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The study presents a 3D lithospheric density model of the Scandinavian mountain chain (Scandes) and adjacent areas of the Fennoscandian shield. 
The high topography of the Scandes correlates with a Bouguer gravity low, indicating isostatic compensation. Seismic results, however, do not 
image a crustal root below the Scandes. Taking into account the geometry of the base lithosphere, isostatic balance can be achieved by introducing 
a high-density lower crust below the Fennoscandian shield with a thickness up to 25 km. This structure tapers out below the Scandes. A second 
feature necessary to explain the gravity field and to balance isostatically the model is the Trans-Scandinavian Igneous Belt (TIB). The TIB is partly 
adjacent to and partly coincident with the Scandes. The resulting isostatic balanced model explains the gravity field of the Fennoscandian shield 
except for two areas: the northern and southern Scandes, which coincide with Cenozoic uplift centres. Thus, a low-density domain may be found at 
shallow depth below the Moho.
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Introduction
The Scandinavian mountain range (Scandes) in Norway 
and Sweden is located onshore the passive margin sys-
tem of the NE Atlantic. The present shape and height of 
the Scandes is a product of multiple tectonic events con-
nected both to the North Atlantic Ocean and to the Fen-
noscandian shield as part of the East European Craton. 
The three most important tectonic events, when deal-
ing with the long wavelength features of the topography 
are: Caledonian orogeny, Neogene uplift and post-glacial 
rebound. 

The Caledonian orogeny and the post-orogenic collapse 
have formed the paleo-shape of the Scandes and the 
passive margin system (e.g. Andersen 1998). The inter-
pretation of aeromagnetic data suggests a correlation of 
onshore detachment zones with the margin geometry 
offshore Mid-Norway (e.g. Olesen et al. 2002, Skilbrei 
et al. 2002, Ebbing et al. 2006). These detachment zones 
might also have controlled mass transfer from different 
segments of the Scandes mountain chain to the margin 
during the post-orogenic collapse phase. The second 
major process shaping the Scandes is Neogene uplift. 
Rohrman and van der Beek (1996), Riis (1996), and Lid-
mar-Bergström et al. (2000) proposed a Neogene uplift 
of more than 1000 m in southern Norway from apatite 
fission track data, extrapolation of the offshore Late Ter-
tiary stratigraphy and modelling of geomorphology. Riis 
(1996) and Hendriks and Andriessen (2002) have also 
proposed a Neogene bedrock uplift of more than 1000 m 
in the Lofoten–Vesterålen area, and 600 m on the main-

land to the east. For the mechanism of the Neogene uplift 
a variety of processes has been proposed, but none is as 
yet generally accepted (e.g. Gabrielsen et al. 2005 and ref-
erences therein). 

The third process shaping the Scandes and influenc-
ing lithospheric rheology is the post-glacial rebound of 
Fennoscandia (e.g. Niskanen 1939, Balling 1980). This 
rebound is still causing significant uplift in the central 
Fennoscandian shield, but also for the Scandes (1-4 mm/
yr; Milne et al. 2001, 2004). Fjeldskaar et al. (2000) were 
able to identify a present-day tectonic uplift component 
within the post-glacial rebound pattern, which coincides 
with the thermochronologic defined areas of Neogene 
uplift (Redfield et al. 2005).

Analysis of the gravity field and seismic data provide 
a mean of studying structural differences within the 
Scandes. A clear image of the lithosphere below the 
Scandes and adjacent regions would give a mean of eval-
uating the proposed mechanism of exhumation of the 
mountain range and of distinguishing between different 
phases of mountain shaping.

 

Gravity and topography
The Scandes have an elevation of up to 2470 m and extend 
in a north-south direction over more than 1400 km (Fig. 
1a). The northern and southern parts of the Scandes are 
most pronounced, while the central part is narrower and 
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less pronounced. The Bouguer anomaly shows a grav-
ity low correlating with the topography of the Scandes. 
In the southern Scandes local features can be identified 
in the Bouguer anomaly and in the northern Scandes the 
maximum axis of the gravity low is slightly shifted with 
respect to the topography (Fig. 1). A detailed discussion 
of the correlation between topography and gravity signal 
can be found in Balling (1980, 1984), Olesen et al. (2002) 
and Ebbing & Olesen (2005). In these studies the correla-
tion is especially discussed when applying the concept of 
Airy-Heiskanen isostasy. For collisional orogens, such as 
the Alps or the Himalayas (e.g. Watts 2001 and references 
therein) often a clear connection between topography 
and Bouguer gravity is observed, which led to the devel-
opment of the concept of Airy-Heiskanen isostasy. 

