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Abstract

Plumes are domains where hotter material rises through Earth’s mantle, heating also the
moving lithospheric plates and causing thinning or even continental breakup. In
particular, the Iceland plume in the NE Atlantic (NEA) could have been instrumental in
facilitating the breakup between Europe and Laurentia in the earliest Eocene, 55 Ma. This
hypothesis relies on different observations that have not yet been integrated into a
quantitative description of the present-day geophysical configuration. Here we show, for
the first time, an open access three-dimensional model of the entire NEA crust and upper
mantle including the conjugate continental margins of Greenland and Norway, as well as
the sheared margins of the northernmost NEA. The model is consistent with available
seismic, seismological and gravity data. We propose that high-density/high-velocity
anomalies in the crust represent the preserved modifications of the lithosphere in
consequence of the plate’s journey over the hot mantle plume. Besides, low-density/low-
velocity anomalies in the uppermost mantle would represent the present-day effect of the
mantle plume and its interaction with the mid-ocean ridges. Overall, the model indicates
that the presence of the plume together with the pre-existing crustal configuration

controlled the timing, mechanisms and localization of the NEA breakup.
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Main

Agreement has been reached recently that mechanisms behind continental breakup and passive
margin formation encompass a continuum between mantle-driven/magma-rich and plate-
driven/magma-poor deformation'*. Three-dimensional thermo-dynamic modelling studies
considering magmatism'? demonstrated that mantle plumes can support continental breakup
considerably if the plume meets a plate under orthogonal extension and that this can lead to the
formation of magma-rich continental margins. On the other hand, dynamic three-dimensional
modelling studies®* have also demonstrated that plate-driven lithospheric breakup in absence
of magma is more difficult in orthogonal extension than with some degree of obliquity. In such
magma-poor settings, deformation is accommodated in simple shear leading even to mantle
exhumation at the oceanic side of large-offset listric faults. In both end-member settings,
variations in thickness, architecture and rheology of the lithosphere is of key importance for the

breakup dynamics.

In the NE Atlantic (NEA), successful breakup between Greenland and Eurasia at about 55 Ma
was preceded by a long history of near-orthogonal (to the main structures) extensional
deformation. The extensional setting, present from late Paleozoic times onward, created deep
sedimentary basins but did not succeed in breaking the plates apart. Accordingly, the domains
composing the present-day passive continental margins of the NEA host up to 12 km thick
Cretaceous to Paleocene sedimentary units and additional several km of pre-Cretaceous
deposits®’. However, the orientation of the breakup axis is oblique to the pre-existing
Paleozoic/Mesozoic rift structures of the NEA and resulted in voluminous extrusive and

intrusive igneous activities®.

In the course of this extensional history, both breakup end-members seem to have played a role
and a magma-rich setting is characterizing the central part of the system at the latitude of Iceland

that transitions to a less magmatic setting to the north and south. The weakening influence of a
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hot mantle plume is one explanation suggested for why breakup eventually succeeded. This
hypothesis is also supported by reconstructions of paleo plate configurations®!! and a generally
thinner lithosphere beneath central Greenland interpreted as resulting from westward

movement of Greenland over a thermal mantle plume!? !4,

The questions that remain are which role the Iceland plume has played in facilitating continental
breakup between Eurasia and Greenland/North America, and which traces of these processes
can be detected in the present-day configuration of the crust and mantle in the region. Major
focuses of disputes are the nature of the crust composing present-day Greenland-Iceland-Faroe
Ridge (GIFR; e.g. 1°), the nature and origin of high-velocity/high-density bodies in the lower

crust of the conjugate passive continental margins!'®!”

and the nature and origin of the locally
thickened magmatic oceanic crust along an E-W trending domain on both sides of Iceland
(GIFR), also characterized by high seismic velocities'®!”. In addition, there are several lines of

disagreement related to the causes behind breakup 55 Million years ago along a line cutting

diagonally domains of previous crustal thinning (e.g.5).

