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3D MAGNETIC MODEL OF THE EARTH CRUST
OF THE EASTERN EUROPEAN CRATON WITH THE ACCOUNT
OF THE EARTH SPHERICITY AND ITS TECTONIC INTERPRETATION

(PexomeHdogaHO YrieHamu pedakuitiHoi koneaii 3-pom 2eon. Hayk, npodp. O.M. IeaHik i 3-pom 2eos. Hayk, npogh. C.A. Buxeoro)

The geomagnetic field is widely used to obtain information on the deep structure and development of the Earth's lithosphere,
small-scale forecasting of minerals, and the solution of a number of environmental problems. The most significant results are
obtained due to the development of 2D, 3D and 4D magnetic models of the Earth's crust (lithosphere) in which the spatial and
spatiotemporal distribution of magnetic sources is reflected. The reliability of the spatiotemporal distribution (location) of magnetic
sources and the magnitudes of their magnetization depends on the adequacy of taking into account the geometry of objects and
the inhomogeneity of the Earth's main magnetic field. In this regard, for the East European Craton for the first time its regional 3D
magnetic model for a spherical Earth is developed. To develop the model, we used digital data WDMAM at a height of 5 km, a priori
data on the depths of the surface of the crystalline basement and Moho, the temperature distribution, as well as the results of other
geological and geophysics researches. According to S.V. Bogdanova, the Eastern European Craton was formed due to the
suturation of three segments (Fennoscandia, Volgo-Uralia and Sarmatia) in a time interval of 2,1-1,8 Ga. At the Phanerozoic stage
of development, the modern borders of the craton were formed. It is established that a non-uniform distribution of magnetic sources
and magnitudes of their magnetization is observed on the boundaries of the craton. The maximum concentration of magnetic
sources is characteristic for the edge parts of the craton. The southwestern boundary of the craton is marked by magnetic sources
with a magnetization of (1,0-3,0) A/m at depths of (10-18+46) km. Stretching of the sources is consistent with the stretch of the
Trans-European sutural zone and the Baltic-Transnistrian zone of pericratonic troughs (subsidence). The stretching of magnetic
sources in the southeast of the craton within Fennoscandia and the Volgo-Uralia is coordinated with the strike of the Phanerozoic
structures of the Ural and Timan. Magnetic sources lie in the interval (10-18+38-44) km and have a magnetization of (0,7-4,0) A/ m.
Magnetic sources of the northern (within Fennoscandia) and southern (within Sarmatia) parts of the craton have an end joint with
its boundary. The zones of articulation of the EEC segments are also distinguished by sources of regional magnetic anomalies.
Magnetic sources of the Central-Russian rift system divide the magnetic crust of the Volgo-Uralia and the weak magnetic crust of
Fennoscandia, and the sources of the Volyn-Orsha rift system are Fennoscandia and Sarmatia. Magnetic sources of the Pachelma
rift zone are separated by Sarmatia and Volgo-Uralia. We note that approximately the same strike has magnetic anomalies of the
Kursk-Bryansk band with maximal values of the magnetization of their sources within the limits of the craton (>10,0 A/m). According
to the concept of tectonics of lithospheric plates, the magnetic inhomogeneity of the zones of suturation of the segments of the
craton and its outer boundaries can be considered as sources of subduction type, which arose at the stage of their formation. In
the Riphean and Phanerozoic stages of the development of the lithosphere within the zones of suturation of the segments of the
craton and its outer boundaries, magnetic sources of rift nature were formed. Magnetic sources of subduction-reduction and rifting
types are characterized by a corresponding metallogenic specialization, therefore the developed model can be used both for
tectonic constructions and for small-scale forecasting of minerals.

Keywords: East European Craton, 3D magnetic model.

Introduction. The development of three-dimensional
magnetic models of the Earth's lithosphere is an integral
component to reveal a sources allocation through its section,
as well as geological coordination of the results of surface,
aerial, stratospheric and satellite magnetic surveys. To
obtain the real sources shape and the values of their
magnetization from the results of magnetic modeling for
large areas, it is necessary to take into account the
sphericity of the Earth. In this paper, the task was to develop
three-dimentional magnetic model of the territory of the East
European Craton (EEC) taking into account the sphericity of
the Earth in order to clarify the Earth's crust deep structure.

Data and methods. To date, small-scale magnetic
models and magnetization distribution patterns in the
lithosphere of EEC have been developed [8, 12, 13, 28 et
al.]. For a number of DSS profiles within the Craton as well
as its individual parts, magnetic models in the 2- or
3-dimensional variant are constructed in the Cartesian
coordinate system [9, 18, 20 et al.].

Within a reasonable compromise between the size of the
territory and the detailed studies for the EEC, a scale model
of 1 : 5000 000 was developed, with the detailing of its
south-western part.

To create the initial approximation of the three-
dimensional magnetic model of the Earth's crust of the East

European Craton, the following data were used: World
Digital Magnetic Anomaly Map (WDMAM) at an altitude of
5 km, heat flow distribution data; temperature at the Moho
boundary; scheme of distribution of the foundation surface,
Moho, as well as other geological and geophysical data [7,
13, 19, 21, 22, 24, 25].

As shown by the experience of previous studies on the
construction of the scheme of the deep structure of the EEC
[8, 13, 14,17, etc.], in the anomalous magnetic field there is
a regional component, the sources of which belong to the
lower floor of the Earth's crust. An anomalous magnetic field
map [15] was constructed for the analysis of an anomalous
magnetic field and the development of a magnetic model of
the Earth's crust of the territory of the EEC, using a digital
array of WDMAM [25]. Taking into account the scale of the
map, one can take an abnormal magnetic field AB for the
first approximation of its regional component ABaeg,
naturally complicated by high-intensity anomalies of local
character. An anomaly of the magnetic field was obtained by
averaging the original field with a pallet (window) 50x50 km
(for the Kursk magnetic anomaly region -100x100 km).
These anomalies are considered as regional and they were
used for magnetic modeling. For the territory of Ukraine, a
map of the anomalous field ABa of 1 : 500,000 scale was used
as a basis [5, 10]. As for the EEC area, the regional
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component was obtained by averaging the data with a window
50x50 km. Thus, 94 regional magnetic anomalies (RMAs) are
allocated within the EEC, the sources of which in the model
are represented by one and several magnetic blocks.

