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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asus axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAD Cepusicbly 2bliviMu dcypranvinviy Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRaHuscul Jcypranovl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwviioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei meH canacwin Ycvinaovl. KP YFA Xabapnapeo.
Teonocus scone mexunuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyi 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2e0n02usi JHeaHe MexXHUKAIbIK
EbLIBLIMOAD OOULIHUWA KOHMEHMKe adanoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCEeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY NO 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue2o coobuecmsa.
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and ensures consistency with logging data and laboratory analyses. This formula is
particularly effective for intervals dominated by magnetite ores, which exhibit high
magnetic susceptibility (Dyadkov, 2021: 7).

Additionally, gamma—gamma density logging (GGD) was employed to
determine the density of rocks and ores (Wang, 2015: 10). This method provided
quantitative data on the density characteristics of ore bodies, which is essential for
reserve estimation and the prediction of mining performance. Gamma logging (GL)
complemented the study by supplying information on the radioactive properties of
rocks, enabling the assessment of natural radioactivity levels and the identification
of zones with elevated radionuclide concentrations.

The study also incorporated the analysis of resistivity logging (RL) curves,
which provided valuable information on the electrical properties of the rocks
(Togizov, 2019: 8). This method enabled the identification of variations in electrical
conductivity and specific resistivity of both host rocks and ore bodies, reflecting
their mineralogical composition and degree of mineralization. Elevated resistivity
values are typically indicative of the presence of sulfide minerals, whereas lower
values generally correspond to increased moisture content or clay-rich lithologies

(Fig. 5).

Figure 5 — Isoohm Map of the Lisakov site. Scale 1:10 000

All obtained borehole logging results were systematized and compiled into Table
2, enabling a comprehensive analysis and comparison of the physical properties of
rocks and ores. This integrated approach to data interpretation not only allowed for
a more accurate characterization of the physicochemical properties of geological
formations, but also facilitated the identification of structural heterogeneities
and patterns in the distribution of valuable components. Such a methodology
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significantly enhances the efficiency of mineral exploration and supports the
rational planning of subsequent stages in deposit investigation and development.

The magnetic variation method was employed to investigate changes in the
total magnetic field vector modulus (T) within the Lisakov and southern North
Lisakov anomalies. The analysis of variations involved decomposing the magnetic
field for each variogram into low- and high-frequency components, corresponding
to fine-scale heterogeneities in the geological medium. For the Lisakov anomaly,
during the observation period (from 14:17 to 16:20), the magnetic field increased
by 4.6 gamma. The magnetic variation effect (1), defined as the ratio of variation
amplitudes in the anomalous zone to those in the normal field (8Ta/8To), was
calculated as 1.035 (Fig. 5). This value indicates a relatively compositionally
homogeneous host environment.

The Konigsberger factor was calculated considering magnetic field variations

(medium heterogeneity) using the formula:
Ta

Q=1 "

n—1
For the Lisakov anomaly, its value was found to be — 0.06. The negative value is
attributed to inaccuracies in determining the Q-factor based on magnetic variations.
Given the low remanent magnetization and geological characteristics of the area,
the most probable causes of this phenomenon are inconsistencies between the
parameters T, T and 7, as well as possible errors in approximating the background

magnetic field.
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Figure 6 — Graphs showing the dependence of the magnetic field on time, constructed based on
observations using the magnetic variation method.
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To obtain a reliable estimate of remanent magnetization under such conditions,
an integrated approach was employed, combining variation methods with logging
data and modeling based on empirical measurements of the physical properties of
rocks. In fact, the remanent magnetization of the ore-bearing Lisakov anomaly is
negligible. This is confirmed by the calculated Q , factor derived from logging data
of ® and Z . The actual calculated value of Q , was 0.1.

Table-2. Physical properties of rocks and ores of the Karasor-Lisakov area

®, 103 SI p, Om*m o, g/sm? J, pR/h.
Rock name Qu- | min [ max |ave- | Qu- | min |max |ave- |[Qu- |[min |max |ave- |Qu- |back- | max
an- rage | an- rage |an- rage |an- |gro-
tity tity tity tity | und
1 2 3 4 5 6 7 8 9 10 11 (12 |13 14 |15 16
Diorites, dioritic |20 |0 52 |23 |14 |50 |6600 |[1500 (10 [2,58(3,14 (2,70 |17 |2 6
porphyrites
Diorites, dioritic [ 12 |0 65 |17 |12 |0 3200 {660 |4 2,69 (3,36 12,80 [17 |2 6
porphyrites
(ore-bearing)
Porphyrites, 13 |0 32 2,35|11 |[400 |3900 | 1920 |7 2,62 (2,80 12,69 |5 2 6
andesitic

