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Is High Topography Around the North Atlantic Supported
From the Upper Mantle?
Babak Hejrani1 , Niels Balling2, Bo Holm Jacobsen2, and Søren Bom Nielsen2

1Research School of Earth Sciences, Australian National University, Canberra, ACT, Australia, 2Department of
Geoscience, Aarhus University, Aarhus, Denmark

Abstract The traveltime residuals of 393 receiver sites with more than 21,000 P wave and 9,700 S wave
arrivals are used to investigate the upper‐mantle P and S wave velocity structure down to the depth of
500 km beneath the regions of high topography of the North Atlantic Caledonian crust. In east Greenland,
we observe high‐velocity anomalies beneath high topography. In northern Norway and Sweden, a stable
thick lithosphere beneath both the high topography and the Baltic shield exists. Only southern Norway
exhibits a weak correlation between high topography and low‐velocity anomalies of P and S waves.
Consequently, the correlation of topography versus average relative traveltime residuals in four regions of
proposed Cenozoic epeirogenic uplift reveals positive correlation only in southern Norway and negative or
absence of correlation in other regions. These results show that high topography does not correlate with
the inferred velocity structure of the upper mantle in the North Atlantic realm. Consequently, our findings
weaken the hypothesis of dynamic topography and epeirogenic uplift of the Atlantic margins during the Late
Cenozoic.

Plain Language Summary Plate tectonic theory makes the proposed recent uplift of North
Atlantic margins enigmatic. We analyze possible deep causes by compiling a large number of measured
seismic wave arrival times in the area and by using this information to image the structure of the Earth down
to depth of 500 km. We then investigate whether this structure has any correlation with the topography at
the Earth's surface. Our results show that four regions of different topography in the north Atlantic show
no general correlation between Earth's mantle structure and surface topography.

1. Introduction

The 1,000–3,000 m high topography of the continental margins of the North Atlantic realm remains enig-
matic. Is it eroding remnants of ancient Caledonian topography, or is it of postrift and possibly Neogene
age? In a search for a possible deep cause of the high topography, Makushkina et al. (2019) used many recei-
ver functions from the Scandinavian Peninsula to perform a high‐resolution mapping of the depth to the
temperature sensitive phase transitions of the mantle transition zone (410 and 660 km). Their main conclu-
sion is that there is no evidence for a deep thermal anomaly beneath Fennoscandia, which could explain the
unusually high topography. Therefore, any cause of the enigmatic high topography must rely on the shal-
lower structure, that is, above ~410 km depth. Here, we address the same schism of anomalous topography
by investigating P and S wave traveltime anomalies of the North Atlantic upper mantle down to ~500 km
depth, that is, we cover the mantle depth interval above the study of Makushkina et al. (2019).

The North Atlantic Caledonides formed during 410–430 Ma (Mid Silurian to Early Devonian) as a result of
the continental collision of Laurentia and Baltica/Avalonia (Andersen et al., 1991; Cocks & Torsvik, 2011;
Gee et al., 2008) and started to collapse shortly after formation during the Devonian and Carboniferous
(Fossen & Dunlap, 1998). Protracted, slow rifting continued until continental breakup and magmatic open-
ing of the North Atlantic about 55 Ma. At this time, the continental margin areas to the south and in central
East Greenland experienced magmatic underplating and vertical movements (Voss et al., 2009). Formation
of the Icelandic melt anomaly and its persistence until the present day explains the elevated sea floor and
topography of the North Atlantic by buoyancy associated with anomalously high temperatures in the upper
mantle (see Meyer et al., 2007 for a review). At the present, NE‐SW trending Caledonian crustal features
form much of the basement of the passive margins of eastern North America, Greenland, Scandinavia,
the British Isles, and also contain the high topography in Scandinavia and parts of eastern Greenland.
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Thus, Norway exhibits high average topography around 1,000 m and peaks between 2,000 and 2,500 m, and
eastern Greenland displays high average topography of about 2,000 m with peaks reaching about 3,700 m
(Gunnbjørn Fjeld).