The magnetoactive layer of the Earth's crust extends to
the depths where the Curie temperature of magnetite
580 °C, the main magnetic mineral of the crystalline part of
the Earth's crust, is reached. Given the "cold" regime of the
lithosphere for a large part of the territory of the EEC [21],
the lower limit of this layer may be Moho surface, as a
petrological boundary. The upper edge of deep sources in
most cases refers to the roof of the diorite layer of the Earth's
crust. For the territory of the craton, the depth to this
boundary is (8—15) km. Exceptions are the Dnieper-Donetsk
avlakogen and the Caspian depression, where the depth of
immersion of the crystalline basement reaches 20 km.

The direction of the total magnetization vector as a result
of its equilibrium state in the deep parts of the crust
corresponds to the direction of the total geomagnetic field
strength vector.

Consideration of the spatial inhomogeneity of the main
(normal) magnetic field of the Earth Bicrr and the
relationship between the components of the induction vector
for different parts of the investigated region are important
when developing magnetic models of large regions [15]. As
shown in [15] for the area of research in the 2005 epoch, the
modulus of induction of the main magnetic field varies within
the limits of 45000+57400 nanotesla, and the declination
and inclination angle is Dicrr = 1°+19° and licrr = 62°+
79° respectively. Naturally, ignoring this can lead to errors
both in estimating the magnetization of the sources of the
Earth's crust and in their spatial position. The possibility of
taking this feature into account is realized in software and
algorithmic support of the solution of the direct magneto-
prospecting problem for a spherical Earth [4, 6].

Results and discussion.The East European craton has
an area of 6,7 square km, including the shelves. Within the
EEC, the Precambrian crystalline crust is represented in the
Baltic and Ukrainian shields, as well as in certain areas of
Belarus and the Voronezh crystal massif. The rest of the
craton is covered with Late Proterozoic and Phanerozoic
sedimentary cover.

The EEC consists of three segments: Fennoscandia,
Volgo-Uralia and Sarmatia, which differ in tectonic regime
and age of the crust, which have united in the interval of 2,1—
1,9 Ga. The processes of activation of the craton were
reduced to the formation of Riphean rifts in the zones of
suturation of segments and its marginal parts [22, 27].

The Fennoscandian segment occupies the northern,
northwestern part of the craton. Eastern Fennoscandia, like
the Volgo-Uralia, is characterized by the crustal age of 3,8—
2,6 Ga, the western part of the segment has a
paleoproterozoic crust of 1,95-1,65 Ga. The thickness of
the Earth's crust segment is from 30 km to 58 km.

Along the northeastern border, the Riphean and Vendian
Timan strata were thrusted to Fennoscandia. This is well
emphasized by the sources located along the boundary,
which differ sharply from their mosaic character in the inner
part of the segment (see Fig. 1). Marginal sources with a
magnetization of (0,5+1,5) A/m are confined to the elevation
of M-surface up to 34 km [24]. It should be noted the south-
west fall of the lateral faces of the sources.

Approximately the same ratio of magnetic sources is
typical for the northwestern boundary of the segment,
hidden under the overturned caledonides of northern
Scandinavia. Magnetic sources have magnetization mainly
from 1,0 A/m to 2,5 A/m and are located at depths from 10-
12 km to 42—-44 km.

The south-western boundary of the segment is traced
along the line of the Trans-European suture zone. It
delineates the ancient EEC and the Epipaleozoic West
European platform. According to seismic data, the
boundary is reflected by the vertical displacement of the M
section by about 10 km, and the thickness of the
sedimentary layer increased to (10-12) km [23]. In the
magnetic model, the boundary is represented by a chain of
the sources along it with a magnetization of 1-3 A/m and
the depths from (10-18) km to 46 km. In accordance with
[17], this area is associated with the Baltic-Transnistrian
zone of pericratonic subsidences.

Along 30°-31° east longitude magnetic sources form the
Pecheneg-Ladoga belt of the submeridional direction,
considered as a suture zone of repeated activation [16].
Within the zone, sources with a magnetization of 0,9-
2,1 A/m are located at depths of 8-10 km + 40—42 km.

The Volgo-Ural segment is represented mainly by the
Archean crust, which is completely buried under the
Phanerozoic sedimentary cover. However, under it there are
numerous Meso-Neoproterozoic avlakogenes and basins,
filled with sedimentary rocks with a thickness of (2—10) km.
The average thickness of the Earth's crust is about 40 km.
In the magnetic model, its central part is characterized by an
unordered mosaic nature of sources distribution with
location depths from 10-18 km to 38-44 km and the
magnetization of 0,7-1,5A/m. These sources can,
presumably, be connected with the system of stable
Archean dome-like structures (Fig. 1) [1], whereas linear
ones belong to the mobile belts of the Paleoproterozoic [22].

In the east, the Volgo-Ural segment is limited by the
hercinides of the Urals, which are thrusted to the craton. In
this part of the segment there are intense magnetic sources
(up to 4,0 A/m), the strike of which partially corresponds to
the strike of its boundary. Further to the southeast, a zone
of magnetic bodies also confined to the edge of the segment
is clearly distinguished.

The Sarmatian segment is characterized by an average
crustal thickness of 48 km and a strongly magnetized
lithosphere [17].