Porphyrites, 8 2 38 [144 (8 150 950 |690 |4 2,70 3,06 | 2,76 |5 2-3 6
andesitic (ore
bearing)
Porphyrites, 9 0 29 (04 |9 1400 | 4800 |2590 |9 2,5712,74 [ 2,68 |8 2 6
plagioclase,
pyroxene-
plagioclase
Tuff of andesitic
porphyrite
Tuff of 7 0 [25 (08 |7 600 |4000 | 2170 |- - - - 4 2 5
psammitic,
aleuropsammitic
Metasomatites, |10 |0 30 (3.4 |10 | 720 |4500 | 2180 |10 [2,64]2,82(2,70 |6 1-2 4
albite, prenitite
Plagiogranite- 10 |0 10 |0 10 | 230 | 4400 [ 1230 |2 2,63(2,7212,66 [ 10 |12-19]21
porphyrites

w

02 (2 1,2 |3 150 | 1250 | 550 |- - - - 12 |2 9

Limestones 10 |0 30 (0 5 100 | 4000 | 2530 |- - - - 7 3-5 35
Magnetite ore 1-2 4
20-30% 10 [10 |550 |188 |3 3,0 [3.42(3,17

30-45%

10 |1 220 660 |6 [327]4,00]3,58
6 o [1s0 |18 [3 [a10[436]420

> 45%

Results. The results of the geophysical investigations have been widely applied
in subsequent exploration activities within the Karasor-Lisakovsk magnetic
anomaly zone. They demonstrated the significant effectiveness of integrated
geophysical studies in refining the direction of geological exploration, addressing
the interpretation of magnetic anomalies, detecting and delineating ore bodies at
depth, and identifying ore intersections within borehole sections.

Primarily, the outcomes of comprehensive borehole and field geophysical
surveys at the study site enabled the differentiation of rock units based on their
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physical properties, which is particularly important for detailed characterization of
geological structures and ore bodies. Magnetically, ore-bearing diorites, dioritic,
and andesitic porphyrites are distinctly identified, exhibiting the highest magnetic
susceptibility among all investigated rocks (Figure 6). This is attributed to their
elevated content of magnetic minerals, predominantly magnetite, which strongly
influences the magnetic field parameters. These rocks also exhibit the greatest
density, reflecting their mineralogical composition and structural features.

Magnetic susceptibility of rocks
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Figure 7 — Magnetic Properties of Rocks in the Karasor-Lisakov Ore District (e, 107 SI)

In contrast, plagiogranite porphyries and limestones were found to be practically
non-magnetic, exhibiting low magnetic susceptibility values. At the same time,
plagiogranite porphyries are characterized by elevated natural radioactivity, with
background levels ranging from 12 to 19 puR/h, which distinguishes them from
other rock types (Figure 6). Such a radiometric anomaly may be associated with the
presence of potassium feldspars and accessory minerals capable of accumulating
radioactive elements.
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Figure 8 — Natural Radioactivity of Rocks in the Karasor-Lisakov Ore District (J, uR/h)
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Based on electrical properties, limestones and plagioclase porphyrites are
distinguished by their high specific electrical resistivity (pk > 2000 Ohm-m). These
rocks exhibit low conductivity due to their dense structure and lack of fracturing,
which prevents the infiltration of groundwater. On the opposite end of the spectrum
are andesitic tuffs, mineralized diorites, and dioritic and andesitic porphyrites, which
display relatively low resistivity values, averaging around 550 Ohm-m (Figure 7).
These parameters are associated with rock fracturing, increased moisture content,
and the presence of sulfides and magnetic minerals.
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Figure 9 — Specific Resistivity of Rocks in the Karasor-Lisakov Ore District (p, Ohm*m)

It is important to note that rock resistivity is influenced not only by the
concentration of magnetite, but also by the degree of fracturing. As a result, even
weakly magnetic rocks can exhibit significant variations in resistivity. This is
explained by both lithological differences and tectonic disruptions, which lead to
changes in porosity and water saturation (Figure 8).
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The results of petrophysical studies formed the basis for the geological
interpretation of geophysical anomalies, particularly in areas of intense magnetic
anomalies within the Karasor-Lisakov zone.

On the magnetic field map (see Fig. 1), the most significant anomalous zones
are concentrated in the Lisakov and Karasor anomaly regions, where magnetic
induction values reach their maximum. Magnetic induction values range from 100
to 8000 nanotesla (nT). In zones with sharp changes in magnetic induction, isolines
are densely spaced, nearly merging with one another. Such dense spacing indicates
significant magnetic field gradients, which may signal the presence of localized
ore bodies with high magnetite content or other strongly magnetized minerals
(Khramov, 1982, Wang, 2015: 10, Sailymby, 2022 b: 6).

