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on the territory of Polar Urals 

*L. A. Muravyеv (Institute of Geophysics, Ural branch of the Russian Academy of Sciences), 
N. V. Fedorova (Institute of Geophysics, Ural branch of the Russian Academy of Sciences) 

SUMMARY 

We performed approximation of the magnetic anomalies, given at three different heights by global 
models Circum-Arctic mapping project CAMP-M, EMAG2_v3 and WDMAM 2, corresponding to 
altitudes of 1, 4 and 5 km respectively for the territory of the Polar Urals and the adjacent Arctic Ocean 
area. The data from these models were approximated by singular sources - uniformly magnetized rods. 
Optimization of source parameters was implemented using parallel computing on a GPU. 
Approximation allowed the calculation of the vertical component of the anomalous magnetic field for 
further application of interpretation methods. Simultaneous approximation of the magnetic field of 
several different global models makes it possible to compare the quality of these models with each 
other. 
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Introduction 
 
The Arctic is one of the least explored, but the most promising region in the world. Interest in the 
study of the deep structure of the Arctic Ocean and the adjacent part of the continent is associated 
with significant undiscovered mineral resources. The features of the deep structure of the lithosphere 
are reflected in the magnetic anomalies observed from the Earth's surface, as well as in the methods of 
remote sensing of the Earth from space.  By processing the totality of the results of magnetic survey 
results accumulated to date at various heights, several research groups have created a number of 
regional and two global anomalous magnetic field databases: EMAG2 and WDMAM. For several 
regions of Russia, we showed that the data from these sources are quite different from each other and 
from the results of ground-based magnetic surveys (Muravyev and Hasanov, 2019).  At the same 
time, these global databases are publicly available and can be a valuable source of data for 
constructing regional magnetic models of the Earth's crust. We used these data to study the polar part 
of the Urals and the adjacent area of the Arctic Ocean within a trapezoid with coordinates 66-72°N 
and 48-74°E (Figure 1). 

 
Figure 1 Image of Russian magnetic anomaly map (VSEGEI, edited by T.P.Litvinova) 
 
Initial data 
 
Aeromagnetic survey data with acceptable resolution and coverage of the selected area are not 
publicly available. Therefore, as the initial data, we used publicly available sources - global databases 
of magnetic anomalies EMAG2_v3 and WDMAM2, as well as a map of the anomalous magnetic 
field of the Arctic CAMP_M of the “Circum-Arctic mapping project” (Gaina et al., 2011). The Arctic 
magnetic anomaly map was presented in 2011, before the appearance of global models. These data 
refer to height 1 km and covers the area north of the 60° parallel with 0.02° resolution. The 
WDMAM2 model (Dyment et al., 2018) is the second version of the World Digital Magnetic 
Anomaly Map, which is presented by the International Association for Geomagnetism and Aeronomy 
(IAGA). This database have a spatial resolution of 0.05 degrees and correspond to the analytical 
continuation of the field to 5 km altitude. EMAG2_v3 is the third version of the EMAG alternative 
magnetic anomaly model, which was developed based on the NOAA baseline grid prepared by the US 
National Geophysical Data Center (NGDC). Version 3 has a spatial resolution of 2 arc minutes, and 
the analytical continuation height corresponds to 4 km above the geoid (Meyer et al., 2017). It should 
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be noted that in all three databases for the territory of Russia, the survey results provided by the USSR 
Ministry of Geology were used as the initial data, but the sources do not indicate what scale of data 
was used. Initial data of anomalous magnetic field for the selected area were recalculated in the 11th 
zone (central meridian 63°) of the Gauss-Kruger projection (Muravyev and Byzov, 2015) and prepare 
three grids with 384 × 507 cells and 2.5 km step (194688 nodes). The normal geomagnetic field 
components, was calculated according to the IGRF model for each altitude: 1, 4, 5 km. 
 
Approximation method 
 
To find the distribution of magnetized sources in the lithosphere, we used the class of singular sources 
- magnetized rods. In a paper (Mayer et al., 1985) was shown that a small number of such sources can 
well approximate complicated magnetic anomalies. Each rod is determined by seven parameters: six 
coordinates of two edges and its linear magnetization.  Such sources allow calculating the integral 
characteristics: magnetic moment, depth to the center of the object, top and bottom edges. Magnetic 
anomalies from such sources are expressed through algebraic functions and are calculated very 
quickly. For a more stable search for source parameters, we used data at three heights. The 
approximation reduces to solving the following nonlinear programming problem: minimization of the 
functional, which is the difference between the measured data and the field of model sources: 