In this concept the mass excess of the topography is bal-
anced by replacing mantle material with relatively low 
density material in the form of a crustal root. For the 
Scandes, when applying the concept of Airy-Heiskanen 
isostasy and the observed correlation between topog-
raphy and Bouguer gravity anomaly the presence of a 
crustal root is indicated (Balling 1980, Ebbing & Olesen 
2005). Figure 2 shows the Airy isostatic root and the iso-
static gravity residuals. The Airy isostatic calculations are 
done using the parameters: topographic density of 2670 
kg/m3, water density of 1030 kg/m3, a density contrast 

of 350 kg/m3 between crust and mantle and a normal 
crustal thickness of 30 km. The value of 30 km for the 
normal crustal thickness is in agreement with seismic 
results for the Norwegian coast (e.g. Kinck et al. 1993; 
Schmidt, 2000). The topography was averaged on a grid 
with cell size 10x10 km2 without low-pass pre-filtering. 
The resulting Airy isostatic root has a depth up to 45 km 
below the Scandes and increases towards the west and 
east. Generally speaking, this Airy isostatic root leads to a 
high-degree of compensation, but the Airy isostatic grav-
ity residual shows large local deviations and shows clear 
differences for the southern and northern Scandes (Fig. 
2b). In the southern Scandes the Airy isostatic gravity 
residual shows an irregular shaped anomaly. Most of the 
local residual anomalies can be correlated with surface 
geology and explained by deviations of the actual rock 
density to the constant topographic density used (2670 
kg/m3). An interesting feature is that the mean level of 
the isostatic gravity residual anomaly is negative, and one 
may speculate that an additional long wavelength com-
ponent from the mantle exists. Isostatic investigation 
with varying flexural rigidity indicated that this offset is a 
feature which is enhanced with increasing flexural rigid-
ity (Ebbing & Olesen 2005). The isostatic situation in the 
northern Scandes is more complicated. Here, the isostatic 
gravity residual anomalies are very high and a circular 
shaped isostatic residual low persists. Olesen et al. (2002) 

Fig.1. (a) Topography/bathymetry of Fennoscandia (after Dehls et al. 2000). Dotted lines depict the northern and southern Scandes and cor-
respond roughly to 500 m above sea level. (b) Bouguer anomaly compiled by Skilbrei et al. (2000) and Korhonen et al. (2002a). Black lines 
indicate regional seismic lines in the study area (after Kinck et al.1993, Korsman et al. 1999). The Bouguer anomaly shows a gravity low corre-
lating with the topography of the Scandes. In the southern Scandes local features can be identified in the Bouguer anomaly and in the northern 
Scandes the maximum axis of the gravity low is slightly shifted with respect to the topography.
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and Ebbing & Olesen (2005) show that this residual must 
be related to shallow crustal structures, e.g. the granitoids 
of the Trans-Scandinavian Igneous Belt (TIB). These 
observations are considered in the construction of the 
regional 3D lithosphere model.

Seismic database of the Scandes
The presence of a large root below the Scandes must also 
be observed by seismic studies. For the Scandes moun-
tain range a variety of reflection and refraction seismic 
profiles (see Fig. 1b) have been carried out in the past 
(e.g. Kanestrøm & Haugland 1971, Hirschleber et al. 
1975, Cassell et al. 1983, Schmidt 2000) and interpreta-
tions combining seismic and gravity data, have enabled 
compilations of the Moho geometry to be made (Kinck 
et al. 1993, Korsman et al. 1999, Olesen et al. 2002, 
Mjelde et al. 2005). These compilations indicate that the 
Scandes, despite their topographic expression, have no 
pronounced crustal root. However, the shallow Moho 
below the Oslo Rift creates an "apparent" root below the 
southern Scandes (Fig. 2a). While the resolution of the 
seismic results hardly allows crustal internal structures to 
be interpreted, the geometry of the Moho is consistent 
with recent seismic studies (e.g. Ottemöller and Midzi 

2003, Schmidt 2000, Svenningsen et al. in press). How-
ever, the absolute depth to the Moho is less well con-
strained (Schmidt 2000). Comparison between the seis-
mically derived Moho map and the isostatic Moho shows 
differences in the shape and depth of the Moho (Fig. 2a). 
Therefore, it is clear that the Scandes lack a crustal root, 
though the topography has to be isostatically compen-
sated. For this compensation three obvious candidates 
are: (1) the base of the lithosphere, (2) density structures 
within the crust, or (3) flexural forces within the elastic 
lithosphere.