The magnetization of the lower part of the crust, as it has
been shown by the results of modeling, is much higher in
comparison with the sources of the Volgo-Uralia and
Fennoscandia. The spatial orientation of sources within
Sarmatia varies in different ways with the extent of both the
boundaries of the craton and the large tectonic units of the
segment. The south-western, north-western and
northeastern boundaries of the segment are characterized
by magnetic sources of consonant strike. For the southern
edge of the craton, the end joint of magnetic bodies with its
boundary is characteristic. High values of magnetization are
sources of Lviv (3,2 A/m), Odessa (3,5 A/m) and West
Ingulets (3,6 A/m) RMA. Especially it is worth to note Kursk
RMA with the source magnetization up to 10,0 A/m.
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Fig. 1. 3D regional magnetic model of the Earth Crust of the East-European Craton.
Tectonic base for S.V. Bogdanova [22]

The magnetic sources junction areas.The East (Fig. 2). This group includes Pachelma and Central-Russian
European craton is characterized by rifts and aulacogenes avlakogens, as well as the Volyn-Orsha Paleorift. A number
underlying the platform sedimentary depressions. As a rule, of Neoproterozoic rifts are confined to passive continental
meso-Neoproterozoic rifts and aulacogenes are associated margins. The Phanerozoic Pripyat-Dnieper-Donets rift and
with the system of Paleoproterozoic sutures that appeared the Oslo graben are sharply discordant with respect to the
at the stage of craton formation from individual segments ancient structures of the craton.



~24 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

300 , nT

200
100 /\ /_/\(A T) areg
0

AN

. -
A

200000 400000
-100

-200

-300 FENNOSCANDIA _ |

80000

Jufiction zone

100900 Woo

(¥

w

SARMATIA

Central
Esst Belarus-Podiasie Belarus 52
Lithuanian | Granulile

A West Lithuanian
Belt Bell

Domain

«— Osnitsk-Mikashevichi -

|+ Pripyat graben ——+] Pluton

Volyn Domain

Kortatah Podolian

Domain

Igneous Belt

&~

o

~

[}

]
[ ]
[ ]
]
[ ]
)
(/]

. —70
EUROBRIDGT'94/6 %, *. [EUrROBRIDGTS?
T T T T T T T T T T T T T T =11 I I
0 100 200 300 400 500 600 200 300 400
Distance [km Distance [km]
NW (k] SE 'N S

Fig. 2. Magnetic inhomogeneity of the Earth's crust of the junction zone between Fennoscandia
and Sarmatia for the EUROBRIDGE transect (Seismic-geological section for [23]):
1 — sedimentary cover; 2 — upper crust; 3 — middle crust; 4 — lower crust; 5 — uppermost mantle; 6 — Moho boundary;
7 — mantle reflector or zone of high-velocity gradient; 8 — Faults; 9 — mean magnetization of the crust (A/m)

Within the East European craton, the three Riphean
trascratonic rift systems will inherit zones of the
Paleoproterozoic articulations of the Fennoscandian, Volgo-
Ural and Sarmatian segments of the continental crust.
Dynamically these systems represent different types of
Paleoproterozoic tectonic events. The suture zone of the
Pachelma aulacogene was created by thrusting the Volgo-
Uralia onto Sarmatia, the Volyn-Orsha zone of articulation —
by pushing the Paleoproterozoic crust of Fennoscandia
under Sarmatia and the Central Russian suturation zone,
probably formed by the collision of the Volgo-Uralia and the
Archaean part of Fennoscandia. Rifting within the age is
usually accompanied by mafic magmatism.

The Central Russian rift system divides higher magnetic
crust of the Volgo-Uralia and weakly magnetic one of
Fennoscandia. The magnetization of the sources in this case is
up to 1 A/m from the side of Fennoscandia and up to 2,0 A/m
from the Volgo-Ural region. The sources are confined to a
system of abrupt faults in the side parts of the aulacogen.

The Volyn-Orsha rift system divides two very different
types of crust. The Fennoscandian segment is represented by
paleoproterozoic, and Sarmatia is mainly an Archaean.
Quantitative interpretation of seismic and magnetic data
suggests that the main faults in the crust of Fennoscandia are
associated with its immersion under Sarmatia. The Osnitsk-
Mikashevich belt is also descending to the southeast along
the border of Fennoscandia-Sarmatia, and can be traced to
the depths of 100 km [3, 22] forming a subduction zone. The
subduction zone and the rift system are clearly distinguished
by intensive mosaic sources of the regional class with a
magnetization of 0,5-3,0 A/m in the magnetic model along the
geotransect "EUROBRIDGE" (fig. 2).

The Pachelm rift system is the zone of the suturation of
Sarmatia and the Volgo-Uralia [22]. It should be noted that
a magnetic source with a magnetization of up to 2,0 A/m and
bedding depth of (10-32) km is confined to the southern
edge of the aulacogene, which may indicate its dependence
on mafic volcanics of Riphean age.

The characteristic features of the Central Russian and
Pachelm rift systems are the presence of positive linear
magnetic anomalies, clear boundaries of rifts and increased

heat flux. On the contrary, the rifts and grabens of the Volyn-
Orsha avlakogen are less developed and have no clearly
defined external boundaries with the host environment, and
are characterized by a relatively low heat flux [2].

Conclusion. According to [11, 26] the tectonotypes of
deep sources are subduction-obducted and rift zones of the
Earth's crust, as well as zones of transcrustal faults. In
accordance with discussed above, the sources of the edge
parts of the EEC can be considered as sources of subduction-
obducted type that originated in the Caledonian-Hercynian
stage of the formation of its boundaries. The sources of the
joint zones of segments formed in a time interval of 2,1—
1,8 Ga are likely to have the same nature [11, 13]. With the
further development and activation of the EEC, riftogenic type
sources that originated in the Riphean-Vendian and later
stages of the formation of rifts and transcrustal faults are
associated. These can be considered the Central Russian
and Volyn-Orsha, Pachelma inter-segment rift systems, as
well as intra-segment rifts, such as Pripyat-Dnieper-Donets in
Sarmatia, Kaltasinsky in the Volgo-Uralia as well as a suture
zone of multiple activation within Fennoscandia.

Cnuncok BMKOpUCTaHUX maxepen

1.borgaHoBa C.B. 3emHas kopa Pycckol nnuTbl B paHHeM gokembpun /
C.B. borgaHoBa. — M. : Hayka, 1986. — 220 c.

2. lapeukwia P.I". ABnakoreHbl nnatcpopm CesepHolt EBpasun / P.I". apeu-
K1 // TeoTekToHMKa. — 1995. — Ne 4. — C. 16-28.

