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ABSTRACT. The research area includes the White Sea and adjacent land located in the junction zone of the eastern 
part of the Fennoscandian Shield and the Russian Plate. The purpose of the study is to construct a model of the litho-
spheric structure of the region using decomposition of anomalous gravitational and magnetic fields and inverse problem 
solving for components of gravity and magnetic fields, respectively. The decompositions of the fields were provided by the 
singular spectral method in the software package "R 4.3.1". The inverse problems were solved using the programs of the 
"Integro" complex. The components of the fields help to identify and analyze buried geological structures. The rift system 
of the White Sea is most clearly represented by the fourth component of the gravitational and magnetic fields. The posi­
tions of density and magnetic inhomogeneities of the Earth’s crust corresponding the components of the fields have been 
determined. The component model is compared with the seismic density and magnetic models of the lithosphere along 
the 3­AР geotraverse (Kem – White Sea Throat).
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1. INTRODUCTION
The paper presents the modeling results for the White 

Sea area and adjacent land located in the junction zone of 
the eastern Fennoscandian Shield and the sediment-cov-
ered Russian Plate. Geodynamics of the region is deter-
mined by continuous postglacial shield uplift, flow of the 
upper mantle from the Barents Sea basin underneath the 
continental crust, influence of spreading pressure for the 
Arctic and Atlantic Mid-Ocean ridges, and change in the 
Earth’s rotation regime [Kutinov, 2021]. The features of 
the lithospheric structure and dynamics contribute to the 
study of the relationships between continental rifting, in-
traplate and kimberlite magmatism, and oil and gas con-
tent [Kearey et al., 2009]. The regional geological studies 
are aimed at searching for hydrocarbons, kimberlite pipes, 
and other useful minerals [Kazanin et al., 2006; Aplonov, 
Fedorov, 2006].

The fundamental and search problem solving is assisted 
by the lithospheric structure models based on the results 
of seismic, gravimetric and magnetometric surveys [Khe-
raskova et al., 2006; Zhuravlev, 2007; Lisitsyn et al., 2017]. 
A priory information of the models is mainly assigned by 
the seismic profiling data. The comparison between the 
costs of using methods in large areas shows that aeromag-
netic and gravimetric surveys are most effective.

The paper continues a series of works on deep­struc-
ture modeling of the White Sea area [Sharov et al., 2020а, 
2020b; Nilov et al., 2021]. The lithospheric models based on 
airborne gravity and magnetic survey data with using com-
ponents of anomalous gravitational and magnetic fields 
are consideration. Decomposition of fields and inverse 
problem solving for their components make it possible to 
perform a more detailed and deeper analysis of the field 
structures, to determine spatial location of corresponding 
sources, and to assess density and magnetic susceptibility 
of their constituting rocks.

Stages of the modeling process include decomposition 
of anomalous gravity field in Bouguer reduction and anom-
alous magnetic field reduced to the pole, location and visu-
alization of the component-corresponding rock distribu-
tions, and comparison between the results obtained and 
those already available. Modeling was performed using com-
puter algorithms and technologies. Potential fields were de­
composed with singular value decomposition [Gantmakher, 
2010], minimally involving the prior information and pro-
viding a high-quality reconstruction of the simulated sig-
nals and images.

2. MATERIALS AND METHODS
2.1. Initial data

The initial gravimetric data are represented by a frag-
ment digital map of the gravitational field scale 1:1000000 
in Bouguer reduction, built on the basis of gravity survey 
data [State Geological Map..., 2009a, 2009b]. Analyzed 
map fragment on a scale of 1:250000 with dimensions of 
427×497×3 pixels is shown in Fig. 1, a. Geotraverses 4B 
(Kostomuksha – Kem) and 3­AP (Kem – Gorlo of the White 
Sea) [Sharov et al., 2010] are shown by black lines.

