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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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Abstract. The article presents the experience of applying integrated geological
and geophysical investigations conducted within the Sokyrkoy ore field (Central
Kazakhstan), which includes the eponymous deposit as well as a series of
ore occurrences and mineralization points of copper, gold, molybdenum, and
polymetals. The Sokyrkoy deposit is a copper ore body with a significant gold
component and is confined to the central part of the eponymous paleovolcanic
structure. The aim of the study was to refine the morphology of the ore bodies,
assess the prospects for increasing copper and gold resources, and prepare
recommendations for further geological exploration. The research program
included high-precision magnetic and gravimetric surveys, electrical prospecting
using the TDIP method, lithogeochemical sampling for secondary dispersion halos,
and limited core drilling. Comparison of the obtained geophysical data with the
generalized petrophysical model of porphyry copper deposits has shown that the
studied object generally corresponds to this “reference” model. A clear spatial
correlation was established between the supergene enrichment zone and the zone
of abrupt changes in apparent resistivity, which led to a revision of the ore body
morphology: instead of the previously assumed subhorizontal form, it exhibits a
domed structure with flanks dipping to the northwest and southeast. In the northern
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part of the ore field, additional subvertical bodies were identified and interpreted
as eruptive breccias, likely serving as ore-feeding channels. Based on the results,
recommendations for the next exploration stage were developed, including drilling
on the flanks and at deeper levels of the deposit.

Keywords: geological and geophysical modeling, electrical prospecting,
magnetic survey, gold, copper, hydrothermal breccias, secondary sulfide enrichment
zone
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AnHoramusa. Maxkanaga Coxpipkoii keH epicinae (Opranbik Kazakcran)
JKYPTI3UITEH KEMIEHAI TeOJOTHSIIBIK-TCOPU3NKAIBIK 3EpPTTEYIepai  KOIIaHy
ToxipuOeci kenripinreH. bysr keH epiciHiH KypaMbIHa aTTac KeH OpPHBI, COHIai-aK
MBIC, aJITHIH, MOJIO/ICH )K9HE MOJTMMETaIJI MUHEPaJlIaHy bIHBIH OipKaTap KepiHicTepi
MeH MyHKTTepi Kipeni. COKbIpKOH KeHi eJieyil anThlH KOMIIOHEHTI 06ap MbIC KeH
neHeci 0oMbIN TaOblUIaAbl )KOHE aTTac MaJCOBYIKAHIBIK KYPBUIBIMHBIH OPTAJbIK
Oeutirine morbIpiIanFaH. JKXyMBICTBIH MaKcaThl — KeH JeHeJIepiHiH MOP(OIOTHUSCHIH
HaKThLIAY, MBIC TIEH AJIThIH KOPJapblH YIFAUTy HEepCIEKTUBAIAPbIH Oaranay *KoHe
OflaH 9pl TeOJOrHsIIBIK-0apiay >KYMbBICTapblH KYpridy OOWBIHIIA YCBIHBIMAAP
o3ipaey Oonabpl. 3epTTey KeLIeHi KOFapbl AQJIIKTI MarHUTOMETPHUSUIBIK JKOHE
rpaBUMETpHSIIBIK Tycipiutimaepni, TDIP oniciMen anekrpOapriay >KYMBICTapbIH,
SKIHIIUTIK IIambipay opeosiaapbl OOMBIHIIA JTUTOTCOXUMISUIBIK TYCIpUTiMIepIi
JKOHE TICKTEYNII KOJEMIETi KOJIOHKANBIK OYpFBIIayabl KAMTBIIBL. AJIBIHFaH
reopU3UKaNbIK JepeKTepai MBIC-IOPGUP KEH OPBIHIAPBIHBIH JKaIIbIIaHFaH
MeTpoU3NKaIbIK YITICIMEH CaNBICTBIPY HOTIDKECIHAE 3epTTeNil OTBhIpFaH
HBICAHHBIH aTaJfaH «3TaJOHIBIK» YJTIre >KalIlbl COHKEC KENEeTiHiI aHBIKTaJIbI.
Exinminik cynbduari OallpiTy aiiMarbl MEH MEHIIIKTI JIEKTp KeIepriciHiH
KYPT e3repy aiMarbl apachlHAa aWKbIH KEHICTIKTIK KOPPENSIHsl OPHATBUIBIII,
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KEH JICHECiHiH MOpP(]OJIOTHACH >KOHIHJEr TYCIHIKTep KaWTa KapayJbl: OYpBIH
OoJDKaHFaH CyOTOPW3OHTANBABI MIlIIHHIH OPHBIHA, OHBIH (DIaHTTEpi CONTYCTIK-
0aTpIC TIEH OHTYCTIK-IIBIFBIC OaFbITTap/a €HKEHEeTiH KymOe3 Topisdi KypbUIBIM
eKEeH/Tir1 aHBIKTaIIb. KeH epiciHiH CONTYCTIK OOIiTiH/Ie KOChIMIIIA CyOBEPTUKAIIhIBI
JeHeIep aHBIKTAIIBIII, OJIap Py/a KeTKi3yIl KaHaIAap KbI3METiH aTKapFaH bIKTHMAa
3¢ Qy3usUIBIK OpeKkuusiap peTiHae TYCIHAipinai. 3epTTey HoTHxkenepl OoibIHIIA
OapaybIH KeJleci Ke3eHiHe apHalFaH YChIHBIMIAP d31pJIeH/Ii, OFaH KeH OPHBIHBIH
(maHTTEpiH/IE KOHE TePEeH JICHTeWsIepiHeri OypFblIay JKYMBICTaphl Kipesi.

