 Myr old Orangeburg Scarp by 
Moucha and Ruetenik (2017) indicate a maximum of ∼40–50 m of dynamic topography generated during 
this time, although the amount of uplift attributable to dynamic topography varies considerably (from 0 to ∼40–50 m) across its 800 km extent exemplifying the spatial heterogeneity of this process.

The growing ocean basin model shows that the difference between the onshore backstripping record and 
GMGSL can be explained by an increase in OBVSL contribution between 66 Ma and 20 Ma. The subducted 
Farallon slab might simultaneously generate a long-wavelength subsidence component of dynamic topog-
raphy (Müller et al., 2008; Spasojević et al., 2008) and shorter-wavelength mantle upwelling anomalies (e.g., 
Conrad et al., 2004; Forte et al., 2007) that have resulted in relative topographical uplift over the majority 
of the Mid-Atlantic region since ∼35 Ma (Moucha et al., 2008). Subsidence associated with the subducted 
slab appears to be the dominant process in this location early in the Cenozoic, and/or the large uncertainty 
associated with OBVSL before 35  Ma (Figure  2g) obscures shorter-wavelength mantle-upwelling driven 
variation within rSL relative to GMGSL. The coherence of spatially modeling the components of the static 
ocean basin model rSL curves (Figure 3) supports the possibility of the latter. However, without better spa-
tial control on rSL from 66 to 35 Ma, as there is only onshore NJ data during this time, it is not possible to 
definitively state whether the onshore portion of rSL captures MDT or is generated largely/exclusively by 
variations in OBVSL.

Spasojević et  al.  (2008) provide modeled estimates of dynamic topography for the Mid-Atlantic margin 
that span the Cenozoic; they predicted at least 50 m of subsidence for the Mid-Atlantic margin since the 
Eocene, with a high-end estimate of 200 m. Our analysis that explicitly incorporates the Wright et al. (2020) 
estimates of OBVSL toward GMGSL change indicates that it is likely (∼77% probability), but far from cer-
tain, that Cenozoic net subsidence occurred on this margin. However, there is only a very small chance 
(<1%) that this subsidence was greater than 100 m, and our analysis precludes the possibility of 200 m of 
subsidence. This analysis also suggests that there has been 39 ± 24 m (1σ) of GMGSL fall attributable to 
the changes in OBVSL over the past 55 Myr. The 68 m OBVSL fall predicted by Wright et al. [2020] since 
55 Ma is within 2σ error. Our probabilistic assessment of OBVSL changes would benefit from comparisons 
to similar studies conducted using other margins.

5.2. Modeling the Spatial Distribution of rSL Differences Relative to BSL Through Time

The spatial modeling results (Figure 3) show that a sine curve moving at a constant velocity across the 
Mid-Atlantic margin can replicate the statistically derived differences between the spatially referenced es-
timates of rSL and BSL through the Cenozoic. From 66 to ∼50 Ma the model shows a region of relative 
subsidence moving across the onshore NJ sites that correspond with an increase in the rSL values relative to 
BSL in this region (NJon SL - BSL; Figure 2d). Our model shows relative uplift onshore from ∼50 to 15 Ma, 
corresponding to a decrease in the “NJon SL - BSL” differences, and a topographical high reaches these sites ∼20−15 Ma. This topographical high reached the Bethany Beach site, located to the south of the onshore NJ 
sites, at ∼20 Ma. In the time since, this site underwent apparent relative subsidence and the rSL values rel-
ative to BSL at Bethany Beach (BB SL - BSL; Figure 2d) have decreased. This sequence is replicated offshore 
with the apex of relative subsidence occurring ∼30 Ma and the topographical high reaching these sites at 
the present. The “NJoff SL - BSL” differences (Figure 2d) between 35 and ∼20 Ma were the most challenging 
to fit with the spatial model. The model mean barely fits within the 95% confidence interval, likely due to 
uncertainties in the older offshore record (e.g., Katz et al., 2013) and/or contribution from OBVSL variation.

The parameters that control the form of the topography (Table S2) reasonably fit expectations for a process 
like MDT. The topography has an amplitude of ∼43 m and wavelengths of ∼460 km in the x-dimension and ∼4,890 km in the y-dimension. The direction and rate of motion is north-northeast, ∼50–76 degrees coun-
terclockwise from east, and 13.8 km/Myr (8.7–22.6 km/Myr; 16th to 84th percentile). Over the past 66 Ma, 
the plate tectonic data compiled Müller et al. [2019] show a spot location in New Jersey moving ∼166°, 
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counterclockwise from due east, along with the North American plate at an average speed of 16.8 km/Myr. 
The difference in directions of motion calculated by the geometric modeling and the plate tectonic model 
would indicate a northward component of motion for the mantle process or a component of rotation as-
sociated with the motion of the North American plate. The rates of motion between the two processes are 
very similar, indicating that the motion of the North American plate is likely to be the primary driver of the 
changes in the location we observe in the sea-level anomalies.

6. Conclusion
We statistically modeled the relationship between backstripped sea-level estimates from three discrete loca-
tions across the Mid-Atlantic margin and components of GMGSL. We decomposed the statistical model to 
isolate local/regional components that are correlated at timescales over 107 years and are likely generated 
by variations in MDT. Fitting a 3-dimensional sine function that moves at a constant rate and direction cap-
tures the spatiotemporal structure of this dynamic topography that is characterized by: (a) a wavelength on 
the order of hundreds to thousands of km; (b) a rate of motion that is similar to the Cenozoic average rate 
of motion for North American plate; and (c) a direction of motion that is generally opposite to the Cenozoic 
direction of motion for the North American plate. This sinusoid produces a pulse of relative uplift onshore 
New Jersey from 50 to 20 Ma that is also observed offshore from ∼35-3 Ma. Our statistical model accounting 
for OBVSL indicates that ∼40 m of tectonically driven GMGSL fall likely occurred since 55 Ma and net Ce-
nozoic subsidence. These observations suggest that the subducted Farallon slab generated both a long-term 
subsidence effect and shorter-wavelength mantle anomalies associated with the more recent relative uplift 
of the Mid-Atlantic margin. We conclude there is strong evidence for Cenozoic MDT influences on this 
margin, although the record prior to 35 Ma is still relatively uncertain.

Data Availability Statement
The backstripping-derived sea-level estimates used for this research are published in these papers: (1) 
Browning et al. (2006); (2) Kominz et al. (2008); and (3) Kominz et al. (2016). These data have been upload-
ed as supporting information and will be permanently archived in the NCEI paleoclimatology database. 
The δ18Obenthic-Mg/Ca GMGSL proxy data [Miller et al., 2020a] are available for download through NCEI 
(https://www.ncdc.noaa.gov/paleo-search/study/29130). The estimates of sea-level variations attributable 
to changes in the volume of ocean basins (Wright et al., 2020) are available for download from the EarthByte 
repository (ftp://ftp.earthbyte.org/Data_Collections/Wright_etal_2020_ESR/).
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