A similar fragment is highlighted in the digital matrix 
of the general magnetic intensity (cell 500×500 m), con-
structed from the data basic aeromagnetic surveys [State 
Geological Map..., 2009a, 2009b, 2009c], reduced to the 
pole [Nilov et al., 2021] (Fig. 2, a).

The fragment contains Onega-Kandalaksha, Keretsko-
Pinezhsky, Chapomsko-Leshukonsky, Mezensky paleorifts 
of northwestern prostrations. Rifts are separated by inter-
trough bridges and ledges crystalline basement, covered 
by the waters of the White Sea and platform sedimentary 
formations [Baluev et al., 2009].

Geotraverse 3-AP crosses rifts, gravity and magnetic 
anomalies. Data processing of it's RWM-CDP, CDPM, DSS  
profiles and other results of seismoacoustic profiling were 
used in construction of seismic density and magnetic mod-
els of earth’s crust of the region [Sharov et al., 2020a; 
Belashev et al., 2020].

2.2. Data processing methods
The gravitational and magnetic fields of the fragment 

were decomposed with algorithm of 2D singular spectrum 
analysis (2D­SSA). Based on the initial 2D field distribu-
tion and two­dimensional scanning window of size L, the 
algorithm forms a trajectory rectangular Hankel matrix H 
and finds the eigenvalues λ1≥…≥λd≥0 of a square matrix 
D=H·H’ and their corresponding eigenvectors U1, ..., Ud, 
where d=max{j:λj>0}, and vectors                                 , which 
are used for calculation of the components of singular 
value decomposition of field                            .

The basis of decomposition is determined automat-
ically. A small number of positive eigenvalues due to a 
low­rank matrix D provides effective methods for data 
compression and selection signal and noise components 
of the field.

A 2D-SSA module is a part of RSSA package in the freely 
distributed R 4.3.1 software product [Golyandina et al., 
2015]. The size of scanning window L was 75×75 pixels.

Solving inverse problems involves software complex 
"INTEGRO" [Cheremisina et al., 2018] using the regulariza-
tion, interpolation and extrapolation methods. The calcu-
lations were made over two­ and three­dimensional grids 
using improved spectral algorithms of fast Fourier trans-
form [Priezzhev, 2005], which do not produce artifacts 
caused by lateral limitation and non-periodicity of the data 
[Mitsyn, Ososkov, 2016].

Correlation coefficients for the fields and their com-
ponents were calculated using corr2 function in MATLAB 
system [Statistics Toolbox…, 2005]. For the images with 
the distribution of data differing in χ2 criterion from nor-
mal distribution, the significance of the matrix correlation 
coefficients was assessed using the Kolmogorov­Smirnov 
test (KS test) [Gavrilov, 2013].

3. RESULTS
Fig. 1 and Fig. 2, drawn for anomalous gravitational and 

magnetic fields, show the maps of the fragment (а) and 
their singular value decomposition components for eigen-
values (b–f).

V H Uj j j= ′ l

X U Vj j j j= ′l
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Fig. 3 shows a tectonic scheme of the White Sea paleo­
rift system.

Fig. 4 represents eigenvalues of singular decomposition 
for the processed gravitational­ and magnetic­field frag-
ments characterizing energies of components. The first 
five components of decomposition of the gravity field ac-
count for about 70 % of the field energy.

Table 1 presents correlation coefficient r for the gravity 
field of the fragment and for its successively summed first 
five components.

The components of an anomalous gravity field of dif-
ferent eigenvalues in Fig. 1, b–f are characterized by en-
ergy and spatial frequencies. The first, highest-energy 
component (b) has two large positive anomalies and their  

separating negative gravity anomaly which falls within a 
wide zone near the Keretsk­Pinega rift. Field components 
(c–e) of the eigenvalues numbered 2–4 have similar ener-
gies. Components (c, d) are dominated by positive gravi-
ty anomalies and components (e, f) – by negative gravity 
anomalies. The anomalies of components (c, e) are ori-
ented northwestwards and those of component (d) are 
oriented in the eastern and northeastern directions. These 
directions correspond to the strike of the Kandalaksha-
Onega and Zimnegorsk faults. Most of the smaller negative 
gravity anomalies of component (f) are oriented in the 
same directions.

