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STRUCTURE AND INTERPRETATION OF THE ANOMALOUS MAGNETIC
FIELD OF THE SOUTH TURGAY PETROLEUM REGION

Purpose. Study on the deep structure of the South Turgay petroleum region to assess the influence of magnetic causative
masses on the processes of generation, migration, accumulation and conservation of hydrocarbon (HC) accumulations, taking into
account the evolution of rift development modes of the same sedimentary basin.

Methodology. The combination of regional magnetometry data is applied with deep drilling data using a priori data on histor-
ical-geological, structural-formation, reservoir qualities and other factors. With the complex spatial anisotropy of the geomag-
netic field and the distribution of magnetization of rocks in the Earth’s crust, the physical prerequisites of magnetic survey data
provide quite correct geological interpretation of the results obtained.

Findings. Classification and zoning of geomagnetic field anomalies by their morphology, intensity values, gradient and size was
conducted, which made it possible to perform identification and geological forecast of magnetically causative bodies and deter-
mine their qualitative (structural) features.Various degrees of magnetization of different-age rocks of the South Torgay Petroleum
region, as well as their relative location, structure, and depths of occurrence were established. It was revealed that the sedimentary
cover and the upper part of the basement here are composed of low-magnetic and non-magnetic formations, and the upper edges
of the magnetically disturbing masses lie at different depths in the consolidated crust, but, in general, deeper than the intervals of
the section penetrated by deep drilling.

Originality. The genetic, historical, geological, and tectonic-magmatic features of the South Torgay basin differ sharply from
those of the adjacent Lower Syrdariya arch and Shu-Sarysu Depression. At the present stage of evolution, South Torgay sedimen-
tary basin has a significant endogenous warming of the lithosphere in contrast to the adjacent Lower Syrdariya arch and Shu-
Sarysu depression. To some extent, it indicates the inheritance in the regime of development of the South Turgay sedimentary
basin from the Paleozoic and Mesozoic stages of rifting.

Practical value. The depth of occurrence of magnetically causative objects significantly expand the stratigraphic interval of
sediments that can be involved in the exploration process. The inherited mode of rift evolution of the basin suggests a favorable
combination for the formation of a wide range of hydrocarbon traps, oil and gas source rocks, migration pathways, accumulation
and preservation of HC accumulations.

Keywords: geomagnetic field, deep faults, negative and positive anomalies, strength, magnetization, pre- Mesozoic basement, hydro-

carbons

Introduction. The South Torgay petroleum region (herein-
after abbreviated as PR) of Mesozoic oil and gas accumula-
tions is controlled by the Meso-Cenozoic depression of the
same name and belongs to the Central Kazakhstan oil and gas
province.

The Aryskum trough is located in the south of the depres-
sion, and the Zhilanshik trough is located in the north, sepa-
rated in the center by the Mynbulak sublatitudinal saddle
(Fig. 1).

The heterogeneous basement of the South Torgay depres-
sion is submerged to a depth of 6500—7000 m in the Aryskum
trough. Consequently, the sedimentary complex has a maxi-
mum thickness of up to 7000 m and is composed mainly of
terrigenous(clastic) formations.

In the sedimentary section, two structural levels are identi-
fied [2]. The lower, intermediate structural level has certain
prospects for oil and gas potential. It is primarily comprising
ofUpper-Middle Paleozoic rocks and has a sporadic distribu-
tion. It has been penetrated by wells in the northwest of the
Aryskum trough and in the western half of the Mynbulak sad-
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dle. The upper structural level, comprising of Mesozoic-Ce-
nozoic rocks could be attributed to orthoplatform cover.

In the South Torgay oil and gas region, the Jurassic synge-
netic regional oil and gas complex, the Neocomian (Lower
Cretaceous) epigenetic oil and gas superstage, and the zonal
oil and gas complex of the weathering crust of pre-Mesozoic
formations were identified [3].

The structures, controlling mainly oil and gas-oil fields,
are complexly constructed domed and brachianticlinal folds
with the lower part of the section of pre-Mesozoic basement
highs, on which the Upper Jurassic and Neocomian layers lie,
inheriting the surface structure of these highs as brachianticli-
nal and domed structures up to and including Aptian-Upper
Cretaceous sediments [4].

The following types of oil fields can be defined in the South
Torgay PR: erosional highs, inherited brachyanticlinal and
dome-shaped uplifts, buried and rootless brachianticlinal and
dome-shaped structures [5].

According to the data of aforementioned researchers, the
reservoir rocks of the identified and proven fields are weakly
cemented gravelstones, and siltstones with high reservoir
properties.
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Fig. 1. Overview diagram of the South Torgay depression Paleo-
gene-Neogene rocks, already laid almost horizontally |1]

Oil and gas accumulations could be attributed to tectonically,
stratigraphically and lithologically bounded ones. In rare occa-
sions there are hydrocarbon accumulation bounded on all sides
(Ienticular) and massive in weathering crust of the basement.

Taking that into account, it becomes evident that a large
role in the formation of the oil and gas potential of the South —
Turgay PR is given to the basement and transformations of its
structural and mineral composition, in the research of which a
special place is devoted to magnetic prospecting.

In turn, this circumstance predetermined the content of
the present paper, which reflects the analysis and discussion of
the results of the authors’ studies on the regional magnetic
survey data. Because the data obtained provide reliable infor-
mation about the parameters and depth of occurrence of mag-
netically causative masses in the basement rocks, which, in
turn, determines the direction and evolution of the South Tor-
gay sedimentary basin.