3. Mapeukuin P.I". TekToHOreogMHammnyeckas Mogesnb couneHeHnst OeH-
HockaHauHaBckoro u Capmatckoro cermeHToB BoctouHo-EBponeiickon nna-
Tdpopmel / P.I". Tapeukui, I".W. KapaTaes // l'eonorusa n reogpusuka. —2011. —
Ne 10 (52). — C. 1557-1566.

4. |HTepnpeTauis perioHanbHUX MarHiTHUX aHomanin 3 BpaxyBaHHAM
cchepuuHocTi 3emni / M.1. Opnitok, B.M. KoBaneHrko-3aBovicbkui, |.M. IBaLueHko,
A.B. MapueHko. // MoHiTOpWHI He6e3neyHnx reonoriYHMX NPoLeciB Ta ekosori-
yHoro cTaHy cepegosuwa : Tesd. VIII MixHap. koHd. — 2007. — C. 76-77.

5. Kapta aHomanbHoro mMarHitHoro nonsi (AT)a Ykpainm m-6y 1 : 1 000 000 /
T.C. Hevaesa, J1.M. LLnmkis, B.M. lNopkaBko. — 2002. — 1 n.

6. KoBaneHko-3aBoincbkuin B.M. MatematuuHe 3abeaneyeHHs iHTepnpe-
Tauii nons perioHanbHUX MarHiTHUX aHomanii / B.M. KoBaneHko-3aBoiickb-
kui, 1.M. IBawueHko // Feois. xypH.. — 2006. — Ne 5 (28). — C. 18-30.

7. Kytac P.W. TennoBoe none v reoTepMuUyeckunii pexxum nutocdepsl /
P.W. Kytac // Nutocchepa LieHTpanbHoii n BoctouHoi EBponbl (0606LLeHne pe-
3ynbTaToB UCCMEeAoBaHwWit); noa pea. A.B. YekyHosa. — K., 1993. — C. 114-135.

8. MarnutHasi moaenb nutocdepsl EBponbl / W.K. Mawkesuy, B.C. Ma-
pkoBckuin, M.W. Opniok n gp. — K. : Hayk. aymka, 1990. — 168 c.



ISSN 1728-2713

FEONOrISL. 4(79)/2017

~ 25 ~

9. MarHnTHas Mopaenb ceBepo-BOCTOMHOM YacTu Esponbl / H.B. ®epo-
poBa, B.B. Konmoroposa, A.J1. Pybnes, A.Il'. Lingaes // l'eoduns. nccneposa-
Hus. —2013. — Ne 2 (14). — C. 25-37.

10. MarHuTHOe CKMOHeHWe Ha TeppuTopuM YKpauHbl: pesynbTaTtbl Ha-
6noaeHnin n Bblumcnenui / M.A. Opniok, A.A. PomeHel, A.B. MapuyeHko,
.M. Opnitok, W.H. NBawueHko // Teodus. xypH. — 2015. — Ne 2 (37). — C. 73-85.

11. Opntok M.. FMy6GuHHBIE NCTOYHWKN perroHanbHbIX MarHUTHBIX aHO-
Marnun: TeKTOHOTUMbI U CBSI3b C TPaHCKOpPOBbIMKU padnomamu / M.U. Opniok,
W.K. Mawkesuny // Teoduns. xypH. — 2012. — Ne 4(34). — C. 224 —234.

12. Opntok M.W1. MarHnTHasa mogensb toro-3anagHoro kpasi Boctouro-Es-
ponevickor nnatdopmbl / M.U. Opniok, U.K. Mawkesny // Feoduns. XKypH. —
1995. — Ne 6 (17). — C. 31-36.

13. Opntok M.N. MNpocTpaHCTBEHHbIE U NPOCTPAHCTBEHHO-BPEMEHHbIE
MarHWTHble MOZENW Pa3HOPaHroBbIX CTPYKTYp NUTOCHEPbLI KOHTUHEHTamb-
Horo Tuna / M.W. Opniok. // Teodma. xxypH. — 2000. — Ne 6(22). — C. 148—165.

14. Opntok M.N. CTtpoeHue nutoctepbl Baonb reotpasepca ll. MariuT-
Hast mogenb / M.W. Opniok // Nutocdpepa LieHTpanbHoi n BoctouHor EBponbl.
leotpaBepcel W, VIIIX; noa pea. A.B. YekyHosa. — K. : Hayk. gymka, 1993. —
C. 30-35.

15. Opntok M.I. KapTorpadiyHe 3abe3sneyeHHss po3pobku 3D marHiTHOT
mMogeni 3emHoi kopu CxigHo-EBponencbkoi nnatdopmu (3 ypaxyBaHHSAM
cchepuyHocTi 3emni) / M.I. Opnitok, A.B. MapueHko // ['eodpiaunyHi TexHonorii
NPOrHO3yBaHHs! Ta MOHITOPUHIY reosIoriYHOro CepefoBHLLa : MaTepiany Hayk.
KOHd. — 2008. — C. 154-155.

16. MawkeBny U.K. TpexmepHas reonoro-reocpusnyeckas Mogens nnTo-
cehepbl LeHTpanbHoi YacTn Kapenbckoro kpatoHa / W.K. Mawkesuny, H.B. LWa-
pos, A.C. CaBueHko, B.W. CtapocTteHko // Feodm3. xypH. — 2014. — Ne 6(36). —
C. 58-78.

17. NetpomarHntHas mogenb nutocdepsl / UK. Mawkesndy, O.M. Me-
yepckun, A.M. FopogHuukmn n ap. — K. : Hayk. aymka, 1994. — 176 c.

18. Connory6 B.B. Jlutocdepa Ykpaunbl / B.6. Connory6. — K. : Hayk.
aymka, 1986. — 184 c.

19. Cxema rnybuHHOTO CTPOEHMSt NMTocdepsbl oro-3anagHom Yactm Bocro-
yHo-EBponerickoi nnatdopmbl. M-6 1 : 1 000 000/ A.B. YekyHos, B.B. Connory®6,
C.C. Kpacosckuit n gp. — 1992. — 6 n.

