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We study the lithospheric structure on a global scale from joint analysis of gravity and magnetic
satellite data in combination with seismic models. The aim is to build hybrid models that can
explain both satellite and aeromagnetic observations. Here we use state of the art magnetic
lithosphere (the part of crust and upper mantle that contains magnetization) models as a-priori
information in the inversion of aeromagnetic data. In order to define a lower boundary of
magnetized material avoiding circular use of airborne magnetic data via common spectral Curie
temperature depth estimation methods, here we use a methodology that allows for forward
thermal modelling based on seismic, elevation and gravity observations within an integrated

geophysical-petrological approach (LitMod3D). We compute 3D thermal models (including Curie
temperature depth maps) and self-consistently determine the density in the mantle based on
temperature, pressure and bulk composition. After defining the geometry of the model, we set a
3D inverse problem using spherical prisms (tesseroids) as magnetic sources. The inversion is
applied to regional aeromagnetic data compilations (e.g. Circum-Arctic, Antarctica, Australia,
Canada) to derive high-resolution magnetization models. The sensitivity of the different
constraints used here (i.e. , petrophysical, petrological and r geophysical data sets) are carefully
assessed to provide uncertainties in our predicted models.

Introduction

Synthetic model

Magnetic field gradients

Magnetic susceptibility of the model
derived from Hemant VIS model (Hemant
at al., 2003) and CRUST1.0 crustal
thickness (Laske et al., 2013).

Magnetic field of the model (Bz component)
at 400km altitude calculated with magnetic
tesseroids software (Baykiev et al., 2016)

Short wavelength magnetic field of the model
(Bz component) at 400km altitude, spherical
harmonic degrees n>15. This forward
calculated field is identical to MF7 (Maus et al.,
2010) since original Hemant at al., 2003 VIS
model was fitted to MF7 data.
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Magnetic field gradient components derived from the forward calculated field (spherical harmonic degrees n>15) using finite differences (methodology is described in Baykiev et al., 2016).

Far-field effect

By Bz Bz (n>15)
Magnetic field of the synthetic model without
sources within the area of interest [W 2° E 21° S 48°
N 62°]. Figures show the effect of global spherical
filtering on the signal. Signals can not be reduced
to a simplistic local trend in order to avoid
modelling of the magnetization around the area of
interest before the inversion. Major part of a signal
is diminished due to filtering. Taking a directional
derivative (gradients) may help to avoid far-field
effects that would affect the inversion.

Susceptibility in the initial synthetic model. Gradient components inversion result with
0° edge extension. Cross-correlation with the
original: 0.58.

Gradient components inversion result with
5° edge extension. Cross-correlation with the
original: 0.59.

Gradient components inversion result with
10° edge extension. Cross-correlation with the
original: 0.62.

• Variances for all gradient component were set to be 5 pT/km. Filtering of a forward
calculated field removed long-wavelength crustal signal and a lack of it is reflected in
the inversion results (lower susceptibilities and smaller size of high-susceptibility
sources). Forward calculated field of each tesseroid was not filtered, therefore
susceptibilities are lower in the result. Extension of the borders partially dealt with
edge effects and increased cross-correlation between the original model and inversion
results. Global inversion was done with 2 degree width tesseroids, projected gradient
method (see Dilixiati Yixiati poster) and filtered effect of each tesseroid. Resulting
susceptibilities are higher and similar to the initial ones. However, low resolution
makes comparison complicated.

• Next step in this study would be implementation of step-by-step inversion procedure
to include presented airborne magnetic data. Weighted inversion is preferred in order
to put the emphasis on deeper sources when the satellite data is used, and on
shallower sources in case of airborne data. Lower boundary for the model would be
adjusted according to modelled Curie’s temperature depth in areas where it is closer to
the surface than Moho, i.e. magnetic thickness is less than crustal thickness.

• Later on developed methods would be applied globally to the other areas of interest.
Airborne magnetic field over the area. Global inversion result with filtered effects of

each tesseroid (i.e. global edge extension).


