INFORMATICS 2021 EAGE

21087

Computer technology for separating lithospheric magnetic

anomalies

*P. S. Martyshko (/nstitute of Geophysics UB RAS, Ekaterinburg, Russia), N. V. Fedorova (Institute
of Geophysics UB RAS, Ekaterinburg, Russia), D. D. Byzev (Institute of Geophysics UB RAS,
Ekaterinburg, Russia)

SUMMARY

New computer technology has been created using parallel computing in multiprocessor PC. The method
is implemented in a multithreaded C program using modern NVidia GPUs using the CUDA library and
its cuBLAS extension. The article presents a method for studying the structural features of the
anomalous magnetic field of the lithosphere and identifying anomalies from sources in different layers
of the earth's crust. To demonstrate the developed computer technology, a region of Northern Eurasia
with a size of 700 km % 450 km was selected and the aeromagnetic database of the Urals region was
used. Anomalies from various layers of the earth's crust were separated and maps of magnetic anomalies
from near-surface sources of the basement, as well as from sources at the granite layer and basalt layers,
were constructed. These maps make it possible to establish the position of deep faults in the upper crust
of'the Ural Orogen and under the sedimentary cover on the East European platform and Western Siberia,
as well as in deeper layers of the earth's crust. The results can be used for geodynamic reconstructions.
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Introduction

Magnetic anomalies provide important information about the structure and history of the Earth's
lithosphere. Study and analysis of the anomalous field structure have practical value for geological
mapping, geological survey, and prospecting for mineral resources, and in the sense of revealing the
peculiarities of the tectonic structure of the lithosphere and building geomagnetic models of the
Earth’s crust. The paper we present mathematical algorithms for separating magnetic field sources in
depth. We have developed new method and applied an efficient computer technology to study the
structure of the anomalous magnetic field and to divided of anomalies in different layers of the Earth's
crust. In the study of large regions, it is necessary to process big data, therefore, in our new computer
technology we used parallel computing on multiprocessor PC. The results of using this method are
demonstrated for the Northern Eurasia region, 700 km x 450 km.

Method of separation of anomalies from sources in the earth's crust

To divide the long- and short-wave components of the amplitude spectrum of anomalies,
geophysicists utilize numerical methods of field simulation at various altitudes (Magnetic Exploration
1990; Martyshko and Prutkin, 2003). The amplitudes of A7, anomalies do not exceed 1500 nT;
therefore, the methods for harmonic functions can be applied (Magnetic Exploration, 1990). The
anomalous magnetic field has an integral character and contains components from all the sources
located in the upper lithosphere. In order to extract the anomaly from the sources in different layers of
the earth's crust, a technique based on subsequent upward and downward magnetic data continuation
was used (Martyshko et al., 2014). Firstly, the field is continued upwards to level H, due to which the
effects of the local near surface sources (up to a depth H) are significantly suppressed. In order to get
rid of the influence of the local sources located in the horizontal layer between the surface and depth
H, the field, which was calculated to the height level above the initial surface, was then continued
downwards to the depth H. Since the downward continuation procedure is an ill-posed problem, the
regularization was applied. Finally, the field was continued upwards again to the initial surface. The
resulting field can be treated as the field of the sources that are located below the H level. Subtraction
of this field from the observed one gives the field that is generated by the layer. By repeating this
procedure in different heights and depths, we could separate the fields generated by the layers within
the corresponding boundaries.

Simulation of the magnetic field U(x, y, z)| =0 measured on the Earth’s surface area

D= {(x, y)eR*:a<x<b, ¢<y<d| upwards to the level z = -H is made by the Poisson’s formula

1 +00 +00 _H
27 % [(x—x’)2 +(y—y")’ +H2]3/2

U(x',y',0)dx'dy’. )

Simulation of the magnetic field to the initial level U(x, y, -H) is implemented by the first type of
Fredholm equation

Ku= 1 I J. 2l U,y H)dx'dy' =U(x,y,~H). )
2n s 2 [(x XY +(y=-y)+ 4H2]3

Solving the integral equation of the first kind (2) is an ill-posed problem, which requires application
of the regularization methods. The operator of Eq. (2) is positive definite and self-adjoint; therefore,
we can apply the scheme of (Lavrentiev, 1967).
After the grid discretization of equation (2) and approximation of the integral operator by the
quadrature formulas, the problem is reduced to solving the system of linear algebraic equations
(SLAEs) with the symmetric matrix K. In the regularized form, the system is

(K+alyu=U, 3)

where [ - is the identity matrix and « is the regularization parameter.
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For solving the SLAEs the iteratively regularized simple iteration method was used

uk+]=uk—/1l[(K+aI)t/k—Ul (4)

where A4, is the maximal eigenvalue of matrix K+al (symmetric case);

‘max

The stopping criterion in the iterative processes (4) is the fulfillment of the condition

with a sufficiently small ¢ .

