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AN OVERVIEW OF POTENTIAL FIELD DATABASES 
AND STUDIES AT THE GEOLOGICAL SURVEY
OF NORWAY

Aziz Nasuti & Geophysical team at NGU



NGU was established in1858 (166 yrs.)

The Geological Survey of Norway (NGU)

200 employees 

•Geological Mapping
• Solid Earth 

Geology
• Quaternary 

Geology
• Marine Geology
• Geochemistry 

and 
Hydrogeology

• Geohazard and 
Earth 
Observation

•Geological Resources and 
Environment

• Geophysics
• Natural 

Construction 
Materials

• Mineral 
resources

• NGU Laboratory

1. NGU collects, processes, and shares 
knowledge about bedrock, mineral 
resources, deposits, and groundwater.
2. Key areas include the Arctic, Antarctica, 
Svalbard, and the continental shelf.
3. NGU's motto is "Geology for the Society."
4. NGU provides maps and geological 
information in national databases.



Geophysics at NGU 





NGU Geophysical databases 

1- Ground Geophysics

2- Airborne Geophysics  

1- Gravity & Magnetics 

3- Electromagnetics (VLF, EM, MT, GPR) 

2- Electrical method (DC resistivity and IP)

4- Seismics (Refraction and reflection)

1- Aeromagnetics 

2- EM and VLF

3- Aerogravity 

4- Radiometry 

5- Borehole logging



Ground geophysical database

Olesen et al. 2010



1- The history of airborne geophysics at NGU

2- Type of data (methods)  
• Coverage maps
• Resolution 
• Quality 

3- How to find datasets 

Airborne databases 

After Michael F. Diggles (2005) 



60 years of airborne surveying at NGU



233 Surveys 

Line Spacing 
100-1000 m

Flight height 
30-300





Multidisciplinary onshore Geophysical datasets 

Gravity anomaly

Magnetic anomaly

Radiometric data

Electromagnetic dataData: https://geo.ngu.no/geoscienceportalopen/search

https://geo.ngu.no/geoscienceportalopen/search


Offshore geophysical data 
Line spacing 250 – 7500 m 



Case studies using Potential field 
dataset to map geology and 
modelling the underground  



Nissedal complex
South Norway  

CASE 1



DATA

1- Geological surface samples  

2- Geophysics 

Airborne 

Ground data           gravity data  

Magnetic data  

Radiometric data

Elelectromagnetic data 

3- Petrophysics

Survey 
name 

Survey 
year 

Collected 
data types  

Used 
instruments 

Average 
flying 
height, line 
spacing 
and 
direction 
(azimuth) 

Reference 

Bamble 2005 HEM, 
Magnetic 
Radiometry  

Hummingbird 
Cs-2 
and GR-820 

60 m, 
100 m, 
246° 

Mogaard, 
2006 

Nissedal 2011 HEM, 
Magnetic 
Radiometry  

Hummingbird 
Cs-2 
and RSX-5 

80 m, 
200 m, 
90° 

Ofstad and 
Baranwal, 
2016 

Kviteseid 2012 Magnetic 
Radiometry 

Cs-3 
and RSX-5 

50 m, 
100 m, 
210° 

Baranwal et 
al., 2012 

Kviteseid-
Notodden- 
Ullefos 

2013 Magnetic 
Radiometry 

Cs-3 
and RSX-5 

80 m, 
200 m, 
140° 

Stampolidis 
et al., 2014 

Drangedal 2014 Magnetic 
Radiometry  

Cs-3 
and RSX-5 

80 m, 
200 m, 
155° 

Stampolidis 
& Ofstad, 
2014 

Telemark 2015 Magnetic 
Radiometry 

Cs-3 
and RSX-5 

80 m, 
200 m, 
90° 

Stampolidis 
& Ofstad, 
2015 

BITE 2020 HEM, 
Magnetic 
Radiometry  

Hummingbird 
Cs-2 
and RSX-5 

87 m, 
200 m, 
90° 

Ofstad & 
Tassis, 
2021 

Vegårshei 2020 HEM, 
Magnetic 
Radiometry  

Hummingbird 
Cs-2 
and RSX-5 

87 m, 
200 m, 
90° 

Ofstad & 
Tassis, 
2021 

 

4- Geochronology data



What did we have? 