20. ®epoposa H.B. Mogenun HamarH14eHHOCTU 3eMHOI KOpbI MO reoTpa-
Bepcy Mpanut / H.B. ®epoposa. // Ypanbckuii reodms. Bect. — 2001. — Ne 2.
—C. 88-93.

21. Artemieva |. Thermal thickness and evolution of Precambrian
lithosphere: A global study / |. Artemieva, D. Mooney // Journal of geophysical
research. — 2001. — Ne 108. — P. 16387-16414.

22. Bogdanova S.V. EUROPE|East European Craton / S.V. Bogdanova,
R. Gorbachev, R.G. Garetsky // Reference Module in Earth Systems and
Environmental Sciences, 2016. — P. 1-18.

23. EUROBRIDGE: new insight into the geodynamic evolution of the
East European Craton, in European Lithosphere Dynamics / S.V. Bogdanova,
R. Gorbachev, M. Grad et al. // European Lithosphere Dynamics: eds. D.G.
Gee, R.A. Stephenson. — London: Geological Society, 2006. — P. 599-625.

24. Grad M. The Moho depth map of the European Plate / M. Grad,
T. Tiira, ESC Working Group // Geophysical Journal International. — 2009. —
Ne 176. — C. 279-292.

25. Magnetic anomaly map of the world-carte des anomalies
magnétiques du monde / J. Korhonen, J.D. Fairhead, M. Hamoudi et al. —
Paris : Commission for Geological Map of the World 1st Edition.

26. Orlyuk M.I. Tektonic interpretation of 4-dimensional magnetic model
for the south — western part of the East-European platform / M.1. Orlyuk //
Eurobridge workshop. — 1996. — P. 28.

27. Riphean rifting and major Paleoproterozoic crustal boundaries in the
basement of the East European Craton: geology and geophysics
/ S.V. Bogdanova, |.K. Paskevich, R. Gorbatschev, M.l. Orlyuk //
Tectonophysics. — 1996. — Ne 268. — P. 1-21.

28. The Magnetic Field of the Earth's Lithosphere / E. Thébault,
M. Purucker, K.A. Whaler et al. // Space Science Reviews. — 2010. — P. 95—
127.d0i:10.1007/s11214-010-9667-6.

References

1. Bogdanova, S. (1986). The Russian platform crust in the Early
Precambrian (with reference to the Volgo-Ural segment). Moscow: Nauka,
220 p. [in Russian].

2. Garetsky, R.G. (1995). Aulacogens of the cratons in Northern
Euroasia. Geotektonika, 4, 16-28. [in Russian].

3. Garetsky, R.G., Karataev, G.I. (2011). Tectonogeodynamic model
junction of Fennoscandian and Sarmatian segments of the East European
Platform. Geology and Geophysics, 52(10), 1557-1566. [in Russian].

4. Orlyuk, M.l, Kovalenko-Zavoisky, V.M., Ivashchenko, |.M.,
Marchenko, A.V. (2007). Interpretation of regional magnetic anomalies for
spherical Earth. Thesis of Vllith International conference "Monitoring of a
dangerous geological processes and environmental ecological state”, 76—77.
[In Ukrainian].

5. Nechaeva, T.S., Shymkiv, L.M., Gorkavko, V.M. (2002). Map of
anomaly magnetic field (AT)a Ukraine. Scale of 1:1 000 000.Kyiv, 1sh. [In
Ukrainian].

6. Kovalenko-Zavoisky, V.M., lvashchenko, I.M. (2006). Mathematical
support of ABa field interpretation. Geophysical Journal, 28(5), 18-30. [In
Ukrainian].

7. Kutas, R.l. (1993). Thermal field and geothermal regime of the lithosphere.
In: Chekunov, A.V. (Eds.) Lithosphere Central and Eastern Europe. Summary of
the Studies. Kiev: Naukova dumka, 115—132. [in Russian].

8. Pashkevich, LK., Markovskiy, V.S., Orlyuk, M.l., Eliseeva, S.V.,
Mozgovaya, A.P., Tarashchan, S.A. (1990). Magnetic model of the
lithosphere Europe. Kiev: Naukova Dumka, 168 p. [in Russian].

9. Fedorova, N.V., Kolmogorova, V.V., Rublev, A.L., Tsidaev, A.G.
(2013). The magnetic model of the north-eastern region of Europe.
Geofizicheskiye issledovaniya, 14(2), 25-37. [In Russian].

10. Orlyuk, M.l., Romenets, A.A., Marchenko, A.V., Orlyuk, I.M,,
lvashchenko, I.N. (2015). Magnetic declination in the territory of Ukraine: the
results of observations and calculations. Geophysical Journal, 37 (2). 73-85.
[In Russian].

11. Orlyuk, M.I., Pashkevich, 1.K. (2012). Deep sources of regional
magnetic anomalies: tectonotypes and relation with transcrustal faults.
Geophysical Journal, 34(4), 224-234. [In Russian].

12. Orlyuk, M.1., Pashkevich, L.K. (1995). Magnetic model of the Earth's
crust for the South-East of the East-European Platform. Geophysical Journal,
17(6), 31-36. [In Russian].

13. Orlyuk, M.I. (2000). Spatial and spatio-temporal magnetic models of
different rank structures lithosphere of the continental type. Geophysical
Journal, 22(6), 148—165. [In Russian).

14. Orlyuk, M.I. (1993). Geotraverse lll. Magnetic model. In: Chekunov, A.V.
(Eds.) Lithosphere of Central and Eastern Europe. Geotraverses I, VII, IX.
Kiev: Naukova Dumka, 30-35. [In Russian].

15. Orlyuk, M.I., Marchenko, A.V. (2008). Mapping support for the 3D
magnetic model the earth crust of the East European platform (for spherical
Earth). Thesis of International Scientific Conference "Geophysical
technologies for predicting and monitoring of geological media". Lviv, 6-10
October 2008, 154—155. [In Ukrainian].