Vintage data on magnetometer surveys. The first acromag-
netic survey in the South Turgay PB started in 1941 by the Ka-
zakh Geological Survey with a Z-aerial magnetometer AM-9L
at a scale of 1:500 000.

In 1945—1953 aeromagnetic surveys were continued at a
scale of 1:1,000,000 to 1:100,000 by the Aerogeological Expedi-
tion, the Main Uzbek Geological Corporation the Central
Asian, as well as the All-Union Aerogeological and Ural Geo-
physical Trusts and the Main Corporation of the Geophysical
Survey. The surveys covered an area of about 750 thousand km?
and obtained data on the general structure of the magnetic field.

Since the mid-1950s, the West Siberian Geophysical Trust
has carried out surveys of 1:200,000—1:100,000 with an AEM-
49 fluxgate magnetometer. In 1956—1957 the Kazakh, Uzbek
and West Siberian geophysical trusts and the Kyrgyz Geological
Corporation have begun regional and regional prospecting
work on a scale from 1:500,000 to 1:100,000 with the ASGM-25
aerogamma-magnetic station. By 1962, an area of 667,000 km?
was covered with this equipment [6].

In parallel with regional surveys, from 1955 prospecting
(1:50,000 and 1:25,000) and detailed (1:10,000) surveys began
to be conducted. From 1961, Kazgeofizthrust and West Sibe-
rian Department implemented photoreferencing of the routes,
which increased the accuracy to =35 nT, and the introduction
of more advanced magnetometers AMF-21, stations ASGM-
45, ASGM-46, ASGM-48 and AMM-13, wide-angle aerial
cameras, the network development of frame routes increased
the accuracy to +15—25 nT.

Radio geodesic surveying of the routes began to be applied
in 1963. It increased the accuracy of the survey up to =25 m
and the accuracy of active surveying up to +30 m, which al-
lowed developing detailed surveying networks up to 1:10,000
with an accuracy of £10—20 nT.

Since 1969, proton and quantum aeromagnetometers and
add-on units to ferroprobe magnetometers, which practically
have no drift and make it possible to tie up relative measure-
ments to absolute values of the magnetic field during the mea-
surements themselves, have been used. These are VITR mag-
netometers AYAM-6 and AMP-7, attachments YAMP-1,
YAMP-2, YAMP-3 and magnetometers MMS-214, MMV-
215, KAM-28, MM-305 and station SKAT-77 [7].

The advance of new equipment, digital registration and
automated processing raised the acromagnetic exploration to a
qualitatively new level, the accuracy of surveys increased to the
first units and even fractions of nT.

As a result, the main part of the area of the South Torgay
PR — up to 80 % is covered by high quality surveys of scale of
1:50,000, conducted in the late 1980s with digital equipment
and radiogeodesic referencing. The errors are from +1.43 to
+12.1 nT. The rest — the east and south-east of the region — are
the old surveys of 1:100,000 scale with visual referencing.

The modern stage of magnetic prospecting in the South
Torgay PR dates back to 2000, when foreign investors brought
in new technology and modern software.

Results. Morphology, orientation and intensity of geomag-
netic field anomalies. For the South Turgay PR indicative are
continuous anomalous zones (ATa), extending from the Urals
almost strictly to the south through all of Kazakhstan with a
swinging to the southeast [2].

The maximum contrast of ATa anomalies is observed over
the outcrops of the Pre-Mesozoic basement along the moun-
tain framing in the east of the South Torgay Mountain Range
(Fig. 2), where elements of the geological structure, deep
faults, blocks of sedimentary-vulcanogenic and intrusive for-
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Fig. 2. Fragment of the map of the anomalous magnetic field
with tectonic elements (built on the basis of the map of the
anomalous magnetic field (ATa) of Kazakhstan at a scale of
1:1000000, edited by Akylbekov S.A., Mazurov A.K., et
al., 2004) (8]
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mations, places of secondary changes in the rocks are shown in
the structure of the geomagnetic field [6].

In the magnetic field the following are distinguished: a) ar-
eas of quiet low-intensity anomalies of large size of different
sign; b) isometric, oval, areas of mosaic field with a complex
pattern of anomalies; ¢) bands of linearly-drawn anomalies.

The depths of the upper margins of the magnetically caus-
ative bodies and the surface of the Hercynian structural level
were compared, and suggestions were made about the nature
of the magnetic anomalies.

Linear anomalous zones form an extended, linear-elongat-
ed or arc-shaped anomalies. However, it is not uncommon to
find isometric and polygonal forms of anomalies ATa with el-
evated or reduced values, located in chains, echelon-like,
clearly oriented in a certain direction.

Bands of linear magnetic anomalies of submeridional and
northwestern strike correspond to near-fault intrusive bodies
and dikes of medium and basic and ultrabasic composition.

Isometric, ring and elliptical anomalies of various sizes cor-
respond to the stocks, batholiths intrusive rocks (diorites and
granodiorites), volcanic vents and other local geological for-
mations.

Aryskum graben (area 19,137 km?). Anomalous geomag-
netic field here is characterized by the presence of alternating
values. The general orientation of ATa anomalies is northwest-
ern, and their allocation is controlled by deep faults — the Main
Karatau fault (MKF) and the Sevastopol deep fault (SDF).

The general background of geomagnetic field at the Arys-
kum graben forms negative anomalies, and their sizes and in-
tensity decrease in the southeastern direction (Fig. 2).