What do we have now



Radiometry

 



Ternary map

Potassium 
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What about depth? 

Density contrast 0.05-1 g/cm^3

N                                                                                 S

Werner deconvolution depth solutions 



N



Surface Geology Depth Model



Kautokeino

CASE 2



GNC: Gaissa Nappe Complex ; IT: Inari Terrane; KKGB: Kautokeino Greenstone Belt ; 
KNC: Kalak Nappe Complex ; KSGB: Karasjok Greenstone Belt; LGB: Lapland Granulite
Belt; MN: Magerøy Nappe; LNC: Laksefjord Nappe Complex ; PPP: Polmak-Pasvik-
Pechenga greenstone belt RGC:Ráiseatnu Gneiss Complex ; RNC: Reisa Nappe 
Complex ; SIB: Seiland Igneous Province ; SKT: Sørvaranger-Kola Terrane ; UmA: 
Uppermost Allochthon ; WTBC: West Troms Basement Complex Koistinen et al., 2001



Bingen et al., 2015 



NGU and GTK magnetic data Geological map in 250,000 scale 



NGU and  Finnish Geospatial Research Institute
 (FGI)  gravity data 

Geological map in 250,000 scale Gravity Magnetic



Silvennoinen et al., 2014

Moho 

depth 



Fennolora 

G

H

Guggisberg et al., 1991)

Moho



3D view of Greenstone Belt 

20 km

43 km

10 km

Observed 
Modelled 

D: 2.96 g/cm^3D: 2.86 g/cm^3

D: 2.8 g/cm^3

D: 2.67 g/cm^3

D: 2.63 g/cm^3 D: 2.64 g/cm^3

D: 2.96 g/cm^3



Addijt Formation 



Voxi Oasis montaj

Grav/Mag data

Topography 
or elevation 
data Voxels



Positive gravity anomalies



Negative gravity anomalies



Positive gravity anomalies (red) 
Positive magnetic anomalies (pink)



3D density modelling
CASE 3 NEONOR2



Study area: tectonic settings

(COB – continent-ocean boundary)



Datasets for sediments Datasets for crystalline crust



Observed Gravity field

Observed gravity field 
Free-Air gravity anomalies (Andersen et al., 2013)

Calculated gravity field Modelled gravity response of the 3D 
density/structural model

Modelled Gravity field



3D density/structural model



2D vertical slices

Location of the selected vertical slices



Vertical slice trough the middle part of the 3D density model

2D vertical slices



Crustal Onshore-Offshore Projects 

Northwestern Europe  (bathymetry and topography from IOC, IHO, BODC 2003)



Location of the 2D vertical slices through the
 3D density model



2D vertical slices

Selected 
vertical slice



2D vertical slices

Gravity effect of the oceanic domain



Sediments: thickness map

Pre-Creataceous (Jurassic, Triassic and older sediments)

Top of the crystalline crust



Crystalline crust: thickness map

Upper crustal high-density crystalline rocks (2860 kg/m3)

Crystalline crust: thickness map

Middle crust (2740 kg/m3)



Crystalline crust: thickness map

Regional upper crustal layer (2675 kg/m3)



Crystalline crust: thickness map

Thickness of the whole crystalline crust Moho topography

Base of the crust



3D density/structural model



Datasets used for the internal structure of the 
crystalline crust

Deep part: Moho and crystalline crust



3D gravity modelling: Input 3D model



Deep structure:

3D density and magnetic 
modelling



Gravity anomaly map

Bouguer gravity anomalies onshore and 
Free-Air anomalies offshore
 (data from Olesen et al., 2010 and Andersen et al., 2010)

Modelled Gravity anomaly map



Observed magnetic anomaly map

Observed magnetic field (compiled by Nasuti et al., 2013)

Modelled magnetic field



Lithosphere-scale 3D model of the northern North Sea and adjacent 
areas of the continent (Maystrenko et al., 2013)

