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(Version for Conoco-Phillips, Norwegian Petroleum Directorate, Norske Shell and  StatoilHydro) 
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1 INTRODUCTION 

Laurent Gernigon and Odleiv Olesen 
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Figure 1.1. 3D cartoon and examples of the application of modern NGU aeromagnetic surveys to basin or 
geodynamic studies. The cartoon illustrates structures and geological units that can cause observable 
magnetic responses (Gernigon et al. 2007). 
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1.2 Remapping the Norwegian oceanic domain 
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1.3 Objective: Norway Basin aeromagnetic survey 2007 (NB-07) 
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Figure 1.2. Geographic location of the NB-07 survey area. Vigra and Vagar airports were used during the 
survey acquisition. 
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Figure 1.3 Location of the NB-07 survey area and outline of the previous aeromagnetic surveys surrounding 
the Norway Basin (Olesen et al. 2006; Olesen et al. 2007). The Norway Basin was mostly covered by sparse 
magnetic profiles acquired by the U.S. Naval Research Laboratory (NRL) in the 70ies and 80ies (Verhoef et 
al. 1997). The aim of the NB-07 was to fill the profile gaps between the Faroes and the outer Vøring Basin. 
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2 SURVEY CHARACTERISTICS AND ACQUISITION 

Odleiv Olesen, Laurent Gernigon and Janusz Koziel  

2.1 Survey area and equipment 
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Figure 2.1 Piper Chieftain from Fly Taxi Nord with the docking cradle for the bird containing a Scintrex 
Cesium Vapour MEP 410 high-sensitivity magnetometer. 
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Figure 2.2: Flight pattern (blue lines and red tie-lines) of the NB-07 survey. 
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Table 2.1: Coordinates of the NB-07 survey area. 
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Table 3.2: Main characteristics of the NB-07 survey. 
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Figure 2.3 Sensor altitude (plane radar altitude – 70 m). Variation of sensor altitude can partly explain 
minor variation in the raw magnetic field, later corrected by advanced levelling techniques.
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Figure 2.4 Janusz Koziel next to the base station magnetometer deployed in the Faroe Islands during the 
NB-07 acquisition. 
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2.5 Magnetic conditions 
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Figure 2.5 Observations and prediction models of sunspot numbers from the US National Oceanic and 
Asthenospheric Administration (NOOA)(Hathaway et al. 1999). Monthly averages (updated monthly) of the 
sunspot numbers show that the number of sunspots visible on the sun waxes and wanes with an approximate 
11-year mega cycle. The NB-07 was carried out during a period of extremely low solar activity, which 
represented excellent conditions for the aeromagnetic acquisition. 
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2.6 Map production, projection 
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3 DATA PROCESSING AND PROFILES LEVELLING 

Laurent Gernigon  
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3.1 Preliminary noise filtering and basic corrections 
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Figure 3.1 Raw magnetic profiles (without levelling) gridded by means of the minimum curvature algorithm 
(grid cell size at 500x500 m). Note that the artefacts are mostly parallel to the line profiles due to diurnals. 
Projection UTM 30, WGS 84. 
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Figure 3.2: The IGRF-2006 (formally 2005) model along the NB-07 survey. 
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3.2 Levelling and micro-levelling of the magnetic profiles 
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Figure 3.3 Example of variation of the geomagnetic field recorded by the base station during the acquisition 
of Line 600. The standard variation of the total field (in pink) illustrates the diurnal variations observed 
onshore. 
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Figure 3.4 Statistical tie levelling of the magnetic profiles, lag corrected and referred to the International 
Geomagnetic Reference Field (IGRF-2005). Gridding of line and tie profiles using the minimum curvature 
algorithm (grid resolution: 500x500 m). The total magnetic intensity represents the measured magnetic data 
after removal of the variations due to changes in the magnetic field of the IGRF model. This yields the 
anomalous total magnetic intensity, which for practical purposes is the component of the anomalous 
magnetic field along the earth’s field direction. With the IGRF removal, the statistical levelling represents 
the first step of the levelling method. 
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Figure 3.5 Full levelling magnetic grid of the magnetic profiles, lag corrected and referred to IGRF-2006. 
The levelling represents the second step of the levelling approach based on least-square technique. Gridding 
of the line profiles using the minimum curvature algorithm (grid resolution: 500x500 m).  
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Figure 3.6 Magnetic residual after micro-levelling by decorrugation and subtraction of the total field 
obtained by statistical levelling (500x500m cell grid spacing). The NW-SE trends represent the micro 
levelling diurnal variations along the pre-existing lines.  
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Figure 3.7 Total magnetic field after micro-levelling. Results from the FFT decorrugation technique of 
Geosoft. 500x500m cell grid spacing using the minimum curvature algorithm. 
��
�

3.3 Gridding of the NB-07 dataset: important comments for interpreters 
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Figure 3.8: Different total magnetic field profiles extracted from grids and compared with the original signal 
measured along NB-07 line 10. The graphs illustrate the "smoothing" effects of the minimum curvature 
gridding technique according to different grid cell sizes. After extraction of the signal along the profiles and 
comparison with the non-gridded levelled signal, the result showed that a gridding at a 1000 m grid cell 
interval smooths the data, including the loss of some short-wavelength anomalies, north of the Faroes. 
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Figure 3.9 Zoom on different magnetic grids reduced to the pole, using different grid cell size. Note that an 
aliasing problem is observed for grid cell sizes of 500x500 (left picture) and 1000x1000 m (central picture). 
It decreases using a grid size of 1650x1650m (~1/3 line spacing) 
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Figure 3.10 Total magnetic field after micro-levelling. Results using the FFT decorrugation technique of 
Geosoft with a 1650×1650m grid cell spacing. This grid has been used for most of the filtering involving 2D-
FFT processing. 
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4 CONVENTIONNAL FILTERING TECHNIQUES 

Laurent Gernigon 
�

4.1 Potential field and integrated study 
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4.2 Wavelength filtering, frequency content and power spectrum 
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Figure 4.1 2D power spectrum and distribution of the frequency content of the NB-07 magnetic total field 
(RTP) gridded after micro-levelling. Red colours correspond to regions of high power, grading to yellow, 
green and then to blue, which represents the lowest power. The very centre of the frequency spectrum 
represents the average value in the image, while those frequencies immediately adjacent correspond to low 
frequency variation. Frequencies gradually increase as we move away from the centre of the frequency 
spectrum. 
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4.3 Magnetic sources 
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Figure 4.2 Magnetic total field produced by a simple prim (left) and power energy spectrum of this magnetic 
Total field as function of the wavenumbers (k). 
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Figure 4.3 Frequency content and averaged power spectra computed for different grid size used during the 
minimum curvature gridding of the NB-07 magnetic total field then reduce to the pole using 2D-FFT. Note 
that the noise increases with smaller grid cell spacing. Steeper slopes increasing to the left of the plot, 
coincides with the deep-seated contribution. The depth estimate plot bar is an automatic 5 points slope and 
depth calculation, derived from the spectrum file (only for the 1000x1000 m grid). The poly-10 curve is an 
order 10 orthogonal polygonial calculated thought the depth estimation of the spectrum computed for the 
1000x1000 grid size. It can be used to highlight the main segment and average statistical magnetic sources. 
The deepest set of sources along the survey is located at ~19.5 km and two other can be proposed at 4.4 km 
and 1.74 km in average.  
�

4.4 Reduction to the pole (RTP) 
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Figure 4.4 Values of inclination (top) and declination (bottom) of the geomagnetic field along the NB-07 
survey area. IGRF-model available in 2006. 
�
�
�
�

62
°

63
°

64
°

65
°

66
°

67
°

62°
63°

64°
65°

66°
67°

-12° -10° -8° -6° -4° -2° 0° 2° 4°

-10° -8° -6° -4° -2° 0° 2°

50 0 50 100 150

Distance (km)

Projection UTM zone 30, WGS-84

73.85 74.40 74.66 74.87 75.05 75.23 75.40 75.60 75.84 76.26

Inclination (degree)
from IGRF-2006 model

62
°

63
°

64
°

65
°

66
°

67
°

62°
63°

64°
65°

66°
67°

-12° -10° -8° -6° -4° -2° 0° 2° 4°

-10° -8° -6° -4° -2° 0° 2°

50 0 50 100 150

Distance (km)

Projection UTM zone 30, WGS-84

-8.92 -7.70 -7.14 -6.68 -6.29 -5.90 -5.53 -5.09 -4.56 -3.64

Declination (degree)
from IGRF-2006 model



���� ����	
��
������
�

�������	
���
������
���	
������������
	�����������
�������� �2���!������	�"��
	����������#�����
�
�����	��
��	
��� ((�

�
:���� �%� 	�$�����	
� �+������ ���� A�� 	A��
��#� �$	��� �+������ � ��� �+���	
���������� $�����#�"� �+��
�
	����� ��� ����$$�� 
��	����#�#� %	
� �+�� ���$�����	�� 	%���������� #���"� ��#���=�����������������
�	
��
�$��A$��%	
���	$	����$���������A��
��	������	���	%��+���	��$�/�������	$��#��������
�
������
�+����	��$����&�$�=�$��)..�'��
�
*+���*<�������
	��������	$��������+�����
���%	
����	��	%��+�������������	��$�"����+����+��9	�
��
�
#	������*+�������
�#� �	��$� %��$#���	��$�� ��� �
���%	
��#� ���	� �+����
����$��	��	�����	%� �+�� %��$#�
&�
=���� >���#� ).��E� �$�=�$�� )..�'�� ��� �+�� $�����#�� �+�� ���� � ��
���"� ��� +���� %	��#� �+��� �+��
����$���� ��#��	��� �%%������� ���+��!��� ��� �+��	���#���$	��#�A���:4�49*� ��� �+�� #���$	������ 	%�
?��?�<�99*��
	��������&��	�	%��
����'��*+�
���
����	�������	�	A������+��
�#����	���	��+���	$���
����������);�99*�%�$��
��$	������+��
	%�$��&9����(��"�(� '�	
�
���������
;�99*��$	����+�����������
�	��$�%��$#��
�#�&9�����(��"�(��"�(�.'������������+����$$��+��	A��
��#����������%��$#�	%������#���
������
#��� �	� ��#���#� ��������� �%%����"� �	$�� 
�#����	�� ���� ��$��$���#� ��� �+�� %
�!������ #	����� ������
9	�
��
��	��	$���	�� @��� �� � A��� ��� B��� ���
A��� ��?����+��9	�
��
��
���%	
��	%��+�����������%��$#���#��"��
��
�������+��%
�!���������	�	
#�������
���������	%����$�����
�����
��*+��%�$��
�	��
��	
��&�"�'��������$����$���$��#�A���+���
���%	
��	%��+��
�
�#�	������$������A���$������A�������#��+������
����
���%	
����	��	%�@�'�� ���$��#�����	��+��%���$�
�*<��
�#���*+��%	$$	�����	��
��	
��&�
������#�;	##��). 
'�����A�����#�&9�����(��"�(��E�(�.',�
�
�������+��);�99*,�
�

B�C� � D�EFGH�I� �  � JKE�I� � JKE�L : C��H�
�
�������+��
;�99*,�
�

B�C� � �EFGH�I� �  � JKE�I� � JKE�L : C��H�EFGH�IM� �  � JKE�IM� � JKE�L : C��� �EFGH�I� �  � JKEH N � JKEH�L : C���
�
�
�
�+�
�,��C � OPG�,�Q R�S �����+���������A�
�#�
����	��
I�����+��������������$�����	��
I´�����+�����	�#�������������$�����	��&@������+������#�'�
D�����+�����������#��$�����	��
�
*+����������	��%	$$	������+����
���%	
����	������+����+�������������	��$����+�#�A�������������#�
��
����$$����� �+���	$����#��+��� �+����	��$�����
��	A��
��#�%
	���+���	$���7�����������	����
�� �+���
�+���������6���	��	%��+���	�
����������
�$��#����	���#���#��������6���	���*+�
�%	
���+���+����	%��+��



���� ����	
��
������
�

�������	
���
������
���	
������������
	�����������
�������� �2���!������	�"��
	����������#�����
�
�����	��
��	
��� (��

��	��$�� ��� �
���%	
��#� ���	� ����$�
� ������
���$� �+����� �+��� �
�� ������#� �	� $���#�
���$��	��
� �+��
����������	�
���� &�$�=�$��)..�'��*+�����������	�� �����������$� %	
� %���
������������#����$�����	%�
�+�������������	��$����A�������������������#��+������$������#�����+��������"��+����+������������
%��$#� ��� ��
����$��8	���!����$�"� �	�����
��� �+��� �+���*<� %�$��
���� �+	�$#� A�� ��
�%�$$�� �	���#�
�#��
?	
�	��
"� ��� ��� ������#� �+��� A	�+� �+�� ��������� %��$#� ��#� �+�� �������6���	�� 	%� �+�� �
���� +����
�	�������#�
����	������+����+�����#���
���&�
=����>���#�
�� '��
�
�

����������� 1��$�����	���$	������� � ;��$�����	���$	������� �
?���������$���  -�.
.(�)^� �.�0
��-0- ^�
?�/�������$���  0��-) (.^� �
�.�
.�.��^�
?������$���  ��)� .-�(^� �0���)��
)�^�

����#�
#�#������	�� ��00�
)())�^� )�(00(� 
�^�
�
Table 4.1 Minimum, maximum and mean values for both Inclination and declination directions observed in 
the NB-07 survey. 
�
�

0 100000 200000 300000
Distance along test line 600 (m)

-600

-400

-200

0

200

400

M
ag

ne
tic

to
ta

lf
ie

ld
(n

T)

MagTF along line
RTP using 2D-FFT
RTP using 1D-FFT

I: 75.15
D: -6.05

�
�
�
Figure 4.5 Differences between the 1-D and 2D FFT algorithms used to calculate the reduction to the pole 
along the NB-07 survey with the mean values of inclination and declination. The result is compared with the 
original magnetic total field. 
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Figure 4.6 Differences between the 1-D FFT algorithms using different inclination and declination values. 
RTP transformation assumes only one value for both Inclination and declination. Since variations of these 
values along the survey area are small, only the mean value has been considered. 
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Figure 4.7 Profile map of the Total magnetic field reduced to the pole (I: 75.15; D: -6.05). The RTP was 
carried out using a 1D-FFT filtering applied to each line profile. 
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Figure 4.8 Gridded anomaly map of the total magnetic field reduced to the pole (Inc: 75.15; Dec: -6.05). 
The RTP was carried out using a 2D-FFT filtering along the microlevelled grid (1000x1000 m). The RTP 
transforms the anomaly into the one that would be observed with vertical magnetization and with a vertical 
Earth’s field, i.e. the anomaly that would be observed if the sources were located at the Earth’s magnetic 
north pole. As a result, reduction to the pole removes asymmetries caused by the non-vertical inducing field 
and places the anomalies more directly over their causative bodies, thus facilitating the interpretation of the 
magnetic dataset. Note that at the Norway Basin latitude, these changes are relatively small. 
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Figure 4.9 Gridded anomalies map of the total magnetic field reduced to the pole (I: 75.15; D: -6.05). For 
better display and to avoid instabilities during 2D-FFT filtering, we finally preferred this grid with a grid 
size of 1650x1650 m. 
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4.5 Upward continuation 
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Figure 4.10 Upward continuation of the magnetic total field. Upward continuation uses wavelength filtering 
to simulate the appearance of potential-field maps if the data were recorded at a higher altitude. Large-scale 
regional anomalies and main crustal patterns are revealed.  
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4.6 High-pass, low-pass and band-pass filtering 
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Figure 4.11 High-pass filtering (20km) of the magnetic total field, RTP. This filter underlines the distribution 
of the small wavelengths. Grid cell size at 1650x1650m. 
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Figure 4.12 Low-pass filtering of the magnetic total field at 50km. This filter smoothes the magnetic signal 
and underlines the distribution of the main magnetic units. These medium anomalies likely reflect mid-
crustal sources and already illustrate the basin segmentation and complexity.�

0 0

62
°

63
°

64
°

65
°

66
°

67
°

62°
63°

64°
65°

66°
67°

-12° -10° -8° -6° -4° -2° 0° 2° 4°

-10° -8° -6° -4° -2° 0° 2°

50 0 50 100 150

Distance (km)

Projection UTM zone 30, WGS-84

-172.5 -2.8 35.5 71.8 100.5 134.7 169.2 222.5

Low- pass filter 50 km (units)
Mag_anom_Mic_rtp_l50km_grid1650



���� ����	
��
������
�

�������	
���
������
���	
������������
	�����������
�������� �2���!������	�"��
	����������#�����
�
�����	��
��	
��� �(�

Figure 4.13 Band-pass sampling of the magnetic total field. This filter only considers the wavelengths 
specified in a certain range. This grid illustrate the anomalies sampled using a low wavenumber cutoff of 
0.04  (in 1/k_unit) and a high wavenumber cut-off of 0.6 in 1/k_unit). According to the spectrum analysis, 
these anomalies should represent sources located in the 3-5 km depth interval. 
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Figure 4.14 Band-pass filtering of the magnetic total field. This grid illustrates the anomalies sampled using 
a low wavenumber cutoff of 0 (in 1/k_unit) and a high wavenumber cut-off of 0.1 (in 1/k_unit). According to 
the spectrum analysis, these anomalies should highlight magnetic sources located at more than 15 km depth 
if we consider that all the long wavelengths are the results of deep sources. 
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Figure 4.15 Example and comparison between high-pass, low-pass and upward continuation filters of the 
magnetic total field.�
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5 ENHANCEMENT OF TREND USING STRUCTURAL FILTERS 

Laurent Gernigon�
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5.1 Automatic gain control (AGC) 
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Figure 5.1 Automatic gain control filtering (AGC) of the NB-07 survey. To highlight the local anomaly 
details, automatic gain control (AGC) boosts amplitudes in areas with smooth anomalies, without sacrificing 
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the long-wavelength information. Gain is estimated with a sliding square filter window, centred on each grid 
node.  
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5.2 Derivative filters  
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Figure 5.2 Vertical derivative obtained by convolution along the magnetic total field reduced to the pole and 
gridded with a cell size of 1650m using minimum curvature. The vertical derivative of an anomaly is related 
to the depth and geometry of the causative body. The gradient operator attenuates broad, more regional 
anomalies and enhances local, more subtle magnetic responses and as such is sensitive to shallow magnetic 
source bodies and contacts. 
�
�
*
���%	
����	��	%��	������$�%��$#�#�������	���#�
��������������+�������#����	
��	�������A���$������
��	��$����/������� �+���	���� 	%� �+����/�����+	
�6	���$��
�#����� �#����%��#����+��� �+��/����#����
	
�������	�� 	%� �+�� �
�#�� >	����
"� �+�� =��� ��������	��� ��#�� �+��� �
���%	
����� �
������ ��#�
���������%��$#�#�������	��+���+
���	
�+	�	��$�#�
����������
�,�&)'��+���	������$�%��$#������
�#�����+��
��
%���� ��� �+�� ��
����$� �	��	����� 	%� �+�� %��$#E� &
'� �+��� �+�� $��+	$	����$� �	������� ������� 
���� �	� �+��
��	��$���� �
�� �A
���"� ���
���
����$"� ��#� ��	$���#� %
	�� 	�+�
� �	�
����� *+�� %�
��� ��������	�� ���
��������$$�� �
��� %	
� �
������ ��#� %	
� ��������� #���� 
�#���#� �	� �+�� �	$�� &�$�=�$�� )..�'�� 1�� 
��$����
+	����
"� ��	$	����$� �	������� �
�� 
�
�$�� ��
����$� ��#� #������� ��#� �������6���	�� ���� ��
�� ��� �$$�
#�
����	����������	$	����$�������8	�������	��	%��+��%�
�����
����$�#�
��������+���A����
�%�

�#��	������
#���� �
���
	�������� ����"� ��
����$�
$�� A�%	
�� �+�� ����
�
�����	�� 	%� :�$�
� ��#� ���$����� �����$� &����
8+����
��'���

62
°

63
°

64
°

65
°

66
°

67
°

62°
63°

64°
65°

66°
67°

-12° -10° -8° -6° -4° -2° 0° 2° 4°

-10° -8° -6° -4° -2° 0° 2°

50 0 50 100 150

Distance (km)

Projection UTM zone 30, WGS-84

-0.1067 -0.0353 -0.0190 -0.0095 -0.0016 0.0068 0.0166 0.0334 0.0759

Vertical derivative magTF RTP (nT/m)
grid cell size 1650 by convolution



���� ����	
��
������
�

�������	
���
������
���	
������������
	�����������
�������� �2���!������	�"��
	����������#�����
�
�����	��
��	
��� 0��

�
8	�������	��	%��+�����	�#���
����$�#�
�����������#���
�A�#�A���$�=�$��&)..�'�����A�������A$��&9����
��-'��*+�� ���	�#� ��
����$� #�
�������"� 	
� 
���� 	%� �+�����	%� �+�� %�$$�	%%� 
���� 	%� ��� ��	��$�"�����A��
�	���#�
�#��!����$�����	���
���#��$�6���	��	%��+��#������#����%
�!����$�����#���������#��	�#�$���������
�	�
���A	#�����>	����
"�A���������������#�
��������	%���#�
��������&���
����#��	���+����+�����������
%��$#� ��� �	�� ��� +�
�	���� %�����	�'"� �+��� %�$��
� ���+���6��� �+�$$	��
� �	�
���� ��#� ��� �$�	� ��
	��$��
�%%����#�A���	�����*+�
�%	
�"���������A�����#����+��	��������	���������
�
������A����������
����
���
�

��
�
 *+��+	
�6	���$�#�
���������
�
*+�� +	
�6	���$� #�
��������� &>;�'� ���� A�� ���#� �	� �
�#���� �+�� $	����	��� 	%� ��B	
� A�������� 	
�
��#������
�� ��
����
��"� ����	���A	#������#��+������ ���A���������
���� &�
���+���#�8	
#�$$�).� E�
�����).. '��1�#�
���$��������#�:�H�#�
����	��$�%�$��
��+����A����%	��#����%�$��	�$	������������	���
��H���#�:�H��
��#����$����
���	��$����#����	�
���������$���$$�����

	
���$	����+��$�������#�����
$�����	%��+������ ���
����&9���,���("����"���0'����
�
�
�
�
��
�
�



���� ����	
��
������
�

�������	
���
������
���	
������������
	�����������
�������� �2���!������	�"��
	����������#�����
�
�����	��
��	
��� 0)�

�
Figure 5.3 Second vertical derivative obtained by convolution along the magnetic total field reduced to the 
pole. The second vertical derivative can be seen as a regional-residual separation technique because it 
suppresses long wavelength anomalies related to regional influences. Due to filtering instability, this filter 
must be used with some caution in interpreting basement structure. 
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Figure 5.4 Directional horizontal derivatives in the NB-07 area. The filter enhances the high frequencies 
along the NW-SE trend. 
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Figure 5.5 Directional horizontal derivatives in the NB-07 area. The filters enhance the high frequencies 
along the NE-SW trend.�
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Figure 5.6 Directional horizontal derivatives in the NB-07 area. The filters enhance the high frequencies 
along the N-S trend. 
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Figure 5.7 Maximum horizontal gradient of the NB-07 dataset, reduced to the pole. After the reduction-to-
pole correction, a magnetic body is spatially more directly associated with the related magnetic response. 
The maximum horizontal gradient (more properly the maxima of the total horizontal gradient) of the 
anomaly slope is then located near or over the body edge. That is, the horizontal gradient operator in map 
form produces maximum ridges over edges of magnetic basement blocks and faults or other magnetic bodies. 
In addition, the horizontal gradient highlights linear and round-shaped features, related to magnetic 
contacts, in the data set. 
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5.3 Analytic signal - 3D total gradient 
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Figure 5.8 Analytic signal of the magnetic total field grid, reduced to the pole (1650x1650m cell size). The 
3D analytic signal (“3D-Total gradient”) is the root-sum square of the vertical and horizontal gradients. 
Like the horizontal gradient, it is used to delineate the edges of bodies or contacts. It has the advantage over 
the horizontal gradient that it is independent of the dip of the contact, but the disadvantage that it is 
somewhat less continuous. It is therefore sometimes advantageous to use the two in parallel. 
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5.4 Tilt derivative (TDR) 
�
*+����$��#�
��������%�$��
�&*;�'������
���	�A����	�+�
��	��
%�$���#��	
��$���#�#�
����������		$�%	
�
�+���� ��#� �#��� #������	�� &9����� ��."� ��)�'�� 1�� �	
=�� �	��A$�� �
�������$$� �	� �#����%�� �+�����������
�+
	�������+���	
�����������*+���
	A$�����	�A��	��
�	������#������+����������������+��*;������
�	� �#����%����#�������A�$����	��$�������������#� ��� �+��#������� 
�����#��� �	��+���
�������	%�+��+�
���$���#�������������	��$���"��+���	���������	%���#���#��$�A	#������#��+���#����	%���
����
�����

