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Density heterogeneity of the lithospheric mantle

Testing the method for Siberia, North America and Europe
Matija Herceg1, Irina M. Artemieva1, Hans Thybo1 

(1) University of Copenhagen, IGN, Denmark

Abstract
We present a method for regional 
lithospheric mantle density structure 
determination. The residual mantle 
gravity anomalies are based on 
gravity data derived from the GOCE 
geopotential model with crustal 
correction to the gravity field 
calculated from a number of regional 
crustal models. Calculated mantle 
gravity anomalies are converted to 
mantle density anomalies. Since the 
depth distribution of the gravitational 
sources is a priori unknown and 
cannot be uniquely determined from 
gravity data alone, independent 
information from seismic, thermal, and 
petrological studies are used to 
constrain the lithospheric thickness 
and the depth distribution of 
anomalous masses. We calculate the 
lithospheric density distribution after 
removing the deep mantle 
contribution to the GOCE gravity field 
by wavelength filtering and assuming 
that the contribution of the convecting 
asthenosphere to the mantle gravity is 
insignificant. We apply our analysis to 
three test areas; Siberia, Europe (for 
which new regional crustal models 
have recently become available, [1] 
and [2]) and for North America [3].
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Discussion
The residual mantle gravity anomalies (Fig. 1d, 2d, 3d) in all three test areas vary between -300 and +300 mGal, and it 
mostly reflects crustal correction to gravity (Fig. 1c, 2c, 3c). This shows importance of crustal correction on mantle 
residual gravity anomalies [7].
Both Siberian craton (Fig. 1e) and Europe (Fig. 3e) show negative values for SPT upper mantle density. In the case of 
Siberian craton, this is overall indication that lithospheric mantle density deviates from the isopycnicity. Since a 
systematic shift in the absolute density values is possible (due to the choice of the reference crustal model), and given a 
bimodal distribution of density anomalies over the craton, we cannot rule out that isopycnic condition.
Positive upper mantle density anomaly is observed in the central part of North America, while negative values are 
observed in the southern Canada and the Baja California peninsula (Fig. 2e). Large negative density anomalies are 
observed mostly around the Hudson bay.
Suprisingly, uppper mantle density anomaly for Europe doesn't show the strong difference between eastern and western 
Europe, which is observed in crustal correction (Fig. 3c) and many seismic tomography studies ([8] and [9]).

Results - Siberian craton Results - North America Results - Europe

Methodology
The model for the gravity and density 
structure of the lithospheric mantle is 
based on three major components:
   - GOCE gravity data [4]
   - crustal model (SibCrust [1] for     
     Siberian craton, Crust 1.0 [3] for 
     North America, and EUNAseis [2] 
     for Europe)
   - thermal model TC1 for the  
     continental lithosphere [5].

To determine the residual upper 
mantle gravity signal, the gravity 
effects of the topography, crust, deep 
mantle and LAB topography are 
removed from the GOCE free air 
gravity anomaly. The residual mantle 
gravity anomalies reflect the density 
heterogeneity of the upper mantle 
due to thermal and compo-sitional 
effects. Density anomalies in the 
lithospheric mantle are calculated as a 
relative perturbation with respect to 
the reference mantle density (3.35 g/ 
cm3 at ca. 50-70 km depth). Mantle 
density anomalies are calculated by 
using thermal model TC1 for the co-
ntinental lithosphere, with assumption 
that the density heterogeneity resides 
in the lithosphere and that the density 
anomalies are evenly distributed over 
the entire thickness of the lithospheric 
mantle [6].

Figure 1b: Bouguer gravity anomaly

Figure 1c: Crustal correction

Figure 1d: Residual mantle gravity

Figure 1e: Mantle density anomaly (SPT)

Figure 1a: Free-air gravity anomaly

Figure 2b: Bouguer gravity anomaly

Figure 2c: Crustal correction

Figure 2d: Residual mantle gravity

Figure 2e: Mantle density anomaly (SPT)

Figure 2a: Free-air gravity anomaly

Figure 3b: Bouguer gravity anomaly

Figure 3c: Crustal correction

Figure 3d: Residual mantle gravity

Figure 3e: Mantle density anomaly (SPT)

Figure 3a: Free-air gravity anomaly