4 times 
vertically 
exaggerated

3D structural model



Upper part: crystalline basement

Structural map of depth to the top of the crystalline basement(after Christiansson et al. 2000; Olesen et al. 2007, 
Ebbing & Olesen 2010, Maystrenko & Scheck-
Wenderoth 2013  Ebbing & Osmundsen 2012  Lassen 

Moho



2D vertical slices: magnetic modelling

Vertical slice 3

MohoMoho



Crustal fragmentation, magmatism, and the diachronous 
opening of the Norwegian-Greenland Sea

Case study 4

Presenter Notes
Presentation Notes
Good morning everyone,
As you can see on the slide displayed, my plan today is to describe the onset of breakup between Norway and Greenland 
This presentation is a short summary of a review paper which now is in press in Earth Science Review
This work has been  in collaboration with my colleagues from



BASAR PROJECT: Regional setting – scientific issues
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~300 My of 
episodic 
rift events

JMMC

Vøring

Møre
Faroe
Plateau

breakup

Caledonides

NORWEGIAN-GREENLAND SEA

Key question: How and when the original 
continental amalgamation (Baltica-
Greenland) ultimately broke apart?

JMMC: Jan Mayen Microplate Complex

Iceland

Geological setting: from Caledonides to sea-floor spreading

JMMC

Volcanism after Berndt et al., 2001 and Geissler et al., 2017

Presenter Notes
Presentation Notes
The NGS in the North Atlantic  is a very interesting area to understand better the transition from continental to oceanic rifting, which is a fundamental  component of the Wilson cycle
However, how and when precisely the original amalgamation Baltica-Greenland finally broke apart is still unclear and this  problematic is one of the main topic of this contribution
One of the specificity of this region is the extremely long period of rift episodes leading to breakup an subsequent seafloor spreading between Norway and Greenland. Basically, we have to deal with almost 300 my of episodic rifting events between the collapse of the Caledonian orogen in late Devonian and the onset of  breakup in Early Eocene
A second characteristic of the NGS is the huge amount of magmatism formed during the onset of breakup. It is typically expressed as volcanic SDRS emplaced along the continent-ocean transition of most of the conjugate margins of the entire NEA 
In the NGS, the spreading history is also very complex and also associated with the formation of the so-called JMMC 
As previously mentioned by Gillian, the JMMC resulted from 2 phases of breakup: the first phase of breakup around 55 Ma leading to the opening of the Norway Basin and a second phase of breakup leading to the opening of the Iceland Plateau around 24 My ago in Late Oligocene after spreading ridge relocation between the extinct Aegir and Kolbeinsey Ridge
How and when the original continental amalgamation (Baltica-Greenland) ultimately broke apart was one of the main thematic of our review paper





Line/tie-line spacing: 6/20 km

Sensor elevation: 230 m

Area coverage: 80.000 km²

Total flying distance: 17.600 km

A total of 88.100 km of new HR/HQ 
magnetic profiles from COB to COB

Norwegian-Greenland Sea: New aeromagnetic data

Presenter Notes
Presentation Notes
On the oceanic part , our analysis of the NGS was mostly based on the result of new high resolution magnetic data acquired between the mid Norwegian margin and the Jan Mayen Microplate complex. Between 2005 and 2012 we have acquired 88.100 km of new HR covering of marge part of the oceanic domain and continent ocean transition.



Comparison with vintage aeromagnetic data

Previous “Vintage” compilation after Olesen et al (2010)

Old magnetic grid based on
”unreliable” vintage dataset

(e.g. release data, NGDC, 
Verhoef, CAMP, EMAG2

Presenter Notes
Presentation Notes
This new dataset has been useful to get a better imaging of the spreading evolution and the new magnetic chrons have been used to refine the plate reconstruction model of the NGS
Here is the previous grid based on the vintage  dataset we had before the new surveys



Up-to-date aeromagnetic compilation 2019
© continental shelf geophysics NGU

New total magnetic field 
grid +MF7 satellite 
correction
The new NGU compilation 
also includes the 
reprocessing of all 
surrounding dataset
(e.g Gernigon et al., 2019)

Presenter Notes
Presentation Notes
Here is the last and up to date NGU compilation of the Norwegian Greenland Sea

You can easily see that the definition and resolution of the magnetic spreading anomalies and associated fractures zones improved quite a lot.






