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GEOMAGNETIC FIELD TRANSFORMS AND THEIR INTERPRETATION AT EXPLORATION
FOR HYDROCARBON FIELD IN THE SOUTHERN PART OF THE USTYURT REGION

Abstract. The results of interpretation of acromagnetic survey data in the southern part of the Ustyurt region
in order to identify zones and areas of rocks heterogeneous in terms of magnetic properties are discussed in this
article. An attempt has been made to tie up the depth and nature of the propagation of the magnetoactive layer
with areas potentially productive for the detection of hydrocarbons accumulations (HC).

With these purposes there were calculated such reduced-to-the-pole transforms of the anomalous magnetic
field: vertical and horizontal derivatives, analytic signal, tilt derivative (TDR) of this field, high- and low-
frequency components, tracing of axes of magnetic anomalies ATa, and position of 3d modeling of Euler’s
points.

The occurrence of a network of faults indicates the abrupt changes in the sign and direction of ATa anomalies,
the presence of linear zones of high values of the magnetic field gradient, displacements of anomalies in plan
and rectilinear ledges in the relief.

Three tectonic elements, the Central Ustyurt dislocation system, the Shakhtakhtin step, and the Assakeaudan
depression are distinguished by the character of the transforms of the geomagnetic field, and, consequently, by
the depth of occurrence and the scale of propagation of magnetic rocks.

The Shakhpakhty step is first of all recommended for setting up exploration in order to study the geological
structure and oil and gas potential in more detail by the method of geological analogies and taking into account
the available geological and geophysical data.

Key words: magnetic field transforms, airborne magnetic survey, vertical and horizontal derivatives, Euler
points.

Introduction. The relevance of the use of effective innovative methods in the search and exploration of
hydrocarbon (HC) fields is currently growing due to the emerging trend of depletion of a large number of
exploited oil and gas fields.

There is an urgent task of finding algorithms for solving geological problems to replenish the mineral
resource base of Kazakhstan through prospecting and putting into development new hydrocarbon fields.

In order to solve these tasks, in 2019 LLP “SPC” Geoken” Company carried out comprehensive geophysical
study to identify of oil and gas prospective areas within the Central Ustyurt system of dislocation and in the
southeastern part of the South Mangyshlak-Ustyurt system of troughs.

Materials and methods. An independent role in these studies was given to aeromagnetic exploration with
the solution of specific geological tasks. Aeromagnetic survey was carried out using the airborne geophysical
complex GT-MAG-2, acquired along 1000 m spaced flight lines flown at a nominal 100 m above terrain.

The daily variations in the magnetic field were taken into account using the PBM Pico complex based on a
CS-3 cesium magnetometer. The TrimbleR7 GNSS L1 / L2 dual-frequency GPS receiver was used as a ground
reference station for geodetic referencing. The alignment accuracy of the survey route in plan was + 1 m.

The field preprocessing of acromagnetic survey data was performed in two stages:

At the first stage, field data processing included input of corrections on devices' deviations and daily
variations of the magnetic field and tie-up of survey lines with the method of statistic levelling and filtering and
correction of magnetometry data by subtracting the distorting effect of man-made noise.
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The second processing stage consisted of the following procedures:

calculation and input of corrections for radar-altimeter's readings and hypsometry of surface relief;
aeromagnetic survey data filtering and correction;

magnetic field mapping and profiles plotting;

compiling database on magnetic variations;

e. calculation of the normal (IGRF) and anomalous magnetic fields and their most informative transforms,
including vertical and horizontal derivatives, analytic signal, tilt derivative (TDR) of this field, high- and low-
frequency components, tracing of axes of magnetic anomalies ATa, and Euler’s points.

Matrixes were produced using the algorithm “Bidirectional Line Gridding” in the Oasis Montaj software
(Geosoft, 2014), using a 250 m cell size.

For calculation of the anomalous magnetic field, the IGRF international analytical model was assumed as
the Earth's normal magnetic field. Oasis Montaj software was used for the calculations.