In the first component of the magnetic field of the frag-
ment (see Fig. 2, b), large positive and negative anomalies  

Fig. 1. A fragment of the digital map of an anomalous gravity field (а) and the first five components of its singular value decomposition 
(b–f).

https://www.gt-crust.ru
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Fig. 2. A fragment of the digital map of an anomalous magnetic field (a), the first four components (b–e) and the residue (f) of its 
singular value decomposition.
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Table 1. Correlation coefficients for the gravity field of the fragment and its components

Note. Last column contains correlation coefficient for the initial field and decomposition residue.

Compo-
nents 1 1+2 1+2+3 1+2+3+4 1+2+3+4+5 Residue

r 0.82 0.91 0.94 0.95 0.96 0.32

are elongated to northwest and west. The second compo-
nent of the magnetic field of the fragment represents the 
merged positive anomalies of the northwestern orientation 
(c). In the third component, the magnetic anomalies are 
surrounded by northwest­oriented oval structures, located 
regularly in the northeastern direction too (d). This and  

the next components are dominated by negative magnetic 
anomalies. Small magnetic anomalies of the fourth compo-
nent, as for as gravity anomalies, trace the White Sea rift 
system elements and are located regularly in the northern 
direction (e). Rare positive anomalies in the decomposi-
tion residue are pointwise (f).
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Fig. 3. A tectonic scheme of the White Sea paleorift system [Sharov, 2022, p. 50, 68].
Pvp – Ponoy basin, N­Th – Nessko­Tylugsky horst, Ag – Azopol graben, Ug – Unsky graben, TB – Tersky Coast, ZB – Winter Coast (Zimniy 
Bereg), OV – Olenitsky bar. 1 – Early Precambrian complexes of the Fennoscandian Shield; 2 – terrigenous complex of the Riphean 
rocks which act to fill the rift depressions; 3 – Vendian­Paleozoic platform cover, overlapping the rift depressions; 4 – fault limitations 
of rift grabens; 5 – other faults; 6 (RW) – areas of manifestations of the Middle Paleozoic alkaline magmatism of the tube­dike type: 
1 – Kandalaksha, 2 – Nenoksky, 3 – Zimneberezhny.

Fig. 4. Eigenvalues of the singular value decomposition of anomalous gravity (a) (see Fig. 1, а) and magnetic (b) (see Fig. 2, a) field 
fragments.
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Fig. 5. 3D conditional density distributions for the first five components (1–5) of the singular value decomposition of the anomalous 
gravitational field and its horizontal sections for depths of 40 (a), 30 (b), 20 (c), 10 (d) and 5 km (e).

Fig. 6. 3D distributions of conventional magnetic susceptibility of the first four components (1–4) and residual singular value decomposition  
of the anomalous magnetic field (5) and its horizontal sections for depths of 40 (a), 30 (b), 20 (c), 10 (d) and 5 km (e).

https://www.gt-crust.ru
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Fig. 5 and Fig. 6 show respective 3D distributions of 
conventional density of the first five anomalous gravity 
field decomposition components and conventional mag-
netic susceptibility of four components, and residual de-
composition of an anomalous magnetic field.

The locations of field component anomaly sources in 
the lithosphere are visualized in cross-sections at depth of 
40 (а), 30 (b), 20 (c), 10 (d) and 5 (e) km.

The density distribution in the first anomalous gravity 
field decomposition component, almost centrosymmetri-

cal at a depth of 40 km (1а), is added up by a new cluster 
at a depth of 30 km (1b), thus becoming asymmetric and 
slightly elongated to the northwest. The northwest exten-
sion intensifies at a depth of 20 km (1c), with the clusters 
multiplied and separated from each other and the crustal 
extension zone initiated near the Keretsk­Pinega graben. 
The density distribution becomes even more detailed at 
a depth of 10 km (1d). A further northwestward exten-
sion complements the shear along the axial line of the 
White Sea Throat: the areas of compression and extension  

Fig. 7. Lithospheric models compiled along the 3-AP geotraverse: (а) – seismic density model; (b) – gravity model; (c–g) – gravity 
models for successive summation of the first five gravity field components.

https://www.gt-crust.ru
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occurring therein correspond to horsts and grabens of the 
White Sea rifts. At a depth of 5 km (1e) there are only the 
extension zones.