16. Pashkevich, |.K., Sharov, N.V., Savchenko, A.S., Starostenko, V.1. (2014).
Three-dimensional geological-geophysical lithosphere model of the central part of
the Karelian craton. Geophysical Journal, 36(6), 58—78. [in Russian].

17. Pashkevich, I.K., Orlyuk, M.1., Eliseeva, S.V. (1994). Platformal areas
of Europe. In: Pechersky, D.M. (Eds.) Petromagnetic Model of the
Lithosphere. Kiev: Naukova Dumka, 109-124. [In Russian].

18. Sollogub, V.B. (1986). Lithosphere of Ukraine. Kiev: Naukova
Dumka, 184 p. [In Russian].

19. Chekunov,A.V. (Ed.) (1992). Scheme of lithospheric deep structure
of southwestern part of the East European Platform. Sc. 1000000. Kyiv:
Goscomgeology, 6sh. [In Russian].

20. Fedorova, N.V. (2001). Crustal magnetization models along the
Granite geotraverse. Uralsky geofizichesky vestnik, 2, 88-93. [In Russian].

21. Artemieva, |., Mooney, D. (2001). Thermal thickness and evolution of
Precambrian lithosphere: A global study. Journal of geophysical research,
106, B8, 16387 —16414. doi:10.1029/2000JB900439

22. Bogdanova, S., Gorbatschev, R., Garetsky, R.G. (2016).
EUROPE|East European Craton in book Reference Module in Earth Systems
and Environmental Sciences, 1-18. doi:10.1016/B978-0-12-409548-
9.10020-X

23. Bogdanova, S., Gorbachev, R., Grad, M. et al. (2006).
EUROBRIDGE: new insight into the geodynamic evolution of the East
European Craton. In: Gee, D.G., Stephenson, R.A. (Eds.). European
Lithosphere Dynamics. London: Geological Society, 32, 599-625.

24. Grad, M., Tiira, T., ESC Working Group. (2009). The Moho depth
map of the European Plate. Geophysical Journal International, 176, 279-292.
http://dx.doi.org/10.1111/j.1365-246X.2008.03919.x

25. Korhonen, J., Fairhead, J.D., Hamoudi, M., Hemant, K., Lesur, V.,
Mandea, M., Maus, S., Purucker, M., Ravat, D., Sazonova, T., Thébault, E.
(2007). Magnetic anomaly map of the world—carte des anomalies
magnétiques du monde. Commission for Geological Map of the World 1st
Edition. Paris, France.

26. Orlyuk, M.I. (1996). Tektonic interpretation of 4-dimensional
magnetic model for the south — western part of the East-European platform.
EUROBRIDGE workshop. 8-15 June 1996. Oskarshamn, Sweden, 28.

27. Bogdanova, S.V., Pashkevich, |.K., Gorbatschev, R., Orlyuk, M.l.
(1996). Riphean rifting and major Paleoproterozoic crustal boundaries in the
basement of the East European Craton: geology and geophysics.
Tectonophysics, 268, 1-21.

28. Thébault, E., Purucker, M., Whaler, K.A., Langlais, B., Sabaka, T.J.
(2010). The Magnetic Field of the Earth's Lithosphere. Space Science
Reviews, 95-127. doi:10.1007/s11214-010-9667-6

Hapivwna no peakonerii 19.10.17



~ 26 ~ B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LlleBueHka ISSN 1728-3817

M. Opnitok, A-p reon. Hayk, 3aB. BiAAiny reoMarHeTusmy
E-mail: orlyuk@igph.kiev.ua,

A. MapueHKo, Mon. Hayk. cniBpo6.

E-mail: andrey_marchenko@ukr.net,

M. BakapxieBa, cTapLl. HayK. CriBpo6.

E-mail: bakarjieva@ukr.net

IHcTUTYT reodismnkm im. C.l. Cy66oT1iHa HAH YkpaiHu
np. Akag. Mannapina, 32, m. Kuis, 03680, YkpaiHa

3D MATHITHA MOOENb 3EMHOI KOPU CXILI,I_-_I_OSBPOI'IEVICbKOFO KPATOHY
3 YPAXYBAHHAM C®EPUYHOCTI 3EMJ1I TA Il TEKTOHIYHA IHTEPNPETALIA