Tyiiin ce3aep: reoNOrusUIBIK-Te0(pU3NKAIIBIK YIT1IeY, 31eKTpOapiay, MarHUTTIK
Oapnay, aiThlH, MBIC, THAPOTEPMABI OpEeKUMsIIap, CKiHIIN PEeTTIK Cymb(uaTi
0aifbITy aiiMarbl
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AHHoTamuss. B crarbe mpeAcTaBiIeH ONBIT KOMIUIEKCHBIX —TI'€0JIOTO-
reoU3MYECKUX HCCIEeOBaHUM, BBINOJHEHHBIX B mpenenax COKBIPKOHCKOro
pymaoro monst (LlenTtpanpabiii  KazaxcraH), BKJIIOYAIOMIETO OJHOUMEHHOE
MECTOPOXK/ACHHE, a TaKXKe sl PyAONPOSBICHUN M YYacCTKOB MHUHEpaau3aluu
Menu, 30J0Ta, MounOAeHa W monuMeTasioB. COKBIPKOMCKOE MECTOPOXKICHHE
MIPECTaBIsIET CO00M MEITHO-30JI0TOM OOBEKT, MPUYPOUYCHHBIM K IHEHTPaIbHON
YacTH ONHOMMEHHOW NAaJICOBYJIKAHMYECKOH CTpYKTyphl. Llens wuccnemoBanus
3aKIII0YaIach B YTOYHEHHUM MOPQOJIOTUM PYIOHBIX TEJ, OLEHKE HEepPCIEKTUB
YBEJIMUEHHSI 3al1aCOB MEIU M 30JI0Ta, a TaKKe B pa3padOTKe PeKOMEHAALMH [Uist
JalbHENIIEro NPOBEACHUS Te0I0ropa3BelouHbIX padoT. KoMIuleke uccnenoBanuit
BKJIIOYQJI BBICOKOTOYHBIE MAarHUTOMETPHUUYECKHE WU TI'PaBUMETPUUYECKHE CBHEMKH,
anekTpopa3Benky wmeromoMm TDIP, nuroreoxmmmdeckoe omnpoOOBaHWE —TI0
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BTOPHYHBIM OpEoJiaM paccessHuss H OypeHHe OrpaHHYCHHOTO KOJIWYeCTBa
KOJIOHKOBBIX CKBa)XHH. COIOCTaBJICHHE MONYyYCHHBIX reO(pHU3NYECKUX JTaHHBIX C
0000IIEHHON MEeTPOPU3NUECKON MOJENBI0 METHO-TIOP(QUPOBBIX MECTOPOKIACHUI
MOKa3aJ10, YTO U3y4aeMbIii OOBEKT B II€JIOM COOTBETCTBYET JAHHOM «3TaJIOHHOI»
Mozienu. YCTaHOBJEHA YETKas IPOCTPAHCTBEHHAs KOPPEIALMS MEXTy 30HOU
BTOPUYHOTO CYIb(QHIHOTO 00OTAIICHNS M 30HOH PE3KOT0 M3MEHEHHUS YAeTbHOTO
ANEKTPUYECKOTO0 COINPOTHUBICHHUS, YTO IMO3BOJHMJIO YTOUYHHTH INPEIACTABICHUS O
MOP(}OJIOTUY PYIHOTO Tea: BMECTO paHee Ipe/roiaraeMoii Cyoropu3oHTaIbHON
(OpMBI OHO MMEET CBOAOBYIO CTPYKTYpy C TOTpYKEHHEM (JIaHIOB B CEBEpO-
3alaJHOM U IOr0-BOCTOYHOM HAIPaBIECHUSX. B CEeBEpHON 4YacTH pyAHOro MOJIs
JOTIONTHUTENIFHO BBISBICHBl CyOBEpTHKAIbHBIE Tella, HMHTEPIPETHPYeMbIe Kak
SPYNTHUBHBIE OPEKUYNH, TIPEITOIOKUTEITEHO BBITTOIHSBIINE POJIb PYAOTIOIBOISIIINX
kaHajoB. [lo pe3ynbraram WcCiIeIOBaHHN pa3paboTaHbl PEKOMEHAAIMU  JUIs
CIICIYIOIIETO JTama TIeoJIoropa3BeoYHbIX pPadoT, BKIIOYAIONIME OypeHue o
¢naHram u Ha TIyOOKHX TOPH30HTAX MECTOPOXKIACHUSI.