Though the amount of geoscientific observations has increased steadily over the past decades,
integration into one consistent model representation is still lacking. With this work, we for the
first time, present a three-dimensional model of the NEA (location in Fig. 1) that resolves the
major structural characteristics of the crust and uppermost mantle based on the integration of
multidisciplinary geological and geophysical observations - seismic profiles, depth and
thickness maps, existing models, seismic mantle tomography - and forward and inverse gravity
modelling (for details see Methods, Supplementary Information -SI- and Extended Data:
Figures 1, 2 and Table 1). We, moreover, discuss how the model contributes to the ongoing

debates in this geodynamically complex area.
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Figure 1: Model area and examples of constraining data and model fitting. a) Simplified structural map of the modelled area.
The location of the 3D model is shown on the upper left corner. Black and blue lines mark the locations of the crustal transects
(bottom of the figure), denoted as T1-6. Transects illustrate the variations in structural configuration and the consistence with
input deep seismic refraction data®; b) Free air gravity disturbance over the NE Atlantic region at 6 km above sea level from
EIGEN-6C4%021; ¢) Calculated gravity response of the model at 6 km above sea level. The gravity response of the 3D model
as a whole generally fits the observed gravity very well. The larger misfits are of high frequency, indicating some features of
the area that the model is not able to resolve according to its structural resolution. Further information on all considered input
data as well as explanations of remaining gravity residuals and their relation to model limitations are presented in the
Supplementary Information (SI).

Variation of lithospheric configuration

The modelled three-dimensional lithospheric configuration (Fig. 2) illustrates four main
characteristics: (1) lithosphere thickness varies between less than 50 km in the oceanic and more
than 250 km in the continental regions (Fig. 2j); (2) the crust is thickest (>35 km; Fig. 2e) below
the continental domains and along the GIFR as imaged by the variations in Moho depth (Fig.
2¢), (3) the crust encompasses thick successions (up to 21 km) of sediments (Fig. 2d) underlain
by a two-layered crystalline crust (Figs. 2f and g); (4) presence of high-density/high-velocity

lower crustal bodies (Figs. 2i) along the continent-ocean transition (COT), particularly in the
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central part of the NEA, and along the GIFR. More details about the final model can be observed

in the Extended Data (Extended data Figures 3 and 4 and Extended data Table 2).
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Figure 2: Major structural characteristics of the 3D model. Upper panel: surfaces and thicknesses compiled from different data
sources; lower panel: structures derived by forward and inverse gravity modelling (f-i) or the conversion of tomographic data
(j)- More illustrations, details and references on data sources and integration methods provided in Methods and the SI. a)
Topography of the elevated areas, including the ice surface in glacial areas (Greenland) and bathymetry in the ocean (ETOPO
172); b) Depth to the top of the crystalline basement ¢) Depth to Moho d) Thickness of the sedimentary layer; €) Thickness of
the crystalline crust; f) Thickness of the upper felsic crystalline continental crust characterized by average velocities of ~5.8
km/s to ~6.5 km/s and an average density of 2700 kg/m3; g) Thickness of the lower mafic crystalline continental crust
characterized by average velocities of ~6.5 to 7 km/s and an average density of 3000 kg/m3; h) Thickness of the oceanic crust
with an average density of 2900 kg/m3; i) Thickness of the lower crustal high-velocity/high-density bodies, characterized by
average velocities > 7 km/s and an average density of 3000 kg/m3 at the passive continental margins near the COT (COT-LCB;
derived from '7) and by an average density of 3100 kg/m3 along the GIRF (GIFR layer 3) as derived by forward gravity
modelling; j) Depth to the thermal Lithosphere-Asthenosphere Boundary (LAB) extracted as the 1300 °C isotherm from the
temperature distribution obtained by velocity conversion? of the shear wave tomography?*. Green and blue stippled lines are
the previously proposed tracks of the Iceland plume 2> 26,

As imaged along the cross sections in Fig. 1, the continental crystalline crust consists of an
upper unit, characterized by lower average velocities and densities, interpreted as an indication
for a felsic composition and a lower unit, characterized by higher seismic velocities and
densities, interpreted as mafic. Both the upper felsic crust and the lower mafic crust have a

thickness ranging between ~10 km and 40 km (Fig. 2f and g). They are thickest below the
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onshore parts of the continental margins and thin considerable below the regions where crustal
thinning is most severe towards the continent ocean boundary (COB) or along the Cretaceous
basins. Oceanward, the COT is characterized by the occurrence of high-velocity/high-density
lower crustal bodies (COT-LCBs) interpreted as a complex mixture of pre- to syn-breakup
mafic and ultramafic rocks and old metamorphic rocks (e.g. '7-!%). Laterally, the COT-LCBs
merge with the lowermost layer of the oceanic crust (layer 3) contributing to a thicker than

normal oceanic crust, in particular in the area of GIFR (GIFR layer 3; Fig. 21).