 
Base of lithosphere

In addition to the Moho image, a model of the litho-
sphere-asthenosphere boundary below the Fennoscan-
dian shield is available (Calcagnile 1982). The model 
shows a deepening of the lithospheric base from 110 
km below the southern Scandes to 170 km below the 
Bothnian Sea without revealing local patterns below the 
Scandes. The results for the base of the lithosphere from 
Calcagnile (1982) are consistent with a more recent study 
of the thermal lithospheric thickness by Artemieva & 
Mooney (2001) and Artemieva et al. (in press), but for 
asthenospheric structures no detailed model is yet avail-
able. The geometry of the lithospheric thickness has to be 

Fig.2. (a) Depth to Moho map. The coloured map shows the Airy isostatic depth to Moho and the seismic Moho after Kinck et al. (1993) with 
contour lines on top. (b) Airy isostatic gravity residual. The gravity effect of the isostatic Moho map (a) was subtracted from the Bouguer ano-
maly map (Fig. 1b) to calculate the isostatic residual map.
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taken into account to calculate the effect on the gravity by 
the density distribution at the lithosphere-asthenosphere 
boundary. However, the geometry of this boundary has, 
due to its long wavelength, a large influence on the geoid 
undulations, but is less visible in the gravity signal. The 
geometry of the lithosphere-asthenosphere boundary 
was previously applied to model the gravity field along 
a 2D lithospheric profile running from the Norwegian 
shelf to the central Fennoscandian shield within the Cen-
tral Caledonides (Bielik et al. 1996). However, the geom-
etry of this boundary does not isostatically balance the 
lithosphere of the Scandes (Ebbing & Olesen 2005). 

Density structures within the crust

Clearly, any crustal density structures will influence the 
isostatic system. The TIB can be observed at the surface 
from southern Sweden up to the northern Scandes and 
is also evident on magnetic anomaly maps (Fig. 3). The 
granitoid rocks of the TIB have low densities (~2640 kg/
m3; Skilbrei et al. 2002) and high heat production, which 
is also reflected in the heat-flow of Fennoscandia (e.g. 
Balling 1995, Slagstad 2005). From forward modelling 
in the northern Scandes and central Scandes it is known 
that these granitoids can have a depth extension of  ≥15 

km (Olesen et al. 2002, Skilbrei et al. 2002, Pascal et al. 
this volume). Such high volumes of relatively low-den-
sity material certainly have an effect on the gravity field 
and influence the isostatic system.
Indications of a high-velocity lower crust (P-veloci-
ties > 7 km/s) below the central Fennoscandian shield 
can be found from seismic observations (Henkel et al. 
1990, Korsman et al. 1999, Perez-Gussinye et al. 2004). 
The seismic results provide support for a minor density 
contrast (200 kg/m3) between crust and mantle and for 
additional loading in the crust surrounding the Scandes. 
The insufficient distribution of seismic lines does not 
allow clear definition of this structure. Especially west-
wards, its extension below the Scandes is obscure, but 
seismic studies indicate a thickness of up to 20 km below 
the Bothnian Sea (Korsmann et al. 1999). Mapping the 
high-density lower crust is certainly important for calcu-
lating lithospheric loading.