The relative consensus regarding a thermal buoyancy explanation of the anomalous topography of the North
Atlantic sea floor does not extend to the high continental topography along the North Atlantic margins.
Here, many high‐elevation landscapes of relatively low relief have inspired the view that the
Scandinavian topography is not related to the Atlantic opening but caused by uplift in Late Cenozoic times
(Bonow et al., 2007; Green et al., 2013; Japsen & Chalmers, 2000; Stuevold & Eldholm, 1996). The geomor-
phological argument relies on episodic uplift of Davisian peneplains of Mesozoic age and was extended to
include also the eastern coast of Greenland (Bonow et al., 2014; Japsen et al., 2013, 2014).

Several mechanisms have been proposed to explain post rift uplift, including lithosphere necking, rift flank
uplift, intraplate compression, magmatic underplating, lithospheric delamination, and asthenosphere dia-
pirism (cf. mechanisms and reviews in Braun & Beaumont, 1989; Chery et al., 1992; Clift et al., 1998;
Cloetingh et al., 1990; McKenzie, 1984; Nielsen et al., 2002; Rohrman & van der Beek, 1996).

However, the close correlation between high topography and large negative Bouguer gravity anomalies and
the small free‐air gravity anomaly in western Scandinavia imply isostatic compensation of topography lar-
gely within the crust (Balling, 1980; Ebbing et al., 2012; Maupin et al., 2013; Nielsen et al., 2009; Pedersen
et al., 2016; Svenningsen et al., 2007). Using geophysical‐petrological modeling based on structural results
from receiver functions, Schiffer et al. (2016) obtained similar results in eastern Greenland. These observa-
tions are among the main arguments in support of long‐lived topography associated with thickened crust
dating back to Caledonian continental collision. For example, Nielsen et al. (2009) and Pedersen et al. (2016)
argued that the high topography is old and long‐lived remnants of the Caledonian Mountains, exhibiting
generally slow and protracted erosion, which accelerated due to the glacial and periglacial processes of
the Quaternary (cf. Egholm et al., 2009; Gołedowski et al., 2012; Pedersen et al., 2010). Notably, these mar-
gins have experienced significant isostatic rock column uplift owing to strong glacial carving of fjords
(Gilchrist & Summerfield, 1990; Gołedowski et al., 2013; Medvedev et al., 2008; Medvedev & Hartz, 2015).

However, the question remains if there is a component of buoyancy from the mantle. The mantle S velocity
model of Rickers et al. (2013) demonstrated a number of structural features in the North Atlantic region,
such as a well‐resolved deep counterpart of theMid‐Atlantic Ridge, and regions of strong low‐velocity anom-
aly below Iceland and the Kolbeinsey Ridge (west of Jan Mayen). Regionally, the modeled low‐velocity layer
shows clear similarity to the broader North Atlantic seafloor doming, and deep low‐velocity anomalies
extend also under the continental lithosphere of Northwestern Europe as well as Greenland. The cause
for the suggested recent uplift of these areas hence could be “dynamic support by low‐density asthenosphere
originating from the Iceland and Jan Mayen hotspots” (Rickers et al., 2013).

Several studies have focused on southern Scandinavia, using surface waves (Köhler et al., 2015), P waves
(Medhus et al., 2012) and S waves (Wawerzinek et al., 2013). Recently, new studies have revealed the
upper‐mantle P wave, S wave, and VP/VS variations across the Danish Basin, Scandinavian Mountains
and western edge of the Baltic Shield using new temporary seismometer arrays and all available permanent
seismological networks in the region (Hejrani et al., 2015; Hejrani et al., 2017). The shared property of these
models is a pronounced low‐velocity structure in the upper mantle under southern Norway coinciding
roughly with the area of high topography. We now extend these studies by incorporating also the new tele-
seismic data of the East Greenland Central Fjord Array (see below).