Over most of the oceanic domains, the average density distribution of the crystalline crust (Fig.
3a) is uniform, apart from the regions where high-velocity/high-density bodies are present.
Particularly, the higher-than-normal density area of the GIFR correlates spatially with a thicker-
than-normal oceanic crust (Figs. 2h and i). In the continental domains, the average crustal
density varies between 2700 kg/m3 and 3100 kg/m3, depending on the modelled local
proportion of upper and lower crust (see Methods and SI) and on the presence of high-density
COT-LCBs (Figs. 2f, g and 1). Accordingly, higher average densities of the crystalline crust are
found below the continental margins where the COT-LCBs are present and below the Barents
Sea, a region also characterized by an increased thickness of the crystalline crust (Figs. 3a and
2e). In contrast, the average crustal density is far lower below the largest parts of Greenland
than below the Barents Sea and below onshore Norway. The average density of the continental
domain is lower west of the Atlantic than to the east suggesting that the Greenland-American
lithosphere had different properties compared to the Eurasian lithosphere and that the breakup
may have occurred where a corresponding contrast in mechanical properties was present. This
contrast is more pronounced in the northern part of the model, in the sheared margin domain
(between northern offshore Greenland and the Barents Sea), coinciding with the area where the

t27

break-up related magmatism is less abundant”’. More details on the crustal density distribution

are found in the Extended data Figure 5.
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Figure 3. First-order density configuration of the model: a) average density of the crystalline crust; b) average density of the
upper mantle between the Moho and 300 km depth. Green and blue stippled lines are the proposed tracks of the Iceland plume
obtained from two different sources, 2> and %%, respectively. More details and figures of the mantle density and temperature
distribution can be found in the SI.

The first-order characteristics of the mantle configuration have been obtained by converting the
mantle shear wave velocities?* to temperatures and densities (*® and references therein, see
Methods, SI and Extended Data Figure 6). The derived densities were used to calculate the
average mantle density distribution (Fig. 3b) that illustrates a long-wavelength variation
between the oceanic domain, with generally lower mantle average densities, and the continental
domain with higher average densities of the mantle. Lower-than-average mantle densities in
response to higher-than-average mantle temperatures characterize a wide region below the mid
oceanic ridge (MOR), including Iceland (Fig. 3b). These low-density areas in the mantle
coincide with an elevated Moho below the MOR (Fig. 2¢). Only below Iceland and its
surroundings (GIFR), where the oceanic crust is thicker than normal, the mantle is,
nevertheless, light and warm. The lowest average density is located below the Kolbeinsey

Ridge, north of Iceland. In contrast, the coldest mantle temperatures in the oceanic domain
7
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correspond to the oldest oceanic areas offshore NE Greenland and offshore mid-Norway and
are also characterized by higher-than-average densities (Fig. 3b). Within the continental
domain, the coldest mantle temperatures of the model area, correlating with the highest average
mantle densities, are calculated for the larger parts below NE Greenland, the eastern Barents

Sea and onshore Norway.

12,2429 reveals a low shear

In the central portion of the NEA (Fig. 1a), seismological evidence
wave velocity anomaly indicative for higher-than-average temperatures in the uppermost
mantle. This observation, together with the elevated topography of Iceland compared to other
parts of the Mid Atlantic Ridge (Fig. 2a), were the main arguments for assuming a mantle plume
beneath Iceland®®*!. Analysing the mantle-velocity-derived temperatures and densities in detail
reveals that the mantle is hottest/lightest beneath Iceland to a depth of 50 km. Below this level,
between 50 and 100 km depth, the domain of the high-temperature/low-density anomaly
extends north to also include the region below the Kolbeinsey Ridge, west of the Jan Mayen
microcontinent (Fig.4). Moving downwards, below 100 km depth, the anomaly locates only
beneath the Kolbeinsey Ridge, whereas the temperature increase is less pronounced below
Iceland. Thus, a continuous thermal anomaly (low-density body) from the shallow interval to
larger depths can be traced only north of Iceland and connects the shallow Iceland anomaly to
the one beneath the mid ocean Kolbeinsey Ridge. Thus, Iceland itself is located above a

southward protrusion of the thermal anomaly rising continuously vertically along the

Kolbeinsey Ridge from more than 200 km depth (Fig. 4a).