In the northwestern part of this graben a large negative
anomaly ATa (with the size of 17.7 x 25.2 km?) of oval/subiso-
metric shape with intensity —200+-300 nT can is delineated.

In the central part of the Aryskum graben, the character of
geomagnetic anomalies acquires a mosaic pattern with in-
creased concentration, with different sign and intensity. Geo-
metric forms of these anomalies are subisometric, isometric,
polygonal, etc.

Orientation of the anomalies is not subject to zoning.
The intensity of the negative anomalies varies within —150—
400 nT, and their sizes vary in a wide range (from 9.0 x 6.5 to
21.2 x 6.5 km). The intensity of the positive anomaly ATa is
+100++250 nT, and its sizes are 145 x 40 km (Fig. 2).

In the southeastern part of the Aryskum graben there is a
large positive anomaly of submeridional orientation with sizes
16.8 x 8.7 km and intensity ATa —100+-250 nT. In the south-
eastern direction, it borders with a small in size negative
anomaly ATa with an area of 16.8 km? and an intensity of
0—100 nT, confined to the SDF.

Aksai horst (area 6710 km?). A characteristic feature of the
anomalies of the geomagnetic field of this tectonic element is a
clear differentiation into the western and eastern parts.

In the western part of the Aksai horst, positive anomalies
with a clearly pronounced linearity, oriented in the northwest
direction and having an intensity of +50-++150 nT, were pre-
dominantly developed (Fig. 2).

In its eastern part, there is a predominance of large in size
weakly gradient negative anomalies ATa and the absence of
linearity in their forms. The intensity of geomagnetic field
anomalies is —100+—150 nT.

Besoba-Terensay graben. It has a common submeridional
strike and can be traced for a distance of up to 190 km. From
the east, its strike ends with the Amangeldy Fault. In the west,
the Besoba-Terensai graben is bounded by the Aksai horst,
and in the north, by the Mynbulak saddle.

A characteristic feature of the geomagnetic field of this tec-
tonic element is the presence of alternating maxima and mini-
ma of ATa anomalies, characterized by the development of
polygonal forms and not subject to zoning (Fig. 2).

Large areas of a positive geomagnetic field are observed in the
northern and central parts of the Besoba-Terensai graben. In its

northern part, the intensity of ATa anomalies reaches +450 nT.
The magnetic field here is strongly jagged and differentiated.

In the central part, the geomagnetic field character be-
comes magnetically quiet (weakly differentiated), and the in-
tensity of the anomalies ATa decreases to +50 nT (Fig. 2).

Between the maxima of the geomagnetic field, there is the
presence of zones of weakly negative minima with an intensity
of —10+-50 nT and with sizes (42—60 x 12—46 km), which
vary significantly in the area.

Mpynbulak saddle (area 4035 km?). 1t is considered as a
northern boundary tectonic element in the study on the struc-
ture of the geomagnetic field of the South Torgay PR. Within
the Mynbulak saddle, negative anomalies of the geomagnetic
field without sharp variations with background values of —100—
—200 nT have predominantly developed (Fig. 2).

In the southeastern part of the saddle, the geomagnetic
field acquires a sharply gradient character. There is an increase
in the intensity of anomalies ATa up to —200+-250 nT and
with sizes reaching up to 50.5 x 7 km.

In the easternmost part of the Mynbulak saddle, in the
zone of its junction with the Tabakbulak horst, the geomag-
netic field changes its sign. Here, there is a weakly pronounced
positive polygonal anomaly of meridional strike with a strength
of 0—50 nT and with dimensions of 27 x 9 km (Fig. 2).

Ashchisai horst (area 3850 km?). 1t is controlled in the west
by the Amangeldy fault, in the east by the Sarylansky graben,
and in the north by the Mynbulak saddle.

From north to south, the Aschisai horst extends for
138.3 km. It is characterized mainly by a weakly differentiated
negative geomagnetic field and the presence of ATa anomalies
of low intensity, about —50 nT (Fig. 2).

Sarylan graben (area 1,829 km?). To the west and east, it
borders, respectively, the Aschisai and Tabakbulak horsts.
Sarylansky graben has a length of 155.8 km and is delineated
mainly by a weakly pronounced negative background.

Tabakbulak horst (area 4,950 km?). 1t is characterized by
the presence of variable geomagnetic field anomalies of sub-
meridional strike. On this background, negative ATa anoma-
lies with intensities up to —100 nT, in some places up to —150 nT
were mainly pronounced (Fig. 2).

In the junction zone with the Bosingen and Sarylan grabens,
linearly extended high-gradient positive anomalies ATa with an
intensity of up to +200 nT appear. The sizes of the most contrast-
ing and largest geomagnetic field anomaly is 30 x 10 km.

A similar in sizes (27 x 10 km), extent, but less contrasting
positive anomaly ATa is also observed in the south of the Ta-
bakbulak horst, where its intensity varies in a small range
(0++50 nT) (Fig. 2).

Bozingen graben (area 19,137 km?). 1t is characterized by a
complex mosaic anomalous geomagnetic field. In the eastern
part, it is bounded by the Ulytau fault. In the north of the gra-
ben there are mainly positive anomalies ATa with an intensity
up to +200 nT linearly-drawn or oval shape and submeridian
strike. Maximum dimensions of the anomalies can reach up to
29 x 9 km (Fig. 2).