For components 2–5 the extension areas are domi­
nated in all sections. For components 2 and 3 density distri-
butions symmetric to the axis the south­to­north at depths 
of 30–40 km, turn respectively to the northwest and north-
east at a depth of 20 km.

In a 10 km deep cross-section, the decompaction zones 
divide and and multiply, elongating in the above-men-

tioned directions and decreasing in size perpendicularly 
thereto.

For component 3 is dominated by the northeast- and 
east­oriented extension zones. This trend can still be ob-
served in a 5 km deep section, with the extension zones 
more and more oriented towards the west and east, re-
spectively.

For components 4 and 5 of gravity field the sources 
of density anomalies have almost no in the lower crustal 
horizons. They manifest themselves ubiquitously at depths  

Fig. 8. Overlapping initial and model distributions of the anomalous magnetic field along the 3­AР geotraverse (a), 2D distribution of 
conventional magnetic susceptibility in the magnetic model (b) and similar 2D distributions for successively summed 1–4 anomalous 
magnetic field decomposition components, (c–f).

https://www.gt-crust.ru
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of no less than 20 km. The density distribution in com-
ponent 5 at a depth of 10 km is dominated by the north-
east­oriented extension zones. The density distribution 
acquires a mosaic pattern at a depth of 5 km. The alter-
nating positive and negative density deviations are clus-
tered in the areas of Kostomuksha, Onega Peninsular, up-
per Kandalaksha graben, and along the Kolmozero-Voronya 
suture zone.

The distribution of conventional magnetic suscepti-
bility for the first anomalous magnetic field component 
shows vertical southeastern and northeastern magnetiza-
tion structures at depths of 20–40 and 5–40 km, respec-
tively, and magnetic anomaly beneath the Keretsk graben 
at depths of 5–20 km (Fig. 6, 1а–e). Such distributions for 
the second and third components show that lower­inten-
sity and smaller in the sizes magnetic field sources are 
located at depths of 10–30 km and oriented primarily to 
the northwest (Fig. 6, 2, 3 b–d). Small magnetic sources 
in the distribution for the fourth-component are located 
at depths of 5–10 km and oriented northwards (Fig. 6, 
4d). For decomposition residue the distribution shows 
point magnetic field sources in a 5 km deep cross­section, 
concentrated primarily in the northwest and southeast 
(Fig. 6, 5e).

Fig. 7, а, b, represents seismic-density and gravity mod-
els of the lithosphere built along the 3­АР geotraverse with 
regard to the block structure (а) and with no regard to it 
(b) [Sharov et al., 2020а].

Fig. 7, c–g, shows the distributions of conventional den­
sity in successive summation of the first to five gravity 
field components.

Fig. 8 shows anomalous magnetic field distribution 
along the 3­АР geotraverse (а), 2D distributions of conven-
tional magnetic susceptibility (b) of the magnetic model 
[Nilov et al., 2021], and their distributions for 1–4 singular 
value decomposition components of magnetic field, simi-
lar to those in Fig. 7, c–f.