Parallel algorithms

At the stage of upward recalculation of the magnetic field during calculation of integrated operator
(1), the parallel algorithm of the matrix to vector multiplying is used. Parallelling of the gradient type
iteration methods is based on splitting the K matrix by vertical bands into m blocks, and the solution
vectors u and the vectors U from the right part of the system of algebraic equations into m segments,
in such a way that n = m x L, where n is the dimension of the equation system and m is the number of
processors.

At any iteration, each of m cores (processors) computes its part of the solution vector. If the K matrix
is multiplied by the u vector, each one of m cores (processors) multiplies only the respective part of
lines from the K matrix to the u vector. The host processor performs data transfer and also computes
its part of the solution vector. Previously, parallel height transformation algorithms based on gradient-
type iterative methods were developed and numerically implemented on the Uran supercomputer at
the Institute of Mathematics and Mechanics of the Ural Branch of the Russian Academy of Sciences
(Martyshko et al., 2014). The computational experiments show that for large data volumes, paralleling
the algorithms significantly reduces the time of the computations. The method has proven itself well
in studies of a number of regions (Martyshko et al., 2012, 2016; Fedorova et al., 2013, 2017,
Fedorova and Roublev, 2019).

The development of personal computers with a large number of processors will enable the creation of
computing technology on the PC. Currently, the method described above is implemented on a PC in a
multithreaded C program that uses modern graphics processing units (GPUs) NVidia based on the
CUDA library and its cuBLAS extension. To control the calculation process, the GRIDCALC
software shell has been created.

Result of the separation of the anomaly from different lithospheric layers

To demonstrate the developed methods, we chose the Middle Urals region of 700 km x 450 km,
within which large magnetic anomalies are located. (Figure 1). In tectonic terms, the territory covers
the ancient Precambrian East European platform, Middle Urals and the western structures of West-
Siberian plate (Figure 1b). The intensity of magnetic anomalies reaches 1000-1500 nT (Figure 2a).
Digital data from the map of the Ural region were used to study the structure of the anomalous
magnetic field (Chursin et al., 2008). This database has a grid step of 0.25 m and can be used to
search for minerals. For regional studies, we set a grid step of 1 km. On the ancient East European
platform, the basement is covered with a thick sedimentary cover 4-6 km thick. The West-Siberian
plate is covered with a thinner sedimentary layer of 1-2 km. Within the open part of the Ural Orogen,
many crystalline massifs are exposed to the surface. As a rule, magnetic anomalies are created by
massifs consisting of basic-ultrabasite blocks. Granite masses do not create noticeable magnetic
anomalies. Anomalies from massifs in the upper layer of the basement to a depth of 2 km were
identified using up-down transformations for the conversion height H=2 km and were obtained by
subtracting these data from the initial field (Figure 2b). For magnetized sources located in deeper
layers below 2 km, up-down calculations were performed for /=20 km. Anomalies from magnetized
blocks in the granite layer were obtained as the difference between the calculated fields for H=2 and
20 km (Figure. 2¢). The magnetic field calculated for H=20 km consists of long-wave regional
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anomalies that correspond to the integral distribution of magnetization in the lower basalt layer of the
earth's crust (Figure 2d).
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Figure 1 Fragment of tectonic map of Northern Eurasia - Middle Urals region (Milanovsky, 2006)
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Figure 2 Magnetic anomalies of the Middle Ural region (a) and separated magnetic anomalies from
near-surface sources of the basement (b), granite layer (c) and basalt layer km of the earth's crust (d)
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Conclusions

A new computer technology was created and we used it to study the structural features of the
anomalous magnetic field for the territory of the Middle Urals. Anomalies from various layers of the
earth's crust were separated and maps of magnetic anomalies from near-surface sources of the
basement, as well as from sources at the granite layer and basalt layers, were constructed. On the East
European platform, under a thick sedimentary cover, linear anomalies were revealed created by the
Precambrian basic-ultrabasic massifs and anomalies from large uplifts and troughs of the basalt layer
of the earth's crust. The strike of the linear anomalies varies from latitudinal to meridional, which
indicates a long and complex history of the formation of the basement of the ancient platform. Within
the Urals and the West Siberian plate, linear anomalies are extended from north to south on all maps.
These anomalies make it possible to establish the position of deep faults in the upper crust of the Ural
Orogen and under the sedimentary cover in West Siberia, as well as in deeper layers of the earth's
crust. The results can be used for geodynamic reconstructions.
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