KiroueBble ciioBa: reosioro-reopuanueckoe MoICIINPOBaHNE, ATEKTPOPA3BEIKa,
MarHMTOpa3BeKa, 30JI0T0, MeIb, THAPOTEpPMAIbHbIE OPEKYHH, 30Ha BTOPHYHOTO
Cynb(UIHOTO OOOTaIIeHUs

Introduction. The Sokyrkoy ore field, which includes the deposit of the same
name, as well as a series of ore occurrences and mineralization sites for copper,
gold, molybdenum and polymetals, is located within the administrative boundaries
of the Karaganda region, in the northwestern part of the Balkhash region, about
80 km southwest of the city of Balkhash. The Sokyrkoy deposit is confined to the
nuclear part of the geological structure of the same name. The object was discovered
by M.P. Rusakov in 1928 and subsequently studied by many well-known experts
(Seitmuratova, 2015).

Features of the geological structure of the Sokyrkoy ore field and the
analysis of geological study

The position of the Sokyrkoy ore field in regional structures

The Sokyrkoy ore field is located within the so-called Coastal (Gulshad-
Sokyrkoy-Saryshagan) zone, which is characterized by the development of small
intrusions of the Topar intrusive complex, with formations of which numerous
copper-porphyry objects of Central Kazakhstan and their volcanic aggregates are
associated.

Structurally and tectonically, the ore field is located in the southwestern side
of the Kendyk-Sarydalin intrusive volcanic structure, one of the largest in the
area. This structure can be characterized as a volcanic depression, the formation
of which occurred during the Middle-Upper Carboniferous and ended in the
Permian. Actually, the depression is composed mainly of Permian-age volcanites
(subvolcanic, vent, and cover facies), as well as hypabyssal intrusions.

Structurally, the position of the ore field is controlled by a central-type
paleovolcanic structure measuring 7-8 km, which can be attributed to volcanic
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dome structures. In its central part, rocks of the Caledonian structural floor, of
the Lower Silurian age, are exposed; the flanks of the building are composed of
volcanites of subvolcanic facies and intrusive bodies of the Topar complex.

Sedimentary-volcanogenic carboniferous formations, which are hydrothermally
and metasomatically altered to varying degrees, are mainly involved in the geological
structure of the ore field. Intrusive bodies of diorite-granodyrite composition are
localized in the central part, the formation of which is believed to be associated with
the formation of gold-copper mineralization in secondary quartzites and propylites.

