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ABSTRACT 

Recent Circum-Arctic digital compilations of magnetic, gravity and bathymetry data have been analyzed in order to 

provide a consistent view of the tectonically complex Arctic basins and surrounding continents. The new grids have 

been mathematically filtered in order to assist in the regional characterization of magnetic and gravity domains and 

boundaries. In particular, we have analyzed the frequency content, amplitudes, and patterns of regional magnetic 

anomalies in areas with disputed crustal structure and tectonic evolution (like Alpha-Mendeleev Ridge). The 

interpretation of potential field and its derivatives has been compared with recently released map of Arctic geology.  

 

CIRCUM -ARCTIC MAPPING PROJECT: NEW MAGNETIC AND ANOMALY MAP  OF THE ARCTIC  

An international effort to compile Circum-Arctic geophysical and bedrock data has been conducted by several national 

agencies (Russia-VSEGEI and VNIIO, Sweden-SGU, Finland-GTK, Denmark-GEUS, USA-USGS, Canada-GSC and 

Norway-NGU) since 2005. This project aimed to produce an atlas with geological and geophysical digital maps at a 

scale of 1: 5 million for the Arctic region bounded by the 60 degrees northern latitude. Here we mainly present the new 

Circum Arctic Magnetic Anomaly map (with a resolution of 2 km, upward continued 1 km, Fig. 1) and link it to the 

Circum Arctic Gravity Anomaly map (Free Air and Bouguer corrected, 10 km gridded data) and the Circum Arctic 

geology. 

 

New published and classified magnetic and gravity anomaly gridded data from each participant group were gathered 

and converted to a common datum (WGS84) and format. The magnetic anomaly compilation relies on 1 km gridded 

data for Canada (based on the Canadian Aeromagnetic Data Base), Alaska (based on Alaska USGS aeromagnetic 

database) and NW Europe (Fennoscandia compilation and the NGU NE Atlantic compilation) regions, and 5 km 

gridded data for oceanic and Russian regions (see Figure 2 for location of various contributions). The Greenland region 

magnetic anomaly grid ([14]) has been updated with new aeromagnetic surveys performed in West Greenland between 

1992-2001 ([12]), and in NW Greenland ([1,9]). The oceanic area east of Greenland (NE Atlantic) contains most of the 

aeromagnetic data used in the [14] s compilation (pre-1990) plus new aeromagnetic surveys over offshore Norway 

collected up to 2007 ( [3,10,11]). 
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The gridded data has been upward continued to 1 km above ground or sea-level and trimmed around the areas of major 

overlaps. The Alaska USGS aeromagnetic compilation has been used as the ñmaster gridò for merging the major 

gridded data sets together and the downward continued lithospheric magnetic field model MF6 derived from satellite 

data [7] has been used as a regional reference surface. We have used a blending function over the area of overlap in 

order to smooth the transition from one grid to the other (GridKnit, GEOSOFT). The resulting grid has been re-sampled 

to a 2 km grid cell. 

 

In order to construct the final Circum-Arctic magnetic anomaly grid (CAMP-M) we have adopted the approach used by 

several research groups for compiling the World Digital Magnetic Anomaly Map (WDMAM) and used near-surface 

magnetic data for the short wavelength component of the compilation and the satellite derived magnetic anomalies for 

the long wavelength ([5,6]). MF6 extends to spherical harmonics degree 130 (333 km wavelength) and therefore it is 

able to provide consistent long wavelength information between 300 and 400 km. This information is mainly related to 

regional deeper and/or thicker portions of the magnetic sources within the crust. 

 

 

 
Fig. 1. a) CAMP-M magnetic anomaly map; b) Magnetic anomaly map: gridded data sources; c) MF6 satellite magnetic 

field model (geoid altitude, upward continued 1 km, [7]) has been used as regional base for leveling the magnetic 

anomaly compilation and to fill the ñno dataò gaps. MF6 extends to spherical harmonics degree 130 (333 km 

wavelength) and therefore it is able to provide consistent long wavelength information between 300 and 400 km. This 

information is mainly related to regional deeper and/or thicker portions of the magnetic sources within the crust. 