With the purpose to obtain the maximally valuable geological information, there were computed the
following transforms [9] of the observed geomagnetic field (IGRF): analytic signal, vertical derivative of the
magnetic field, horizontal derivative modulus of the anomalous magnetic field and tilt derivative (TDR), high-
and low-frequency components of the magnetic field, position of 3d modeling of Euler’s points and tracing of
axes of anomalies ATa (Table 1) [2].

ae o

Table 1 - Statistics on the transforms of the anomalous magnetic field for the analyzed region.

Regional areas

Transform Assakeudan Shakhpakhty Central Ustyurt
depression tectonic step system of dislocations
Anomalous magnetic field reduced-to-the-pole, n'T | from 100 to 300 from -50 to 100 from 100 to 400
Analytic signal, n'T/m from 0 to 0.005 | from 0.005 to 0.008 | from 0.002 to 0.02

Tilt derivative (TDR) of the magnetic field
anomalies, radian
Vertical derivative of the anomalous magnetic

from 0 to 1.560 from -1.567to 0 | from -1.200 to 1.560

from -0.002 to 0.006| from 0 to -0.006 from -0.01 to 0.01

field, nT/m
Horizontal derivative of the modulus magnetic | ¢ 600,006 | from 0t00.002 | from 0.002 0 0.010
field, nT/m
Transformation of the magnetic field anisotropy, cu. from 0 to 0.002 from 0 to 0.0005 from 0 to 0.002
Tracing of axes of magnetic field anomaly, cu from -0.5to 1 from -3 to 0.5 from -5 to 5

Results. Distribution of the geomagnetic field anomalies in the area surveyed. The magnetic field
within the surveyed regions is represented by linearly elongated ATa anomalies characterized by NW striking
directions. In order to distinguish contacts of anomalous zones and provide more accurate estimate of the rock
magnetization value the anomalous magnetic field was reduced-to-the-pole (Fig. 1A).

\J,

Shakhpakhty
e

>3 &
2]

036 12 18 24
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Fig. 1- (A): Anomalous magnetic field reduced-to-the-pole; (B): Vertical derivative of the anomalous
magnetic field reduced-to-the-pole. The dashed black lines indicate major faults along V reflecting
horizon. Dashed pink lines indicate major tectonic break highlighted on a set of completed research
(gravity exploration, magnetic prospecting, thermal fields and terrain).
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Karabaurskiy swell is characterized by high values of intensity of the anomalous magnetic field reduced-
to-the-pole (+240+360 nT, occasionally to +520+800 nT). At that, the peak of values is related to the northern
edge of Karabaurskiy swell, which implicitly indicates its depression in northern direction under Northern
Ustyurt massif. The south part of zone of Central-Ustyurt system of dislocations is marked by a domain of
lower magnetization of rocks, which was revealed in reduce of the geomagnetic field intensity to +50 nT.

The boundary between Shakhpakhty Tectonic Step and Central Ustyurt zone of uplifts (Kol sai trough and
Koskudyk swell) is characterized by minimal values varying from +46 nT to +14 nT.

The northern part of Shakhpakhty Tectonic Step is distinguished by an areas of negative values of the
anomalous magnetic field reduced-to-the-pole (to -50-100 nT) in the area of the local structures Utezhan,
Koskudyk, Kozhantai, Northern Kozhantai and Otynshy.

This fact indicates generation of anomalies of the geomagnetic field in the epochs different from those for
the Central Ustyurt system of dislocations and Assakeudan Depression.

In the southern part of Shakhpakhty Tectonic Step there is observed another inversion of the geomagnetic
field, and a high derivative zone of ATa anomalies with growth of numeric values of ATa anomalies to
+100+120 nT revealed.

In Assakeudan Depression, there are revealed two big anomalies of the geomagnetic field of the north-
western strike with intensity to +300 nT (Fig. 1A).