Another feature of the ore field is the presence of eruptive breccias in its
structure, composing isolated subvertical bodies in the shape of an inverted cone.
Small xiphoid bodies (up to 0.6 x 0.2 km in size) break through both sedimentary
volcanogenic formations of the Middle Carboniferous and intrusive rocks (Gusev,
2015). Hydrothermal and metasomatic formations of the ore field, genetically
related to the formation of the Sokyrkoy paleovolcano, they are widespread, mainly
represented by propylites, dickite and alunite secondary quartzites and quartz-
sericite metasomatites.

Propylitization is mainly developed by andesites, andesidacites and their
tuffs and is confined to the periphery of the paleovolcano. To a lesser extent, it
is manifested in granitoids, as well as volcanogenic-sedimentary deposits of the
Silurian. Propylitization is accompanied by scattered and veined mineralization
(mainly of pyrite composition).

Sericite metasomatites are the most widespread. They are developed according
to the rocks composing the central part of the paleovolcanic structure. In fact,
quartz-sericite metasomatites are represented by a rock consisting of sericite,
primary (relict) and secondary quartz, chlorite and pyrite.

Dickite secondary quartzites are dense, massive, ash-gray (sometimes light gray)
rocks with a clearly recognizable relict structure of porphyry or eruptive breccia.
They consist of a fine-grained quartz and dickite aggregate with a significant
amount of hematite. Alunite secondary quartzites occupy the entire central part
of the massif, forming a single body elongated in a northeasterly direction. In the
section, they occupy the upper parts of the massif, sinking to a depth of 100-150
m from the surface. Macroscopically, alunite quartzites are massive light pink
(pinkish-gray) rocks, sometimes with a relict structure of porphyrite or eruptive
breccia. A common paragenetic association is alunite and quartz with an admixture
of dickite, hematite, sericite and limonite. Alunite is found mainly in the bulk of
rocks in association with quartz and other minerals. As a rule, interspersed and
veined alunite is cut with quartz stockwork in the absence of reverse relationships
(Guseyv, 2015).

Hypergenic profile and "ore" zonality of the Sokyrkoy deposit

One of the distinctive features of the Sokyrkoy deposit is the development of a
partially reduced hypergenic profile of the copper (copper-porphyry) deposit within
its limits (Smirnov, 1951; Chavez, 2000; Sillitoe, 2005). The oxidation zone at the
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site is poorly developed and of limited importance, while copper mineralization from
the surface is represented by malachite, azurite, and chrysocolla, associated mainly
with zones of secondary quartzites that have undergone intensive limonitization.
Copper concentrations in the oxidation zone are insignificant and usually do not
exceed hundredths of a percent.

The leaching zone is characterized by a wide distribution, sometimes its capacity
reaches more than 100 meters. It is characterized by an almost complete absence
of copper mineralization. The secondary sulfide enrichment zone is developed
almost everywhere and has a capacity from 20-40 m to 180-200 m, with an average
content of 0.4% and enrichment sites of more than 1%. The secondary sulfide
enrichment zone is usually confined to the area of distribution of alunite quartzites
and contains the main industrial concentrations of copper. Below is the zone of
primary sulfide ores, at depths below 200 m. In general, it is characterized mainly
by low concentrations, where, against the general background of copper content of
0.15-0.3%, there are separate enriched areas with a content of 0.4-0.5%. The main
ore mineral is chalcopyrite; secondary copper minerals chalcosine and covellin are
also found in small quantities. Gold is localized in all the above-mentioned zones
and is concentrated mainly at the level above the zones of copper mineralization, it
is contained in copper intersections and below them, at a depth of over 300 m. With
depth, the gold content decreases and forms separate ore accumulations separated
by content.

"Unresolved" issues and setting goals for modern geological and geophysical
research

The last significant stage in the study of the object can be considered the
exploration and evaluation work carried out by Tsentrgeolsom LLP in 2012-2014.
During these studies, copper and gold reserves were calculated in the C, category
to a depth of 200 m and the estimated resources in the P, category in the deep
horizons and flanks of the deposit. During these works, reserves were estimated
at 350 thousand tons of copper (with an average copper content of 0.4%) and 15.9
tons of associated gold (with an average content of 0.2 g/t), which allows us to
consider the object as an average porphyry-type copper deposit with a significant
gold component (Gusev, 2015; Krivtsov, 2010).