Conversely, magnetic fields with low gradients are characteristic of rocks with
low concentrations of magnetic minerals or rocks lacking pronounced magnetic
properties (Sailymby, 2020 a: 6, Stacey, 1972: 10).

At the Lisakov site, a gently dipping ore zone was hypothesized to occur in three
levels: the upper zone at depths of 250-350 m, the middle zone at 450—550 m, and
the lower zone at 700900 m. The dimensions along dip and strike range from 500
to 1200 m. At the Karasor site, two gently dipping ore zones were preliminarily
identified, each with a thickness of up to 200 m and dip lengths between 1200 and
1500 m. The upper zone is situated at depths of 200-300 m, while the lower zone
lies at 700-1200 m. However, results from vertical drilling and logging did not
confirm the initial assumptions regarding the morphology, occurrence conditions,
and dimensions of the ore zones at these sites.

The ore nature of the Lisakov magnetic anomaly corresponds to the eponymous
ore manifestation located southwest of the North Lisakov deposit. This corresponds
to a magnetic anomaly measuring 700 by 500 m, with a maximum field intensity
of 200 nT (Fig. 10).

14w

1200

LEGEND
1= =T =7 7 JE - B

Figure 11 — Schematic geological and geophysical cross-section along line
II-II at the Lisakovsk site.
1 — calculated Z_field, 2 — observed Z_field, 3 — regional Ag background, 4 — observed Ag field;
5 — clay, 6 — sandstone, 7 — diorite, 8 — andesitic porphyry, 9 — limestone
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Previously, the anomaly was investigated using the magnetic remanence
method, based on which it was classified as non-commercial mineralization and
was not recommended for further verification. However, subsequent studies using
the magnetic variation method revealed a variation coefficient of 7%, indicating
the ore nature of the anomaly. Interpretation of ground magnetic surveys suggested
that the anomaly is caused by a gently dipping ore body with an upper boundary
at approximately 200 m depth and a lower boundary between 400 and 600 m. To
verify the ore nature, a borehole was drilled at the epicenter to a depth of 920 m.

The drilled borehole intersected ore-grade mineralization at depths of 270-300
m, with an average iron content of 24% (Fig. 11).

The ore zone is represented by a stockwork-like body of vein and brecciated-
vein magnetite ores, confined to a gently dipping zone of intensely fractured, partly
crushed diorite and dioritic porphyrite rocks. Based on the character of the ground
magnetic field south of the borehole, there is a possibility of an increase in the
thickness of the ore body along the dip, with the lower boundary at a depth of
approximately 600 m.
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Fig. 12 — Geological and geophysical cross-section along line 15
1 — calculated Za magnetic field, 2 — observed Za magnetic field, 3 — magnetite ore zone,
4 —contour of magnetic rock distribution considered in magnetic field modeling, indicating
magnetization values and average iron content in magnetite

The Karasor anomaly was detailed at a scale of 1:10,000 and investigated using
the artificial magnetization method (AMM) in the vertical sounding mode, based
on which it was classified as ore-bearing (Fig. 12). It is located in the southern
part of the Karasor-Lisakov ore cluster and consists of two sections: northern and
southern.
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Figure 13 — Schematic geological and geophysical cross-section along line III-III at the Karasor site.
1 —observed Z_field, 2 — calculated Z_field, 3 — regional Ag background, 4 — anomalous Ag field, 5
— Ag derived from geological section, 6 — sandstone, 7 — clay, 8 — diorite, 9 — ore zone

According to drilling data to a depth of 505 m near the magnetic maximum of
the southern section, intrusive rocks with weak vein-type magnetite mineralization
were identified. Within the interval of 200-505 m, a strong lateral anomaly up to
25,000 nT was recorded, which was interpreted as an ore body located west of the
borehole with a westward dip. The exposed weak vein mineralization corresponded
to the eastern end of a large ore zone. Based on artificial magnetization method
(AMM) results, the anomaly was assessed as prospective for the discovery of deeply
seated ore bodies with high potential. Magnetic field modeling (Za) indicates that
the upper boundary of the ore zone lies at a depth of 350—850 m, with a thickness
of about 200 m and a westward dip of the ore body. Some ore bodies on the eastern
flank may be displaced downwards to approximately 500 m by a tectonic fault. A
second ore zone is predicted to the north, within magnetic epicenters of 3800-3000
nT. The depth of these ore bodies is about 450 m, with a thickness of 200-250 m,
and they lie gently dipping to nearly horizontal.