Vertical derivative of the magnetic field. On this transform (dZ) of the geomagnetic field, the tectonic
boundaries between Central Ustyurt systems of uplifts, northern and southern parts of Shakhpakhty Tectonic
Step and Assakeudan Depression (Fig. 1B) are distinguished in a pretty sharp and contrasting way.

The vertical derivative of the magnetic field emphasizes high frequencies anomalies, reveals block structure
of magnetic and non-magnetic rocks within a surveyed region, and allows outlining the high-frequency
component and seeing more clearly peculiarities of tectonically formed structure on chains of anomalies in
mapping dislocations. Supposedly, through a part of those HCs migrated in conditions of favorable structural
and tectonic conditions available.

When, on the way of migrating HC a trap is occurred then some changes in the oxidation-reduction
environment over the reservoir resulting in newly generating such magnetic minerals as magnetite, hematite,
pyrrhotine, etc. These processes are reflected in the magnetic field structure as dissected and brittle isodynams
with a variegated picture observable on a high-frequency component of the field.

The picture like this is observed in the area of Utezhan, Kozhantai, and Northern Kozhantai local structures in
areas marked by negative values of this transform. This geological phenomenon needs being additionally studied.

In general, minimal variations of this transform distinguish Assakeudan Depression (-0.002 +0.006 nT/m).
Intermediate values of those - Shakhpakhty Tectonic Step (0 to -0.006 nT/m). Maximal values are observed in
the Central Ustyurt system of dislocations (-0.01 +0.01 nT/m).

Horizontal derivative of the magnetic field. The complete horizontal derivative of the magnetic field
reduced-to-the-pole was obtained through analysis of variability of the geomagnetic field (Fig. 2A). On this
transform, Shakhpakhty Tectonic Step is characterized by derivative intermediate values (from 0 to 0.002
nT/m) which in the northern direction, towards the Central Ustyurt system of dislocations, grow to 0.010 nT/m,
whereas, in the southern direction, towards Assakeudan Depression they go down to 0-0.006 nT/m.

Magnetic anisotropy transform [10]. The magnetic anisotropy transform reduced-to-the-pole indicates
boundaries of anomaly-generating objects best of all (Fig. 2B). In calculation of this transform the size of

sliding window of 5x2 km was used.
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Higher values of the magnetic anisotropy transform (higher heterogeneity) characterize the southern and
northern boundaries of Shakhpakhty Tectonic Step, and in the border the latter is adjacent to Assakeudan
Depression and Central Ustyurt systems of dislocations (to 0.002 cu). Shakhpakhty Tectonic Step itself is
distinguished by lower heterogeneity values (0-0.0005 cu), including local structures Utezhan, Kozhantai,
Northern Kozhantai, and Otynshy, which is considered as a favorable historical and geological factor
indirectly influenced on formation of the sedimentary subsurface.

Analytic signal. On character of distribution of the transforms [2] the territory surveyed is conditionally
distinguished to several areas.

First of all, the most noticeable region is the area where the local structures Utezhan, Koskudyk, Kozhantai,
North Kozhantai, and Otynshy are situated. The area is characterized by lower values of the analytical signal
and distinguished in the northern part of the Shakhpakhty Tectonic Step and within the band where it joins to
the Central Ustyurt systems of dislocations.

In the south-east of Shakhpakhty Tectonic Step, within the territory of the Republic of Uzbekistan, in
earlier times, there were discovered big-size oil fields Shakhpakhty and Jel in Upper Jurassic sediments.

In the southerly located Assakeudan Depression, the analytical signals get minimal values (Kyzgurly,
Birinzhik, and Northern Birinzhik structures).

Higher values of this transform are observed in the Central Ustyurt system of dislocations (Akmechet’
structure).

The zone sequence distinguished in distribution of the analytical signal is confirmed by values of the
magnetic induction derivative, with those varying within 0.005 - 0.008 nT/m for the Shakhpakhty Tectonic
Step, 0 - 0.005 nT/m for the Assakeudan Depression, and 0.002 -0.02 nT/m for the Central Ustyurt system of
dislocations (Table 1).