According to historical data, the ore zone of the deposit is elongated in a
submeridional direction and traced over a distance of about 1.5 km. The morphology
of the ore bodies was accepted as elongated stratiform, lenticular, and subhorizontal
(Fig. 1). The ore bodies are mostly horizontally lying or slightly undulating, with
angles of incidence of the first degrees (to illustrate the accepted morphology, we
present a fragment of one of the geological and computational sections constructed
across the ore zone of the deposit). The length of the ore bodies along the strike is
more than 1,000-1,400 m. Ore bodies contoured by an on-board copper content of
0.2% have an intersected thickness of 2.5 to 30.0 m.

The geological and economic assessment of the profitability of extraction of
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the calculated reserves, performed taking into account the operating cost indicators
taken from the average values prevailing in Central Kazakhstan at the time of
exploration completion, showed that mining of the sulfide gold-copper-porphyry
ores of the deposit by quarrying is profitable, however, due to the limited exploration
opportunities in 2014, there are numerous uncertainty factors that can significantly
affect on the technical and economic parameters of its development.

When analyzing historical materials, the authors concluded that historical
exploration was carried out with a technological limitation of depth to 200 m and
vertical drilling wells, which allowed geometrization of only a part of the ore
deposit confined to the apical, central part of the Sokyrkoy structure.

Thus, during the historical exploration, a representative model of the morphology
of the ore deposit was not developed, and the prospects for the development of ore
mineralization of the object to a depth and along its periphery were not established.
These unresolved issues currently do not allow for an objective geological and
economic assessment of the deposit and proceed to its development.
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Figure 1 - Geological cross-section (fragment) of Sokyrkoy deposit reserves report with
legend (Guseyv, 2015)

Materials and Methods

To solve the previously described issues described above, Kazakhmys Barlau
LLP carried out a complex of geological exploration works during 2023-2024,
including gravity and magnetic exploration (1:10 000), electrical exploration using
the TDIP method (profile through 200 m), lithogeochemical survey using VOR
(over a 200x200 m network) and drilling of a limited volume of core wells. The
applied exploration complex was formed based on the experience of exploration
of numerous copper-porphyry (including gold epithermal) ore-magmatic systems
around the world (Sillitoe, 2010; Holliday, 2007; Pustozero, 2023;).
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The implementation of this exploration complex was aimed at obtaining the
operational information necessary to assess the possibilities of increasing the ore
reserves of the deposit before proceeding to its planned, detailed exploration.

Atthe first stage of the work, 1:10,000 scale field magnetic and gravity exploration
(with a network of profiles through 100 meters) was carried out with continuous data
recording. The volume of work performed at the site was 117 square kilometers.
High-precision gravity and magnetic exploration was carried out in order to map
tectonic disturbances, identify zones favorable in physical characteristics for the
development of increased concentrations of sulfide mineralization in them, as a
result, to obtain regional data on the geological and structural position of the ore
field and the possibilities of localizing additional objects of a peer level with the
Sokyrkoy deposit.

Based on the results of processing and interpreting the data obtained, in addition
to standard sets of graphic materials (maps of the anomalous magnetic field, maps
of the local component of the magnetic field, a map of gravity anomalies in the
Bugey reduction, a map of the vertical gradient of gravity anomalies, etc.), deep
three-dimensional models of the magnetic and gravity fields in the studied area
were obtained.

Next, electrical exploration was performed using the TDIP method (VP/resistance
method in the mode of multipolar pulses in the time domain) in the dipole-dipole
modification. The volume of work performed on the 200x50 m network was 117
square kilometers.

Before the start of electrical exploration work, experimental and methodological
work was carried out at the site in order to obtain optimal characteristics of the
installation, which further provided optimal spatial and parametric resolution
when surveying to obtain information up to depths of about 600 m for searching
and identifying promising areas associated with the interspersed and veined ore
mineralization of the deposit. According to the results of electrical exploration, in
addition to the standard set of graphic materials, three-dimensional models of fields
of apparent resistance and polarization were also obtained.

In addition, a standard lithogeochemical survey of secondary scattering halos
was performed on the area of the deposit and its periphery in order to obtain and
outline additional anomalous zones of copper and gold mineralization (Coope, 1973;
Moradpouri, 2021).

Atthe final stage, limited drilling operations were carried out aimed at identifying
the nature of the most promising, complex geophysical and geochemical anomalies
identified earlier and establishing the morphology of ore bodies to assess the
feasibility of further exploration.

