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Geochemical halos of gold mineralization
in the Geokhimicheskoe ore occurrence,
Kuldzhuktau region (Uzbekistan)
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behruzoga@gmail.com®

Abstract. The Geokhimicheskoe ore occurrence is located 1-1.5 km west of the Tau-
shan deposit, within the southeastern exocontact zone of the Aktosty intrusive
massif. The study aims to comprehensively analyze geochemical halos associated
with gold mineralization in the Kuldzhuktau region (Uzbekistan) in order to identify
their spatial and compositional characteristics, establish indicator elements reflecting
mineralization processes, and substantiate promising directions for precious metal
prospecting. Factor analysis was applied to process multi-element geochemical
data from 620 samples. The results demonstrate that average gold concentrations
exceed background levels by up to 1,200 times; Au, As, Ag, and W are identified as
key pathfinder elements. Additional ore-localizing features include “through-going”
anomalies of As, W, Sb, Mo, and Ag. The constructed additive Au + As anomaly model
proved to be most effective in delineating promising flanking and deep-seated zones.
The established geochemical zoning, which reflects sequential formation of miner-
al assemblages, is confirmed as a critical criterion for predicting mineralization.
The generated geochemical anomaly maps effectively highlight areas with high gold
potential, providing guidance for further gold prospecting efforts.

FeoxuMuueckue opeosbi 30/I0TOHOCHOM
MMHepanu3aumum yyactka leoxummueckoe
rop Kynba)xykray (Y36exkucraH)

b. b. OraHuésos™, M. M. NMupHasapos

YHUBEPCUTET reonormyeckmnx Hayk Pecnybnmnku Ys0ekucTaH,
TawkeHT, ¥Y36eknctaH, behruzoga@gmail.com

AHHoTauuA. PygonposnsneHue lfeoxmmuyeckoe pacnonoxeHo B 1,0-1,5 Km K 3anagy
OT MecTopoXAeHA TayLlaH B Oro-BOCTOYHOW YaCTM SK30KOHTaKTa AKTOCTUHCKOTO
VHTPY3MBHOrO MaccuBa. Llenb nccnefoBaHna — KOMMNEKCHOE M3yYeHre reoXumm-
YeCKMX OPEeO0oB, aCCOLMNPOBaHHBIX C 30I0TOHOCHOW M1HEepanu3aumen Ha yyacTke
rop KynbmKykTtay (Y36eKncTaH), Ans BbIABIEHUA UX MPOCTPAaHCTBEHHO-BELLECTBEH-
HbIX OCOOGEHHOCTEN, YCTAaHOBNEHUA WHAWKATOPHbIX 3/1IEMEHTOB, OTPAXKaMLIMX
MUWHepanu3aLnoHHble NMpoLecchl, 1 060CHOBaHNA NEPCNEKTUBHbIX HarnpaBleHUIA
NMONCKOB 611aropoAHbIX MeTanoB. 119 06paboTKM MHOTO3IEMEHTHbBIX AaHHbIX 620
npo6 6bin NprUMeHeH GAKTOPHBbIN aHANN3. YCTaHOBIEHO, UTO CPEAHEE COAEPKaHMe
30/10Ta NpeBbillaeT GoHoBble 3HaueHMs Jo 1200 pas; snemeHTaMu-1HANKaTopamim
asnaotca Au, As, Ag n W. JononHUTeNnbHbIMN Py[OIOKann3yoLWUMN Npu3HakaMmm
CJyXaT cKkBo3Hble aHomanuu As, W, Sb, Mo n Ag. Co3gaHHas Moaenb aHOManum
Au + As oka3anacb Haubosnee MHPOPMATUBHON ANA BblAeNeHNA NepPCreKTUBHbIX
bnaHroBbIx 1 ry60oKMX 30H. MOATBEPKAEHO, UTO FEOXMMMYECKAsA 30HANbHOCTD,
OoTpakaloLasa nocnefoBaTesibHOCTb MUHEPaNM3aLUOHHbIX MPOLEeCCOoB, ABNAETCA
KNloYeBbIM KpUTeprem NPOrHo3npoBaHnNa opyAeHeHA. [locTpoeHHble KapTbl reo-
XVIMUYECKNX aHOMasMI MNO3BOIIIN JTOKaJIM30BaTh 30HbI C BbICOKMM MOTEHLMANIOM,
NPUrogHble AN AasbHENLWNX NONCKOB 30510Ta.
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INTRODUCTION