Flexural forces within the elastic lithosphere

To what extent the lithosphere responds to loading is fur-
ther controlled by its flexural rigidity. The flexural rigid-
ity characterizes the apparent strength of the lithosphere, 
which acts against the forces induced by loading. Stud-
ies of the flexural rigidity for the Scandes and the Fen-
noscandian shield (e.g. Fjeldskaar 1997, Poudjom Djo-
mani et al. 1999, Rohrmann et al. 2002, Perez-Gussinye 
et al. 2004, Ebbing & Olesen 2005) all indicate that the 
Scandes have a lower flexural rigidity than the centre of 
the Fennoscandian shield. Poudjom Djomani et al. (1999) 
and Rohrmann et al. (2002) conclude that the Scandes 
have  low flexural rigidities of the order of 1.5-7.5x1022 
to 1x1023 Nm  in the north and <1x1021 in the south. 
However, these studies use a purely isostatic approach to 
estimate the flexural rigidity of the Fennoscandian litho-
sphere without considering the component of isostatic 
balancing by the lithosphere-asthenosphere boundary. 
This is especially important for Fennoscandia due to the 
response to post-glacial rebound (Steffen & Kaufmann 
2005), when considering the base of the lithosphere, 
Ebbing & Olesen (2005) calculated a maximum flexural 
rigidity of 1023 Nm in the southern Scandes with decreas-
ing values to the north. Ebbing & Olesen (2005) discuss 
their results in detail with previous studies and show that 
the lithosphere below the Scandes is rather elastic and 
that the isostatic state is more influenced by the crustal 
density distribution.

3D isostatically balanced density model
The 3D forward modelling was carried out with the soft-
ware package GMSYS-3D. The 3D model is defined by a 
number of surface grids (cell size: 10 x 10 km2) with a 
density distribution assigned to each layer. The gravity 
effect of the model is then calculated in the wave number 
domain with the Parker algorithm (1972) for each of the 

Fig.3. Magnetic anomaly map and outline of TIB. The magnetic ano-
maly map is based on the compilation by Korhonen et al. (2002b). 
The dotted area shows the area of reduced upper crustal densities 
(2640 kg/m3) in the density model related to the granitoid Trans-
Scandinavian Igneous belt (TIB). The outline of the area was drawn 
according to geological mapping and the aeromagnetic signature of 
the high-magnetic rocks.
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layers and added together (Popowski et al. 2005). 

The model relates to a reference lithosphere (Table 1), 
which allows modelling the absolute value of the grav-
ity field and not only the shape of the anomaly. The load 
imposed by the Scandes must be isostatically supported 
at depth by substantial volumes of low-density material 
within the crust or the mantle, or at the crust/mantle or 
lithosphere/asthenosphere interfaces. Thus, these inter-
faces are important boundaries with regard to isostatic 
processes. The density contrast at the Moho is 350 kg/
m3. This is in agreement with densities converted from 
seismic velocities from regional studies (Kanestrøm and 
Haugland 1971, Schmidt 2000), which indicate a density 
contrast between 300 and 400 kg/m3 between crust and 
mantle The density of the asthenospheric mantle can 
only be regarded as a relative density contrast (30 kg/m3) 
and is chosen to reflect the small density contrast at the 
base of the lithosphere in agreement with global refer-
ence models (e.g. PREM: Dziewonski & Anderson 1981). 

The 3D lithospheric model features a three-layered 
crust as described above, a crustal base according to the 
Moho model by Kinck et al. (1993) and the lithospheric 
base after Calcagnile (1982). The simple model already 
provides a good correlation between the modelled and 
observed gravity at the Norwegian coastline, but increas-
ingly large negative discrepancies occur towards the cen-
tral Fennoscandian shield. Consequently, high-density 
material in the lithosphere has to be added and the most 
likely source is the high-density lower crust (LCB) as 
observed in seismic studies. 

The thickness and distribution of the LCB is calculated 
by estimating the required loading to balance isostati-
cally the lithosphere. First the mass surplus and deficit 
are estimated by:
   

 (1)

with density ρ and height D for topography, crust, litho-
spheric and asthenospheric mantle and reference model 
as described above. g is the normal gravity field and 
∆Load indicates the mass surplus and deficit. The calcu-
lation shows that high-density material is missing espe-
cially below the central Fennoscandian shield. The miss-
ing masses can be explained by introducing a high-den-
sity Lower Crustal Body (LCB) with density 3100 kg/m3. 
This body has a higher density (+200 kg/m3) compared 
to normal lower crust. Adding this component (ρ

LCB
D

LCB
) 

leads to ∆Load being zero and Eq. (1) for the isostatic 
balance can be reformulated to:

 (2)

In this way the equation is balanced only for the missing 
masses as the mass surplus cannot be related to the LCB. 
To balance the mass surplus low-density structures are 
needed. This approach results in a LCB with a thickness 

up to 25 km in the central Fennoscandian shield, which is 
in agreement with estimates from seismic studies (Kors-
man et al., 1999).  