2. Data and Method

The data set comprises three main permanent networks NNSN (Norwegian National Seismic Network),
GLISN (GreenLand Ice Sheet monitoring Network), and NORSAR and nine temporary arrays/profiles:
Tor, JULS, CENMOVE, CALAS, MAGNUS, DANSEIS, SCANLIPS, SCANLIPS2 (see Hejrani et al., 2015,
Hejrani et al., 2017 for further details on network information) as well as East Greenland Central Fjord
Array (EGCFA). The first eight temporary arrays covered the northwest European side at intermittent time
intervals since 1996. In the recent EGCFA project, 11 seismometers were deployed during 2009–2011 along a
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latitude of 73oN between the ice sheet and the Atlantic coast (Figure 1) in order to investigate the relation-
ship between topography and deeper structures.

More than 1,700 events withMw > 5.5 (in case of East Greenland events withMw > 5.1) recorded by 393 sta-
tions have been considered (37,052 waveforms in total). Out of these, from 954 events 21,764 high‐quality
traveltime residuals for P and 10,022 traveltime residuals for S wave have been manually picked (both SV
and SH arrivals). The geometrical distribution of events is found in Figure S1 in the supporting information.
The permanent HFC2 station (Figure 1) has been considered as reference station with high signal‐to‐noise
ratio records for most of the study period, 2002–2012. Using HFC2, several steps of quality control were con-
sidered to eliminate noisy, drifted, and wrongly timed arrivals. Section B of the supporting information
yields a comprehensive overview of the stations with drifted arrivals and the handling of it (Figures S4–
S21). For all stations, traveltime residuals relative to HFC2 have been visually checked for any trend in

Figure 1. Summary of the mean relative P wave traveltime residuals at 393 stations. The mean of relative residuals of all stations is subtracted from each station.
CDF: Caledonian deformation front. AA′, BB′, and CC′ show the location of three east‐west sections across the Norwegian (north and south) and East Greenland
(Central Fjord) Caledonides. The reference station, HFC2 is shown with a triangle. The dashed, orange line in Southern Scandinavia separates the station
mean residual below and above zero. Names of permanent stations located sparsely in Greenland, North Atlantic, Scotland, and Svalbard are indicated. Stations
with extreme residuals (beyond the colorbar) are mentioned with their relative residuals. The histogram of relative residuals at all stations is plotted.
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the data. Then, for each event, P residuals deviating more than 3 s from the median of residuals were
excluded from the data set. For S waves, deviations of 6 s was the threshold. This step reduced the number
of P residuals to 21,663 and S residuals to 9,799. This means that more than 99% of P residuals and 98% of S
residuals are within 3 and 6 s of the median of arrivals of each event.

Correction of the traveltime residuals for the effect of crustal structure down to 50 km used the 3‐D
velocity structure presented by Molinari and Morelli (2011). The crustal correction was calculated by
raytracing through a 1‐D approximation from the 3‐D crustal model beneath the station, and then sub-
tracting the calculated traveltime from that of the IASP91 reference model. To test the dependency of
the crustal correction on the chosen model, we mapped the effect of crust for two crustal models,
Tesauro et al. (2008) and Molinari and Morelli (2011) and compared their differences (Figure S2).
Both models provide similar values in Scandinavia where we have most of our stations (Figure S2c),
hence, our crustal correction is not biased toward a specific model. Ellipticity corrections were com-
puted following Kennett and Gudmundsson (1996). The resulting high‐quality corrected residuals were
inverted to image the P wave velocity, S wave velocity structures and the VP/VS ratio variations within
the upper mantle.

For the P and S wave tomography, we resolve the following problem:

Am ¼ dobs (1)

where dobs, in the right‐hand side, is the data vector of traveltime residuals, A is the matrix of ray length
in cells, and m represents the vector of unknowns that we want to estimate, the slowness anomalies
(inverse of velocity) at each cell of our model. We estimate the m, through a regularized least squares
equation:

mest ¼ ATAþ σ2
obs

σ2
0

I þ σ2
obs

σ2
xy

GTG

 !−1

ATdobs (2)

where G is the matrix representing the smoothing (constraint of slowness to neighboring cells), σxy is the
assumed standard deviation of the cell slowness relative to mean (controls the smoothing), I is the identity
matrix, σ0 is the assumed standard deviation of the slowness anomalies (controls the damping), and σobs is
the standard deviation of the observation error (see Hejrani et al., 2015, for detail). The design of the
model and the geometry of the cells were done following Hejrani, Jacobsen, et al. (2014), which furnishes
a flexible 3‐D model design delivering ray‐adapted subvertical sections aimed at optimized ray coverage
and resolution. The design of the model that covers Scandinavia (sections BB′ and CC′) is presented in
Hejrani et al. (2017) and the design of the model in east Greenland (section AA') is presented in
Figure S3. The VP/VS ratio variations were calculated from P and S models following Hejrani et al. (2015).