It would appear that such character of distribution of this transform is associated with block structure of
the basement, where, on the one hand magnetically active rocks have got development variable in scales. On
the other hand, there is a common plunge of upper edges of causative magnetic masses to the south.

Tilt derivative (TDR) of the magnetic field. This transform (measured in radians) reflects peaks of
the initial geomagnetic field independently on their intensity and allows plain mapping of objects and their
contours as well as tracing of structural elements [3, 4].

On intensity of TDR peaks the depth the objects are occurred may be evaluated. TDR transform peaks
correspond to axial lines of magnetically active objects, and zero values — to their external boundaries.

The obtained results indicate that the northern part of Shakhpakhty Tectonic Step is distinguished by
minimal values of negative angles of the derivative vector inclination angle of the magnetic field (from
-1.567 to 0 radians) reduced-to-the-pole (structures Utezhan, Koskudyk, Kozhantai, Northern Kozhantai and
Otynshy) (Table 1).

Within Assakeudan Depression and in the south part of Shakhpakhty Tectonic Step (structures Samtyr,
Tabyn, Kyzgurly, Birinzhik and Northern Birinzhik) there are observed closely adjacent values of this
transform (0-1.560 radians).

In the Central Ustyurt system of dislocations there were fixed maximal negative values (-1.200 -1.560
radians) of TDR transform slope angles (Akmechet structure).

Tracing of axes of magnetic field anomalies reduced-to-the-pole. This transform [8] is used with
purpose to localize axes of Ta anomalies (Fig. 3). On typical elements of the magnetic field there were
distinguished some tectonic dislocations availability of which was detected on a sharp variability of the
magnetic field intensity along a line; on typical displacements of anomalous values relatively this line.

The axes of key anomalies help to distinguish the margin zone of Assakeudan Depression, where the
contact of which with Shakhpakhty Tectonic Step is revealed by a narrow boundary.

In general, minimal variations of this transforms distinguish Assakeudan Depression (-0.5 +1 cu).
Intermediate those - Shakhpakhty Tectonic Step (0.5 to -3 cu). Maximal values in auto-tracking of anomaly
axes of the magnetic field reduced-to-the-pole are observed in the Central Ustyurt system of dislocations (-5
+5 cu), which seemingly may be explained by involvement of these tectonic structures into Later Paleozoic
tectonic genesis.

Euler points. Distribution of magnetically active bodies in the depth is well illustrated by such transform
of the magnetic field as Euler Deconvolution solution points, positions of which is calculated in the Oasis
Montaj software. We use the structural index 1 with window size of 20 km.

Magnetic lineaments were primarily traced from contours of anomaly-generating objects or causative
magnetic masses. We used the higher density clouds of Euler points as the basis to rank the order these
lineaments according to their depth. [6].
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Layout sketches of Euler points (Fig. 4-6) and distribution diagram for those points in geomagnetic fields
(Fig.7) strongly indicate the magnetic heterogeneity of rocks in the area surveyed and different depths of their
occurrences which is outlined by the earlier considered transforms of the geomagnetic field.

Extension of causative magnetic masses within the region surveyed is sharply differentiated across the
area. For instance, at the depth interval of 6-11 km in the northern part of Shakhpakhty Tectonic Step, the
Euler points are grouped into bands of north-eastern extension (Fig. 5).

Number of points

1800-2000 2000-4000 4000-6000 6000-8000 8000-10000 10000-15000 15000-20000
Depth, m

~—Shakhtakhta —#—Assakeaudan —e— Central Ustyurt

Fig. 7 - Graph of the distribution of Euler points by regions in geomagnetic models
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In the southern part of Shakhpakhty Tectonic Step and in Assakeudan Depression those points generate a
cloud of a variable from EW to NS trend. And, finally, in the Central Ustyurt system of dislocations the Euler
points are grouped as a NW band at the depth interval of 6-11 km (Fig.7).