The next step is to calculate the gravity effect of the litho-
spheric model. The isostatic lithosphere structure is used 
to calculate the gravity effect. A lowpass-filtered gravity 
anomaly with a cut-off wavelength of 100 km is used for 
the isostatic gravity modelling. This cut-off wavelength 
suppresses short-wavelength features (e.g. local sources 
within the upper crust) that are not a subject of the pres-
ent study as the main focus is given to large-scale regional 
structures. The resulting gravity effect of the isostatic 
model (not shown here) features a north-south trend-
ing band of negative residual from the northern Scandes 
southwards to the east of the Oslo Rift, coinciding with 
the distribution of the TIB. Therefore, a low-density 
body is introduced into the upper crust (2640 kg/m3). 
The lateral extent of the TIB structure is as defined in Fig. 
3 and has a thickness of 12 km. This simplified model is 
in agreement with local models for the TIB (Olesen et al. 
2002, Pascal et al. this volume). While the influence of 
the TIB granitoids on the gravity field is strong due to 
their location at the surface, the influence on the loading 
is less prominent due to a rather small density contrast to 
the surrounding upper crust (-30 kg/m3).  However, the 
thickness of the LCB is now recalculated using Eqs. (1) 

Table 1. Parameters for the isostatic and 
 density modelling
Structure Depth

[km]
Thickness
Indices [km]

Density
Indices [km]

Reference model

Upper crust 0-12 D
ref1

12 ρ
ref1

2670

Middle crust 12-20 D
Cref2

8 ρ
ref2

2800

Lower crust 20-35 D
ref3

15 ρ
ref3

2900

Lith. mantle 35-120 D
mantle

85 ρ
ref4

3250

Asthenospheric 
mantle

>120 D
asth ρ

ref5
3220

Geological model

Topography D
Topo ρ

Topo
2670

Upper crust 0-12 D
C1 ρ

C1
2670

Middle crust 12-20 D
C2 ρ

C2
2800

Lower crust 20-LCB D
C3 ρ

C3
2900

High-density 
lower crust 
(LCB)

LCB-Moho D
LCB ρ

LCB
3100

Lith. mantle Moho-Asth. D
mantle ρ

mantle
3250

Asthenospheric 
mantle

>Asth. D
asth ρ

ref5
3220

Table 1. Parameters for the isostatic and density modelling. The refe-
rence model is based on global reference models (e.g. PREM: Dzi-
ewonski and Anderson, 1981) and is in agreement with regional stu-
dies from Fennoscandia (e.g. Calganile 1982).
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and (2) and the gravity effect of the lithospheric model. 
The calculated residual between the observed and the cal-
culated gravity field now satisfies for the regional struc-
tures (Fig. 4a and b). However, two regional minima are 
clearly visible in the residual gravity field, i.e. the Neogene 
uplift centres in the southern and northern Scandes.

Discussion and conclusions
The 3D lithospheric density model shows that the 
Scandes are not compensated for by a simple crustal root 
in the sense of Airy-Heiskanen isostasy, but rather in the 
sense of a combination of Airy and Pratt isostasy. That is 
to say a root exists below the Scandes, if one maps the top 
of the high-density lower crust. This high-density lower 
crust compensats for the deep Moho in the central Fen-
noscandian Shield and tapers out below the Scandes (Fig. 
4a). The TIB represents a second structure overprinting 
the root of the Scandes, while the base of the lithosphere 
constitutes an additional long-wavelength component. 
Introduction of low-density granites into the upper crust 
explains to a large extent the gravity low and these gran-
itoids can be observed at the surface and correlated with 
magnetic anomalies (Skilbrei et al. 2002, Pascal et al. this 
volume). 

The presence of the high-density lower crust below the 
Fennoscandian shield raises the question about its ori-
gin. Also on the outer mid-Norwegian margin simi-
lar high-density/velocity bodies can be observed at the 
base of the crust (e.g. Eldholm & Grue 1994, Ebbing et 
al. 2006). While their origin is still disputed, their distri-
bution shows an apparent correlation with detachments 
observed onshore (e.g. Ebbing et al. 2006), which might 
point to the orogenic collapse of the Scandes as a main 
factor controlling the distribution of high-density lower 
crust. This conclusion still remains speculative. 