𝐹ሺ𝑁,𝑝ሻ ൌ෍ ෍ሺ𝛥𝐵𝑎௜ െ 𝑓ሺ𝑁,𝑝, 𝑥௜ ,𝑦௜ ,𝐻௞ሻሻଶ
ெ

௜ୀଵ

ଷ

௞ୀଵ
 

Where ΔBai – initial data at the points (xi, yi, Hk) i = 1, ..., M on observation height Hk  k=1, 2, 3 (may 
be in irregular grid); N – the number of objects involved in the procedure; P – vector of rod 
parameters with dimension 7×N; f – function that calculates the total magnetic anomaly of N rods, 
parameters of which are determined by the vector P at the points (xi, yi, zi). Various nonlinear 
programming methods were used for this functional minimization and the Polack-Ribier method was 
chosen as converging faster than the others (Byzov et al., 2017). The method is implemented in a 
multithreaded program using NVidia GPUs and the CUDA library with cuBLAS extension. The 
software shell “selection by rods” was developed to control the computation process allowing the use 
of several values of the anomalous magnetic field and the normal geomagnetic field at the 
corresponding heights for each observation point. For the sources found as a result of the 
approximation, it is easy to calculate the rectangular components of the induction vector (Bx, By, Bz), 
and also to make a reduction to the pole. This allows the use of magnetometry methods developed for 
harmonic functions: analytical continuation of anomalies up and down, solution of inverse problems. 
The methods are described in detail in (Martyshko et al., 2016) and has been successfully used for 
both near-surface and deep sources (Fedorova et al., 2017; Fedorova and Roublev, 2019; Martyshko 
et al., 2018). 
 
Calculation results 
 
As the approximation result, 1663 sources were found. Figure 2 shows the statistics of the parameters 
distribution: the length of the rods, the depth of their centers, and the values of magnetization. The 
average length of the rods was 35 km. The rod centers depth histogram is similar to the normal 
distribution with average 25 km. The magnetization varies from 0 to 1700 A/m, mean is 599 A/m. 
The vertical component of the magnetic anomalous Bz was calculated at the all altitudes. 
 
The found sources and the calculated magnetic anomalies ΔB and Bz at three heights (1, 3, 5 km) are 
shown in Figure 3. The table lists the initial and calculated data intensities, and the root mean square 
error (RMS) between these magnetic anomalies datasets. With an average intensity of the anomaly of 
several hundred nT, with several outliers of more than 5000 nT, the RMS values between the initial 
and calculated anomalies were: ± 31 nT at an altitude of 1 km, ± 50 nT at an altitude of 4 km, ± 70 nT 
at an altitude of 5 km. This error distribution by heights can be explained by two reasons. The first is a 
approximation method specialty, the greatest effect on the optimized functional is exerted by the field 
values with high strength at low altitude. Secondly, the cause of large errors for heights of 4 and 5 km 
may be the actual discrepancy between the databases used. 



  

 
 Geoinformatics 2021 

11-14 May 2021, Kyiv, Ukraine 

GEOINFORMATICS 2021

 
Figure 2 Source parameter distributions: a - length, b - depth to the center, c – magnetization 
 

  
Figure 3 Calculated magnetic anomalies ΔB (solid contours) and Bz (dashed line) from the optimized 
system of singular sources: a - at 5 km (corresponds to WDMAM2); b - at 4 km (corresponds to 
EMAG2_v3); c - at 1 km (corresponds to CAMP-M); d - magnetized rods. 
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Table. Intensity of magnetic anomalies. 
Database Altitude 

(km) 
Initial anomalies (nT) Calculated anomalies (nT) RMS 

(nT) min max mean min max mean 
CAMP-M 1 -508 5767 -8 -583 -583 -10 ±31 
EMAG2_v3 4 -462 5181 -10 -412 -412 -10 ±50 
WDMAM2 5 -328 738 -14 -374 -374 -10 ±70 

 
Conclusions 

The approximation of the anomalous magnetic field by singular sources has been successfully applied 
for the data set at different heights. The high efficiency of the developed computer technology with 
parallel computations on large grids was shown.  The distribution of singular sources in the 
lithosphere and the vertical component of the anomalous magnetic field was calculated for the Polar 
Urals and the adjacent Arctic Ocean territory with dimensions of 900×1200 km. The sources 
distribution shows that most of the magnetized blocks are located within the earth's crust, the average 
depth of the rod centers is 25 km. It is necessary to additionally investigate the issue of the correct 
determination of the contribution to the optimized functional of data at different heights, possibly 
through the introduction of weight coefficients. The reason of large error for 5 km may be the actual 
discrepancy between the WDMAM and EMAG2 databases. The approximation of the data given at 
different heights by one set of sources can be used to obtain an independent rating of global databases. 
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