62
°

63
°

64
°

65
°

66
°

67
°

62°
63°

64°
65°

66°
67°

-12° -10° -8° -6° -4° -2° 0° 2° 4°

-10° -8° -6° -4° -2° 0° 2°

50 0 50 100 150

Distance (km)

Projection UTM zone 30, WGS-84

-0.03 0.00 0.01 0.02 0.03 0.04 0.04 0.05 0.05 0.06 0.07 0.08 0.09

Analytic signal (nt/m)
from magTF_RTP-1650



���� �
��	
��
������
�

�������	
���
�����
���	
������������
	�����������
�������� �2���!������	"��
	����������#�����
�
�����	��
��	
�� 0.�

*+��*;�����#�%���#������
���	%��+��
���	�A��������+��%�
�����
����$�#�
��������	%��+���	������$�%��$#�
��#�+����	��$�+	
�6	���$��
�#�����	%��+��%��$#�&?�$$�
���#�����+�)..(E�C�
#�6�	�����$��
��(E�8		��
�
��#�8	����
��0'��
� �L^ � OPG�,�_L^U�`L^��
�
�
�+�
��C;����#�*>;���
�� �+��%�
��� ��
����$� ��#� �	��$� +	
�6	���$� #�
���������	%� �+����������� �	��$�
%��$#�?&/"�'"�
���������$��
�

�`L^ � Z!['[
 (H � !['[� (H
�

��#�

_L^ � ['[\
�
�
1���+	
�6	���$�#�
������������$�	�#�%���#�A�,�

�`L^ � Z![�L^[
 (H � ![�L^[� (H
�

�
*+�� *;�� ��� 
���
����#� �	� ��$���� ��� �+�� 
����� [`K
� a*�$�� a� �`K
"� ��#� ���� A�� �	���#�
�#� ��� ���
�/�
����	��	%��+����
����$�#�
���������	
��$�6�#�A���+���	��$�+	
�6	���$�#�
���������*+��������
��+���
�+�� �
	��
��� 	%� A����� �	������� 	��
� �� �	�
��� ��#� ��������� �$���+�
�� &9���� ��.'�� *+�� ��$�� %�$��
�
���+��!��� ���#�� �	� ��+����� �������� 	%� �+�� ��A�$�� ��������� ��	��$���� ��#� ��/���6��� �+��
��	���
���$��	��
����	%� �+�� ����
��$�A�������
����
�� &��
�$���	���
����#�A����������'��*+����$�����$��
���� �	���
�#� ���+� 	�+�
� �#��� #������	�� �����
��� ���+� ��� �+�� +	
�6	���$� �
�#����"� �+�� ���	�#�
��
����$�#�
����������#��+�����$����������$���#�%	��#��	�+�����##�#��	����#��������	%�
���	�#����
��$$� �	�A	�+� �+�$$	����#� #���� �	�
���� �$	��� �+������ ��
��� &���� $���
'�������� ����+������	#�$�"�
C�
#�6�	�����$��&
��('��+	��#��+����+��*;��+�������6�
	���$�����$	����	��+���#����	%��+��A	#��%	
�
�*<� %��$#��� *+�� ��+����#� ���$���#��� 	%� �+�� ��$�� #�
�������� ���� A�� ��

��#� �+
	��+� �	� ���� �	��$�
+	
�6	���$� #�
�������� &	
� $	��$� �������A�
'� ��� �+��+� �+�� �#��� ��	��$���� �
�� �
	������� ��#�
����
����� �	� ��	��������� ���$�����	�"� �+�����=���� �+��� #�
�������� �%%������� %	
� �������� ��	$	����
�#�����
�
8	�A���#� ���+� ���� �	��$� +	
�6	���$� #�
�������"� 
���$��� ��
�� ��
����$�
$�� ���%�$� %	
� �+�� ��
����
�$�
����
�
�����	���$	����+������ ��*+����$�����$��
���$�����
���	�A���#���#������������$$���	���
�#�
���+�	�+�
� %�$��
�#�#�������� &������ �
�����
����� ���4�����?	���B'� �	��
	��#���� ����	%� ����
�
��������
������
������#���#�#�������#�$���
���
�



���� �
��	
��
������
�

�������	
���
�����
���	
������������
	�����������
�������� �2���!������	"��
	����������#�����
�
�����	��
��	
��  ��

0 100000 200000 300000
Distance along test line 600 (m)

-600

-400

-200

0

200

400

M
ag

ne
tic

to
ta

lf
ie

ld
(n

T)

0 100000 200000 300000

-2

-1

0

1

2

Ti
lt 

de
riv

at
iv

e-
R

TP
 (R

ad
ia

ns
)

0

0.02

0.04

0.06

0.08

0.1

A
na

ly
tic

 s
ig

na
l (

nT
/m

)

I: 75.15
D: -6.05

TDR
TDR-RTP

AS from 1D-FFT
AS from 2D-FFT

MagTF along line
MagTF-2D-FFT RTP from grid (1000x1000m)

�

Figure 5.9 TDR and analytical signal filtering along line 600. The TDR filter is particularly effective in 
identifying subtle anomalies and their edges. 
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Figure 5.10 Tilt derivative of the magnetic total field RTP. The tilt derivative (TDR) is an alternative method 
to derive the maximum gradient anomalies associated with magnetic contacts. The result is strongly peaked 
along the maxima of the horizontal gradient. This display gives a much sharper definition of the magnetic 
contacts than the horizontal gradient map. For the NB-07 interpretation, this filter proves to be interesting to 
map and identify the magnetic chrons. 
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Figure 5.11 Horizontal dervivative of the tilt derivative (HD-TDR) of the magnetic total field grid 
(1650x1650), reduced to the pole. The different patterns underline major magnetic units and major 
lineaments. 
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Figure 5.12 TDX filter of the magnetic total field grid (1650x1650m) reduced to the pole. The different TDX 
patterns underline major magnetic units and major lineaments. 
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Figure 5.13 2D Laplacian filter [0,-1,0,-1,4,-1,0,-1,0] applied to the TDX of the magnetic total field grid 
(1650x1650m) reduced to the pole. A Hanning filter [0.06, 0.1, 0.06, 0.1, 0.36, 0.1, 0.06, 0.1, 0.06] has 
subsequently been applied to smooth the edges. This filtering highlights the main inflection points of the TDX 
grid. 
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Figure 5.14 Example of different edge detection filters applied to line 600. The TDX filtering highlights the 
main inflection points of the TDX grid including maximum and minimum for each anomaly. A 3x3 Laplace 
filter applied to a TDX grid is mostly useful to underline the points of tangency. 
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5.6 Pseudogravity 
�
<���#	�
����������+���
��������	��$���+����	�$#�A��	A��
��#��%�#��������	��
�������
���
	�	
��	��$�
�	��������6���	���	��
�����&��
��	��).� '���1�������$��$���#�%
	�����������	A��
����	�����#�������#�
�	��	���
���
��������#����������	A��
����	��� �	�#���������+�A������� �+���%%�����	%�#�%%�
���� 
	�=�
���������
	���������#�����
���+����
���%	
��#����	�����#	�
������#�������������<	���	�J��
�$���	��
A������� �
������ ��#� �+�� ���� � ��������� �	��$� %��$#� &9���� ��)�'�� ��#�
� �+�� ��������	�� �+��� �+��



���� �
��	
��
������
�

�������	
���
�����
���	
������������
	�����������
�������� �2���!������	"��
	����������#�����
�
�����	��
��	
��   �

A�������� ������������#� ���%	
�$�� A�� ��#����	�"� �+�� ����#	�
������ %��$#� ���� A�� ���
�A���#� �	� �+��
#�������&��������A�$���'���
����	����$	����+������ ����#�
��#��$��	�#���	��"��+������#	�
������%��$#�
�	�$#� �
	��#�� ��� ���
	/������ 
��
��������	�� 	%� �+�� A�������� #	������ �+��� �+�� ��#������� �
��
�	���������"� �+�
���� �+�� 	
�����$� �
������ %��$#����� �$�	� ���$�#�� ��
����	�� 	%� #������� ���+��� �+��
��#������
�� �����	�� ��#� �+�� �
����� �� ����#	�
������ �
���%	
����	�����+�� A�� �� ���%�$� ��
������ ���
����
�
�����������������	��$����A����������	���
��	�����+�
��$��
������#�����	�$#�+�$���	�A��$#����
����
�
�����	��	%��+���+������#���6��	%� �+���	�
�����*+����	�	%���	%���
���������#�%	
���
%	
�����
�+����
���%	
����	��������9	�
��
��	��	$���	�����+���%�$��
�	��
��	
�#�%���#�A�,�
�

B�C� � b� cde�EFG�If� �  JKE�I�� JKE�L : C��H g h�
�
H��+�ij kVGEFOl?JKGOmPEO?FG?ndJop?�
�,��
�������	��$��	������@0�0 �:���
1,���	������������$�����	��
1�,�1��$�����	��%	
����$���#���	

����	���;�%��$�����
�^��1%�UIfU�UUIU"�UIfU@UIU?
;,���	���������#��$�����	��
5,��������6���	�����������C � OPG�,�Q R�S �����+���������A�
�#�
����	��

�����+���������A�
�����
	��#d����@
`=��+�
��=�������$��K�
	��#d������



���� �
��	
��
������
�

�������	
���
�����
���	
������������
	�����������
�������� �2���!������	"��
	����������#�����
�
�����	��
��	
��  ��

�
Figure 5.15 Pseudogravity of the NB-07 survey. The pseudogravity was computed using a density contrast of 
1.5 g.cm-3 and a magnetization of 3 �K�. Inclination: 75° and declination:-6.5°. 
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6 FINAL MERGE AND COMPARISON WITH PREVIOUS COMPILATION 

Laurent Gernigon and Odleiv Olesen 

6.1 Merge of the NB-07 grid with the former regional grid 
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6.2 Comparison with other compilations 
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Figure 6.1 NGU final compilation compared with previous public domain compilations. a) Final 
compilation after the merge of the NB-07 with the pre-existing NGU compilation (500x500m). b) 
Vintage marine compilation form Verhoef et al. (1997) gridded at 1650 m. c) World magnetic map 
including satellites CHAMP data version A (3 mn of arc spacing)(Hemant et al. 2007). d) World 
magnetic map version B (3 min of arc spacing) (Hemant et al. 2007). The new compilation provides 
much more details and reliability. 
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Figure 6.2 Medium to long wavelengths anomalies of the NGU final compilation compared with 
previous public domain compilations. a) Final compilation after merging the NB-07 with the pre-
existing NGU compilation (gridded at 5000x5000m for a better comparison). b) World magnetic map 
version B (3 min of arc spacing). c) 40 km low-pass filtering of the NGU final compilation. You can 
notice that even the medium to long wavelengths can change locally. 
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Figure 6.3 Different magnetic total fields extracted for different grid spacing and compared with other 
compilations. Using profiles, the differences are even more obvious. The NB-07 clearly provides a 
significant improvement for short as well as long wavelengths. 
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Figure 6.4 Long wavelengths along the NB-07. On top, upward continuation of the NGU 
compilation at 50 km. The figure below is the magnetic satellite Champ MF5 model (vertical 
component at zero geoid altitude). 
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7 OTHER DATASETS 

Laurent Gernigon 

7.1 Bathymetry 
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Table 7.1 Description of the NPD Law of the Sea multibeam echosounding data acquired in the 
Norwegian Sea between 1999 and 2001. 