The two regions that are not explained by the present 3D 
model are the areas of recent, tectonic uplift and the neg-
ative residual points to low-density material in the crust 
or the mantle. There is no or only minor evidence from 
seismic experiments for low-density structures in the 
middle and lower crust (e.g. Kinck et al. 1993). There-
fore, the presence of low-density material in the mantle 
seems more likely. However, the area of Neogene uplift in 
the northern Scandes as defined by thermochronologi-
cal data (Hendriks & Andriessen 2002) also correlates 
closely with the Bouguer (and isostatic) gravity low and 
the extension of the TIB granitoids. Fission tracks are 
unstable at high temperatures (e.g. Hendriks & Andries-
sen 2002) and therefore, a possible contamination of the 
thermochronological data might be caused by high heat 

Fig.4. (a) Thickness of high-density lower crust (LCB). The thickness of the LCB was estimated by isostatically balancing the lithosphere of the 
Fennoscandian shield. (b) Residual gravity anomaly of isostatic 3D lithosphere model. The residual is the difference between the lithospheric 
3D model and the Bouguer anomaly. Note the large negative residuals below the northern and southern Scandes, coinciding with the centres of 
Neogene uplift.
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production from the TIB granitoids, as calculated for the 
Central Caledonides (Pascal et al. this volume). If the 
thermochronological data are affected by the heat pro-
duced in the TIB, support for a Neogene uplift phase of 
the northern Scandes would be significantly reduced.

Subsurface loading, both in the crust and upper man-
tle, has to be estimated further to refine the results. The 
information about depth to Moho is, however, ambigu-
ous, due to the quality and resolution of the seismic 
experiments. (Kinck et al. 1993, Korsman et al. 1999, 
Ottemöller & Midzi 2003). A careful review of seismic 
and seismological investigations shows that new, detailed 
studies of the deep crust and upper mantle are needed 
to provide such information (Ebbing & Olesen 2005). If 
low-density structures in the upper mantle exist, these are 
the most likely candidates to have triggered the Neogene 
uplift of the northern and southern Scandes. This would 
imply that models of dynamic topography or related 
processes in the upper mantle (e.g. Rohrman and van 
der Beek 1996, Nielsen et al. 2002, Marquart & Schmel-
ing 2004) are more valid than recent models combining 
thermochronological data and comparison with flexural 
modelling (e.g. Redfield et al. 2005) suggest. 

Towards the central Fennoscandian shield a general shift 
can be observed between the gravity field of the presented 
lithospheric model and the reference model. This can be 
related to a low-velocity/low-density zone in the astheno-
sphere related to the glacial rebound of Fennoscandia (e.g. 
Balling 1980, Lambeck et al. 1998). Further improvement 
of the presented 3D lithosphere model requires therefore 
more detailed tomographic study of the lithospheric man-
tle below the Scandes. From theoretical calculations there 
is also some evidence for an increase in mantle densities 
from the Norwegian coast towards the central Fennoscan-
dian shield (Pascal 2006). However, incorporation of such 
a density distribution goes beyond the purpose of the pres-
ent study and the present database.

The presented model explains the isostatic loading of the 
lithosphere assuming a combination of Pratt and Airy 
isostatic equilibrium and two elements have therefore to 
be considered in future studies. First, the Fennoscandian 
shield is currently being uplifted and both gravity data 
and the topography have to be corrected for this. The 
uplift ratios for the Scandes are less pronounced, but cer-
tainly have to be considered. Second, the flexural rigidity 
is changing across the Fennoscandian Shield and within 
the Scandes mountain belt the flexural rigidity values are 
generally small but vary from north to south (e.g. Ebb-
ing & Olesen 2005). The general geometry of the crust 
and especially of the Moho is important for exact cal-
culation of the isostatic response. The current seismic 
database allows only exact calculations to be performed 
across single transects (e.g. Svenningsen et al. in press) 
and not for the entire Scandes. The aim of the current 
study is not to consider all possible elements, but to pro-
vide a general 3D model which explains the gravity field 

and the isostatic state in a very general way, thus pro-
viding a basis for further investigations. The presented 
approach already casts doubts about some of the models 
for the Neogene uplift of the Scandes. For the Scandes, as 
part of the NE Atlantic passive margin system, resolving 
the loading and isostatic response within the crust and 
mantle are an important elements for unveiling its  tec-
tonic history.
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