Taking into consideration the way the Euler points are distributed at depths in geomagnetic models, it turns
to be possible to come up to the preliminary conclusion that the top edge of the causative magnetic masses
within the Central Ustyurt system of dislocations occurs in the intervals of 4-6 km and 10-15km depths, in the
Assakeudan Depression area — 8-10 km, and in the area of Shakhpakhty Tectonic Step — 10-15km.

Implicitly, the fact revealed indicates a large total thickness of sedimentary cover rocks and intermediate
structural stage in Shakhpakhty Tectonic Step, which, in its turn, point out this tectonic element as a favorable
one in respect of oil-and-gas potential perspective of the object.
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Fig.8 - Zoning of the site according to the RAE (radioactive) parameters (according to the algorithm of
A.V. Petrov) [7].

Discussion. The results obtained from the interpretation of the magnetic data is confirmed by airborne
gamma-ray spectrometer (radiometric) data processed and interpreted by the thorium normalized method [7].

According to the parameters of the contents of potassium, uranium and thorium, the survey area were
zoned in the COSCAD software. 10 regions (classes) were identified according to the complex of RAE
(radioactive elements) contents. The most promising in terms of prospecting for oil and gas are classes 1, 2
and 3, partially 4 (Fig.8).

Based on the fact that content of potassium and uranium above oil and gas reservoirs has typically low
values versus background values (and potassium concentrations lower to a greater extent than uranium those),
in the region surveyed there were distinguished 15 zones with relatively lower background of general radio
activity, lower iso-concentrations of potassium, and lower content of uranium. The greatest part of these 15
zones is located in the area of Shakhpakhty Tectonic Step.

Based on the data of interpretation of the anomalous magnetic field and potassium and uranium content
parameters, the structures including Tabyn Kozhantai, Northern Kozhantai, Utezhan, and Kyzgyrly may
be considered as potentially promising for HC exploration. The structures are recommended to be further
explored for detail with CDP seismic survey method and deep drilling.

Conclusion. The aforementioned allows formulating the following below conclusions:

a. Based on the distribution character of the transforms in the magnetic field within the surveyed region,
there are differentiated Shakhpakhty Tectonic Step, Assakeudan Depression, and Central Ustyurt system of
dislocations.

b. Shakhpakhty Tectonic Step is outlined by lower values of the transforms including analytical signal,
magnetic anisotropy, auto-tracking of anomaly axes of the magnetic field, higher values of intensity of ATa
negative anomalies. Here there are observed intermediate values of transforms of horizontal and vertical
derivatives of the magnetic field, and minimal values TDR of transforms for this field;
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c. Assakeudan Depression is distinguished by higher and maximal values in transforms of magnetic
anisotropy and derivative vector inclination angle of the magnetic field. There were stated minimal values
of transforms of the analytical signal, vertical derivative, auto-tracing of ATa anomaly axes of the magnetic
field; lower values of TDR transforms; large anomalies of the geomagnetic field with positive sign and NW
trend.

d. Central Ustyurt system of dislocations is commonly characterized by higher values of transforms of
the analytical signal, magnetic anisotropy, horizontal derivative of the magnetic field, as well as by maximal
values of transforms of the vertical derivative and TDR vector inclination angle of the magnetic field; auto-
tracking of anomaly axes of ATa, and maximal values of intensity of positive anomalies.

e. There was taken an attempt to tie-up the depth and character of distribution of magnetically active
layers with areas potentially prospective for HC accumulations to be detected. The integrated analysis of
the magnetic field transforms and airborne gamma-spectrometry data indicate favorable oil-and-gas bearing
perspectives for the area of Shakhpakhty Tectonic Step. The factor that implicitly confirms this expectation is
a significant plunging depth of the magneto-active layer.

Thus, the transforms of the initial geomagnetic field presumably increase reliability in detecting of
anomalous objects, and may be considered as an extra exploration criterion in prospecting and exploration
of HC fields.