7.2 Gravity 
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Multibeam echosounding (MBES) data 

��!������	�,� )...� 
���� 
��)�
C����$� ?C�������
���	
� ?C�������
���	
� ?C�4�����:�#���	�
�

?��:�+	�	��#�
�
&+�$$�	����#'�

���
�#�:?)
�
�

���
�#�:?)
�
�

���
�#�:?)
��
�

<�
�	#�� 
���0�2�
0��.�
))�)��2�
-�)��

����0�2�)(���� �)�� �2�������

<
	���������	%���
�� ��������&���
�#'� ��������&���
�#'� ��������&���
�#'�

�
�#K�����	%���
�� 89$		
�&�	/�
'� 89$		
�&�	/�
'� 89$		
�&�	/�
'�

4
�����$��
�#���$$���6�� 
��e
���� 
��e
���� 
��e
����



���� �
��	
��
������
�

���
�

7.3 Seismic reflection 
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Table 7.2 Description of NPD Law of the Se seismic data sets acquired in the Norwegian Sea between 
1999-2000. 
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Figure 7.1 Free air gravity and location of the seismic data available arround the NB-07 survey. 
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8 ESTIMATION OF MAGNETIC DEPTHS 

Laurent Gernigon 
�

8.1 Implications 
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8.2 Euler deconvolution 
�
*+��:�$�
����+	#������:�$�
P��+	�	���������!����	���	��	���
�������������	%�$����
��!����	��"�
��#� �+��� #���
������ �+
	��+� �� $������!��
��� ����
��	�� 	��� ����� %	
� 	������#	�� �+�� &��
����$�
��#�+	
�6	���$'��	����	��	%�������$���	�
���%	
����������	�
�����	���
��&*+	���	��).�
E����#�
����$��)..�'��:�$�
�#��	��	$���	������%�
����
������#�A��*+	���	��&).�
'�%	
��
	%�$��#������#�
A�� ���#� ��� �$�� &)..�'� %	
� �
�##�#� #����� *+	���	�� &).�
'� �+	��#� �+��� :�$�
J�� �!����	�� ����
���%�$$��A���
����������+��%	
�,�
�

�
 : 
r� ['[
 � �� : �r� ['[� � �\ : \r� ['[\ � $�s : '��
�
H��+��
r� �r� \r�?OtV?uKJPOFKG?Kv?OtV?oPnGVOFJ?EKQmJV?wtKEV?OKOPu?xFVuk?y?FE?kVOVJOVk?PO?�W� l� z�{�



���� �
��	
��
������
�

���
�

|?OtV?oPnGVOFJ?mVnFKGPu?xFVuk?PGk?}?OtV?EOmQJOQmPu?FGkVW�
�
1��
�!��
����+������	%��+��+	
�6	���$���#���
����$�#�
���������	%��+�����������%��$#��%��+����
���	��
	A��
��#�� *+	���	�� &).�
'� ��$$�#� �+�� %�$$�	%%� 
���� &����"� �+�� ��������� 	%� �+�� #��
��� 	%�
+	�	�������'� �+�� ��
����
�$� ��#�/� &�'�� ����+����� ������ &�$�=�$�� )..�E� ��
A	��� ��� �$�� )...E�
����A
�#��� ��� �$�� 
��
E� ������ ��� �$�� 
��
E� ��$��� ��#� ��
A	��� 
��-E� 7������� ��#� <�$=����	��

��(E� 9��6��
�$#� ��� �$�� 
��(E� ����
��� ��#����#� 
�� '� ��#������ &)'� �+��� �+��:�$�
����+	#� ����
$	��������+�����
�����+��	��$������#�#���+�	%�����
�����	%�����$����	���
���$��+����E�
'��+����+��
��
����
�$���#�������$$��$����
���#�#���
������+��A������
����
�$�����
�
�����	����$�+	��+�#����$�#�
�����
����$��	�����"� %��$������+��� $�
����+
	������A��A����#���$���#����+��� ��
����
�$� ��#�/�	%�
6�
	�&*�A$����)'��
�
:�$�
P�� +	�	�������� �!����	�� ��� ��$�#� %	
� A	#���� 	%� �
A��
�
�� �+���"� �+�
����
���#� A�� �+����
��#������ 1���
������"� �+��:�$�
����+	#��������� �#��$�6�#� ��
����
������+�����	�����"� �+��� �+����
&#�=�'"���
����$�	
�+	
�6	���$���$��#�
���#�-;���+�
������$�����	��	%� �+�����+��!��� �+
	��+	���
�+��� ���#�� ���� �	��$���#� ������ �+�� ��	�	%�� �/�����A$�� :-;:84���I�� *+�� ��	�	%��
:-;:84���I��$�	
��+�����A���#�	���+�����+	#�#���
�A�#�A�����#�����$��&)..�'��*+��������	��
�+�
�%	
�� A
��%$�� #���
�A��� �+�� �+�	
�� �#��������� ��#� $�������	��� A�+��#� �+�� ���+��!��� ��#�
�
��������������$�����	���	���+������ ���
�����
����
�
:�$�
�-�;�#��	��	$���	���������������	����#����+��!������A$����
���#�!��$������������
�
�����	��
��#�#���+���������	��	%��	�
���#���+��%
	��$�
����
�##�#��
��������#����������#��������&���#����
�$��)..�AE���
A	�������$��
���E�<�$=����	������$��
���E�>���
��
E�?��+����#�A�������$��
��(E�
9$	
�	� ��� �$�� 
��0'�� *+�� ���+��!��� +��� �	���#�
�A$�� �#���������� � )'� 1�� ���� 	��
���� 	�� $�
���
#���������/�
���$�� !���=$�E� 
'� �
	��#�� �� !��$�������� ����
�
�����	��	%� ��	$	����$� ��
����
��E� -'�
�
	��#�� #���+� ���������� 	�� �+�� �	�
��� 	%� �+�� ��	��$���� ('� ��������� #���� #	� �	�� ���#� �	� A��

�#���#� �	� �+�� �	$�� &���#� ��� �$�� )..�'� ��#� �'� ��� ��� �$�	� ������������ �	� ��������� ���$�����	�"�
#��$�����	����#�
����������������+����A��	�����
��	%��+���	�����������+����	��$��%�����	��	%���
�������	#�$��
�

8.3 Interpretation of the structural indices 
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Table 8.1 Summary of the structural indices for simple geometric models from a magnetic anomaly or 
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gravity anomaly (Reid et al. 1990; Marson and Klingele 1993; Blakely 1995; Bainbridge et al. 2002; 
FitzGerald et al. 2004). 
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8.4 Located 3D Euler method 
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Figure 8.1 Peak of the Total horizontal gradient (e.g. analytic signal) and location of the discriminated 
Euler points. 
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Figure 8.2 Result from located Euler deconvolution over the NB-07. Result using a structural index of 1. 
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Figure 8.3 Result from Located Euler deconvolution over the NB-07. Result using a structural index of 
2. 
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Figure 8.4 Result from located Euler deconvolution over the NB-07, using a structural index of 3. 
�
�

8.5 Euler deconvolution of the tilt-angle derivative 
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Figure 8.5 Result  from  located Euler deconvolution over the NB-07, using its tilt derivative. Depth 
solutions  using a structural index of 1. 
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Figure 8.6 Result from located Euler deconvolution over the NB-07, using its tilt derivative filter. Depth 
solutions  using a structural index of 2. 
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Figure 8.7 Result from Located Euler deconvolution over the NB-07, using its tilt derivative filter. Depth 
solution using a structural index of 3. 
�
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8.6 Source parameter imaging (SPI) 
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Figure 8.8 Results from Source parameter imaging (SPI) depths plotted on the SPI edge detection grid 
based on the local wavenumber technique of Thurston and Smith (1997). Each depth solution focuses 
along each maxima of the local wavenumbers. 
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8.7 Werner deconvolution 
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9 INTERPRETATION  

Laurent Gernigon 

9.1 Introduction  
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Figure 9.1 Bathymetric map and main physiographic features of the Norwegian-Greenland 
Sea. Sea-floor spreading led to the formation of Reykjanes, Aegir and Mohns Ridges. 
Spreading along the Aegir Ridge decreased until ceasing in the Oligocene. A progressive 
ridge jump along the Kolbeinsey Ridge happened during the same period, connecting the 
Mohns and Kolbeinsey Ridges and leading to the formation of the Jan Mayen microcontinent. 
The Jan Mayen Fault Zone (JMFZ) consists of three distinct segments named the western 
(WJMFZ), eastern (EJMFZ) and central Jan Mayen Fractures zones (CJMFZ), respectively. 
The polygons represent the outline of the recent JAS-05 and NB-07 aeromagnetic surveys and 
main study area on the Norway basin.  Seaward-dipping reflector sequences (SDRs) represent 
thick volcanic lava flows extruded during the breakup along the Vøring Marginal High (white 
outlines). FSB: Faroes-Shetland Basin, FIR: Faroes-Iceland Ridge, MMH: Møre Marginal 
High, VG: Vicking Graben, VMH: Vøring Marginal High, VS: Vøring Spur.
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9.2 Geodynamic and geological background of the Norway Basin: Review of previous 
works 
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9.3 Refined magnetic chron interpretation, structure and spreading history of the 
Norway Basin 
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Figure 9.2 Revised calibration of the geomagnetic polarity time scale for the Late Cretaceous and 
Cenozoic after Cande and Kent (1995). This chart provides the correlation between the magnetic chrons 
locally identified in the Norway Basin and their absolute ages in Ma.�
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Figure 9.3 Magnetic anomaly profiles along the NB-07�survey and surrounding survey tracks (see Chapter 1 for survey descriptions). Correlations and identification of the 
magnetic chrons on the regional grid were based on the real anomalies peaks. The map also illustrates the data limitation in the westernmost part of the Aegir Ridge and 
along the Faroes-Iceland Ridge. �
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Figure 9.4 TDX filter of the magnetic total field combined with the results of an automatic peak detection routine, which highlights both direction and dip of each anomaly. 
This combination was used to better identify precise edges of each magnetic chrons in order to evaluate the spreading rates of the Norway Basin. The three transects (1,2,3) 
represents the location of the synthetic models used for correlation and validation of the magnetic chrons. Yellow circles represent the DSDP wells. The black circles show 
the locations of the explorations wells. 
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Figure 9.5 Interpretation of the magnetic chrons deduced and correlated with synthetic profiles. 
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Figure 9.6 TDR filtering of the magnetic total field overlain by the identified and interpreted magnetic chrons (C24 to C13) and magnetic discontinuities.�
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Figure 9.7 Magnetic total field overlain by the identified and interpreted magnetic chrons (C24 to C13), the magnetic discontinuities and a tentative COB (Continent-Ocean Boundary) and VMCB (Volcanic Margin-Continent Boundary) interpretation. 