Another positive oval anomaly of submeridional strike
with ATa intensity up to 100 nT and dimensions of 14 x 22 km
is observed in the central part of the Bozingen graben.

Genesis of remnant magnetization of rocks. The natural re-
manent magnetization of the Southern Torgay PR is insuffi-
ciently studied, although it plays a major role in the creation of
the magnetic field. The highest values of remanent magnetiza-
tion are characteristic of magmatic rocks, and this magnetiza-
tion is directly related to the basicity of the rocks, the degree of
metamorphism, and the depth of occurrence.

In order to perform the geological interpretation of geo-
magnetic field anomalies, the information was used on the ma-
terial composition of the basement rocks, reflected in Table.

The results of the studies indicated that the anomalous
geomagnetic field of the Southern Torgay depression reflects
the different degree of magnetization of rocks, as well as their
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Table

Morphology of geomagnetic anomalies, structural-material composition and age of basement rocks penetrated by drilling

Depth of Indications
Title Morpholqu of Well name Depth, Paleozoic, magnetic Rock type category
anomalies m
m field
Aksay horst | Inthe western part, Aksay 1 1683 1596—1683 100 granodiorites, — quartz-chlorite sericite
linear maxima are schists
predommaml.y . Aksay 13 1941 1851—1941 60 Siliceous-sericite, chlorite-sericite schists:
developed, oriented ina 30 %, gneisses: 35 %, porphyrites: 35 %
northwestern direction. >8 ’ o, POTPhy ’ °
In the eastern part — Aksay 3 2200 2075-2200 150 Siliceous-sericite, chlorite-sericite schists:
there is a prevalence of 30 %, gneisses: 35 %, porphyrites: 3 5%
negative anomalies ATa 7y, 17 1852 1731-1852 -10 Siliceous-sericite, chlorite-sericite schists:
and the absence of 30 %, gneisses: 35 %, porphyrites: 35 %
linearity in their forms i ’ ? yries:
Aksay 15 1800 1742—1800 =50 Siliceous-sericite, chlorite-sericite schists:
30 %, gneisses: 35 %, porphyrites: 35 %
Aksay 6 1860 1796—1860 80 Siliceous-sericite, chlorite-sericite schists:
30 %, gneisses: 35 %, porphyrites: 35 %
Aksay 18 1730 1709—-1730 50 Siliceous-sericite, chlorite-sericite schists:
30 %, gneisses: 35 %, porphyrites: 35 %
Kizylkiya 23 1883 — =70 Siltstones, mudstones with interlayers of
limestone
Kizylkiya 10 - — - Siltstones, mudstones with interlayers of
limestone
Kizylkiya -5 — 2300—1218 — Liparite tuffs
Kizylkiya 24 1985 1825.9—1832.9 =70 Green, fine- and medium-grained
sandstones, firm, weakly cemented in places
Besoba- Development of Akshabulak 18 1949 1838—1949 =50 Quartz-chlorite schists
Terensai maximum anomalies .
horst ATa polygonal shape. Yespe 2-G 1646 — -25 Quartz Chlorite
not subject to zoning Akshabulak 1 1972 1922-1972 -50 quartz-chlorite-sericite schists
Akshabulak 3-P 1905 1876—1905 =50 Siliceous-sericite, chlorite-sericite schists:
30 %, gneisses: 35 %, porphyrites: 35 %
Aryskum Large minima ATa Konys 25 1989 1793—1814 -200 Coarse-clastic rocks (gravelites,
graben polygonal, oval, Precambrian conglomerates of gray-green color on
isometric, subisometric carbonate cement)
shape -
Large minima ATa Konys 1 2449 — -100 Argillites
polygonal, oval,
isometric, subisometric
shape

mutual location, structure, and depth of occurrence. The Me-
sozoic-Cenozoic formations are practically nonmagnetic:
their magnetic susceptibility does not exceed 15 - 10~°, which is
typical for diamagnetics [5].

The intervals of pre-Jurassic formations exposed by drill-
ing are composed of non-magnetic and weakly magnetic rock
varieties, as indicated by the contents of the Table.

For example, red-colored terrigenous(clastic) and carbon-
ate-terrigenous rocks of the Upper Paleozoic belong to practi-
cally non-magnetic formations: their average magnetic sus-
ceptibility according to Li L. V., et al. (2017) does not exceed
5000 - 1075.

On the eastern margin of the South Torgay basin, rocks of
the upper part of the Serpukhovian epoch (Beleutinskaya
group) and the Bashkirian epochs (Taskuduk group) of the
Middle Carboniferous —23—140 - 10~ are characterized by
slightly increased magnetic susceptibility [5].

According to Li L. V., et al. (2017), Ordovician and Devo-
nian basement rocks, represented by acid volcanic rocks and
their tuffs, are weakly magnetic or practically non-magnetic:
the maximum values of magnetic susceptibility are not higher
than 100 - 107, which is characteristic of paramagnetics. The
remanent magnetization of granites D, , is 13 - 107, rhyolites
492107,

At the same time, Devonian volcanic rocks (deposits of
the Zhaksykonskaya group (D,_;) of medium and basic com-
position are marked by increased and high values of magnetic
susceptibility up to 5000 - 10~ [5].

The magnetic susceptibility of Precambrian rocks, in gen-
eral, is slightly increased in comparison with the overlying Pa-
leozoic strata.