 

The new CAMP-GM compilation is superior to similar gridded data over the Circum-Arctic area due to its better 

coverage (includes updated aeromagnetic data in the High Arctic, west and north of Greenland and in the NE Atlantic), 

preserves smaller wavelength structures by keeping the grid resolution at 2 km, and has a consistent regional long 

wavelength component introduced by the MF6 satellite based lithospheric magnetic model.  

 

 

 



DERIVATIVES OF THE CAMP -GM MAGNETIC ANOMALY GRID : WHAT CAN WE LEARN ABOUT 

THE ARCTIC GEOLOGY ? 

 

The contrast in density and degree of magnetization of various crustal units allows the mapping of boundaries between 

continental and oceanic areas, oceanic blocks (with different magnetization polarity) and other tectonic features (like 

fracture zones, active or extinct plate boundaries or sutures) that help deciphering the tectonic history. Based on the 

CAMP-M magnetic anomaly map, we have grouped 60 regional  magnetic domains which have been assigned to 6 

different magnetic pattern categories. For each magnetic pattern category we have also defined a geodynamic 

classification based on further examination of the particular domainôs topographic and bathymetric setting as well as the 

geologic and geodynamic setting (Fig. 2 and [13]). 

 

 
Fig. 2. Interpretation of magnetic anomaly fabric in the Circum-Arctic domain (background image represents 

bathymetry and topography). Magnetic domains are color-coded by geodynamic classification and numbered (see [13] 

for details). LIP stands for Large Igneous Province, DMH for Deep Magnetic Highs. 

 

In addition, we have used the new gravity and magnetic anomaly maps and their derivatives for refining the outlines of 

some of the present day tectonic features in the High Arctic area. In order to maximize the characterizing geometry of 

the internal basement structure as expressed by magnetic anomalies, we have tested several upward continuation of the 

CAMP-M magnetic gridded data, then computed the normalized derivative (tilt derivative, [8]) to trace the major 

magnetic contacts. We have used the derivative of the magnetic and gravity data (including magnetic field models 

derived from satellites, like MF6 [7] and EIGEN-GL04 [2]) to outline Large Igneous Provinces (LIP) as  the Alpha 

Ridge, or the location of ancient plate boundaries (sutures) like the South Anyui Suture, and other tectonic contacts 

(Fig. 3).  

 

 

CONCLUSIONS AND FUTURE WORK  

 

As seen in Fig. 3, the High Arctic region is a collage of young and older oceanic basins, with blocks of continental 

slivers scattered among them, and surrounded by continental blocks and mixed crust that experienced several phases of 

deformation. The new geophysical compilations cannot completely uncover the complexity of this area, but , together 

with the satellite data, offer a cohesive image of the first order tectonic features and possible deep structure of the crust. 

Our goal is to provide a framework for more detailed study and interpretation and to stimulate further studies of 

Circum-Arctic tectonics and geodynamics. Detailed and quantitative interpretation of magnetic anomalies requires 

constraints from other data sources such as seismic as well as actual physical measurements from surficial and borehole 

samples. However, more precise and detailed data and models from satellites are an essential tool for understanding 

Earthôs evolution, especially in remote and poorly constrained regions like the High Arctic. 

 



 
Fig. 3. a)  The Geological map of the Arctic (Harrison et al., 2008), shaded relief: tilt derivative of the upward 

continued (30 km) CAMP-GM magnetic anomaly that highlights the small-medium wavelength tectonic fabric, like the 

oceanic crust magnetic isochrones and continental ñmobile crustò that might correspond to high topography ; b) The 

Geological map of the Arctic [4], shaded relief: MF6 magnetic model  this highlights the long  wavelength (and 

possible deep) tectonic features, note the distinct pattern of the volcanic province (Alpha-Mendellev) in the centre of the 

image; c) Tilt derivative of the upward continued (60 km) CAMP-GM magnetic anomaly gridded data and  outlines of 

the tectonic boundaries (green- continent-ocean boundaries, yellow ï extinct and active plate boundaries, light blue ï

possible limits of microcontinents and terranes, red ï possible trace of the South Anyui Suture and Ellesmere suture, 

purple ï minimum extent of the Alpha Ridge block); d) Tectonic feature boundary outlines based on interpretation of 

magnetic and gravity anomaly derivatives superimposed on the CAMP geological map. 
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