���� �
��	
��
������
�

)) �
�

Figure 9.8 Blended map between the magnetic total field grid and the TDX filtering, overlain by the identified and interpreted magnetic chrons (C24 to C13) and magnetic discontinuities. The TDX filter used to enhance the edges of the magnetic 
anomalies of the magnetic total field and interpretation of the magnetic chrons and magnetic discontinuities.�
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Figure 9.9 Low-pass filter of the magnetic total field grid (75 km) overlain by the identified and interpreted magnetic chrons and magnetic discontinuities. This map illustrates the regional segmentation of the magnetic field pattern which coincides with 
different oceanic domains.�
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Figure 9.10 Band-pass filtering of the magnetic total field grid (long wavenumbers cutoff of 0 to 0.03 1/k-unit) overlain by the identified and interpreted magnetic chrons and magnetic discontinuities. This map illustrates the main oceanic anomalies and 
highlights the trends of the first and second order regional discontinuities observed in the Norway Basin.�
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Figure 9.11: Map of gridded free air gravity anomalies overlain by the identified and interpreted magnetic chrons and magnetic discontinuities. 
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Figure 9.12 Map of gridded Bouguer gravity anomalies (reduction 2200 kg.m-3) overlain with the identified and interpreted magnetic chrons and magnetic discontinuities.�



���� �
��	
��
������
�

)

�
�

Figure 9.13 High-pass filtering of the Free-Air anomalies (75 km)) overlain by the identified and interpreted magnetic chrons and magnetic discontinuities. 
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Figure 9.14 Map of the regional Bathymetry overlain by the identified and interpreted magnetic chrons and magnetic discontinuities. 
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Figure 9.15 Interpretation of the main volcanic facies observed along the GMNR94-102R. The section also shows the gravity and magnetic signature observed along the 
volcanic margin. Volcano-stratigraphic monenclature after Planke et al. ( 2001).�
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Figure 9.16 Seismic observation alon
represents the Free-air gravity anoma
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Figure 9.20 Bathymetric, gravity and magnetic transects across the COT and the early spreading system 
of the Norway Basin. Blues labels indicate the magnetic chrons and black labels the spreading rates in 
mn/year.�
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Figure 9.21 Examples of round featur
are interpreted as off-axis volcanic m
third order (non-rigid) discontinuities.
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Figure 9.24 Models of spreading centre reorientation by (A) gradual rotation and (B) propagation. 
Modified from Hey et al. (1980, 1988).�
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10 GRAVITY AND MAGNETIC MODELLING 

Laurent Gernigon 

10.1 Modelling methods and assumptions 
�
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Figure 10.1 Location of the three seismic lines used for potential modelling. 
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Figure 10.2 Velocity-density functions for different geologic settings including oceanic sediments and 
crust. Compilation by courtesy of Laura Marello, NGU. �
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Figure 10.3 Compilation of magnetic data from the volcanic sequence of ODP Hole 642E (from 
Schönharting and Abrahamsen 1989). Flow unit numbers from 1 to 121 represent lava flows. Dl to D7 
represent dikes and S4 to S49 numbers represent volcaniclastics). The graph illustrates the stable 
inclination in degrees, the median destructive field (MDF), the natural remanent magnetization (NRM) 
and the Q-ratio. Note that the values used the old nomenclature in Gauss (= 4 7� SI). The boundary 
between the upper and the lower series is at 1087 mbsf ad illustrates a clear polarity change. The 
reverse upper series is correlated with chron 24r of the magnetic polarity time scale, with an age of ca. 
54 Ma. The normal polarity of the lower series is correlated with chron 25, indicating a hiatus between 
the two series.  
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Table 10-1 Magnetic susceptibility, remanence (NRM), k-ratio and density properties of the Lopra 1/1A 
from (Abrahamsen 2006) 
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Figure 10.4 Compilation of magnetic reversals within the c. 6½ km thick basalt pile of the Faroe 
Islands, showing stratigraphy and the correlation with the Geomagnetic Polarity Time Scale. After 
Abrahamsen (2006).  
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Figure 10.5 Example of flexural Moho computed for an elastic thickness value of 2 km in the Norway 
Basin area.�
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10.3 Description of the modelling along Section 1, LOS99-002 profile 
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Body 
Velocity 
(km/s) 

Average density –
flexibility (kgqm-3) 

Susceptibility 
(SI) 

Range 
(average) 

Remanence 
(A/m) 

Polarity Comments 

Sea water 1400 1030 0 0 - 

Sediment Unit A 1.75-2.0 2050±100 
10-5-10-3

(5.10-4) 
0 - 

mostly carbonate, 
shales, mudstone 

Sediment Unit B 2.0-2.2 2100±100 
10-5-10-3

(5.10-4) 
0 - 

mostly carbonate, 
shales, mudstone 

Sediment Unit C 2.0-2.8 2250±100 
10-5-10-3

(10-3) 
0 - 

possibly some 
detrical magnetite 

Upper oceanic 
crust (layer 2A) 

4. 5-6.0 2500±100 
5·10-4-10-1 

(2.10-2) 

1-10  
(5 A·m-1 in 
average) 

R/N 
oceanic basalt-
sheeted dikes 

Middle oceanic 
crust (layer 2B) 

6.0-6.8 2700-2850 
5·10-4-2·10-3 

(10-3) 

0.5-1 
(0.75 A·m-1 

in average) 

R-N 
(negligible 
if JTRM<1 
A.m-1) 

Isotropic  
gabbros 

Lower oceanic 
crust 

7.0-7.2 
2900-3100 5·10-4-2·10-3

(10-3) 
10-3

R/N 
(negligible) 

cumulate gabbros 

SDRs sequences 4. 5-6.0 2450-2550 
5.10-4-10-1

(2·10-2) 
4-5 

R/N 
altered basalt-fresh 

basalt-sheeted dikes 

Upper Mantle >8 3250-3330 
0.01-0.1 

(serpentinized) 
negligible R/N 

(negligible) 
Peridotite, local 

serpentinisation ? 

Cenozoic 
1.75-
2.35 

2050±100 
10-5-10-3

(5·10-4) 
negligible negligible 

Cretaceous 2.5-4.5 2400±100 
10-5-10-3

(5·10-4) 
negligible negligible 

Pre-Cretaceous 
sediments 

(continental) 
5.0-5.5 2600±100 

2.10-4-10-1 

(4·10-4) 
negligible negligible 

Upper continental 
crust 

6.1-6.6 2800±050 
10-4-10-1

(5·10-3) 
10-2

negligible 

Continental 
Lower crustal 

body 
7.1-7.3 2.9-3.1 

5·10-4-2.10-3 

(10-3) 
10-3

negligible 

Table 10-2 Average density, susceptibility and remanence used for each sedimentary and crustal units. 
�



���� �
��	
��
������
�

)�
�
�

?	���	%��+��$	��
��
����$���$	�����#���$���#�+��+���$����& ���� �
�=�K�'����
�������%
	��������	�
�������#�$�=�$��
��
��������AA
	�������$�����&	�������3���
�-'��;���������%
	��
.�������	�-)���
=�n��-�+����A�������#��	��	#�$��+���
�������%%����	%��+���$���
���
�
*+���	������$����$	���������$	����	�����O���)��=�K�"��	���A$���$��+�$��$	��
�A�����+��+������
�
��#����;������� ��
����	��� %
	��-
��� �	� --���=�n��-� +���� A���� ��$����#� �	� �#B���� �+�� $	������
����$����+����
�
���
� �+��84*"� �+���
����$� �+��=����� ���
������ �	�)
�)-�=���$	��� �	�8
(���#���� �	�)��
��=��
���
��+��?D
��?�
����$�>��+��>�
�"��+���
������	���
���"�$	����#�A�%	
��8
(A��	

���	�#���	��+��
�;���� �;��� +���� $	��
� ��$	������� &(��2(�.� =�K�'� ��#���� ���#� ���
���� #��������� 	%� 
(��� �	�

���� =�n��-� �	� �	#�$� �+�� $���� ��$��� 	A��
��#� �$	��� �+�� 84*�� ������+� �+�� �;��"� A���$�
��$	��������
��0��20���=�K����#�#�����������
��%
	��
 ����	�
����=�n��-������$	�������#�#�������
���
��������������$�	���� �+����##$��	��������
�����C�$	��������
��0�0�20���=�K����� �+���	�"���#�
0��2 ��� =�K�� ��� �+�� A	��	�� ��� #���
�A�#� A�� �
����=� ��� �$�� &
��0'�� *+��������	#�$$�#� ������
#���������	%�
 �������	�
.���=�n��-��>��+�
�#���������&-����-)���=�n��-'���
�����#��	�
��
������
�+��+��+���$	�����$	��
��
������
����$�
$��	A��
��#�A�%	
����	��$����8
-��
�

)��-�
 �
�������������
���$	����+��34�..���
�
�
*+�� %
��� ��
� �
������ ��	��$�� ���� ��� #�
���#� %
	�� ����$$���� �$�����
�� �����
������� ��#� ���
���
��������
�������	%�O������$�����A���/�����#��$	����+���
��������
�
�$	��� �+�� 34�..����
"� �+�� %
��� ��
� �
������ ��	��$���� ��
�� %
	�� �
-� �	� �(� ���$�� *+��
�	��������$���#���+���
	%�$�����
���	���+���	��+�����
��%$��=�	%��+��$�
������������%
�����
��
������
��	��$��	��
��+��?D
��?�
����$�>��+��*	��+������"��������%������$	�������$����+���	��$�����
	A��
��#� ��#� �+���
������ ���
������ �	� �� �(����$�+��+� �
	��#�����������+
	��8
-��*+�� $	���
����$����+� ��	��$���� �	����#�� ���+� �� A
	�#� �
������ +��+� #	����� �+��+� %	
��� �� �
�����$�
�
�+���� ��� �+�� �	
�+�
�� ��
�� 	%� �+������ � ��
���� �
��� &9����� )��0"� )��)'��*+��� 
���	�� ������ �	�
#�$������+��:����5���?�����9��$��M	����	��+���	
�+"��+��8���
�$�9
����
��M	����	��+���������#�
�+��84���	��+��������9
	��8
-��	�8)-"��+���
������%��$#�#��
�������	��
#���+������
���#��"���#�
�+��
�#�����$$�������$%�+������
	�����������������
��������	��$������
-����$���
�
������
���	��A$��#���������$��������+���
����$������	�"�#�
���#�%
	���+���	#�$�	%��
����=�����$��
&
���'"���%�
���#��������	#�$$����#�#��	��
��
	#�����+��	A��
��#��
�����"�A����+	�����
���	��$�
�
��#�
������	��
� �+��	�������A������*	��/�$�����+��
���	��$���#��$	A�$�#��
�����	%��+���
������
%��$#� %
	������� �	��������#�����������+��� �+��4����	#�$�	%��
���=�����$�� &
��0'� ����	

���"���
�
	�
������� #������� #��
������ ��� �+�� ����$�� ���� �������
��� ��� �	����#� 	��� A�� ��� ��
$��
�
�	��
�A���	��	%��
����=�����$��&)...'"��+����	�$#�A���+��
���$��	%���$���
�$������
���
���+��������
�+������$�������������������$���		$����+���	
��	%��+��	�������A����"���A����������
���
���	#�$�
����%�
����#����#��$	����+���
������"������������#�#���#�%
	���+������������+
	�����#��+���$����



���� �
��	
��
������
�

)�-�
�

�		$���� �	#�$� 	%� <�
�	��� ��#� ��$���
� &).  '�� ��������� �+�
��$� �/�����	�"� �� 
���	��A$��
#�������#���
�A���	�����+����+��$��+	��+�
������$������
	��+$����������#���
�
�%��
� �+�� 
���	��$� �
��#� 
��#B�������"� �+�� $	��� ����$����+�� �
�� �	��$�� ��%$�����#� A�� �+��
#��������� #���
�A���	��� 	A��
��#� ��� �+�� ��##$�� ��#� $	��
� 	������� �
����� >	����
"� $	��$� ��#�
���	
�#�������
���#B��������#	����	���#���������$���	%�-

��=�n��-�����+������
�����$����
��
���$$��������
���	�%����+��
���	��$�����$����+��&)���
���=�'��<	���A$���	�
����%	
�����$��#�������
��
����	��� A������� �+�� �	��������$� ��#� 	������� ��#�� �	�$#� A�� �	��	����	��$"� �%� �+�
�� ��
��
��
����	��� ��� �+�� #��
��� 	%� ����$�� #��$���	�� %	
� �/���$��� ��� �+�� 	������� ����$�� ��$��� ��#�
����������/�
����#��	�%	
��	��������
���"��
	������
�%�
�����$$��#
�������	��+����$����#�$��������
$����#�����
���#�������$��A�+��#�&7	
����������$��
��)'���



���� �
��	
��
������
�

)�(�
�

Figure 10.6 Potential field modelling along the depth-converted LOS99-02 seismic profile. The detail geometries of the bodies are controlled by reflection and refraction seismic data and compared with the flexural Mohos deduced assuming different 
flexural elastic thicknesses of the plate. The top panel represents the TDX, tilt derivative, low-pass filtering and observed and calculated residual IGRF and RTP corrected magnetic anomaly (nT). The middle panel represents the observed and calculated 
free air gravity anomaly and the 75 km high-pass filtered free air gravity (mGal). Densities (black labels) are in 1000×kgnm-3. Red densities (in 1000×kgnm-3) represent the mantle densities assuming thermal expansion. 
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Figure 10.7 Magnetic modelling along the depth converted LOS99-02 seismic profile. The detailed geometries of the bodies are constrained by reflection and refraction seismic data and compared with the flexural Mohos deduced assuming different 
flexural elastic thicknesses of the plate. The top panel represents the TDX, tilt derivative, low-pass filtering and the observed and calculated residual IGRF and RTP corrected magnetic anomaly (nT). The middle panel represents the observed and 
calculated free air gravity anomaly and the 75 km high-pass filtering of the free air gravity (mGal). Along the transect, susceptibilities (blue labels) are in SI units and remanence values (red labels) in A/m. 
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10.4 Description of the modelling along of the Section 1, LOS00-13 profile 
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Figure 10.8 Potential field modelling along the depth converted LOS00-13 seismic profile. The detail geometries of the bodies are controlled by reflection and refraction seismic data and compared with the flexural Mohos deduced assuming different 
flexural elastic thickness of the plate. The top panel represents the TDX, tilt derivative, low-pass filtering and the observed and calculated residual IGRF and RTP corrected magnetic anomalies (nT). The middle panel represents the observed and 
calculated free air gravity anomaly and the 75 km high-pass filtering of the  free air gravity (mGal). Densities (black labels) are in 1000×kgn�m-3. 
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Figure 10.9 Magnetic modelling along the depth converted LOS00-13 seismic profile. The details geometries of the bodies are controlled by reflection and refraction seismic data and compared with the flexural Mohos deduced assuming different 
flexural elastic thickness of the plate. The top panel represents the TDX, Tilt derivative, low-pass filtering and observed and the observed and calculated residual IGRF and RTP corrected magnetic anomalies (nT). The middle panel represents the 
observed and calculated free air gravity anomaly and the 75 km high-pass filtering of the free air gravity (mGal). Susceptibilities (blue labels) are in SI units and remanence (red labels) in A/m in the lower panel. 
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10.5 Description of the modelling along Section 1, Faroes transect OF94-97 
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Figure 10.10 Potential field model along the depth-converted line-drawing of the LOS00-13 seismic profile. The detailed geometries of the bodies are controlled by reflection and refraction seismic data and compared with the flexural Mohos deduced 
assuming different flexural elastic thickness of the plate. The top curve represents the TDX filtering of the magnetic total field. The Middle panel represents the observed and calculated residual IGRF and RTP corrected magnetic anomaly (nT). The 
upper panel shows the observed and calculated free air gravity anomaly and the 75 km high-pass filtering of the gravity (mGal). Densities (black label) are in 1000gkgnm-3.
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Figure 10.11 Magnetic modelling along the depth converted OF94-97 seismic profile. The detailed geometries of the bodies are controlled by reflection and refraction seismic data and compared with the flexural Mohos deduced assuming different 
flexural elastic thickness of the plate. The top panel represents the TDX, tilt derivative, low-pass filtering and the observed and calculated residual IGRF and RTP corrected magnetic anomaly (nT). The middle panel represents the observed and 
calculated free air gravity anomaly and the 75 km high-pass filtering of the free air gravity (mGal). Susceptibilities (blue labels) are in SI units and remanence (red labels) in A/m in the lower panel.
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11 GEODYNAMIC AND TECTONIC IMPLICATIONS 
Laurent Gernigon 

11.1 Understanding the breakup  
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Figure 11.1 Evolution model for the major extrusive seismic facies units formed along the Continent-
Ocean Transition (COT) of the Møre volcanic margin in Early Tertiary time. Modified after Planke et 
al. (2000). COB: Continent-Ocean Boundary; VMBC: Volcanic Margin Continental Boundary. 
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11.2 Early spreading dynamics: hot and warm lithosphere 
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11.3 Late spreading dynamics: colder lithosphere and fan-shaped development of the 
ridge system 
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Figure 11.3 Bathymetric, gravity and magnetic profiles along regional flow-lines across the Norway Basin.�
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Figure 11.4 Different models for the 
classic fan-shaped spreading interpre
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12 CONCLUSION AND PERSPECTIVES 

12.1 Main results 
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15 LIST OF FIGURES: 
�
Figure 1.1: 3D cartoon and examples of the application of modern NGU aeromagnetic surveys to basin 

or geodynamic studies. The cartoon illustrates structures and geological units that can cause 
observable magnetic responses (Gernigon et al. 2007). 

Figure 1.2: Geographic location of the NB-07 survey area. Vigra and Vigar represent the two airports 
used during the survey acquisition. 

Figure 1.3: Location of the NB-07 survey area and outline of the previous aeromagnetic surveys 
surrounding the Norway Basin (Olesen et al. 2006; Olesen et al. 2007). The Norway Basin was 
mostly covered by sparse magnetic profiles acquired by the U.S. Naval Research Laboratory 
(NRL) in the 70ies-80ies (Verhoef et al. 1997). The aim of the NB-07 was to fill the profiles gaps 
between the Faroes and the outer Vøring Basin. 

Figure 2.1: Piper Chieftain from Fly Taxi Nord with the docking cradle for the bird containing a 
Scintrex Cesium Vapour MEP 410 high-sensitivity magnetometer. 

Figure 2.2: Flight pattern (blue lines and red tie-lines) of the NB-07 survey. 
Figure 2.3: Sensor altitude (plane radar altitude – 70 m). Variation of sensor altitude can partly explain 

minor variation in the raw magnetic field, later corrected by advanced levelling techniques. 
Figure 2.4: Janusz next to the base station magnetometer deployed in the Faroe Islands during the NB-

07 acquisition. 
Figure 2.5: Sunspot number observations from the US National Oceanic and Asthenospheric 

Administration (NOOA) compilation and models of prediction after (Hathaway et al. 1999). 
Monthly averages (updated monthly) of the sunspot numbers show that the number of sunspots 
visible on the sun waxes and wanes with an approximate 11-year mega cycle. The NB-07 
acquisition was acquired during a period of extremely low solar activity, which represented 
excellent conditions for the NB-07 aeromagnetic acquisition. 

Figure 2.6: Diagram of the monthly mean values of the horizontal intensity of the geomagnetic field (H) 
observed in Tromsø observatory from 1994-2008. This graph illustrates the good correlation 
between the periodic and semi-periodic evolution of the field and sunspot activity. Similar 
variation between the Polynomial average of H and its running average illustrate the average 
good magnetic conditions for aeromagnetic surveying during the two periods in June-July and 
June-September 2007. Geomagnetic Data from Tromsø Geophysical Observatory 
(http://www.tgo.uit.no/aix). Sunspot numbers from the U.S National Oceanic and Asthenospheric 
Administration (NOOA) compilation. 

Figure 2.7: Magnetic diurnal along profile 210:6 (line with most noise in the NB-07 survey). a) 
Basemagnetometer reading. b) Basemagnetometer and uncorrected magnetic field from the 
aeroplane plotted in the same scale. 

Figure 2.8: Profiles of intermediate quality (i.e. diurnal variation between 10 and 30 nT per 10 minutes) 
marked as blue lines. The total length of intermediate quality data is 126 km (i.e. 03 % of the total 
survey). Both base station and aeroplane readings along line 210:6 are shown in Fig. 2.7. 

Figure 3.1: Raw magnetic profiles (without levelling) gridded by means of the minimum curvature 
algorithm (grid cell size at 500x500 m). Note the artefacts mostly parallel to the line profiles due 
to diurnals. Projection UTM 30, WGS 84. 

Figure 3.2: The IGRF-2006 (formally 2005) model along the NB-07 survey. 
Figure 3.3: Example of variation of the geomagnetic field recorded by the base station during the 

acquisition of Line 600. The standard variation of the total field (in pink) illustrates the diurnal 
variations observed onshore. 
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Figure 3.4: Statistical tie levelling of the magnetic profiles, lag corrected and referred to the 
International Geomagnetic Reference Field (IGRF-2005-06). Gridding of line and tie profiles 
using the minimum curvature algorithm (grid resolution: 500x500 m). The total magnetic intensity 
represents the measured magnetic data after removal of the variations due to changes in the 
magnetic field of the IGRF model. This yields the anomalous total magnetic intensity, which for 
practical purposes is the component of the anomalous magnetic field along the earth’s field 
direction. With the IGRF removal, the statistical levelling represents the first step of the levelling 
method. 

Figure 3.5: Full levelling magnetic grid of the magnetic profiles, lag corrected and referred to IGRF-
2006. The levelling represents the second step of the levelling approach based on least-square 
technique. Gridding of the line profiles using the minimum curvature algorithm (grid resolution: 
500x500 m).�

Figure 15.6: Magnetic residual after micro-levelling by decorrugation and subtraction of the 
total field obtained by statistical levelling (500x500m cell grid spacing). The NW-SE 
trends represent the micro levelling diurnal variations along the pre-existing tie lines.  

Figure 15.7: Total magnetic field after micro-levelling. Results from the FFT decorrugation 
technique of Geosoft. 500x500m cell grid spacing using the minimum curvature algorithm. 

Figure 4.1: 2D power spectrum and distribution of the frequency content of the NB-07 magnetic total 
field (RTP) gridded after micro-levelling. Red colours correspond to regions of high power, 
grading to yellow, green and then to blue, which represents the lowest power. The very centre of 
the frequency spectrum represents the average value in the image, while those frequencies 
immediately adjacent correspond to low frequency variation. Frequencies gradually increase as 
we move away from the centre of the frequency spectrum. 

Figure 4.2: Magnetic total field produced by a simple prim (left) and power energy spectrum of this 
magnetic Total field as function of the wavenumbers (k). 

Figure 4.3: Frequency content and averaged power spectra computed for different grid size used during 
the minimum curvature gridding of the NB-07 magnetic total field then reduce to the pole using 
2D-FFT. Note that the noise increases with smaller grid cell spacing. Steeper slopes increasing to 
the left of the plot, coincides with the deep-seated contribution. The depth estimate plot bar is an 
automatic 5 points slope and depth calculation, derived from the spectrum file (only for the 
1000x1000 m grid). The poly-10 curve is an order 10 orthogonal polygonial calculated thought the 
depth estimation of the spectrum computed for the 1000x1000 grid size. It can be used to highlight 
the main segment and average statistical magnetic sources. The deepest set of sources along the 
survey are located at ~19.5 km and two other can be proposed at 4.4 km and 1.74 km in average. 

Figure 4.4: Values of inclination (top) and declination (bottom) of the geomagnetic field along the NB-
07 survey area. IGRF-model available in 2006. 

Figure 4.5: Differences between the 1-D and 2D FFT algorithms used to calculate the reduction to the 
pole along the NB-07 survey with the mean values of inclination and declination. The result is 
compared with the original magnetic total field. 

Figure 4.6: Differences between the 1-D FFT algorithms using different inclination and declination 
values. RTP transformation assumes only one value for both Inclination and declination. Since 
variations of these values along the survey area are small, only the mean value has been 
considered. 

Figure 4.7: Profile map of the Total magnetic field reduced to the pole (I: 75.15; D: -6.05). The RTP 
was carried out using a 1D-FFT filtering applied to each line profile. 
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Figure 4.8: Gridded anomaly map of the total magnetic field reduced to the pole (Inc: 75.15; Dec: -
6.05). The RTP was carried out using a 2D-FFT filtering along the microlevelled grid (1000x1000 
m). The RTP transforms the anomaly into the one that would be observed with vertical 
magnetization and with a vertical Earth’s field, i.e. the anomaly that would be observed if the 
sourcse were located at the earth’s magnetic north pole. As a result, reduction to the pole removes 
asymmetries caused by the non-vertical inducing field and places the anomalies more directly over 
their causative bodies, thus facilitating the interpretation of the magnetic dataset. Note that at the 
Norway Basin latitude, these changes are relatively small. 

Figure 4.9: Gridded anomalies map of the Total magnetic field reduced to the pole (I: 75.15; D: -6.05). 
For better display and to avoid instabilities during 2D-FFT filtering, we finally preferred this grid 
with a grid size of 1650x1650 m. 

Figure 4.10: Upward continuation of the magnetic total field. Upward continuation uses wavelength 
filtering to simulate the appearance of potential-field maps if the data were recorded at a higher 
altitude. Large-scale regional anomalies and main crustal patterns are revealed. 

Figure 4.11: High-pass filtering (20km) of the magnetic total field, RTP. This filter underlines the 
distribution of the small wavelengths. Grid cell at 1650x1650m. 

Figure 4.12: Low-pass filtering of the magnetic total field at 50km. This filter smoothes the magnetic 
signal and underlines the distribution of the main magnetic units. These medium anomalies likely 
reflect mid-crustal sources and already illustrate the basin segmentation and complexity. 

Figure 4.13: Band-pass sampling of the magnetic total field. This filter only considers the wavelengths 
specified in a certain range. This grid illustrate the anomalies sampled using a low wavenumber 
cutoff of 0.04  (in 1/k_unit) and a high wavenumber cut-off of 0.6 in 1/k_unit). According to the 
spectrum analysis, these anomalies should represent sources located in the 3-5 km depth interval. 