4. DISCUSSION
Singular value decomposition produces the distribu-

tions of empirical modes. Its principal advantage lies in the 
search of the basis of decomposition directly from the pro-
cessed data. Such basis is formed automatically with regard 
to specific features and inner structure of the data and is 
characterized as completeness, orthogonality, locality, and 
adaptability. The obtained modes describe changeability 
of a signal and allow to determine their relative contribu-
tion to a signal. The modes selected based on eigenvalues 
(spatial frequencies, energies) and eigenvalue groups make 
it possible to distinguish trends, noises, and other distri-
bution features. Due to these, decomposition can reduce 
the dimensionality of a dataset and simplify its interpreta-
tion. Empirical mode decomposition is used in the analysis 
of multidimensional data arrays in meteorology, oceanolo-
gy, and atmospheric physics [Elsner, Tsonis, 1996; Navara, 
Simoncini, 2010]. However there is a need for more prac-
tically oriented studies in the field of geophysics, geomor-
phology, and geoinformatics [Korotchenko, 2013].

Empirical mode decomposition is also performed using 
the Hilbert-Huang transform [Huang, Samuel, 2005; Dolgal, 
Khristenko, 2017; Kalinin et al., 2019; Diuk et al., 2018]. 
Boundary errors arising during the signal reconstruction 
due to the use of spline interpolation [Dolgal, Khristenko, 
2017] and the lack of proven algorithms for 2D distribu-
tion processing make the choice of singular value decom-
position to decompose the anomalous gravitational and 
magnetic fields more preferred.

Fig. 1 and Fig. 2, b–f, show that eigenvalue­ranked de-
composition components differ in spatial frequency and 
describe the size, direction, sign and association of anom-
alies in different ways. Positive gravity anomalies for de-
composition components are assigned to consolidated 
segments of the lithosphere, negative anomalies – to the 
extension, shear and rock deconsolidation zones. Posi­
tive magnetic anomalies reflect the presence of ferromag-
netic minerals, such as magnetite, in the rock composition. 
The magnetic susceptibility decreases with depths as the 
Earth’s interior temperature rises. For the studied low 
heat flow area, the Curie isotherm of magnetite 584 °С is 
considered to be in the mantle, and the magnetoactive layer 
is considered to be within the Earth’s crust [Wasilewski, 
Mayhew, 1992].

Low­frequency components of potential fields are tra-
ditionally related to the deep-seated crystalline basement 
structures, high­frequency components – to the upper 
crustal sources.

The most obvious relationship between the gravity 
anomalies and the White Sea rift system is represented 
by the fourth field component (see Fig. 1, e). Its positive 
anomalies trace the Kandalaksha, Onega, Keretsk, Pinega, 
Unsky, Leshukon, Chapoma and Maloushika grabens and 
the Ponoy basin, with the positive anomalies related to 
intrabasinal highs and crystalline basement protrusions. 
A similar function is performed by negative anomalies of 
the fourth magnetic field decomposition component (see 
Fig. 2, e).

The structure of the White Sea rift system reveals the 
common features of continental rifting: the presence of a 
permanent source of the mantle substance, extensive rift 
forming troughs, accommodational highs which separate 
rift grabens and half-grabens, rift displacement relative 
to protruding mantle, and a thinned continental crust be-
neath the rifts. A special feature of the paleorift system of 
the White Sea is its long development during 1.3 Ga, related 
to the marginal-continental position of the system and its 
sensitivity to geodynamic transformations, in accordance 
with the plate tectonic models [Baluev et al., 2000].

In formation of the White Sea rift system there are dis-
tinguished the Paleoproterozoic (1.3–1.2 Ga) formation of 
the Baltic continental margin, the Late Riphean extension 
of the Timan margin of the Baltic after the super-conti-
nent Rodinia disintegration and the paleo ocean Japetus 
opening, the Devonian activation of the system caused by 
the Japetus closure, initiation of the East Barents rifting 
trough, and the Late Cenozoic formation of the present-day, 
Riphean rift-related White Sea tectonic basins assigned to  
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the formation time of the North Atlantic and Arctic oceans. 
The presence of the source of mantle substance and the 
channel through which it intrudes into to the Earth’s crust 
is evidenced by the central consolidated area on the ana-
lyzed models in Fig. 5 (1а) and Fig. 7. The channels which 
relate it to the apophyses are not visible at large and mod-
erate depths. They are indicated by converging disinte-
gration zones in Fig. 7. The channels are visualized in the 
near­surface areas with high spatial resolution.