Only the mantle configuration in the central part of the NEA, with its wide region of low density
(Fig. 3b, 4a), is accompanied by magma-rich passive rifted margins on either side whereas less
magmatic margin segments prevail towards the south and north. Particularly, the 3D model
illustrates the correlation between the colder/denser mantle and the less magmatic setting at the

northern NEA margin also coinciding with a change in opening regime from an orthogonal
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Figure 4. Detailed mantle density structure. a) 3D image of a low-density body in the mantle statistically delimited by the 1%
percentile of the lowest densities. b) Depth slices of density distribution at 50 km depth intervals. The black curves show the
location of the 1% percentile of lowest densities at each depth.

Dynamic implications

The three-dimensional density configuration of the crust and upper mantle in the NEA reveals
the traces left by the breakup of a continental plate in response to extension and plume-
lithosphere interactions. On both sides of the NEA, the normal-faulted passive continental
margins prove that extensional stresses have influenced the breakup process. That several
extensional phases in the Mesozoic did not succeed in continental breakup has been explained
by different mechanisms’3?*, Among others, discussed reasons for unsuccessful breakup
before the Eocene include: (i) insufficiently large extension to break a thick and strong
lithosphere; (ii) strain hardening of the rifted domains in response to the rifting velocity being
slower than conductive cooling of the rifting-related thermal anomaly; or (iii) cessation of
extensional forcing before breakup. That rifting was successful in the earliest Eocene, in spite
of rather minor extension, could be explained as being due to additional support by a thermal
anomaly in the mantle®. Such dynamic support by a buoyant hot mantle would also be
consistent with the presence of an erosional breakup unconformity on both passive margins.
The unconformity documents that these domains have been uplifted shortly before or syn-
breakup, right after a phase of deep marine conditions in the late Cretaceous-early Paleocene®®.
Finally, the presence of large volumes of magmatic products near the COT of the central NEA
(Fig. 2i) prove that the breaking lithosphere was hot. Such magmatic products are documented
in the deeper crust as COT-LCBs (Fig. 2i), as sill intrusions in the sedimentary basins and as
surface volcanic extrusives, including basaltic flows penetrated by several boreholes offshore
Norway®’. The amount of magmatism per se is difficult to explain without a plume*®. Besides,

the associated elevated mantle temperatures/low densities (Figs. 3b and 4), as well as the

shallower than normal NEA bathymetry (Fig. 2a) compared to a plate cooling model*’, both
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require the activity of a mantle plume. That the magmatic crust is both thicker (Fig. 2e; see also
7y and denser than normal (Fig. 3a) in the oceanic area along the GIFR and that this region
coincides spatially with the track of the Iceland plume reconstructed by independent

25,26 3

methods is the cherry on the cake of our findings. It is this latter finding that strongly

supports the arrival of the mantle plume and its subsequent track in the moving plates above.

The contrasting hypothesis that the Icelandic crust is continental'® is not supported by our
model. To achieve consistence with observed gravity (Fig. 1b), rather high average crustal
densities in the region of Iceland are required that are far higher than typical continental crustal
densities (Fig. 3a). As seismic tomography demonstrates that the GIFR area is characterized by
low mantle densities (Fig. 3b), the upper mantle cannot balance the mass deficit either.
Therefore, the contribution to the required gravity response has to come from the crust. We
cannot exclude, however, that continental blocks may be baked into the mélange of magmatic

products formed during the breakup process'?, in particular when associated with rift jumps**4!,

Another interesting finding is a general difference in average density of the crust for the
continental domain of Norway compared to the one of Greenland, at margins that are
corresponding conjugates (Fig. 3a). To the north of the magma-rich central NEA margin, a
change in regime is observed switching to a less magmatic sheared margin. The model indicates
that the crust also contains less high-velocity/high-density bodies toward the North. In the less
magmatic domain also the highest contrast of crustal average density between both
corresponding conjugate margins (Fig. 3a) is detected. Considering the larger distance of the
sheared margin to the plume, the latter was less influential in this region and accordingly less
magmatic products are observed. This suggests that the localization of the rupture may have
been guided by an ancient difference in rheology between the two plates for which the modelled

large contrast in average crustal density could be an indication. These characteristics may have
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defined the opening regime of oblique extension as a preferred mechanism in a plate-driven

breakup setting™*.