AdetoB A.E.", Ecupkenosa I1I.B.!, Kypro Ma /Ik.b. (Julia B. Curto)’

'K.W. Cornae arbinaarbl Kazak yITTBIK TEXHUKAIBIK 3€PTTEY YHHBEpCUTETi, AnMarel, KasakcraH;
’bpa3uiinia yHUBEpCHUTETi, bpasums.
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YCTIPT OHIPIHIH OHTYCTIK BOJITI'THAEI'TI KOMIPCYTEI'T KEH OPBIHJIAPBIH
IBAEY KE3IHAETT TEOMATHHUTTIK OPICTIH TPAHC®OPMAHTTAPBI )KOHE OJIAPIBIH
HUHTEPIIPETALLUACHI

AnHoTanus. Makajiaga MarHUTTIK KaCUETTepi OONBIHIITA OIpTEKTI eMecC Tay KBIHBICTAPBIHBIH allMaKTaphbl
MEH ay/laHJapblH aHBIKTay MaKcaThblHIa YCTIPT OHIpiHIH OHTYCTIK OeIiriHaeri a’poMarHUTTIK 3epTTey
KYMBICTapBIHBIH HOTHKECI KapacThIpbUIFaH. MarHuTTik OeliceHAl KaOaTThlH Tapaly TEpeHIIri MeH
TaOWFaThIH KOMIPCYTEKTEep/iH JKMHAKTATYbIH aHBIKTayFa MEPCHEKTUBANIBI ayAaHAapMeH OailaHbICTHIpYFa
OpeKeT KacalIbl.

Ocpl MakcarTa aHOMaJIbl MarHUT OPICIHIH MOJIOCKE JIeHiH a3alThIIFaH TpaHcopMaTatapsl eCenTem i,
aiiTa eTCeK, aHATUTHKAJIBIK CUTHAII, OCBI OPIiCTIH KOJIIEHEH I'PaINeHT BEKTOPBIHBIH KOJIOEY OYPHIIITBI, TiK )KOHE
KOJIJICHEH TPaJINEHTTEP, KOFAPHI KULTIKTI )KOHE TOMEH KHUUTIKTI KOMIIOHeHTTep, ATa aHOManust OChTepiHiH
aBTOTPACCALMACHI KoHE DUNEepAiH epeKIIe HYKTelepiHiH OpHalIaCyBl.

A Ta aHOMaNUSCBHIHBIH O€NTici MeH OaFbITBIHBIH KYPT ©3Trepyl, MarHUT OPICiHiH KOFapbl IPaJHeHTTEPIHIH
CBI3BIKTHIK aiiMaKTapbIHBIH OOJYBI, dKOCIAPJAFbl aybITKYIAP/IbIH JKBUDKYBI JKOHE pelbe)Teri TiK ChI3BIKTHI
KepTHelep >KapbUTBIM JKeJTiCiHIH 0ap eKeHIIITIH KOpCceTe/Ii.

l'eomarHuTTIK OpicTiH TpaHChOpPMATTAPHIHBIH TaOUFaThl OOMBIHINA, SFHU TMaiija 00y TEPeHIITi KoHe
MarHUTTEJICH Tay KbIHBICTAPBIHBIH AaMy ayKbIMbI OOMBIHILA YIII TEKTOHUKAJBIK 3J1eMeHT — OpTainsIK Y cTipT
JUCTOKAMSIIBIK JKyieci, [IlaxnaxTel caTbIchl oHe AccakeaynaH OHmaThl OKLIAYIaH IbL.

[eonorusibIK YKCACTBIKTap o/ici OOMBIHILA JKOHE KoJJa 0ap reoNoTrHsUIbIK-TeOPU3UKAIBIK IepeKTepi
Hazapra aja OTBIPHII, TEOJOTHSIIBIK Oapay *KyMBICTapblH MyHai-Ta3 Oapiayra Oipinmni ke3ekre [llaxmaxTer
CaTBICHI ETXKEH-TEeTKEHITI 3epTTEyTe YChIHBLTA b