As a part of the composition of Precambrian formations,
the highest values of magnetic susceptibility have greenstone
rocks (up to 3000 - 1073), amphibolites (up to 6000 - 107%), feld-
spar-amphibole rocks (up to 16,000 - 10-%), amphibole rocks
(up to 4400 - 1075), and chlorides (up to 1900 - 10~), chlorite-
epidote (up to 43,000 - 10-) shales, volcanites of primary com-
position (up to 5500 - 10~ SI units) and ferruginous quartzites
(up to 7700 - 1075). Although there are lighter nonmagnetic
granitized varieties of rocks, quartzites and quartzite shales.

Discussion. According to some authors, the magnetic field
ofthe South Torgay PR, in general, is negative (—10+—-750 nT).
Against this background, meridionally located chains of local
maxima to +100++550 nT are traced, reflecting the southern
submerged continuation of the Ural structures [9].

According to the results of authors’ research, in the South
Torgay PR polygonal isometric, subisometric, oval anomalies
ATa large in size, of both signs are extremely common. The
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presence of such anomalies does not quite “fit” in the general
concept of genesis of rifts which should be characterized by
linear forms of magnetic causative bodies in the zones of deep
faults. The phenomenon also requires additional study.

At the fragment of the Shu-Sarysu depression located to the
east (the Dzhezkazgan depression), linearly elongated anomalies
of the geomagnetic field of a positive sign, oriented submeridio-
nally, from southeast to northwest, are predominantly distribut-
ed. The intensity of these anomalies varies in a wide range
(+50++600 nT and more). The orientation of the ATa anomalies
coincides with the strike of the Dzhezkazgan depression [6].

The genesis of anomalies is probably caused by latent
(non-eroded) near-fault intrusive bodies and dikes of inter-
mediate, basic, and ultrabasic compositions and effusives of
basic-intermediate compositions [10].

Regional geomagnetic field anomalies of predominantly
polygonal, isometric, subisometric, or oval shape, which can-
not be zoned, are common within the Lower Syrdariya arch
located to the southwest of the South Torgay PR. These
anomalies form groups of complex geometric shapes.

Thus, it can be argued that in terms of morphology (geo-
metric shapes), the geomagnetic field anomalies of the South
Torgay PR occupy an intermediate position between the Low-
er Syrdarya arch and the Shu-Sarysu depression.

Relative to the size and intensity of geomagnetic field
anomalies, they obtain minimal values at the South Torgay PR,
which indirectly confirms the fact of deep subsidence of mag-
netically causative masses. Based on the sign and the intensity
of geomagnetic field anomalies, the genesis of magnetically
causative masses here occurred in geological times other than
the Lower Syrdariya arch and the Shu-Sarysu Depression.

There is no definite unambiguous conclusion on the na-
ture of the remanent magnetization of the basement rocks of
the South Torgay PR.

As suggested by [11] in the Bolshoi Karatau Ridge located
to the southeast, its formation is associated with the Paleozoic
folding, when within the Middle Bashkir-Early Mesozoic
there was a rotational restructuring of large blocks associated
with the occurence of systems of large strike-slip faults, along
which they rotated in a counterclockwise direction in the
range from 20 to 60°. The magnitude of the observed vertical
axis rotation decreases with decreasing magnetization age.

According to the studies of [13], primary (Devonian) and
synfolding (Permian) magnetization identified among three sec-
tions of the Greater Karatau Ridge (Zhanatas, Akkol, and
Zhankurgan) in the adjacent South Torgay sedimentary basin. All
these strike-slip faults could not but affect the rocks of the Pre-
Mezozoic formations of the South Torgay sedimentary basin.

The results of our studies indicate that the formation of
magnetically causative masses in the submerged basement of
the South Torgay PR could have taken place twice [12].

The rocks, presumably have acquired magnetization for
the first time in the Late Ordovician, when compression pro-
cesses, tectonic inversion, active dislocations, and extensive
magmatism occurred during the regression and closure of the
Paleo-Asian Ocean. These events led to the formation of a
large Kazakhstan Early Paleozoic continent [13, 14].

Another period of formation of magnetically causative
masses is likely associated with the end of the early-beginning
of the middle Devonian [12], when a spreading zone was
formed in the Turkestan paleo-ocean, under the influence of
which an active continental margin with the Turgay Devonian
marginal volcanic belt [15] existed until the end of the Early
Carboniferous.

Since the Mid-Carboniferous, subduction along the west-
ern margin of the Turgay-Syrdarya region with the formation
of the Valerian-Kuramin marginal-continental volcanic belt
became more active. Collision and orogenesis began [10, 16].

Being that the magnetic susceptibility in the Earth’s crust
increases with depth, as the basicity of rocks rises, the prob-
ability of the connection between the observed geomagnetic

field of the lithosphere and the temperature becomes plau-
sible.

It is known that the Curie point for rocks of the lithosphere
is low and work out several hundred degrees. Therefore, weak
and negative fields may correspond to more heated rocks of
the Earth's crust, and less heated rocks form positive fields,
magnetizing in the field of the dipole current component of
the Earth’s main planetary field [17].

Based on the paradigm, it is possible to infer that in the
South Torgay sedimentary basin, the Earth’s crust is charac-
terized by increased warming.

In contrast, the crust of the Lower Syrdariya arch and the
Shu-Sarysu depression is relatively less heated. Since large
maxima of the vertical component Bz of the magnetic field (up
to +25 nT) are detected here (Fig. 3).