Based on the work carried out, a set of geological and geophysical data was
obtained, in the interpretation of which special attention was paid to identifying
the nature and morphology of ore bodies in order to assess the feasibility of further
exploration work. The main search "tasks" to be solved in the course of work and
interpretation of the received data were selected:
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1. Establishment of a zone of distribution of gold mineralization along the
periphery of the deposit and to the depth;

2. Refinement of the morphology of the secondary sulfide enrichment zone;

3. Identification of additional bodies of eruptive breccias in the structure of the
object.

Results and discussion

When interpreting the obtained geological and geophysical data, the authors
relied on the accepted generalized petrophysical model of the copper-porphyry
deposit, with an emphasis on the features of the electrical properties of rocks and
their reflection in physical fields (Krivtsov, 2001). This approach is due to the fact
that, according to accumulated experience, the most significant information for
interpreting the morphology of stockwork-type ore bodies is provided by electrical
exploration data (Chen, 2012; Fatehi, 2019).

The uniform zonation of changes in the physical parameters of ore-bearing
rocks and ore bodies observed at numerous copper-porphyry deposits allows us
to create a common petrophysical model presented in the following form (Fig. 2):

1. The nuclear part is characterized by low values of magnetization and density,
extremely high electrical resistance, lack of polarizability, and increased radioactivity;

2. The ore part is characterized by a sharp increase in electrical conductivity,
polarizability and a decrease in resistance due to increased porosity and interspersed
sulfide mineralization, an increase in potassium content (manifestation of potassium
metasomatosis) with a decrease in the contents of uranium and thorium carried into
the host medium,;

3. Host rocks, as arule, have weak or moderate magnetic susceptibility, increased
density, practically do not polarize, have background radioactivity and moderately
high electrical resistance (Krivtsov, 2001; Fatehi, 2019).
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Figure 2 - Generalized FGM of the copper-molybdenum-porphyry deposit (based on materials
(Krivtsov, 2001), with additions) 1 — ore—bearing porphyry intrusive; 2 — breccia bodies in a
porphyry stock; 3 — metasomatites subordinate to porphyry bodies; 4 - veined-interspersed ore zones
(quartz—sericite metasomatites); 5 — mudstones; 6 — propylites; 7 - ore-bearing stock; 8 — fracture
zones; 9 — zones with increased content magnetite
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For high-quality operations on the interpretation of geophysical data, at the
preliminary stage, the properties of the rocks of the deposit (core samples of drilled
wells) were determined and systematized.

The determinations were performed using TerraPlus's portable geophysical
instrument KT20+, used to measure induced polarization, resistivity, magnetic
susceptibility, electrical conductivity, and density of rock samples.

In total, 197 definitions of physical properties were performed for the most
representative samples of various lithological (petrographic) rock differences
represented in the structure of the deposit. Measurements were carried out for dry
and wet samples. In addition, reference data was used for interpretation.

Table 1 shows the average values of quantitative characteristics of the physical
properties of various rocks of the deposit, including those from the zones of
leaching, oxidation and secondary sulfide enrichment.

Table 1. Average values of physical properties of various rock types of the Sokyrkoy deposit

Density, Magget.lf: Polarizability, SPeCIﬁC
The zone (@\em’) susceptibility, o resistance,
£ (10-S1) ° Om*m
Quartz-chlorite .
1| and quartz-sericite | \€2chingand |, 15.72 6.98 225.98
. oxidation
metasomatites
Lavas, tuffs, and
tuffobreccias of leachine and
2 | rhyolites, trachytes, ang 2.62 19.13 4.59 398.68
: . oxidation
dacites, andesites, and
tuffoconglomerates
3 | Alnitesecondary | o pnent | 274 15.99 7.08 136.83
quartzites
Quartz-chlorite enrichment/
4 | and quartz-sericite 2.77 8.22 7.73 62.73
. protorudes
metasomatites
5 Granites and 2.65 32 2.2 950
granodiorites