TyiiiHai cesnep: MarHWUT OPICiHIH TpaHC(HOPMAHTTAphl, aDPOMArHHUTTIK Oapriay, TIK JKOHE KOIICHEH
rpagueHTTep, JUep HyKTenepi.
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TPAHC®OPMAHTBI TEOMATHUTHOI'O TOJISA U UX UHTEPIIPETALIUSA ITPU ITIOUCKE
MECTOPOXXJIEHUI YIIEBOJAOPOJOB B IO)KHOM YACTH YCTIOPTCKOI'O PETMOHA

AHHoTanmsa. B craree paccMOTpeHBI pe3yiabTaThl MHTEPIPETAMM JAHHBIX adpOMarHUTOpa3BElIKH B
FO’KHOM 4acTU YCTIOPTCKOIO PETMOHA C LEJbI0 BBISBICHUS 30H U IIOMAJEH HEOJHOPOIHBIX 10 MArHUTHBIM
CBOMCTBaM TOpHBIX Topon. OcyllecTBieHa MOMBITKA YBS3aTh IIIYOMHY M XapakTep paclpoCTpaHEHUS
MarHUTOAKTUBHOIO CJIOSl C TUIOUIASIMH, NEPCICKTUBHBIMU Ha OOHAapY)KEHHE CKOIUICHHH YIJIEBOAOPO/OB
(YB).

B aTux nensx OblIH paccuuTaHbl TaKKE TPAaHCPOPMaHTBI aHOMAJIBLHOTO MATHUTHOTO OJISI, TPUBEICHHOTO
K IIOJIIOCY, KaK AHAJIMTUYECKUM CUTHAJ, Yroj HAaKJIOHA TOPU30HTAJIILHOIO BEKTOPA IPajMeHTa 3TOr0 IOJIs,
BEPTUKAJIBHBIM M TOPU3OHTAIBHBINA I'DAJUEHTHI, BbICOKOUACTOTHBIE M HU3KOYACTOTHBIE COCTABIISIOLLUE,
aBTOTpaccupoBaHue oceit anomanuit ATa, monoxxeHue 0coObIX ToUeK Diijepa.

Pe3kue naMeHeHus 3Haka 1 HarpaBlIeHHOCTH aHoMani A Ta, pucyTCTBHE TMHEHHBIX 30H MOBBILIIEHHBIX
IpaJiMeHTOB MarHUTHOTO TIOJS, CMEIICHWsI aHOMaluil B TUIaHE W MpPSIMOJMHEWHBIE YCTYNbl B peibede
WHJULUPYIOT IPUCYTCTBUE CETU PA3PBIBHBIX HAPYIIECHUN.

[lo xapakTtepy TpaHc(OpPMaHT T€OMAarHMTHOTO TOJIS, A, CIENOBAaTENbHO, MO IIyOWHE 3ajeraHus Hu
MacmTadam pa3BUTHI HAMarHMYEHHBIX TIOPOJl, 000COOIISIOTCS TPH TEKTOHUYECKUX eMenTa — LlenTpanbHo-
VYerioprekas cucteMa nuciokanuit, [laxnaxTuHckas CTyneHb M AccakeayJaHCKUH Poruo.

[To MeTOLy reoIoruuecKrX aHaIoruil u Oepsi BO BHUMaHUE UMEIOLINECS Te0JI0r0-re0pU3NUECKUE TaHHbIC,
B IEPBYIO o4epeas pekoMenayercs LllaxnaxTuHckas CTyleHb JUIsl IOCTaHOBKH I'€0JI0ropa3BeIouHbIX pador ¢
LeJbIo OoJiee eTadbHOTO U3YUYECHUS Te0JIOTUIECKOTO CTPOCHHS U MEPCIIEKTUB HEPTEra30HOCHOCTH.

KioueBble cioBa: TpaHC(OpPMaHTHI MAarHUTHOTO IIOJIsl, adpPOMAarHUTOPa3BEIKa, BEPTUKAIBHBIA H
TOPU30HTANBHBIN IPaIUEHTHI, TOUKH Disiepa.
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