We focus on three principal areas with high present topography, claimed to be significantly uplifted during
the Cenozoic/late Cenozoic.

The first model, section AA′ in Figure 1 (at ~73°N), reaches from the shore to the ice margin across the East
Greenland Caledonides in the Central Fjord area. Since most of the events are located around the western
Pacific subduction zone, incoming rays arrive mainly from the north of the profile AA′. Therefore, the
Ray‐Adapted model is slightly inclined toward the north. The second model, section BB′ in Figure 1, crosses
the northern part of the high topography of the Scandinavian Mountains and it is identical to section BB′,
Figure 7 in Hejrani et al. (2017). The third model covers southern Scandinavia with a Cartesian 50 by 50
by 50 km velocity grid. The CC′ crooked profile shown in Figure 1 shows a vertical section in this model.

3. Results

The corrected traveltime residuals were analyzed both in terms of station mean values and through tomo-
graphic inversion into sections showing anomalies in P and S velocity as well as anomalies in the VP/VS ratio
in the depth interval 50 to 600 km (depths to 500 km included in figures).
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3.1. Traveltime Residuals Relative to Mean

At each station the relative residuals were considered relative to the reference station, HFC2. The mean of
these residuals at each station defined the “stationmean residual” relative to HFC2.We subtracted the mean
of all “station mean residuals” from each “station mean residual” to avoid any possible bias from the HFC2
location. These “station P wave residuals relative to mean” vary up to ± 1.5 s with very few outliers
(Figure 1). Around southernmost Scandinavia, early P and S arrivals correlate mainly with shield areas
(Sweden) whereas late seismic arrivals dominate in basin areas of Denmark and Germany (highlighted by
the dashed orange line indicating the boundary between early and late arrivals). This pattern is consistent
with results obtained in several body wave, surface wave, and regional full waveform studies for both P
and S waves (Debayle et al., 2016; Jakovlev et al., 2012; Lebedev et al., 2018; Medhus et al., 2009, 2012;
Pilidou et al., 2004; Rickers et al., 2013; Wawerzinek et al., 2013), and also in results including VP/VS ratio
(Hejrani et al., 2015, 2017). It is apparent that toward the north, along the Scandinavian Peninsula this pat-
tern disappears.

The “station S wave residuals relative to mean” show similar patterns but at values of up to ±4 s (Figure 2,
note here the colorbar saturates at ±2.5 s). The variation in the S wave residuals is stronger. This higher

Figure 2. A summary plot similar to Figure 1 but for S wave mean relative residuals.
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contrast in VS is quite visible across the dashed orange line marking the P wave upper mantle boundary. In
Greenland and in the north Atlantic, the station coverage is sparse, except for the EGCFA (Figures 1 and 2),
and therefore regional tomography is not feasible. However, the scattered station mean residuals provide an
overview of the whole area. As expected, we observe very late arrivals at two mid‐ocean stations located in
Iceland (BORG) and Jan Mayen (JMIC), reflecting the hot mantle and thin lithosphere beneath (Rickers
et al., 2013). The arrivals at stations BORG and JMIC are 3.2 and 3.6 s delayed for S waves and 1.6 and
1.2 s for P waves. In the middle of Greenland, we see very early arrivals at stations DY2G, ICESG, SUMG,
and NEEM (all located on the ice). The earliest one is station NEEM, located in the northern part of
Greenland with average arrivals of 5.5 s ahead for S waves and 1.5 s for P waves.