As can be seen from Table 1, quartz metasomatites of enrichment and leaching
zones with similar mineral composition differ sharply in resistivity values and
have similar polarizability characteristics, which indicates the leading value of the
resistance characteristic for modeling the enrichment zone of the Sokyrkoy deposit.
During the interpretation and modeling of the obtained geophysical data, it was
found that, regionally, the Sokyrkoy deposit is a body of multifacial hydrothermal-
metasomatically formed quartzites emerging to the surface, most vividly manifested
by a high-resistance anomaly of electrical resistivity (maximum resistance values
reach 2,000 ohms * m (Fig. 3, 5, 6A-C)) structurally "sandwiched" between two
positive magnetic anomalies of an isometric shape (the value of the magnetic field
within these anomalies reaches +600 nT) (Fig. 6D, F)), presumably related to
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the presence of intrusive rods that do not reach the daytime surface (later, during
drilling operations, this hypothesis was confirmed).

Next, we will consider in more detail the morphology of the anomalies of
reduced resistance in the context of the ore zone of the deposit (Fig. 3, 5, 6A-
C). High resistivity values can be traced to a depth of about 100-150 m from the
daytime surface and fix the base of the oxidation and leaching zone of primary
sulfide mineralization, the main volume of gold mineralization of the deposit is
confined to this zone. From a depth of 150 m, there is a sharp drop in resistance
to 10-100 ohms™* m, this zone of the resistivity field gradient is associated with a
zone of secondary sulfide enrichment (according to the results of further drilling
operations, it was found that mineralogically this zone is characterized by the
development of fine chalcosine mineralization) and a zone of mixed ores, which
in the central part of the object have a "cloak-like" morphology and subhorizontal
occurrence.

In some areas of the deposit, the sulfide enrichment zone is also quite clearly
expressed in the morphology of the polarization field gradient (Fig. 4).

New electrical exploration data made it possible to model the body shape of
the secondary enrichment zone with its "arched" morphology with wings sinking
in the north-west and south-east directions (the nature of the occurrence is clearly
illustrated in sections of the resistivity field carried out across the strike of the main
ore zone of the deposit (Fig. 4)).
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Figure 3 - Cross-sections perpendicular to the strike of the main ore zone of the Sokyrkoy

deposit, showing the morphology of supergene zonation areas (resistivity model used as the
background)
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Figure 4- Cross-sections perpendicular to the strike of the main ore zone of the Sokyrkoy deposit,
showing the morphology of supergene zonation areas (polarization model used as the background)

In addition to the secondary enrichment zone, more local areas were identified
in the field structure, marked by intense subvertical anomalies of reduced resistance
(up to 10-100 ohms* m) combined with a negative magnetic field (presumably a
demagnetization zone). These sites are recorded starting from a depth of 400 m and
are presumably associated with bodies of eruptive breccias (Sillitoe, 1985), which
are ore channels for primary pyrite-chalcopyrite-bornite? mineralization (Fig. 5).

™
Figure 5- Longitudinal section perpendicular to the strike of the main ore zone of the Sokyrkoy
deposit, showing the morphology of supergene zonation areas (resistivity model used as the
background)
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Based on a comprehensive interpretation of the geophysical data, a unified
model of the Sokyrkoy deposit was constructed (Fig. 6). For ease of visualization
and geological interpretation of the obtained geophysical data, graphs of the
distribution of physical characteristics along the profile AB were constructed.

The presented diagram (Fig. 6) shows graphs of the distribution of apparent
resistance (p, green line) and polarization (IP, red line) at various depth sections
of the object (50 m; 200 m and 500 m from the surface) (Fig. 6A - C), in addition,
combined graphs of the distribution of magnetic field values are presented. The
fields (AT) and gravity fields (AG) (Fig. 6D), and a section of the apparent resistance
field model is also shown (Fig. 6E) and a fragment of the geophysical interpretation
scheme with a projection of the skeleton model of the gold-copper and copper
mineralization of the deposit, positive magnetic field anomalies (interpreted as rod-
shaped intrusive bodies of acid composition) and the main disjunctive disturbances
developed within the deposit and its periphery.

The vertical zonation of the object is quite clearly observed in the diagram,
expressed in a change in the nature of resistivity and polarization at its deep
sections.:

- at a cut of 50 m (during modeling, it was found that this zone can be traced to
depths of 100-150 m), the central part of the profile (the area of ore mineralization)
is characterized by a reduced value of polarization and increased resistivity and
corresponds to the metasomatites of the leaching and oxidation zone.