BASAR PROJECT: Regional setting – scientific issues

Møre 
Basin

The Base Cretaceous 
Unconformity (BCU) 
illustrates the pre-drift 
configuration of the rift 
system between Norway 
and Greenland.

In Late Cretaceous, a 
new  phase of stretching 
and thinning focused in 
the western flank of the 
Late Jurassic-Early 
Cretaceous inner rift 
system 

Greenland at C24
(~54 Ma)

Halten
Terrace

Traillø

Vøring
Basin

Pre-drift configuration: What’s happened before the SDR emplacement ? 

Permo-Trias rift axis

Late Jurassic-Early
Cretaceous rift axis

Late Cretaceous-
Paleocene rift axis

Trøndelag
Platform

Presenter Notes
Presentation Notes

This map of the BCU basically highlights structural configuration of the rift system below the Cretaceous sediments
Offshore Norway, the central axis of the Late Jurassic-Early Cretaceous rifting episode appears to be shifted seaward relative to the Permo-Triassic rift basins mostly observed in the present day platform domain
The main Late Jurassic-Early Cretaceous rift axis coincides more of less with the central part of the regional sag basin including the More and Voring basin separated by the JMC
However, the Late Cretaceous rift system leading to the volcanic margin simply formed in the outer part of the More-Voring sag basin
Before Breakup, The proto-JMMC was located south of the Vøring transform margin and was most likely in the southern prolongation of the outer ridge system







Volcanic margin formation: lessons from the outer Vøring basin
Show a hiatus between
Late Maastrichtian/Early
Paleocene (~BTU Unc)

Tilt and faulting during
Campanian-
Maastrichtian

Minor faulting during
mid/Late Paleocene -> 
migration of the 
deformation

US: Upper series: 
transitional E-MORB 
Type 
Age: around 56-54 Ma 
(Sinton et al., 1998) 
(C24r)

LS: Lower series: 
rhyolite, ignimbrite, 
andesite, dacite
Age: 57.8 Ma  (close to 
C25n/C24r, Abdelmalak 
et al., 2016)
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Migration of the deformation

Presenter Notes
Presentation Notes

The OVB is also a very interesting place to understand the onset of breakup and the timing of the volcanic margin formation in this specific margin segment
Thank to new explorations wells, we got even more confirmation that the last rift event proceeding the SDR emplacement most likely initiated in the middle Campanian.
Seismic data and the recent calibration also suggests that most of the Campanian-Maastrichtian syn-rift sequence and associated faulted block observed close to the basalt were truncated by the BTU which is itself onlapped by a younger sequences of Paleogene-Early Eocene sediments. 
It is important to notice that the BTU is not really the breakup unconformity. The purple sequence along this section is not post-rift but coincides in time with the period of drastic magmatic thinning and SDRS formation observed at the edge of the Vøring Marginal High
This strange configuration also suggests that from Maastrichtian to Early Eocene; the deformation migrated and focalised towards the growing magmatic province
The ODP well 642 also drilled the transition between the US and LS of the Vøring volcanic plateau. Recent re-evaluation of the well also suggests that the transition between the andesite and the MORB of the overlying Inner SDRS is around 57-58 basically close to the C25-C24r magnetic transition
Most of the Upper series drilled at the edge of the SDR show reverse magnetisation. However, the positive magnetic signature in the outer part of the SDR also suggests that part of the lavas do not emplaced only at C24r but the uppermost part of the wedge  possibly form during a younger phase of normal and positive magnetic polarity

************************An intriguing feature of the Outer Vøring is also this intriguing TR observed in the deep part of the crust. It coincides with the top of the high velocity lower crust often interpreted and breakup related underplating along volcanic margin. However, our studies show now that this deep structures was influencing the basin deformation far before the onset of  magmatism in the Vøring and there is a large census to suggest that part of this LCB may also represent very old lower continent lower crust which has been exhumed during the progressive thinning of the crust




Vøring
Basin

Volcanic margins: what about timing and segmentation?