Figure 3. Velocity tomograms along three cross sections, AA′, BB′, and CC′ (locations in Figure 1). First row shows topography (with vertical exaggeration) and
geological features (CDF: Caledonian deformation front; OG: Oslo Graben). Second row images the relative P velocity anomalies along the sections. Third and
fourth rows show S velocity anomalies and the implied contrasts in the VP/Vs ratio, respectively.
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Toward the coastal areas (East and West Greenland), we still observe early arrivals (except for station SCO)
but with much less strength (less than 0.25 s early for P waves). Along the EGCFA, an interesting pattern is
seen with later residuals at the coast and gradually earlier arrivals, as we approach the highest topography
near the edge of the ice sheet. Clearly, the mean station residuals reveal significant regional changes in upper
mantle velocity, which is further resolved by the following tomographic analyses.

3.2. Tomograms

Figure 3 shows the results of regional traveltime tomography, using the teleseismic data described above
along three cross sections, AA′, BB′, and CC′ (see Figure S3 for the design of CC′ section).

Section AA': The East Greenland Caledonides are to the left and the Atlantic margin to the right. The Pwave
velocity reveals mainly a high‐velocity mantle beneath the areas of high topography, mainly below the sur-
face exposed Caledonian rocks. East of the transition from Caledonian to Post‐Devonian rocks, we observe a
clear low‐velocity structure extending down to depth of at least 200 km. The Swavemodel shows a very simi-
lar pattern, possibly with a more vertical boundary at the surface rock type transition. The VP/VS variation
along this profile is very moderate.

Section BB': The Atlantic coast is to the left and crosses the northern part of the Scandinavian Mountains.
Both the P and S models show a relatively uniform high‐velocity structure, except for a small shallow
low‐velocity anomaly at the Norwegian coast. Beneath the area of high topography, we see high‐velocity
materials in both velocity fields. The VP/VS variation is mainly negative under the high topography.

Section CC': This profile, which has the Atlantic coast to the left, crosses the Southern Scandes Mountains,
the Oslo Graben and into the southern part of the Baltic Shield. Both the P and S velocities show a clear
and deep boundary between fast and slow upper mantle just east of the Oslo Graben. Under this profile,
the VP/VS ratio model shows clear differences, again separated by this main upper mantle boundary, which
extends further south along the Tornquist zone. Hieronymus et al. (2007) and Gradmann et al. (2013) argued
for a significant compositional difference to preserve this lithospheric step for a very long geological time.

The low‐velocity area, unlike the high velocities beneath the Baltic Shield, reveals a more complex pattern
including a neutral zone to the west of the Caledonian Deformation Front (CDF). This could indicate strong
local variations at the LAB. Moreover, the very low‐velocity area at depths of 150–250 km between the CDF
and Oslo Graben (OG) is repeated with different contrasts in both P and S models. The VP/VS variation
model has relatively high values in this area.

4. Resolution Analysis

In teleseismic tomography, rays cross the model at rather steep angles, so typically the vertical resolution is
far from perfect. The vertical smearing will tend to mix velocity anomalies between different layers at differ-
ent depths. On the other hand, the resolution of horizontal variations in velocity is good where station cover-
age is adequate. These matters were studied specifically for the arrays in Scandinavia in Hejrani, Jacobsen,
et al. (2014) and Hejrani et al. (2015, 2017).

Figure 4 presents a structural resolution test where large blocks with alternative signs are assumed as true
structure. Synthetic P and S residuals were computed for these velocity anomalies (the top row in
Figure 4), and then inverted into the P tomograms (in the middle row) and S tomograms (in the bottom
row). This test confirms that vertical boundaries are resolved, and anomalies in the upper 200 km can be dis-
tinguished from anomalies in the lower part of the upper mantle. In particular, the location and inclination
of the synthetic blocks are adequately recovered, so the general inclinations of the boundaries found in the
real data tomograms may be regarded as significant.