Geochemical methods are among the leading tools
to explore various types of ore deposits [1]. Many depos-
its have been discovered when processing geochemical
data and identifying anomalies [2]. Geochemical survey
data include numerous elements. The complexity and
diversity of geological processes lead to various elemen-
tal associations. Some of these associations are closely
related to specific types of mineralization, which can be
used to delineate promising ore-bearing positions [3].
Factor analysis is one of the most popular multivariate
analysis methods employed to reduce data sets dimen-
sionality. This tool combines several correlated variables
into one factor in order to summarize multidimensional
information [4]. In this regard, it recognizes geochemical
associations related to specific types of mineralization.

Geochemical prospecting methods are used at the ini-
tial exploration stage to distinguish real anomalies
from background values. Two different types of mathe-
matical models have been developed to determine
the threshold that effectively separates geochemi-
cal anomalies from background: (1) frequency-based
and (2) spatial frequency-based. The first type relies
on the frequency distribution of geochemical survey
data. These include probability plots [5] and multivariate
data analysis methods [6], which are often employed
to analyze geochemical data [1; 7-9]. The second
model type considers not only frequency but also
spatial distribution of the data. The concept of fractals
was introduced as an effective tool to identify various
geochemical associations [10]. Geochemical survey
data generally do not follow a normal distribution but
show a tendency towards a lognormal distribution.
Meanwhile, the distribution of trace elements and
their enrichment exhibit multifractal characteristics.
Fractal models include a concentration-area model,
spectrum-area model, concentration-distance model,
local singularity index, and concentration-volume mod-
el [11]. These approaches take into account both
the frequency distributions of geochemical data and
their spatial self-similar characteristics.

The Geokhimicheskoe ore occurrence is a key study
object in the Kuldzhuktau mountain region, which has
been investigated for over half a century. This research
requires deep theoretical support to improve the search
for hidden ore bodies in the mining zone periphery
in order to expand deposit scales. Many studies in this
area focus on the geology of gold-bearing occurrenc-
es, ore-controlling structures, sources of ore-forming
materials, and processes of gold ore formation'. Some
studies suggest that the origin of these ore occurrenc-
es is associated with magmatic-hydrothermal process-
es and closely linked to magmatism? Nevertheless,
methods for recognizing geological processes related
to gold-forming mineralization and identifying geo-
chemical anomalies remain critical tasks.

In the present study, factor analysis was used to pro-
cess data on the concentrations of 22 chemical ele-
ments. The main objectives of the study were as fol-
lows:

— to identify elemental associations to be effective
for gold ore prospecting;
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— to study the genesis of mineralization by chem-
ical element distribution zones;

— to delineate geochemical anomalies based on
the factor analysis results in order to define target
zones of ore formation in the study area periphery.

The Kuldzhuktau Mountains, as the modern tec-
tonic structure suggests, represent an Alpine uplift of
sublatitudinal extension. The core consists of the Paleo-
zoic folded basement rocks, while the flanks are made
up of the Mesozoic—Cenozoic platform cover deposits.
The folded basement includes highly dislocated sedi-
mentary and volcano-sedimentary rock complexes from
the Middle Ordovician to the Middle-Upper Carbonifer-
ous, intruded by magmatic complexes of gabbro-diorite
(AOP,) and granodiorite-granite (ydP,) composition3.