The distributions of conventional magnetic susceptibil-
ity in Fig. 6 are in partial agreement with the model results 
for the three­layer magnetoactive layer of the Onega – 
Kandalaksha paleorift and the White Sea Throat [Baluev 
et al., 2018]. Magnetic sources at depths of 10–30 km can 
be assigned to the lower level related to the Middle and 
Upper Riphean rifting of the White Sea mobile belt, associ-
ated with the main Riphean­Vendian volcanic occurrences. 
The sources in the depth range from 1 to 10 km can be con-
sidered as a result of the Middle Paleozoic (Late Devonian) 
reactivation of the White Sea rift system with alkaline­ul-
trabasic magmatism occurrences. In the upper crust such 
sources are often represented by alkaline dike swarms and 
diatremes. No comparison was made between the upper 
level of the 0.2–1.0 km deep magnetoactive layer and the 
modeling data because of the depth discretization with a 1 
km depth interval in the component model.

Figs 5, 6, 7, 8 show the incompatibility between the 
ranges of maximum conventional density and magnetic 
susceptibility values of the rocks. Most of the magnetic 
sources are confined to the moderate­ and low­density 
areas.

The lower part of the central, consolidated area (see 
Fig. 7, d, e, g) is oriented to the northwest, the middle part – 
to the northeast, and its small upper part – to the north-
west; the intermediate parts have sublatitudinal strike. If 
all these parts reflect the stages in the formation of the White 
Sea rift system, they could be used to estimate the substance 
volumes entering the Earth’s crust at each stage.

Consolidation in some parts of the lithosphere is asso-
ciated with extensional, ductile, bending and brittle defor-
mations in the other, adjacent parts (see Fig. 7, а). The sup-
ply of portions of the mantle substance and the formation 
of consolidated parts in the crust surface layers cause the 
occurrence of new and deepening of the pre­existing de-
consolidation zones, their merging, and rift formation. The 
rifting mechanisms are considered in [Tevelev, Fedorovsky, 
2016; Kazmin, Byakov, 1997; Baluev et al., 2021].

Fig. 7 and Fig. 8 illustrate an agreement between the 
results of seismic density, magnetic and component mod-
eling along the 3­АР geotraverse and the relationship be-
tween deep­seated and near­surface lithospheric struc-
tures in the region. Fig. 7 shows the features of continental 
rifting: crustal bending above the central, consolidated 
area, compensated Moho uplift in the area of the Keretsk-
Pinega rift, and thinned continental crust therein. The sur-
face deconsolidation zones are related to similar large un-
derlying zones. The similarity can be due to deep degasa-
tion through these structures.

In Fig. 8, а, b, it can be seen that clearly defined positive 
magnetic anomalies are caused by near-surface magnetic 
sources. Deeper sources contribute to the regional compo-
nent of the magnetic field. A decay of the magnetic induc-
tion field with distance from the source, sharper than that 
of the gravitational field, complicates their localization in 
the lithosphere. This is especially true for the locations of 
the lower edges of magnetic sources. The magnetic and 
component models, which involve solving the inverse prob­
lem, cope with this task. Approximate locations of large 
magnetic sources in the lithosphere can be reliably de-
termined already from the first mode decomposition. The 
process of successively summing up the components does 
not fundamentally change the pattern of magnetic sources 
but adds some details thereto.