- at a cutoff of 200 m (during modeling, it was found that this zone can be
traced to depths of 300-350 m), the nature of electric fields changes — increased
polarization values and low resistivity correspond to the lower boundary of the
secondary sulfide enrichment zone.

- ata 500 m cut, reduced electrical resistance values with fairly high polarization
values can be interpreted as local bodies of primary sulfide mineralization ("protorud
zone").

When compared with the generalized petrophysical model of the copper-
porphyry deposit (Fig. 2), it can be concluded that the object under study generally
corresponds to this model, both in terms of the presence of such elements of the
ore-magmatic system as "ore (?) rods" and near-ore metasomatites, and in terms of
its vertical zonality.
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Figure 6- Scheme of integrated interpretation of geophysical data along profile AB of the
Sokyrkoy deposit

Conclusion

1. A comparison of the obtained geophysical data on the territory of the Sokyrkoy
deposit with the generalized petrophysical model of copper-porphyry deposits
allows us to conclude that the object under study generally corresponds to the
"reference" model. The results obtained substantiate the prospects for continuing
exploration work, both within the field itself and through work aimed at identifying
additional facilities within the peripheral parts of the Sokyrkoy ore field.

2. Based on modeling of physical fields and comparing the results obtained with
geological data, a close relationship has been established between the position of
the secondary sulfide enrichment zone and the roof of the resistivity field gradient
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zone. This made it possible to clarify the morphology of the body of the secondary
sulfide enrichment zone, which was previously interpreted as a subhorizontal
body; at the moment, its arched morphology with wings sinking in the north-west
and south-east directions has been established (Fig. 3). Thus, the morphology
of the deposit, according to the results of geological exploration in 2023-2024,
corresponds to its geological and structural position in the paleovolcanic structure.
At the same time, in our opinion, the bulk of the exploration wells drilled in the
central part of the field did not leave the zone of secondary sulfide enrichment and
mixed ores, which significantly increases the prospects for building up the mineral
resource base of the field.

3. In the northern part of the deposit, additional subvertical bodies of "secant"
morphology have been installed in the electric fields of polarization and resistance,
interpreted as bodies of eruptive breccias.

4. The results of the study confirm the high efficiency of integrating geophysical,
geochemical and geological data when re-examining previously studied objects.
This approach makes it possible to model ore bodies in a new way and with greater
accuracy, which, in turn, helps to increase the ore potential of the deposit and
significantly simplifies the planning of subsequent stages of exploration.

The direction of further work

At the moment, a work program has been prepared for the final drilling of the
flanks of the gold anomaly identified during the lithogeochemical survey and the
final drilling of low-resistance subvertical bodies in the northern part of the deposit.

Based on the results of modeling the Sokyrkoy deposit and analyzing
lithogeochemical data, it was found that the bulk of the known gold mineralization
is confined to the eroded part of the Sokyrkoy structure, which almost completely
corresponds to the lithochemical area of the gold anomaly (>5 ppb). At the same
time, in wells at depths of 150 m or more, outside the eroded part, under lava
flows of andesites, exposed mineralized intervals of 0.3-0.5 g/t do not manifest
themselves in an anomalous geochemical field, i.e. secondary gold halos do not
capture the features of the geological structure of the Sokyrkoy deposit.

As a hypothesis, it is assumed that after its formation, the gold-copper
mineralization was eroded, with the destruction of the upper parts of the mineralized
zones, primary and secondary halos of scattering, and then again blocked by
younger lava flows that "hide" the anomalous geochemical field of gold-copper
mineralization.

In the current geological situation, in order to search for additional gold
mineralization in the course of further work, it is recommended to use geochemical
surveying methods capable of detecting mobile forms of metals during constantly
occurring physico-chemical diffusion processes, for example, the ion-sorption
analysis method.

In addition, the use of absolute dating methods is recommended, which will
allow for a more accurate stratigraphic and age differentiation of the geological
complexes composing the Sokyrkoy ore field and establish the sequence of their

204



ISSN 2224-5278 5.2025

formation. These data are necessary for constructing an ore model of the area both
in its current state and in a dynamic aspect reflecting the stages of development
of the facility, which, in turn, will create the basis for sound forecasting of new
promising facilities within the entire coastal mineragenic zone.
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