A

Syn-magmatism/syn-thinning SDRS

Møre
Basin

Early breakup 
(COB) initiated here 

(Chon 24r)

A

Norway Basin F.Z

Dike propagation

Extinct spreading ridge axis 
around C25? (~57.5 Ma)  
(interpreted as an 
embryonic oceanic domain 
before ultimate breakup at 
~C24r (~54Ma)

In the outer More, some 
Inner SDR observed on 
seismic formed before 
C24r-C24n1n

COB

C24r

C24n3n
C24n1n

 
 

 
 

 

C26

C25

C24

C23

C22

C21

Presenter Notes
Presentation Notes

The process of demarcation of a continent-ocean ‘boundary’ is often biased and complicated due to contradicting definitions and ambiguous interpretations of sparse petrological and geophysical data
Thanks to the new aeromagnetic data, we have been able to identified the first evidence of spreading before the first C24n magnetic polarity chron 
 before C24 r some prominent magnetic feature are observed but not show a linear pattern. Sucg features correspond to some kind of embryonic or highly intruded continent crust also associated with dike swarm locally observed along the transform margin
What is also interesting in the outer More is that the SDR mapped with Seismic data formed before the C24 magnetic chron





Diachronous opening model of the Norwegian Greenland Sea

Conceptual model of volcanic margin segmentation (from North to South) during the punctiform initiation of breakup 
around C24n3n (Early Ypresian ~53.98 Ma)

The model considers the volcanic margins to be diachronic. The breakup and early opening of the Norwegian-Greenland 
Sea were not instantaneous but propagated in different directions. 

Magmatic segment Magmatic segment

Presenter Notes
Presentation Notes
In or model The oldest oceanic cells nucleated separately first in the northern part of the outer Møre margin and west of the Lofoten-Vesterålen margin, along moderately magmatic margin. The individual nascent oceanic sub-basins show progressive development.
SDRs and early spreading developed progressively towards the Faroe Plateau/GIFR and the Vøring Marginal High where time delays in the breakup along the main volcanic segments
Volcanic margin formation and breakup in the NGS are typically regarded as processes that occurred almost instantaneously across the whole NGS segments at around 54 Ma (C24r). However, assuming rigid plates, and homogeneous lithosphere, an oceanic rift should, in theory, propagate over time through the extended lithosphere as a natural consequence of the relative motion of the plates about a pole of rotation (Vink, 1982). It is unlikely that either instantaneous breakup of long (> 200–400 km) marginal sections or progressive opening of the oceanic basin occurred around one common pole of rotation in the NGS.
The model considers the volcanic margins to be diachronic. In this model, the breakup and early opening of the Norwegian-Greenland Sea were not instantaneous but propagated in different directions.




Atlas of Geophysics of Norway (GON)

NGU and partners will within the frame of the GONA
Project provide comprehensive and state of the art
geophysical compilations and interpretations.
 High-resolution geophysical data are particularly 
useful for detailed mapping of bedrock lithologies and 
structures such as volcanics, igneous bodies, Moho 
and top basement, fault systems, deep weathering, 
thermal modelling, uplift, subsidence and onshore-
offshore basement structures. The deliverables will 
include 3D crustal, thermal and rock stress modelling

Current Project



KEY RESEARCH TOPICS related to our using potential field data 
Includes: 

     Mapping surface geology (bedrock, faults, folds,…)

     Modelling underground  (in 2D and 3D) 

     Modelling of geological structures in all scales. 

• Evolution of volcanic rifted margins, volcano‐stratigraphy,
• microcontinent formation (Jan Mayen) – Plate reconstruction
• Lithospheric rupture, oceanic accretion (Norwegian‐Greenland Sea)
• Sedimentary basin analysis, modelling, salt tectonics
• Basement characterisation, inheritance, Onshore‐offshore correlation 
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