In accordance with our previous studies, the South Torgay
sedimentary basin in the Paleozoic and Mesozoic by different
estimates from two to three times rifted [12]. In the Paleozoic
it can be attributed to a complete cycle with a wide exposure of
tectonic-magmatic dislocations. In the Mesozoic, this basin
remained in the extension phase, without manifestation of
folding and magmatism [13, 19].

This suggests a direct conclusion about the inherited re-
gime of rift evolution in the South Torgai sedimentary ba-
sin. The results obtained indirectly indicate a significant
endogenous heating of the lithosphere in this sedimentary
basin also at the present stage of its evolution, in contrast to
the adjacent Lower Syrdarya dome and Shu-Sarysu depres-
sion.

Map symbols
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[ ] Contour lines of negatice Bz values
[==] Faults
Boundaries of tectonic elements

Boundary of South Turgay sedimentary basin

@ Number of geologic structure

1.Aksay horst
3.Ashisay horst
5.Tabakbulak horst
7.Zhylanshik trough
9.Aryskum graben

2 Besoba-Terensay graben
4.Sarylan graben
6.Bozyngen graben
8.Mynbulak saddle
10.Zhilanshyk graben

Fig. 3. Afragment of the map of the vertical component Bz of the
magnetic field of the lithosphere of Kazakhstan according to
the MF3 POMME model for the 2001 epoch 18]
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Thus, the relationship between the magnetization of rocks
and the vertical component Bz of the magnetic field with the
endogenous regime of the South Torgay sedimentary basin is
traceable.

Conclusion. Based on the above, it seems possible to for-
mulate the following conclusions on the structure and results
of the interpretation of the regional anomalous geomagnetic
field of the Southern Torgay PR:

1. The physical prerequisites for the use of magnetic survey
data provide a valid geological interpretation of the results ob-
tained with a complex spatial anisotropy of the geomagnetic
field and the distribution of rock magnetization in the Earth’s
crust and upper mantle.

2. Morphology, intensity and size of geomagnetic anoma-
lies provide an opportunity for identification and geological
prediction, whereas the differentiation of these anomalies,
their gradient characterize the qualitative (structural) features
of magnetic causative bodies.

3. Anomalous geomagnetic field of the South Torgay PR is
represented by the most different forms of magnetic anoma-
lies: linear-elongated and arc-shaped, convoluted with a clear-
ly expressed predominance of the larger axis, polygonal, subi-
sometric, oval, ring, mosaic and complex configuration in
plan; intense and low intensity; low and high gradient (con-
trast), finally, large and very small in the area.

4. The sizes and values of the geomagnetic field anomalies
intensity in the South Torgay PR acquire minimal values com-
pared to the adjacent regional geostructures, which implicitly
confirms the fact of deep subsidence of the magnetically caus-
ative masses.

5. The anomalous geomagnetic field of the South Torgay PR
displays a different degree of magnetization of different-age
rocks, as well as their relative location, structure, and depth of
occurrence. It can be assumed that the sedimentary cover and
the upper part of the basement in this region are composed of
low-magnetic and non-magnetic formations. The upper edges of
the magnetically causative masses in the South Torgay PR occur
at different depths in the consolidated crust, but, in general,
deeper than the intervals of the section exposed by deep drilling.

6. The character of differentiation of the anomalous geo-
magnetic field reflects the geological structure of the South
Torgay depression and indicates the genetic and tectonic-
magmatic aspects of its geological structure and evolution his-
tory. According to the intensity sign, the formation of mag-
netically causative masses in the South Torgay basin occurred
in other geological epochs than in the Lower Syrdarya uplift
and the Shu-Sarysu depression.

7. The quantitative values of the vertical component Bz of
the magnetic field indicate that the consolidated crust of the
South Turgay basin is relatively warmed. On the contrary, the
values of this component in the Shu-Sarysu depression and the
Lower Syrdarya uplift indicate that the consolidated crust is
considerably less warmed by endogenous heat and mass transfer.

8. Inherited in the mode of evolution of the South Torgay
sedimentary basin from the Paleozoic and Mesozoic stages of
rifting has been established. The obtained results indirectly
demonstrate that even at the modern stage of evolution this
sedimentary basin has a significant endogenous warming of
the lithosphere in contrast to the adjacent Lower Syrdarya
arch and Shu-Sarysu depression.

References.

1. Wei, Y., Zifei, F., Junzhang, Z., Jiquan, Y., Mingjun, Z.,
Xiaofeng, S., ..., & Yaping, L. (2012). Characteristics of strike-slip in-
version structures of the Karatau fault and their Petroleum Geological
significances in the South Turgay Basin, Kazakhstan. Petroleum Sci-
ence, 9, 444-454. https://doi.org/10.1007/s12182-012-0228-3.

2. Zholtaev, G.Zh., & Shakhabaev, R.S. (n.d.). Tectonic development
and oil and gas potential of the South Torgai trough. 11A-Aikos. 10-15.
ISBN 5-83-80-1679-5.

3. Kaukenova, A.S. (2021). Prospects for oil and gas potential in the
South Torgai basin. News of higher educational institutions. Geology and

exploration, 3, 38-45. https://doi.org/10.32454/0016-7762-2020-63-
3-38-45.

4. Paragulgov, T. Kh., Paragulgov, Kh. Kh., Fazylov, E. M., & Musi-
na, E.S. (2013). “Watt” Corporation; Institute of Geological Scienc-
es. K. I. Satpaeva, Almaty. South Torgay sedimentary basin - material
composition and oil and gas content of pre-Mesozoic formations.
Proceedings of the National Academy of Sciences of the Republic of Ka-
zakhstan. Series of Geology and Engineering Sciences, 1(397), 44-54.
ISBN 2224-5278.