Modeling results on the western and eastern flanks of the northern section
indicate magnetic field undercompensation, attributed to the presence of additional
ore columns—one intercepted by a borehole with an upper boundary at around 300
m, and a second hypothesized with an upper boundary at approximately 200 m
(Fig. 13). Based on these data, all ore zones of the Karasor anomaly, as suggested
by geophysical data, gradually deepen towards the east.
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Figure 14 — Geological and geophysical cross-section along line 11
1 — calculated Za field, 2 — observed Z_field, 3 — magnetite ore zone, 4 — contour of magnetic rock
distribution identified during magnetic field modeling, indicating magnetization values and average
iron content in magnetite

The results of the magnetic logging confirmed the presence of anomalous zones
with elevated magnetic susceptibility, which allowed for the determination of the
distribution of magnetic minerals in the section and a quantitative assessment of
their content.

Due to changes in the conditions of ore body occurrence and shape, inclined
drilling was applied to enhance the efficiency of exploration activities. The
effectiveness of inclined drilling was demonstrated by a well drilled in the South
Lisakov anomaly area, which revealed steeply dipping ore bodies previously
undetected by vertical drilling. Prior to this, nine vertical wells had been drilled
without encountering commercial ore bodies (Fig. 14).

Inclined wells intersected the ore zone of the Karasor anomaly, confirming the
results obtained by the Artificial Magnetization Method (AMM) and the quantitative
interpretation of magnetic anomalies.
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Figure 15 — Geological and geophysical cross-section of the South Lisakov anomaly
1 — Anomalous field curve, 2 — profile line, 3 — ore bodies, 4 — boreholes, 5 — contour of magnetic
rock distribution identified during magnetic field modeling, indicating magnetization values and
average iron content in magnetite, 6 — contour lines, 7 — section line, 8 — dip direction

According to data obtained from boreholes drilled at the Kopotki deposit, iron ore
contours were identified within the geological section (Figure 15-16). In Borehole
No. 102, within the depth interval of 302-456 meters, the iron concentration
reached 44.04%, which is considered relatively high. Data from Borehole No. 8
were divided into several depth levels:

® At a depth of 93—142 meters, the iron concentration was 28.95%.

® At a depth of 194-207 meters, it was 23.51%.

® At a depth of 213-232 meters, it reached 31.39%.
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Figure 16 — Isodynamic map of the magnetic field of the Kopotkin deposit. Scale 1:5000
1 - Geomagnetic field control points, 2 — boreholes, 3 - Ore body contour obtained by drilling,

4 - Additional ore body contour obtained from geophysical data.

These results reflect the characteristics of iron distribution within the deposit
and the variation of its content at different depths. The obtained data are crucial for

assessing ore quality and developing an effective processing strategy.
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Figure 17. Geological cross-section of the Kopotki deposit. Scale 1:2000
1-Magnetite iron ores, 2- limestone, 3- basaltic porphyrites, 4-clay

Discussion. The geological and geophysical investigations have confirmed
the ore-bearing nature of the Lisakov and Karasor anomalies. These targets have
been recommended for verification through drilling. Within specific areas of the
Karasor-Lisakov anomaly group, the extent of ore zones has been delineated, and
the morphology and depth of ore bodies have been identified. The application of
magnetic susceptibility logging and gamma-gamma logging enabled the prediction
of iron content within the ore bodies. The magnetic variation method corroborated
the ore-bearing character of the Lisakov and Karasor anomalies and formed the
basis for recommending further drilling investigations of these ore targets.

The cases considered demonstrate the high effectiveness of integrated geological
and geophysical studies at iron ore deposits formed under diverse structural and
geological localization conditions.

The results obtained represent a significant advancement in geological
exploration activities and provide a foundation for forecasting prospective ore-
bearing areas of iron ores throughout the Kostanay iron ore belt.

Conclusion. The results of the conducted studies confirm the promising potential
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of the magnetite ores in the Karasor-Lisakov region, supporting the consideration of
this area as a strategic target for further exploration and development. The integrated
approach applied to the analysis of geophysical and geological data at the iron ore
deposits of Northern Kazakhstan enables the determination of the morphology and
deep distribution of ore bodies, as well as the acquisition of their petrophysical
characteristics, which is especially important for planning subsequent exploration
and mining operations.

The primary advantage of utilizing geophysical data lies in its high efficiency
in refining the direction of geological exploration efforts, significantly reducing the
volume of non-target investigations and optimizing the study of prospective areas.

Borehole geophysical methods played a crucial role in elucidating the nature
of magnetic anomalies, allowing for a more precise geological interpretation and
reliable identification of ore bodies. Furthermore, the use of geophysical data made
it possible to accurately delineate ore body contours and identify ore intersections
within borehole sections and inter-well spaces, substantially enhancing the quality
of drilling data analysis.

These studies provide a solid scientific and practical foundation for refining ore
body boundaries and developing strategies for further development of deposits at
late stages of exploitation, thereby ensuring the efficient utilization of Kazakhstan’s
natural resources.
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