5. Crossplots of Topography Versus Station Mean Residuals

Figure 5 shows the relation between upper‐mantle average relative traveltime residuals and average surface
topography beneath each station for Pwave residuals and Swave residuals. For each station, the topography
was averaged within a distance of 20 km around it. For each region outlined in Figure 5 we crossplot the sta-
tion average residuals versus the station average topography, and we compute the correlation coefficients.
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Four specific locations which are densely covered by our stations and are suggested to be uplifted during the
Cenozoic were considered (marked with black stars in Figure 5). First, stations from various projects located
in the zone of South Scandinavian Bedrock (SSB region in Figure 5); second, stations crossing from the
southernmost Baltic Shield to the Danish and North German Basins (BB region in Figure 5); third,
SCANLIPS2 profile crossing the high topography area in the northern part of the Scandinavian
Caledonides (SCANLIPS2 region in Figure 5) and finally, East Greenland Central Fjord Array crossing
the East Greenland Caledonides (EGCFA region in Figure 5). The crossplot for the SSB shows a moderate
positive correlation with coefficient 0.6 for both P and S residuals. However, we note, that positive residuals
within the approximate ranges of 0–0.5 and 0–2 s for P and S residuals, respectively, cover a broad range of
both low‐ and high‐topography areas. For the adjacent area covering the transition from the Baltic Shield
into the Danish and north German basins (BB), the topography is uniformly low, but the P and S residuals
show very strong variations. The correlation coefficient is −0.13 for P and −0.2 for S. For the profile
SCANLIPS2 crossing the northern part of the Scandinavian Mountains, a moderate but negative correlation
with coefficient −0.55 is observed for P residuals. For S residuals the coefficient is lower (−0.44) but still
negative. In contrast to southern Norway, the average relative residuals of P and S waves at all stations
are negative, which confirms the uniform high‐velocity upper‐mantle structure shown in Figure 3. For
the profile EGCFA, both station residuals and topography vary strongly with a clearly negative correlation
(coefficient −0.79).

Figure 4. Synthetic structural resolution tests for the three cross sections, AA′, BB′, and CC' in Figure 3. The top panel shows the input velocity models. Velocity
contrasts are ±4% for both P and S waves. The recovered P wave models are shown in middle panel, and the bottom panel shows the recovered S wave models.
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6. Discussion and Conclusions

In light of our resolution analysis we note that the velocity boundaries in profile AA′ and BB′ seem to dip
toward the coast. AA′ shows a distinguishable boundary where we observe the transition from
Caledonian to Post‐Devonian rocks. Under profile BB′ the slow material is possibly associated with the
Atlantic opening. The western end of the profile is located at a position where the spreading ridge got closest
to the Norwegian coast, and also the important Senja Ridge hits the shelf right at this location (Hejrani
et al., 2017).

Figure 5. Crossplots of P wave and S wave mean relative station residuals versus average topography (radius 20 km) around each station. The black stars
represent regions suggested to be uplifted during the Cenozoic. EGCFA: Negative correlation of −0.8 for P and −0.5 for S wave between average topography
and residuals. SCANLIPS2: Moderate negative correlation of −0.6 for P and −0.4 for S wave. Here, residuals are all negative regardless of the topography. SSB:
South Scandinavian bedrock region. A positive correlation of 0.6 for both P and S waves between average topography and relative residuals, but positive residuals
of up to about 0.5 s for P and 1–2 s for S wave cover a broad range of low‐ and high‐topography areas. In the southernmost Baltic shield to the Danish and North
German basins (area BB), the topography is changing within 0–250 m, but the P and S wave residuals vary in range of −1.2 to +1 and −3 to +3 s, respectively.

10.1029/2020JB019808Journal of Geophysical Research: Solid Earth

HEJRANI ET AL. 9 of 12



Perpendicular to profile CC′, the main Upper Mantle Velocity Boundary (Hejrani et al., 2017) may be traced
southward along the Tornquist Zone to the south of Sweden and northward to the Norwegian coast (cf.
Figure 1). The major slow upper‐mantle anomaly is located far from the Atlantic opening. Still, the striking
coincidence with the high topography of southern Scandinavia may inspire the idea that buoyancy from this
probably hot and low‐density material may provide at least a substantial part of the isostatic support of this
high topography. Moreover, if this mantle anomaly was installed in recent geological times, then a similarly
recent associated uplift could be explained (cf. Rickers et al., 2013 and discussion in Maupin et al., 2013).