5. Votsalevsky, E.S., Daukeev, S.Zh., Kolomiets, V.P., Koma-
rov, V.P., Paragulgov, Kh.Kh., Pilifosov, V.M., & Shlygin, D.A.
(2002). Deep structure and mineral resources of Kazakhstan. Oil and gas,
(3). National Academy of Sciences of the Republic of Kazakhstan, Al-
maty. ISBN: 9965-13-760-9.

6. Abetov, A. E., & Uzbekov, A.N. (2018). Anomalous magnetic field
of Central Kazakhstan Geology and conservation of mineral resourc-
es. Almaty, 4(69), 47-53. ISBN: 2414-4282.

7. Bulekbaev, Z.E., Votsalevsky, E.S., & Shakhabaev, R.S. (1996).
Oil and gas fields of Kazakhstan. Almaty: Publishing House of the In-
stitute of Mineral Raw Materials. Retrieved from https://www.
geokniga.org/books/13580.

8. Uzhkenov, B.S., Akylbekov, S. A., & Mazurov, A. K. (2002). Map of
the anomalous magnetic field (ATa) of Kazakhstan. Scale 1:1000000 Ex-
planatory note. Almaty.

9. Akylbekov, S.A., Uzhkenov, B.S., & Nusipov, E. (2004). Anoma-
lous field of Kazakhstan. Kokshetau.

10. Tleubergenova, A. K., Rabbimov, Kh. T., & Tursunova, 1. N. (2022).
Physical properties of rocks in the area of the Shu-Sarysu sedimentary
basin. International Journal of Advanced Technology and Natural Scienc-
es, 1(3), 4-12. https://doi.org/10.24412/2181-144X-2022-1-4-12.

11. Watson, G., & Enkin, R. (1993). The fold test in paleomagnetism
as a parameter estimation problem. Geophysical Research Letter,
20(19), 2135-3137. https://doi.org/10.1029/93GL01901.

12. Abetov, A. E., & Mukanov, D. B. (2023). Rifting in the pre-Creta-
ceous history of the geological development of the South Turgai Sedi-
mentary Basin. Proceedings of the International Scientific and Practical
Conference “International Satbayev Conference (Satbayev Readings —
2023). Science and technology: from idea to implementation”, 11(5-9),
41-47. https://doi.org/10.51301/1SC.2023.v2.08.

13. Alexeiev, D.V., Bykadorov, V.A., Volozh,Y.A., & Sapozhni-
kov, R.B. (2017). Kinematic analysis of Jurassic grabens of soulthern
Turgai and the role of the Mesozoic stage in the evolution of the
Karatau—Talas—Ferghana strike-slip fault, Southern Kazakhstan and
Tian Shan. Geotectonics, 51, 105-120. https://doi.org/10.1134
50016852117020029.

14. Windley, B. F., Alexeiev, D., Xiao, W.J., Kroner, A., & Gombo-
suren, B. (2007). Tectonic models for accretion of the Central Asian
Orogenic Belt. Journal of the Geological Society, London, 164, 31-47.
https://doi.org/10.1144/0016-76492006-022.

15. Filippova, 1. B., Bush, V. A., & Didenko, A. N. (2001). Middle Pa-
leozoic subduction belts: the leading factor in the formation of the
Central Asian fold-and-thrust belt. Russian Journal of Earth Sciences,
3, 405-426. https://doi.org/10.2205/2001 ES000073.

16. Kirscher, U., Zwing, A., Alexeiev, D.V., Echtler, H. P., & Bach-
tadse, V. (2013). Paleomagnetism of Paleozoic sedimentary rocks from
the Karatau Range, Southern Kazakhstan: Multiple remagnetization
events correlate with phases of deformation. Journal of geophysical re-
search: solid earth, 118, 3871-3885. https://doi.org/10.1002,
jgrb.50253.

17. Ashirov, T. (1985). Geothermal anomalies during seismotectonic ac-
tivation of the Earth’s crust. Geothermal studies in Central Asia and Ka-
zakhstan, (pp. 150-157). Moscow: Science.

18. Nusipov, E.N., Shatsilov, V.I., & Uzbekov, N.B. (2007). Geody-
namics and seismicity of the lithosphere of Kazakhstan. Almaty. ISBN
9965-700-76-1.

19. Shi, J., Jin, Z., Fan, T., Liu, Q., Zhang, F., & Fan, X. (2016). Se-
quence development, depositional filling evolution, and prospect
forecast in northern Aryskum Depression of South Turgay Basin, Ka-
zakstan. Energy Exploration and Exploitation, 34(4), 621-642. https://
doi.org/10.1177/0144598716650067.

CrpykTypa Ta iHTepnpeTalis aHOMAJIbHOTO
reomarHiTHoro nos IliBnenno-Topraiicbkoi
HadTOra3oHocHoi 001acTi

A. E. Abemos, /. b. Mykanos*

10 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2023, N° 5



Satbayev University, M. Anmatu, Pecriyonika Kazaxcran
* ABTOp-KOpecnioHIeHT e-mail: d.mukanov@satbayev.university

Mera. docinigxeHHs raubuHHoi oynosu [liBnenHo-Top-
raiicbkoi HagTorazoHocHoi ob6iacti (HI'O) mist ouinku
BIUIMBY MarHiTo30yplolo4ynx Mac Ha Ipoliecu TeHepalii, Mi-
rpauii, akymyJjsiiii Ta KOHcepBallii CKyITueHb BYIJIEBOJIHIB
(BB) 3 ypaxyBaHHSIM yCHaIKOBAaHOCTI PeXUMIB pr(hTOBOTO
PO3BUTKY OTHONMEHHOI0O 0Ca0BOTO OaceiiHy.

