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Abstract

Modeling of potential field data suffers from the ambiguity problem and constraining data are needed to minimize the uncertainty of
forward and inverse models. Useful information which can limit the uncertainties is contained in the frequency content of the potential
field data. Routinely, wavelength filtering and methods like power-spectrum estimates have been used in the past in interpretation of
potential field data. However, shallow geological structures often are not limited to a certain wavelength and overlap in their
characteristic wavelength with deeper-seated anomalies (e.g., cratonic basins).

The availability of data sets at different levels, e.g., ground data, ship borne data, airborne data and satellite data, allows nowadays
modeling simultaneously potential fields from different heights, and overcomes therewith the necessity of wavelength-filtering.
Models can be tested immediately against their response in multi-level data sets, which increases the uncertainty of the solutions.
Especially, in inversion of potential field data the use of different observation levels minimizes the uncertainty in the analysis of
sources superposed from different depth. We present key examples of multi-level modeling of the magnetic field and gravity field for
the Oslo Graben, Barents Sea and mid-Norwegian margin, where multi-level data sets have been used to model crustal intrusives and
crustal structure underlying sedimentary basins.
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Introduction

Modeling of potential field data suffers from the ambiguity problem and constraining data are needed to minimize the uncertainty of forward and inverse models. Useful information whick
can limit the uncertainties Is contained in the frequency content of the potential field data. Routinely, wavelength filtering and methods like power-spectrum estimates have been used Ir
the past In interpretation of potential field data. However, shallow geological structures often are not limited to a certain wavelength and overlap in their characteristic wavelength with
deeper-seated anomalies (e.d., cratonic basins). The avallablility of data sets at different levels, e.g., ground data, ship-borne data, airborne data and satellite data, allows nowadays mod-
eling simultaneously potential fields from different heights, and overcomes therewith the necessity of wavelength-filtering. Models can be tested immediately against their response In
multi-level data sets, which increases the uncertainty of the solutions.

Oslo Graben

A low-altitude aeromagnetic survey was flown in 2003 as part
of the GEOS project at NGU. For the area adjacent to the new
high-resolution data set we merged our data with another,
low-altitude, draped aeromagnetic survey flown in 1973, with a
mean height above terrain of 150 m.

Already in 1970 a high-altitude aeromagnetic survey (at 3400
m above sea level ) was flown as part of the Norwegian Geo-
traverse Project [Aalstad et al., 1977; Heler, 1977].

In the high-altitude data, the effects of the varying terrain are ..
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Mid-Norway

On the Norwegian margin, NGU has aquired a vast amount
of aeromagnetic data sets (see overview of surveys), and IS
also maintaining the gravity data base for the margin and
onshore Norway. Routinely, techniques Ilike Euler
deconvolution have been combined with seismics to study
the crustal configuration of the margin In terms of top
basement, crustal base and extent of intrusives.

Below we show an example from the Mgre margin, where
gravity and magnetic data have been integrated with seismic
data to study the marginal architecture and the extent of
volcanics, also using calculated horizontal gradients.
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Sub-basaltic structures and basalt thickness estimates have been acquired on the Mgre
margin by Integrating gravity, magnetic and seismic data but the estimates contain
considerable uncertainty. Feasibility studies, tailored to the margin, indicate that a further
integration with CSEM and MT methods would increase the confidence in the estimates.
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Barents Sea

To understand large sedimentary basins, as in the Barents Sea, a com-
bination of satellite derived fields and terrestrial or ship-borne data Is
helpful. Satellite data help both to level individual data sets from diferent
territories, as well as as they give a better constraint on long-wavelength
features in the lower crust or upper mantle mantle.

Bouguer anomaly Geoid undulations

Simultaneous modeling of the grav-
ity fleld and the geoid undulations
allows analyzing the lower crust and
upper mantle in great detail due to
the different dependency to the
source distance of the two fields. The
figureto the right shows an upper
mantle density distribution by this ap-
proach based on isostatic consider-

ations. |sostatic upper

mantle densities

For more detalls see poster P6 “Satellite Gravity and Geoid Studies
Reveal the Formations Underlying Large-Scale Basin Structures” and
P31 “Insights into Basin Formation and Lithospheric Structure of the
Barents Sea’.

Conclusions

Combining different data sets at multiple altitudes and of different spec-
tral information allows more precise forward modeling.

The case example shows the advantages of this approach in different
geological scenarios.

Modern modeling software is overcoming the limitations of analysis of
a single-data set.

Joint forward modeling is only the first step of a joint inversion of data
sets, like gravity, gravity gradients, magnetics, and even EM and MT
data.