When Fig. 7 is compared to Fig. 8, it is apparent that an 
extended magnetic source falls within the deconsolidation 
zone at depths from 30 to 5 km. The zone­infill low­densi-
ty and high magnetic-susceptibility material may include 
serpentinites which occur as a result of the effect of water 
on ultrabasic rocks – dunites [Komarov, 1965]. Magnetite 
produced by olivines from dunites gives serpentinites mag-
netic susceptibility of 0.15 at their average density of about 
2600 kg/m3. Serpentinization produces hydrogen that re-
duces metal oxides and forms degasation and heat flows. 
Serpentine instability at temperatures higher than 400 °С 
determines the upper depth limit for its occurrence in the 
crust. Based on heat flow estimates of 10–50 mW/m2 for 
the studied region and 3D geothermal modeling results 
[Tsibulua, Levashkevich, 1992; Khutorskoy et al., 2013], iso-
therm 400 °C corresponds to depths of 20–30 km. The evi-
dence for serpentinization is a rock massif in the southern 
White Sea. Ultrabasites of the Razostrov Island are repre-
sented by serpentized dunites and harzburgites [Stepanov, 
Stepanova, 2007].

Another aspect of serpentinization is related to the ef-
fect of carbonic­acid water on mantle peridotites, pushed 
down into the Earth’s crust along the faults. Methane and 
hydrocarbon compounds formed in the course of the reac-
tion accumulate in the serpentinization zones and migrate 
through the degasation channels [Raznitsin et al., 2020]. 
The supply of the zones with new portions of mantle sub-
stance makes such hydrocarbon source renewable. As seen 
from Fig. 7 and Fig. 8, such zones can be easily searched 
through comparison between 3D and 2D gravitational and 
magnetic models, and quantitative assessments of loca-
tion and content of the sources can be obtained using the 
singular value decomposition components of geophysical 
fields.

5. CONCLUSION
3D component lithospheric model of the White Sea re-

gion used the aerial survey and performs decompositions 
of anomalous gravitational and magnetic fields by the algo-
rithm of singular spectral analysis and solves inverse grav-
imetric and magnetic problems for the field components, 
thus obtaining corresponding distributions of conventional 
density and magnetic susceptibility in the crustal volume.  
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The advantage of this approach is the studied­field com-
patible, automatically formed basis of decomposition with 
properties of completeness and orthogonality.

The singular value decomposition components ade-
quately reflect the structure of anomalous gravity and mag­
netic fields and identify regional and local anomalies dif-
fering in location, sign, shape, size, and orientation. Large 
anomalies correspond to the first, eigenvalue­ranked field 
components. The White Sea rift system can be fully de-
scribed by the fourth components of the gravitational and 
magnetic fields with anomalies tracing grabens, half­gra-
bens, and intrabasinal highs. The field components with 
large eigenvalue numbers characterize small anomalies 
in the upper crustal layers, measurement errors, and field 
reductions.

The distributions of conventional rock density and mag-
netic susceptibility, corresponding to the anomalous field 
components, localize the inhomogeneities in the crustal 
volume and allow estimating their dimensions, shape, 
orientation and composition, as well as the relationship 
between the geological structures. The distributions of 
conventional density in the component model demon-
strate structure of the crust in the region, the presence 
of the mantle-related magma-supply channel beneath the 
Keretsk and Kandalaksha grabens, orientations of mag-
ma intrusions into the Earth’s crust and the relationships 
between them, and the properties inherited by the sur-
face areas from their underlying structures.

Component distributions of conventional magnetic sus-
ceptibility of the rocks confirm the stratified structure of 
the magnetoactive layer of the Earth’s crust in the region. 
The distributions related to the first three decomposition 
components yield vertical northeast and southeast mag-
netization directions and a magnetic anomaly beneath the 
Keretsk rift at depths of 5–30 km. The distributions cor­
responding to the fourth decomposition component of the 
anomalous magnetic field describe magnetic sources in 
a 5–10 km layer, and the decomposition residue distri-
butions – the sources at depths of five kilometers or less. 
The confinedness of magnetic sources to deconsolidation 
of the volumes of the crustal material in the region im-
plies the relationship between rifting, intraplate magne-
tism and serpentinization processes. The 3D component 
model provides detailed information about the structures 
of anomalous geophysical fields and their sources. A com­
bined analysis of the density and magnetic modeling re-
sults makes it easier to search for promising geological 
structures, for example, serpentinization zones – poten-
tially renewable deep­seated sources of oil and gas forma-
tion in the Earth’s crust.
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