Metoauka. KomruiekcyBaHHS JaHUX PEriOHAJIBHOI Mar-
HiTOMETpii 3 MaTepiagaMM IJIMOOKOro OYpiHHS i3 3aydyeH-
HSM amnpiOpHUX BIIOMOCTEH 3 iCTOPUKO-TEOJOTIYHOTO,
CTPYKTYypHO-(hopMalliiiHOro, (pibTpaliliHO-EMHICHOTO Ta
iHmmx ¢axkropiB. [lpu ckiamHiii MPOCTOPOBiit aHi3OTpoIii
T€OMAarHiTHOTO TOJIsl M PO3MOiy HAMArHiYeHOCTI TipChKUX
Topia y 3eMHilt Kopi, pi3uuHi mepeayMoBM 3aCTOCYBaHHS 1a-
HUX MaTrHITOPO3BiAKU 3a0€3IMeUyI0Th LiJIKOM KOPEKTHY I'e0-
JIOTIUHY iHTepIpeTallilo Oep>XKyBaHUX Pe3yJIbTaTiB.

Pesyabratu. [IpoBeneHa Kiacudikallis Ta palioHyBaHHS
aHOMaJIiii TeOMarHiTHOTO TOJISI 3a IXHBOI MOPQOJIOTIEIO,
3HAYEHHSIMU IHTEHCUBHOCTI, TPaJiEHTHOCTI Ta po3MipaMH,
1110 1aJI0 MOXJIMBIiCTh BUKOHATH iIeHTU(IKALIO i1 TeoIoriy-
HUI TIPOrHO3 MarHiTO30ypIOI0YMX TiJl, BUSHAYUTH I1X SIKiCHI
(cTpykTypHi) 03Haku. BcTaHOBIEHO Pi3HUI CTyMiHL Hamar-
HiYeHOCTi pi3HOBiKOBMX Tripchbkux mnopin ITiBaenHo-Toprarii-
cbkoi HI'O, a Takox iXHE BiTHOCHE B3aEMOPO3TAIIIyBaHHS,
CTPYKTypa Ta MNIMOMHa 3ajsiraHHs1. BusiieHo, 1o ocanoBuit
YOXOJ i BepXHsI YacTUHA (DyHIaMEHTY TYT CKJIaIeHi MajioMar-

HiITHUMU i HEMArHiTHUMU YTBOPEHHSIMU, & BEPXHi KPOMKU
MAarHiTO30ypIol0YMX Mac 3ajsiraloTb Ha pi3HiM ruOWHI B
KOHCOJIiIOBaHiii Kopi, aje, 3arajioM, IJuONIi 3a iHTepBalu
po3pi3y, pO3KPUTI ITMOOKHUM OYypiHHSIM.

HaykoBa HoBu3HA. ['eHETWYHi, iCTOPUKO-T€OJOTiUHi It
TEKTOHO-MarMaTuyHi ocobsusocTti [liBneHHo-Topralicbko-
ro TIPOTMHY Pi3KO BiIpi3HSIOThCS BiJl CYMiXKHUX 3 HUM
Hwxnbocupnap'incskoro ckieninnasa ta Hly-Capucylicbkoi
nenpecii. Ha cyyacHoMy etani po3Butky IliBnenHo-Topraii-
CbKUI1 0CaloBUI OaceiiH Ma€e 3HaAUHY €HAOT€HHY MPOTrPIiTiCTh
Jitocepu Ha BiIMiHY Bif cyMiXHux 3 HUM HuxHboCHp-
nap’incekoro ckieniHHs Ta Illy-Capucyiicbkoi nerpecii.
[TeBHOIO MipoIO 1Ie CBIMYUTD MPO yCHAIKOBAHICTb Y PEXUMi
po3Butky IliBneHHo-Topraiicbkoro ocajgoBoro d6aceiHy Bil
ayIe030MCbKOT0 i ME30301ChKOTO eTariB pugToreHe3sy.

IIpakTnyna 3HaummicTh. [TMOOKe 3ansiraHHS OO’€KTIB
MAarHiTO30ypeHHsI 3HAYHOIO MipOI0 PO3LIMPIOE CTpaTUIpa-
(iuHMIT iHTepBaJl BiAKJIaAeHb, 1110 MOXYTh OYTH 3aJTy4eHi 10
reoJI0Oropo3BiNyBaJIbBHOTO MPOLECY. YCMaaAKOBAaHUN pexXuM
pudTOBOTO PO3BUTKY OaceliHy mependaydae CpusTINBe M0-
€IHaHHs YTBOPeHHs nmactok BB mmpoxkoro criektpa, HabTO-
ra3oMaTepUMHCBKUX CBIT, LLISXIB Mirpauii, akyMmyJsiii Ta
KOHcepBallii ckynmyeHb BB.

KimouoBi ciioBa: eeomaenimue none, enubuHHULL po310M, He-
2AMUBHI I NO3UMUBHI AHOMAAIL, HANDYICEHICMb, HAMACHIYe-
Hicmb, dome3030UCbKUIl hyHOamerm, 8Yene600Hi
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