Our analysis of the traveltime data may place an additional constraint on this hypothesis in the following
way. We take the station average traveltime residuals as an approximate measure of the amount of “low‐
high‐velocity material” under each station. Low P velocities and S velocities will in general correlate with
higher temperatures. For upper mantle rocks, these parameters correlate negatively with density.
Therefore, we would expect a positive relative traveltime residual to reflect lower densities in the mantle
and hence it could correlate to mantle buoyancy and possibly higher topography. The crossplots in
Figure 5 explore three different regions at the rim of the Atlantic and a fourth region in the close vicinity.
We make the following observations.

For the Southern ScandinavianMountains and the adjacent Baltica bedrock zone (SSB box in Figure 5) there
is a weak positive correlation between topography and relative delay of the P and S arrivals (correlation coef-
ficient +0.60). This could be taken as support of the hypothesis of mantle buoyancy as the isostatic balance of
the topography, and hence the feasibility of Late Cenozoic uplift caused by a change in upper mantle flow
regime, possibly with some relation to the Atlantic opening and the intense magmatic activity centered at
Iceland (cf. Jakovlev et al., 2012; Rickers et al., 2013; Lebedev et al., 2018). Indeed, independent studies of
Schiffer and Nielsen (2016) and Pedersen et al. (2016) arrived at low‐amplitude (few hundred meters) long
wavelength dynamic support in this region. Here the dynamic support, should be understood as isostatic
support caused by low‐density material below the lithosphere (Molnar et al., 2015). This notwithstanding,
the main component of isostatic support of high topography originates from the thickened crust (cf.
Ebbing et al., 2012; Nielsen et al., 2009; Pedersen et al., 2016; Svenningsen et al., 2007).

The East Greenland Caledonides (Figure 5) exhibits a negative correlation with coefficient−0.80 for Pwaves
and −0.5 for S waves. Detailed geophysical‐petrological modeling (Schiffer et al., 2016) has demonstrated
that as in southern Scandinavia the main isostatic support of topography is from a thick crust.
Furthermore, the preservation of an ancient subduction zone (Schiffer et al., 2014) down to ~100 km depth
demonstrates that the continental lithosphere appears undisturbed by later tectonic events in the region,
including the assumed passing of the Iceland hot spot track (e.g., Mordret, 2018; Rickers et al., 2013). The
crossplot for the SCANLIPS2 profile represents the northern dome of the Scandinavian Mountains and
shows consistent early arrivals for areas of high topography and small to moderate negative correlation coef-
ficient −0.4 for P wave and −0.6 for S wave. The crossplot for the low‐relief bedrock region of Southern
Sweden together with the adjacent deep sedimentary basins in Denmark and Northern Germany shows
strong variation in the traveltime residual and no correlation to the topography.

Altogether, our results show that present seismic velocities in the upper mantle have little to no general pre-
dictive power in relation to present topography in regions located around the northern Atlantic. Together
with the results of Makushkina et al. (2019), who inferred that thermal buoyancy from the deeper parts of
the mantle cannot be the cause of the observed high topography in the Scandinavian peninsula, there
appears a general lack of correlation between high topography and structural features in the mantle. This
combined finding weakens the possibility that dynamic topography works as mechanisms of epeirogenic
uplift of the Atlantic margins during the Late Cenozoic. This is in accordance with quantitative landscape
models based on physical principles (e.g., Anderson, 2002; Egholm et al., 2017), which find that plateau land-
scapes form in situ as a consequence of glacial and periglacial processes.

Data Availability Statement

Important data from permanent stations in Norway came from NORSAR (Johannes Schweitzer) and the
University of Bergen (Lars Ottemöller). The data are available from the following sources: SCANLIPS,
SCANLIPS2 are available through University of Leicester (SEIS‐UK, https://seis-uk.le.ac.uk/); GLISN is
available through IRIS (http://ds.iris.edu/wilber3/find_event); NNSN and NORSAR are available via
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ORFEUS (https://www.orfeus-eu.org/data/eida/); Tor, JULS, CENMOVE, CALAS, MAGNUS, DANSEIS
are available through Hejrani et al., 2015 and Hejrani et al., 2017. EGCFA is available through Hejrani,
Balling, et al. (2014).
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