The mantle velocity-temperature-density configuration additionally correlates spatially with
features observed at present-day in the area: regions of high temperature and low density
correlate with the current plume position (as derived from 2° and %) and the MOR, especially
to the north of Iceland (Kolbeinsey Ridge). Particularly, the lower than normal average densities
of the model are arranged in a body that is located below the centre of Iceland at shallow depths,
coinciding with the track of the plume of the last 20 Ma (Fig. 4). However, its continuation in
depth is found beneath the Kolbeinsey Ridge (see also?>*?), thus differing from the expected
vertically continuous conduit-type shape of a plume. This could be an expression of the
interaction of the plume with the MOR (see also*’) changing abruptly along the Jan Mayen
Fracture Zone***. Several tomography models, (e.g. ***) coincide in the observation of low
velocity anomalies that are related to two or more separate hotspots located along the MOR
between the Reykjanes Ridge and the northern Kolbeinsey Ridge though the breadth of the
inferred hot anomaly may vary between models. Common to most of the existing tomography
models, however, is that distinct anomalies at shallowest mantle depths tend to merge into a

single low-velocity anomaly at larger upper mantle depths.

In summary, the geophysical lithospheric configuration of the NEA, derived from various
observations, demonstrates that the continental and oceanic crust preserved different aspects of
the NEA history including several phases of extension, the thermal and magmatic imprints of
the arriving mantle plume during and after the plate breakup and the subsequent cooling. The
crust also preserved the changes in opening regime in response to the increasing distance to the
plume, expressed as a transition between a magma-rich margin formation close to the plume
and a less magmatic sheared margin setting at larger distance from the plume. In contrast, the

upper mantle structure images the geodynamic processes active today, and their interactions:

12
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vertically continuous domains of lower densities and higher temperatures below the present-

day MOR and shallow mantle levels below Iceland point to a less important role of the plume

today as compared to an increasingly stronger influence of the MOR anomaly.
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Methods

Apart from integration of structural characteristics derived from seismic and seismological
imaging of the crust and mantle, diverse data compilations and previously built structural
models, we additionally constrained the density distribution by three-dimensional gravity
modelling. Gravity modelling was applied by forward calculating the gravity response of a

certain density configuration using IGMAS+*748

and complemented by inverting the residuals
found between observed and calculated gravity (Fatiando a Terra***%). Details concerning all

the integrated data and the modelling methodology are given in the SI.

The major interfaces compiled from seismic data and previous models and compilations are the
top to the crystalline crust, the top of the high-velocity/high-density bodies located in the
surroundings of the COT (COT-LCBs) and the crust-mantle boundary (Moho) (Figs. 2 b, 1 and
¢, respectively), as well as, the topography, bathymetry and the base of the ice (Fig. 2a). The
thickness of the sedimentary deposits (Fig. 2d) was compiled from different sources (main
5.7,52.53)

source GlobSed v3°!, replaced by local higher resolution information in some regions

detailed in SI. The thickness of the COT-LCBs unit was obtained from the compilation of !’
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who interpreted a large seismic database from different sources. The depth to the Moho was
compiled from several deep seismic data sets, receiver function studies and previously
published compilations and models>>® (see more details in SI). To differentiate oceanic and

continental domains, the COB compiled by ! was considered.

In a first step, the units derived from data compilation were integrated into an initial 3D model
with 7 layers, from top to bottom: water, ice, uniform sediments, uniform continental crust,
uniform oceanic crust, COT-LCBs and uniform mantle. The scattered data describing the top
surface elevation of the units were interpolated to obtain regular grids with a horizontal element
spacing of 10 km (Convergent Interpolation algorithm of Petrel, ©Schlumberger, 2011.1.2).
Further differentiation of the model in terms of spatial variations in crustal and mantle densities
relied on additional deep seismic data sets. These contained depth information for major
interfaces and seismic velocities that could be converted to densities. Within an iterative
workflow of forward and inverse gravity modelling, we closed the gaps between the deep
seismic information for which the velocity-derived densities were kept fixed. Thus, we
sequentially refined the model always comparing it with the observed free-air gravity
disturbances (EIGEN-6C4 at 6 km depth; Fig. 1b; more details in SI) following a stepwise

procedure:

(1) Shear wave velocities of a tomographic model (an update of the Collaborative Seismic
Earth Model CSEM?*) were converted to temperatures and densities, using the Gibbs
free-energy minimization method>’=® through the Python application of 2. A detailed
description of the tomographic model, conversion method and the parameters involved
is presented as SI.