reomazHimHe none wupoko 3acmocosyemscs G711 ompuMaHHs1 iHghopmauii ujodo 2nubuHHoi 6ydosu ma po3eumky nimocgepu 3emni, Opi6bHO-
MacwmabHo20 rpoa2Ho3ye8aHHs KOPUCHUX KOMasluH, @ MaKoX eUpiuweHHs1 HU3KU eKosloei4YHux 3aedaHb. Halibinbw eaz2omi pesynbmamu ompumy-
rombcs 3a paxyHoK po3pobku 2D, 3D ma 4D mazHimHux modesel 3eMHOI Kopu (nimocghepu) e sikux sidobpaxarombcsi npocmopoesuli ma npocmo-
poso-4acosuli po3nodin mazHimHux dxepesn. [JocmoegipHicmb NPocmoposo-4acoeoao po3nodiny (po3mawyeaHHs) MazHimHuUx Oxepes i eenUYuUH
iIXHbOT Hama2Hi4eHocmi 3anexums 8id adekeamHocmi epaxyeaHHs1 2eomMempii 06'ekmie i HeOOHOPiOHOCMI 20/108H020 Ma2HiIiMHO20 nosist 3emili Bigrr.
Y 38'13Ky 3 yum 9ns CxiOHoesponelicbKo2o KpamoHy enepuie po3pobrieHo lio2o pezioHanbHy 3D MazHimHy mModenb Ons cghepuyHoi 3emni. Ans
po3pobku modesi eukopucmaHo yugposi daHi WDMAM Ha eucomi 5 km, anpiopHi daHi uy000 2nubuH 3ansizaHHs1 MO8ePXHi Kpucmarni4Ho20 ¢pyHOa-
meHmy ma Moxo, po3nodiny memnepamyp, a maKkox pe3ysbmamu iHwux 2eos1020-2eoizudHux docnidxeHb. 32idHo i3 C.B. Bo2zdaHoeoto, CxiOHo-
€eponelicbkuli KpamoH cghopMyeascsi 3a paxyHOK 34/IeHyeaHHs1 mMpbox ceameHmie (®eHockaHOii, Bonzo-Ypanii ma Capmamii) y yacoeomy inmep-
eani 2,1-1,8 mnpd pokie. Ha ¢haHepo3olickkoMy emani po3eumky 6ynu cghopmoeaHi lio2o cy4yacHi epaHuyi. YcmaHoesieHo, Wo 8 Mexax KpamoHy
crnocmepizaembcsi HepieHOMIpHUl po3nodin MazHIimMHux AXepes i eenu4uUH IXHbOI HamMaz2HiYeHocmi. MakcuMasibHa KOHYeHmpauiss Ma2HimHux Oxe-
pen xapakmepHa 051 lio2o Kpaliosux YacmuH. [liedeHHO-3axiOHa 2paHuUysi KpamoHy eiOMiyaembcsi Ma2HiMHUMU Oxepeslamu 3 HamazHiyeHicmio 1,0—
3,0 A/m Ha enubuHax 10-18+46 km. [lpocmsizaHHs1 OXXepen y3200)Kyembcsi 3 npocmsizaHHAM TpaHceaponelicbkoi cymypHoi 30HU ma Banmilicbko-
TMpudHicmpoeckKoi 30HU NePUKPamMOHHUX NPo2uHie (onyckaHb). [lpocmsizaHHs Ma2HIMHuUX AXepes Ha nieHiYHOMY cx00i KpamoHy 8 Mexax ®eHoc-
kaHOil ma Boneo-Ypanii y32o00xeHe 3 npocmsizaHHsIM ¢haHepo3olicbKux cmpykmyp Ypany ma TimaHy. MacHimHi Oxepena 3ansizaromb 8 iHmepeaarni
10-18+38-44 km i Matomb HamazHi4eHicmb 0,7-4,0 A/m. Ma2HimHi dxxepena nieHiyHOT (y mexxax ®eHockaHdii) ma niedeHHoT (y mexxax Capmamii) yac-
MUH KpamoHy maromb mopuyese 34s1eHy8aHHs 3 lio2o epaHuyero. 30HuU 34rieHysaHHs1 ceameHmie CEK makox eudinsirombcsi dxepenamu pe2ioHasb-
Hux MazHimHux aHomanit. Ma2HimHi dxepena LjeHmpanbHo-Pocilicbkoi pugphmoeoi cucmemu po3dinsitomb Ma2HimHy kopy Bonzo-Ypanii ma cna6-
KoMazHimHy kopy ®eHockaHOIl, a dxxepena BonuHcbko-OpwaHcbkoi pugpmoeoi cucmemu — PeHockaHdii i Capmamii. MacHimHi Oxepena lMayenmcbkoi
pugbmoeoi 30HU po3dinsromb Capmamiro ma Bonzo-Ypaniro. 3ayeaxumo, wio npubu3Ho make X npocmsi2aHHsI Matomb Ma2HimHi aHomanii Kypcbko-
BpsiHCbKOI CMya2u 3 MaKCUMarnlbHUMU, Y MeXax KpamoHy, eesluduHamu HamazHideHocmi ixHix dxepen (>10,0 A/m). 32i0Ho i3 KOHYenyieto MeKmMoHiku
nimocgepHux niaum Maz2HimHi HeOOHOPiIGHOCMI 30H 34/leHyeaHHsI ce2MeHmie KpamoHy ma (i020 308HIWHIX 2paHUYyb MOXymb po3ansidamucs sIK
Oxepena cy60ykyiliHo-060yKyiliHo2o muny, W0 8UHUKIIU Ha emarni ixHbo20 ¢ghopmyeaHHsi. Ha pughelickkomy ma ¢haHepo3olickkoMy emanax po3eu-
mKy nimocgbepu 8 Mexxax 30H 34sieHyeaHHsI ceaMeHmie KpamoHy ma (io20 308HiWHIx 2paHUybL ¢hopmyeasnucs Ma2HimHIi Axepesna pugpmoeoi npu-
podu. MazHimHi dxepena cy6dykyiliHo-060yKyiliHo20 ma pughmoz2eHHO20 munie xapakmepu3yrombcs 8i0noeiOHO Memasio2eHiYHol cneyianisa-
yito, momy pospobneHa Modesib Moxxe 6ymu eukopucmaHa sik 0511 meKmoHiYHuUX i 2eo0uHamiyHux no6ydos, mak i Onsi Opi6HomacwmabHo20 npo-
2HO3y8aHHsI KOPUCHUX KOMaJluH.

Knro4voei cnoea: CxioHoeeponelcbkuli KpamoH, 3D mazHimHa modenb.
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3D MATHUTHAS MOJENb 3EMHOW KOPbl BOCTOYHOEBPOIMNEWUCKOIO KPATOHA
C YYETOM C®EPUYHOCTU 3EMJIU U EE TEKTOHNYECKAA UHTEPMNMPETALUA