Figure 4.14: Band-pass filtering of the magnetic total field. This grid illustrates the anomalies sampled 
using a low wavenumber cutoff of 0 (in 1/k_unit) and a high wavenumber cut-off of 0.1 in 
1/k_unit). According to the spectrum analysis, these anomalies should highlights magnetic sources 
located at more than 15 km depth if we consider that all the long wavelengths are the results of 
deep sources. 

Figure 4.15: Example and comparison between high-pass, low-pass and upward continuation filters of 
the magnetic total field. 

Figure 5.1: Automatic gain control filtering (AGC) of the NB-07 survey. To highlight the local anomaly 
details, automatic gain control (AGC) boosts amplitudes in areas with smooth anomalies, without 
sacrificing the long-wavelength information. Gain is estimated with a sliding square filter window, 
centred on each grid node in turn. 

Figure 5.2: Vertical derivative obtained by convolution along the magnetic total field reduced to the 
pole and gridded with a cell size of 1650m using minimum curvature. The vertical derivative of an 
anomaly is related to the depth and geometry of the causative body. The gradient operator 
attenuates broad, more regional anomalies and enhances local, more subtle magnetic responses 
and as such is sensitive to shallow magnetic source bodies and contacts. 

Figure 5.3: Second vertical derivative obtained by convolution along the magnetic total field reduced to 
the pole. The second vertical derivative can be seen as a regional-residual separation technique 
because it suppresses long wavelength anomalies related to regional influences. Due to filtering 
instability, this filter must be used with some caution in interpreting basement structure. 

Figure 5.4: Directional horizontal derivatives along the NB-07 area. The filter enhances the high 
frequencies along the NW-SE direction. 

Figure 5.5: Directional horizontal derivatives along the NB-07 area. The filters enhance the high 
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frequencies along the NE-SW direction. 
Figure 5.6: Directional horizontal derivatives along the NB-07 area. The filters enhance the high 

frequencies along the N-S direction. 
Figure 5.7: Maximum horizontal gradient of the NB-07 dataset, reduced to the pole. After the reduction-

to-pole correction, a magnetic body is spatially more directly associated with the related magnetic 
response. The maximum horizontal gradient (more properly the maxima of the total horizontal 
gradient) of the anomaly slope is then located near or over the body edge. That is, the horizontal 
gradient operator in map form produces maximum ridges over edges of magnetic basement blocks 
and faults or other magnetic bodies. In addition, the horizontal gradient highlights linear and 
round-shaped features, related to magnetic contacts, in the data set. 

Figure 5.8: Analytic signal of the magnetic total field grid, reduced to the pole (1650x1650m cell size). 
The 3D analytic signal (“3D-Total gradient”) is the root-sum square of the vertical and horizontal 
gradients. Like the horizontal gradient, it is used to delineate the edges of bodies or contacts. It 
has the advantage over the horizontal gradient that it is independent of the dip of the contact, but 
the disadvantage that it is somewhat less continuous. It is therefore sometimes advantageous to use 
the two in parallel. 

Figure 5.9: TDR and analytical signal filtering along line 600. The TDR filter is particularly effective in 
identifying subtle anomalies and their edges. 

Figure 5.10: Tilt derivative of the magnetic total field RTP. The tilt derivative (TDR) is an alternative 
method to derive the maximum gradient anomalies associated with magnetic contacts. The result is 
strongly peaked along the maxima of the horizontal gradient.  This display gives a much sharper 
definition of the magnetic contacts than the horizontal gradient map. For the NB-07 interpretation, 
this filter proves to be interesting to map and identify the magnetic chrons. 

Figure 5.11: Horizontal dervivative of the tilt derivative (HD-TDR) of the magnetic total field grid 
(1650x1650), reduced to the pole. The different patterns underline major magnetic units and major 
lineaments. 

Figure 5.12: TDX filter of the magnetic total field grid (1650x1650m) reduced to the pole. The different 
TDX patterns underline major magnetic units and major lineaments. 

Figure 5.13: 2D Laplacian filter [0,-1,0,-1,4,-1,0,-1,0] applied to the TDX of the magnetic total field 
grid (1650x1650m) reduced to the pole. A Hanning filter [0.06, 0.1, 0.06, 0.1, 0.36, 0.1, 0.06, 0.1, 
0.06] has subsequently been applied to smooth the edge. This filtering highlights the main 
inflection points of the TDX grid. 

Figure 5.14: Example of different edge detection filters applied to line 600. The TDX filtering highlights 
the main inflection points of the TDX grid including maximum and minimum for each anomaly. A 
3x3 Laplace filter applied to a TDX grid is mostly useful to underline the points of tangency. 

Figure 5.15: Pseudogravity of the NB-07 survey. The pseudo gravity was computed using a density 
contrast of 1.5g.cm-3 and a magnetization of 3 A.m-1. Inclination: 7.5° and declination:-6.5°. 

Figure 7.1: Free air gravity and location of the seismic data available arround the NB-07 survey. 
Figure 8.1: Peak of the Total horizontal gradient (e.g. analytic signal) and location of the discriminated 

Euler points. 
Figure 8.2: Result from Located Euler deconvolution over the NB-07. Result using a structural index of 

1. 
Figure 8.3: Result from Located Euler deconvolution over the NB-07. Result using a structural index of 

2. 
Figure 8.4: Result from Located Euler deconvolution over the NB-07, using a structural index of 3. 
Figure 8.5: Result  from  Located Euler deconvolution over the NB-07, using its tilt derivative. Depth 
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solution  using a structural index of 1. 
Figure 8.6: Result from Located Euler deconvolution over the NB-07, using its tilt derivative filter. 

Depth solution  using a structural index of 2. 
Figure 8.7: Result from Located Euler deconvolution over the NB-07, using its tilt derivative filter. 

Depth solution using a structural index of 3. 
Figure 9.1: Bathymetric map and main physiographic features of the Norwegian-Greenland 

Sea. Sea-floor spreading led to the formation of Reykjanes, Aegir and Mohns Ridges. 
Spreading along the Aegir Ridge decreased until ceasing in the Oligocene. A progressive 
ridge jump along the Kolbeinsey Ridge happened during the same period, connecting the 
Mohns and Kolbeinsey Ridges and leading to the formation of the Jan Mayen 
microcontinent. The Jan Mayen Fault Zone (JMFZ) consists of three distinct segments 
named the western (WJMFZ), eastern (EJMFZ) and central Jan Mayen Fractures zones 
(CJMFZ), respectively. The polygons represent the outline of the recent JAS-05 and NB-
07 aeromagnetic surveys and main study area on the Norway basin.  Seaward-dipping 
reflector sequences (SDRs) represent thick volcanic lava flows extruded during the 
breakup along the Vøring Marginal High (white outlines). FSB: Faroes-Shetland Basin, 
FIR: Faroes-Iceland Ridge, MMH: Møre Marginal High, VG: Vicking Graben, VMH: 
Vøring Marginal High, VS: Vøring Spur. 

Figure 9.2: Revised calibration of the geomagnetic polarity time scale for the Late Cretaceous and 
Cenozoic after Cande and Kent (1995). This chart provides the correlation between the magnetic 
chrons locally identified in the Norway Basin and their absolute ages in Ma. 

Figure 9.3: Magnetic anomaly profiles along the NB-07 survey  and surrounding survey tracks (see 
Chapter 1 for survey descriptions). Correlations and identification of the magnetic chrons on the 
regional grid were based on the real anomalies peaks. The map also illustrates the data limitation 
in the westernmost part of the Aegir Ridge and along the Faroes-Iceland Ridge. 

Figure 9.4: TDX filter of the magnetic total field combined with the results of an automatic peak 
detection routine, which highlights both direction and dip of each anomaly. This combination was 
used to better identify precise edges of each magnetic chrons in order to evaluate the spreading 
rates of the Norway Basin. The three transects (1,2,3) represents the location of the synthetic 
models used for correlation and validation of the magnetic chrons. Yellow circles represent the 
DSDP wells. The black circles show the locations of the explorations wells. 

Figure 9.5: Interpretation of the magnetic chrons deduced and correlated with synthetic profiles. 
Figure 9.6: TDR filtering of the magnetic total field overlain by the identified and interpreted magnetic 

chrons (C24 to C13) and magnetic discontinuities. 
Figure 9.7: Magnetic total field overlain by the identified and interpreted magnetic chrons (C24 to 

C13), the magnetic discontinuities and a tentative COB (Continent-Ocean Boundary) and VMCB 
(Volcanic Margin-Continent Boundary) interpretation. 

Figure 9.8: Blended map between the magnetic total field grid overlain by the identified and interpreted 
magnetic chrons (C24 to C13) and magnetic discontinuities. The TDX filter used to enhance the 
edges of the magnetic anomalies of the magnetic total field and interpretation of the magnetic 
chrons and magnetic discontinuities. 

Figure 9.9: Low-pass filter of the magnetic total field grid (75 km) overlain by the identified and 
interpreted magnetic chrons and magnetic discontinuities. This map illustrates the regional 
segmentation of the magnetic field pattern which coincides with different oceanic domains. 

Figure 9.10: Band-pass filtering of the magnetic total field grid (long wavenumbers cutoff of 0 to 0.03 
1/k-unit) overlain by the identified and interpreted magnetic chrons and magnetic discontinuities. 
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This map illustrates the main oceanic anomalies and highlights the trends of the first and second 
order regional discontinuities observed in the Norway Basin. 

Figure 9.11: Map of gridded free air gravity anomalies overlain by the identified and interpreted 
magnetic chrons and magnetic discontinuities. 

Figure 9.12: Map of gridded Bouguer gravity anomalies (reduction 2200 kg.m-3) overlain with the 
identified and interpreted magnetic chrons and magnetic discontinuities. 

Figure 9.13: High-pass filtering of the Free-Air anomalies (75 km)) overlain by the identified and 
interpreted magnetic chrons and magnetic discontinuities. 

Figure 9.14: Map of the regional Bathymetry overlain by the identified and interpreted magnetic chrons 
and magnetic discontinuities. 

Figure 9.15: Interpretation of the main volcanic facies observed along the GMNR94-102R. The section 
also shows the gravity and magnetic signature observed along the volcanic margin. Volcano-
stratigraphic monenclature after Planke et al. ( 2001). 

Figure 9.16: Seismic observation along the COT near the Jan Mayen transform margin. The red curve 
represents the Free-air gravity anomalies after high pass filtering at 75 km. 

Figure 9.17: Seismic observation along the COT south of the Norway Basin pseudofault. Note that the 
COB often coincide with fluid escape and mud diapirs. The COB is interpreted east of the C24b 
anomaly, on the outer edge of the Inner SDRs. 

Figure 9.18: Seismic example of large volcanic mounts along COT, west of the Møre Marginal High. 
Some of the largest seamounts fit with gravity highs and could represent aborted spreading cells 
emplaced along the proto-breakup axis. 

Figure 9.19: Zoom along the domain 2, which characterise the Faroe volcanic shear margin and the 
complex and unclear transition between the Norway Basin and the the Faroes-Iceland Ridge 

Figure 9.20: Bathymetric, gravity and magnetic transects across the COT and the early spreading 
system of the Norway Basin. Blues labels indicate the magnetic chrons and black labels the 
spreading rates in mn/year. 

Figure 9.21: Examples of round features with opposite polarities compared to their surroundings. They 
are interpreted as off-axis volcanic mounds or aborted rift features. Dashed lines represent 
discrete third order (non-rigid) discontinuities. 

Figure 9.22: Significant Early-mid Eocene cinematic reorganisation of the Norway Basin between C22n 
and C21 (49.7-46.2 Ma). The spreading direction changes from NW-SE from C24 to C22 to NNW-
SSE/N-S after C22n. Chrons C21n are locally divided by crack propagation of the growing C20r. 

Figure 9.23: Detail of the Norway Basin “pseudofault”, located south of the Jan Mayen transform 
margin. The Norway Basin defines characteristic wavy magnetic pattern pointing in the direction 
of two propagator features. Between the propagating and the failing rift, the lithosphere is 
progressively transferred from one plate to another, giving rise to a shear zone with a quite 
distinctive magnetic fabric. Northern and southern segments are divided by the pseudofault and 
interacted together. 