2) To account for compaction-driven density increase with depth, the sedimentary unit was
divided into a shallow and a deep part (as detailed in the SI). The shallow portion above

8 km depth (below sea level) is considered as still possessing a degree of porosity and
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3)

“4)

thus a lower average density. Below 8 km depth, sediments are considered sufficiently
compacted to have a higher average density.

In the oceanic domain, several seismic profiles of the Greenland-Iceland-Faroe Ridge
(GIFR) area image a thicker than normal layer 3 that additionally coincides with a
positive gravity residual. Therefore, preserving the constraints given by the seismic
information, we modelled the geometry of a high-velocity/ high-density body (GIFR
layer 3) by fitting the observed gravity.

The remaining gravity residuals in continental areas were inverted for crustal density
variations. Deep refraction velocities along existing seismic profiles indicate that the
continental crystalline crust is composed of an upper felsic and a lower mafic unit. The
respective P-wave velocities were converted to average densities of the respective
crustal interval and the interface between the felsic and the mafic continental crust was
determined by inversion of the gravity residuals using a modified version of the

Harvester module>® of Fatiando a Terra®.
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Extended data — Figures and tables

2500 1

2000 4

Extended data Figure 1. Data compilation for the initial model. a) Sedimentary thickness and the sources of information. The
coloured areas limited by solid black lines are the regions with different data sources used to define the thickness of the
sediments: SA1 area corresponds to *°, SA2 area to 3 and SA3 area to the model of 3%; b) Moho and the sources of information.
Coloured areas limited by solid black lines indicate regions with different data sources used to define the Moho: MAI: 33
MA2: %, MA3: NAGTec’*; MA4: 32, 35 and > are considered for the extended density model area only; c) High-velocity/high-
density bodies in the surrounding of the COB (COT-LCBs). Red lines represent the location of seismic profiles utilized to
define the respective surfaces.
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Extended data Figure 2. Residuals of the different modelling steps (See SI for details). a) Residuals of the initial model obtained
by subtracting the gravity response of the initial 3D density model from the observed gravity field; b) Residuals after a division
of the “Mantle” in two constant density domains (oceanic and continental mantle). c) Residuals after the incorporation of the
voxel grid derived from the conversion from tomographic shear-wave velocities to densities. d) Residuals after the inversion
of voxel factor “A” (using a two-domain-divided background density); e) Residuals after the inversion of voxel factor “B”
(using a constant background density); f) Residuals after the refinement of the sedimentary layer; g) Residuals after the
incorporation of the GIFR layer3 (Final forward modelling residuals); h) Residuals after inversion of the gravity residuals to
split the crystalline crust in two layers: Final residuals of the model. Green lines are the locations of seismic profiles integrated
as constraining information.
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top of the “Upper crust”: crystalline basement; f) top of the “Lower crust”; g) top of the “Oceanic crust”; h) top of the “COT-
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Extended data Figure 4. Thicknesses of the final model units. a) thickness of the “Ice”; b) thickness of the “Water”; c) thickness
of the “Sediments”; d) thickness of the “Deep sediments”; e) thickness of the “Upper crust”; f) thickness of the “Lower crust”;
g) thickness of the “Oceanic crust”; h) thickness of the “COT-LCB”; i) thickness of the “GIFR layer3”; j) thickness of the

modelled “Mantle”:
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Extended data Figure 5. Complementary maps of crustal density distribution. a) Average density of the sediments: b) Average
density of the full crust including both sedimentary units, upper and lower crust and high-velocity/high-density bodies.
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545 Extended data Figure 7. 10" percentile of lowest densities in the mantle as derived by converting S-wave velocities from the
546 CSEM tomographic model (Generation 12%). a) 3D contouring and visualization with the topography/bathymetry of the region
547 (ETOPO1??); b) 10th percentile contours on density slices at 50, 100, 150 and 200 km depth, respectively.
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550 Extended data Table 1. Source information for the modelled geometries (surfaces and/or thicknesses) of the units of the initial
551 3D structural model.
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Extended data Table 2. Selected densities for the different units of the final model.
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