reomazHumHoe nosie WUPOKO NPUMeHsiemcsi O11s1 NoJlyYeHus1 UHghopmMayuu o 2/7y6UHHOM CMPOEHUU U pa3sumuu qumocegepbl 3emMsiu, MesKo-
MacwmabHo20 Npo2HO3UpPOo8aHUs MOJIE3HbIX UCKOMNaeMbiX, @ maKxe peuweHus psida sKosiozudeckux 3aday. Haubonee eecombie pesynsmamebl rnosy-
yaromcs 3a c4yem paspabomku 2D, 3D u 4D macHUMHBIX Modesieli 3eMHOU Kopbl (Mumocgepsbi) 8 KOMOPbIX OMPaXarvmcsi MPOCMpPaHCMEEHHoe U
npocmpaHcmeeHHo-epeMeHHoe pacrnpedesieHUe Ma2HUMHBLIX UCMOYHUKOS. [JocmogepHOCmMb MPOCMpPaHCMEEHHO-8PEMEHHO20 pacrpedesieHus!
(pacnonoxeHue) Ma2HUMHbLIX UCMOYHUKOB8 U 8€JIUYUH UX HaMazHUYeHHOCMU 3asucum om adekeamHocmu y4ema 2eomempuu o6beKmoe u Heoo-
HOPOOHOCMU 2/1a8HO20 Ma2HUMHOo20 nossi 3emnu Bicrr. B cesi3u ¢ amum Ans BocmoyHoegpornelicko2o kpamoHa enepsbie pa3pabomaHa e20 pe-
2uoHanbHas 3D macHumHasi Modesnb Ans cghepuyeckol 3emnu. ns pazpabomku Modesnu Ucnosnb308aHsbl yugpoesie daHHblie WDMAM Ha ebicome
5 KM, anpuopHble OaHHbIe 0 2/1yb6uHe 3ase2aHusi M0O8ePXHOCMU Kpucmainnu4deckozo ¢pyHdameHma u Moxo, pacnpedesieHusi memMnepamyp, a makxe
pe3ynbmamsbl Opy2ux 2eos1020-2eogpusuyeckux uccredosaHuli. CoznacHo C.B. BozdaHoeoli, BocmoyHoeeponelickuli KpamoH cghopMuposarsics 3a
cyem coYsieHeHUs1 mpex ceameHmos (®eHHockaHAuu, Bonzo-Ypanuu u Capmamuu) eo epeMeHHOM uHmepearne 2,1-1,8 mnpo nem. Ha ¢paHepo3olic-
KOM amane pa3sumusi 6bi1u chopmMupoeaHbl CO8PEMEHHbIE €20 2paHUUbl. YcmaHoeieHo, Ymo 8 npedesnax KpamoHa Habodaemcsi HepagHomep-
Hoe pacnpedesieHUe Ma2HUMHbIX UCIMOYHUKO8 U 8€JIUYUH UX HamMazHU4YeHHocmu. MakcumarnbHasi KOHUeHmpauusi Ma2HUMHbIX UCMOYHUKO8 XapakK-
mepHa 0nsi e2o kpaeebix Yacmel. KO2o-3anadHas epaHuya KpamoHa ommeYyaemcsi Ma2HUMHbLIMU UCMOYHUKaMu ¢ HamazHu4eHHocmsto 1,0-3,0 A/m
Ha eny6uHax 10-18+46 km. [l[pocmupaHue ucmo4HUKO8 coasacyemcs ¢ npocmupaHuem TpaHceeponelickol cymypHou 30Hbl U Banmuticko-lpudHe-
cmpoeckol 30HbI MePUKPamMoHHbIX Npoauboes (onyckaHul). [l[pocmupaHue Ma2HUMHbLIX UCIMOYHUKO8 Ha cesepo-80CMOKe KpamoHa — 8 npedenax
®PeHockaHOUU u Bonezo-Ypanuu coznacHo ¢ npocmupaHuem ¢haHepo3olickux cmpykmyp Ypana u TumaHa. MazHuUmMHbIe ucCMOYHUKU 3ane2arom e
uumepsane 10-18 + 38-44 km u umerom HamazHu4eHHocmsb 0,7-4,0 A/m. MazHumHbIe UCMOYHUKU ceeepHol (8 npedenax ®eHHockaHOUU) U FOXXHOU
(e npedenax Capmamuu) 4Yacmel KpamoHa UMerom mopyeeoe CoYsieHeHUe ¢ e20 2paHuyel. 30HblI coYneHeHusi ceemenmoe BEK makke ebidensi-
oMCcsi UCMOYHUKaMUu pe2uoHalslbHbIX Ma2HUMHbLIX aHomanul. MazHumHble ucmo4Huku LjenmpanbHo-Poccuiickol pugpmosoli cucmemsl pa3de-
Nisirom Ma2HUmMHyro kopy Boneo-Ypanuu u cnabomazHumHyro kopy ®eHHOCKaHOUU, a ucCMOoYHUKU BonbiHcko-OpwaHckol pugpmoeol cucmembl —
@PeHHOCKaHOUU u Capmamuu. MacHumuble ucmoyHuku lMayenmckoli pugpmoeoli 30HbI pa3denstom Capmamuro u Boneo-Ypanuro. 3amemum, ymo
MPUMepHO makoe ke npocmupaHue uMerom MacHUMHbIe aHomanuu Kypcko-BpsiHckoli nosiockl ¢ MakcuMasibHbIMU, 8 npedesiax KpamoHa, eesnuYu-
HaMu Hamaz2HuU4YyeHocmu ux ucmo4Hukoe (>10,0 A/m). CoenacHo KOHUyenyuu meKmoHUKU 1umocgepHbIX Maum mMacHUMHble He0OHOPOOGHOCMU 30H
COY/IeHeHUsI Ce2MEeHIMOo8 KpamoHa U e20 8HeWHUX 2paHuly, Mo2ym paccMampueamsbCsl KaKk UCMOYHUKU Cy60yKYUOHHO-063yKUUOHHO20 muna, 803-
HUKwue Ha amane ux ¢gpopmuposeaHusi. Ha pugpelickom u ghaHepo3olickoM amanax pazeumusi 1umocegepsl, 8 npedesiax 30H COYNIEHEeHUs1 ce2aMeHmoe
KpamoHa u e20 8HeWHUX 2paHuy, ¢hopMupoeanuCb MazHUMHbIE UCMOYHUKU pughmoeoli npupodbl. MazHUMHbIE UCMOYHUKU CYy6AYKUUOHHO-060YyK-
YUOHHO20 U puhmMo2eHHO20 MU0 XxapaKmepu3yHImcsi coo meyrouwjell nnozeHuveckol cneyuanusayuet, noamomy papabomaHHasi
modesib MOXem 6GbImb UCMOJIb308aHa KaK OJisi MEeKMOHUYECKUX U 2e00UHaMU4eCKUX MocmpoeHuli, mak u 0515 MesikomacwmabHO20 Npo2Ho3uposa-
HUS1 Mos1e3HbIX UCKOMaeMbiXx.
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