Figure 9.24: Models of spreading centre reorientation by (A) gradual rotation and (B) propagation. 
Modified from Hey et al. (1980, 1988). 

Figure 10.1: Location of the three seismic lines used for potential modelling. 
Figure 10.2: Velocity-density functions for different geologic settings including oceanic sediments and 

crust. Compilation by courtesy of L. Marello, NGU. 
Figure 10.3: Compilation of magnetic data from the volcanic sequence of ODP Hole 642E (from 

Schönharting and Abrahamsen 1989). Flow unit numbers from 1 to 121 represent lava flows. Dl to 
D7 represent dikes and S4 to S49 numbers represent volcaniclastics). The graph illustrates the 
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stable inclination in degrees, the median destructive field (MDF), the natural remanent 
magnetization (NRM) and the Q-ratio. Note that the values used the old nomenclature in Gauss (= 
4 7� SI). The boundary between the upper and the lower series is at 1087 mbsf ad illustrates a 
clear polarity change. The reverse upper series is correlated with chron 24r of the magnetic 
polarity time scale, with an age of ca. 54 Ma. The normal polarity of the lower series is correlated 
with chron 25, indicating a hiatus between the two series. 

Figure 10.4: Compilation of magnetic reversals within the c. 6½ km thick basalt pile of the Faroe 
Islands, showing stratigraphy and the correlation with the Geomagnetic Polarity Time Scale after 
Abrahamsen (2006). 

Figure 10.5: Example of Flexural Moho computed for an elastic thickness value of 2 km in the Norway 
Basin area. 

Figure 10.6: Potential field modelling along the depth-converted LOS99-02 seismic profile. The detail 
geometries of the bodies are controlled by reflection and refraction seismic data and compared 
with the flexural Mohos deduced assuming different flexural elastic thicknesses of the plate. The 
top panel represents the TDX, tilt derivative, low-pass filtering and observed and calculated 
residual IGRF and RTP corrected magnetic anomaly (nT). The middle panel represents the 
observed and calculated free air gravity anomaly and the 75 km high-pass filtered free air gravity 
(mGal). Densities (black labels) are in 1000×kg.m-3. Red densities (in 1000×kg.m-3) represent the 
mantle densities assuming thermal expansion. 

Figure 10.7: Magnetic modelling along the depth converted LOS99-02 seismic profile. The detailed 
geometries of the bodies are constrained by reflection and refraction seismic data and compared 
with the flexural Mohos deduced assuming different flexural elastic thicknesses of the plate. The 
top panel represents the TDX, tilt derivative, low-pass filtering and the observed and calculated 
residual IGRF and RTP corrected magnetic anomaly (nT). The middle panel represents the 
observed and calculated free air gravity anomaly and the 75 km high-pass free air gravity (mGal). 
Along the transect, susceptibilities (blue labels) are in SI units and remanence values (red labels) 
in A/m. 

Figure 10.8: Potential field modelling along the depth converted LOS00-13 seismic profile. The detail 
geometries of the bodies are controlled by reflection and refraction seismic data and compared 
with the flexural Mohos deduced assuming different flexural elastic thickness of the plate. The top 
panel represents the TDX, tilt derivative, low-pass filtering and the observed and calculated 
residual IGRF and RTP corrected magnetic anomalies (nT). The middle panel represent the 
observed and calculated free air gravity anomaly and the 75 km high-pass filtered free air gravity 
at (mGal). Densities (black labels) are in 1000×kg. m-3. 

Figure 10.9: Magnetic modelling along the depth converted LOS00-13 seismic profile. The details 
geometries of the bodies are controlled by reflection and refraction seismic data and compared 
with the flexural Mohos deduced assuming different flexural elastic thickness of the plate. The top 
panel represents the TDX, Tilt derivative, low pass filtering and observed and the observed and 
calculated residual IGRF and RTP corrected magnetic anomalies (nT). The middle panel 
represents the observed and calculated free air gravity anomaly and the high pass filter of the free 
air at 75 km (mGal). Susceptibilities (blue labels) are in SI units and remanence (red labels) in 
A/m in the lower panel. 

Figure 10.10: Potential field model along the depth-converted line-drawing of the LOS00-13 seismic 
profile. The detailed geometries of the bodies are controlled by reflection and refraction seismic 
data and compared with the flexural Mohos deduced assuming different flexural elastic thickness 
of the plate. The top curve represents the TDX filtering of the magnetic total field. The Middle 
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panel represents the observed and calculated residual IGRF and RTP corrected magnetic anomaly 
(nT). The upper panel shows the observed and calculated free air gravity anomaly and 75 km high-
pass filter (mGal). Densities (black label) are in 1000gkg. m-3. 

Figure 10.11: Magnetic modelling along the depth converted OF94-97 seismic profile. The detailed 
geometries of the bodies are controlled by reflection and refraction seismic data and compared 
with the flexural Mohos deduced assuming different flexural elastic thickness of the plate. The top 
panel represents the TDX, tilt derivative, low-pass filtering and the observed and calculated 
residual IGRF and RTP corrected magnetic anomaly (nT). The middle panel represents the 
observed and calculated free air gravity anomaly and the 75 km high pass filter of the free air 
gravity (mGal). Susceptibilities (blue labels) are in SI units and remanence (red labels) in A/m in 
the lower panel. 

Figure 11.1: Evolution model for the major extrusive seismic facies units formed along the Continent-
Ocean Transition (COT) of the Møre volcanic margin in Early Tertiary time. Modified after 
Planke et al. (2000). COB: Continent-Ocean Boundary; VMBC: Volcanic Margin Continental 
Boundary. 

Figure 11.2: Effect of mafic underplating on depth dependant stretching, localization of the deformation 
and margin asymmetry. After Yamasaki and Gernigon, (2008, in press) 

Figure 11.3: Bathymetric, gravity and magnetic profiles along regional flow-lines across the Norway 
Basin. 

Figure 11.4: Different models for the evolution of the Norway Basin. The upper panel represent the 
classic fan-shaped spreading interpretation initially suggested by Talwani and Eldholm (1977) and 
Nunns (1982). This model involves a compensating triangular system between Greenland and the 
Jan Mayen microcontinent (A on the cartoon). The lower panel shows an alternative dislocation 
scenario proposed by Scott et al. (2005). 

Figure 11.5: Geodynamic evolution of the Norway Basin (Gaina et al., in preparation).
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NB-07 - FLT01 - 07/05/09 - Hour -10

Time [min]
15:4015:2015:0014:4014:2014:0013:4013:2013:0012:4012:2012:0011:4011:2011:0010:40

B
as

em
ag

 [n
T]

51 600

51 580

51 560

51 540

51 520

51 500

Line 10
Line 20

Line 30 Line 40

Line 50
Line 60

NB-07 - FLT02 - 07/05/14 - Hour -10

Time [min]
17:016:4016:2016:0015:4015:2015:0014:4014:2014:0013:4013:2013:0012:4012:2012:0011:4011:2011:0010:40
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T]
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51 660

Line 70 Line 80
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Line 100
Line 110

Line 120
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NB-07 - FLT03 - 07/05/16 - Hour -10

Time [min]
12:011:4011:2011:0010:4010:2010:0009:4009:20
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51 720

51 700
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51 660

Tie 5040

NB-07 - FLT04 - 07/05/22 - Hour -9

Time [min]
17:4017:2017:0016:4016:2016:0015:4015:2015:0014:4014:2014:0013:4013:20
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T]

51 540

51 520

51 500

51 480

51 460

Tie 5030
Line 130

NB-07 - FLT05 - 07/05/24 - Hour -9

Time [min]
18:4018:2018:0017:4017:2017:0016:4016:2016:0015:4015:2015:0014:4014:2014:0013:4013:20
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 [n
T]
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51 880

51 860

51 840

51 820
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51 780
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51 740

51 720

51 700

Line 131
Line 140

Line 150

Line 160

Line 170

NB-07 - FLT06 - 07/05/25 - Hour -9

Time [min]
18:4018:2018:0017:4017:2017:0016:4016:2016:0015:4015:2015:0014:4014:2014:0013:4013:2013:0012:4012:20
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T]
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51 840

51 820
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51 700

Line 171
Line 180

Line 190

Line 200

Line 210
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NB-07 - FLT07 - 07/05/26 - Hour -10

Time [min]
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NB-07 - FLT10 - 07/06/05 - Hour -9

Time [min]
14:4014:2014:0013:4013:2013:0012:4012:2012:00
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T]

51 800
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51 700

Tie 5000 Line 250

NB-07 - FLT11 - 07/06/06 - Hour -9

Time [min]
16:4016:2016:0015:4015:2015:0014:4014:2014:0013:4013:2013:0012:4012:2012:0011:40
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Line 280

NB-07 - FLT12 - 07/06/08 - Hour -9

Time [min]
18:2018:0017:4017:2017:0016:4016:2016:0015:4015:2015:0014:4014:2014:0013:4013:2013:0012:4012:2012:0011:40
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NB-07 - FLT13 - 07/06/11 - Hour -10

Time [min]
15:4015:2015:0014:4014:2014:0013:4013:2013:0012:4012:2012:0011:4011:2011:0010:4010:20
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51 720
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51 660

Tie 5060

Tie 5050

Line 121

NB07 - Vagar - FLT14 - 07/06/13

Time [min]
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NB07 - Vagar (Rørvik magnetometer) - FLT17 - 07/06/20

Time [min]
17:016:4016:2016:0015:4015:2015:0014:4014:2014:0013:4013:2013:0012:4012:2012:0011:4011:2011:00
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 [n
T]

51 840

51 820

51 800

51 780

51 760

Tie 5150
Tie 5160

Tie 5170
Line 370

Line 400
Tie 5140

NB-07 - FLT18 - 07/06/22 - Hour -9

Time [min]
19:0018:3018:0017:3017:0016:3016:0015:3015:0014:3014:0013:3013:0012:3012:0011:3011:0010:3010:0009:30
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Line 343
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Line 360 Line 372
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NB07 - Vagar - FLT21 - 07/06/30

Time [min]
16:2016:0015:4015:2015:0014:4014:2014:0013:4013:2013:0012:4012:2012:0011:40
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Line 481 Line 490 Line 500

Line 510
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NB07 - Vigra - FLT25 - 07/07/10

Time [min]
15:4015:2015:0014:4014:2014:0013:4013:2013:0012:40
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 [n
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51 360

51 340
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NB07 - Vigra - FLT26 - 07/07/12

Time [min]
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NB07 - Vigra (Rørvik magnetometer) - FLT29 - 07/07/18

Time [min]
14:4014:2014:0013:4013:2013:0012:4012:2012:0011:4011:2011:0010:4010:2010:00
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15:4015:2015:0014:4014:2014:0013:4013:2013:0012:4012:2012:0011:4011:20

B
as

em
ag

 [n
T]

51 400

51 380

51 360

51 340

51 320

51 300

Line 930 Line 920
Line 890 Line 880

NB-07 - FLT34 - 07/08/07 - Hour -11

Time [min]
14:4014:2014:0013:4013:2013:0012:4012:2012:0011:4011:2011:0010:4010:20

B
as

em
ag

 [n
T]

51 400

51 380

51 360

51 340

51 320

51 300

Line 860
Line 840 Line 830

Line 820

NB-07 - FLT35 - 07/08/09 - Hour -11

Time [min]
14:4014:2014:0013:4013:2013:0012:4012:2012:0011:4011:2011:0010:4010:20

B
as

em
ag

 [n
T]

51 400

51 380

51 360

51 340

51 320

51 300

Line 850
Tie 5240

Tie 5230
Line 800

NB07 - Vigra - FLT36 - 07/08/10

Time [min]
11:2011:0010:4010:2010:0009:4009:2009:0008:4008:2008:0007:4007:2007:00

B
as

em
ag

 [n
T]

51 840

51 820

51 800

51 780

51 760

Line 810 Line 820
Line 830 Line 790



���� �
��	
��
������
�


))�
�

�

�

�

�

NB07 - Vigra - FLT37 - 07/08/21
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NB-07 - FLT41 - 07/09/10 - Hour -11

Time [min]
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Line 670 Line 660

NB-07 - FLT42 - 07/09/12 - Hour -11

Time [min]
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NB-07 - FLT45 - 07/09/18 - Hour -11
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17 APPENDIX 2 
GEOLOGICAL SURVEY OF NORWAY DATA LABEL SCHEME 
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