Terrigenous formations are the most widespread,
constituting over two-thirds of the Paleozoic outcrop
area. The oldest among them, lying at the base of the Pa-
leozoic sequence, belong to the volcanogenic-terrige-
nous formation corresponding to the Kazakasu Formation
(O4_3kz)*, which has limited distribution. Rocks of this for-
mation are predominantly located in the northern and
eastern parts of the region, appearing as narrow bands
of sublatitudinal orientation. They mainly comprise
interbedded shales and sandstones with interlayers
of siltstones, gravelites, conglomerates, siliceous rocks,
and andesite-basalt volcanics [12].

Stratigraphic sequences, distribution, geological
formations, folding age, and magmatism characteristics
represent the Paleozoic formations of the Kuldzhuktau
Mountains to the Zarafshan-Alai structural and forma-
tional zone situated in the southern part of the South
Tien Shan folded system.

According to deep seismic sounding data, the mod-
ern Earth's crust thickness in the Kuldzhuktau area is ap-
proximately 40 km, with the granite-gneiss layer (18 km)
being thinner than the basalt layer (22 km).

Due to intense compression, the geological forma-
tions are heavily deformed. The primary folded struc-
ture of the Paleozoic basement is the complexly built
Kuldzhuktau synclinorium, stretching sublatitudinally
for tens of kilometers. It is most clearly expressed
in the eastern half of the mountains, where its core
includes the Middle-Upper Carboniferous terrigenous
and molasse deposits of the Taushan and Kamystin
formations. These are the main host rocks for gold
mineralization in the area. The synclinorium flanks
are made up of the Lower Paleozoic terrigenous and
carbonate rocks. Both the core and flanks are further
complicated by numerous higher-order folds and fault
zones [13].

"Report on preliminary specialized prospecting for gold and other
mineral resources within the Taushan Formation in the Central and
Southeastern Kuldzhuktau Mountains, 2017-2020 / A. A. Kushiev
[et al.]. Vol. IV. (In Russ.).

2|bid.

3lbid.

4Report on the geological structure and mineral resources of the
K-41-115-A (southern), K-41-115-B (central and southern), and K-41-
128-B (northern) sheet areas (report of the Kuldzhuktau geological
survey party about the geological mapping results, scale of 1: 50,000,
1967-1968 / Ya. B. Aysanov [et al.]. Vol. 1. Ore deposits of Uzbekistan:
Monograph. Tashkent: IMR; 2001. (In Russ.).
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Fig. 1. Geological structure map of the promising Geokhimicheskoe ore occurrence
Source: from A. A. Kushiev [et al.]’

Puc. 1. Cxema reonornyeckoro CTPOeHNA NepcneKTBHOro pyaonpoABsieHnA leoxnmunueckoe

*

McTounnk: no A. A. Kywmesy [ ap.]

*Report on preliminary specialized prospecting for gold and other mineral resources within the Taushan Formation in the Central and Southeastern Kuldzhuktau Mountains, 2017-2020 / A. A. Kushiev [et al.]. Vol. IV. (In Russ.).

**OTueT no Teme: «<OnepexaloLme CrneLyanu3npoBaHHbIE MONCKOBbIE PaboTbl Ha 30/10TO U JpYrue Nose3Hble NCKOMAeMble B Npefesiax Pa3BuTUA TayLIAHCKOW CBUTBI B LLEHTPASIbHON U 0rO-BOCTOUHOW YacTu rop KynbakykTtay» 3a 2017-
2020 rr./ A. A. Kywwes [n gp.]. KH. IV.
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Thrust structures' are accompanied by metasomatic
alterations and control mineralization in the Aktosty
(in the western exocontact of the Aktosty granite mas-
sif), South Sultanbibi (in the eastern exocontact of the
Shaidaraz massif), and Adylsay occurrences (in the
eastern exocontact of the Taushan massif). These fault
zones should have a significant impact on the region’s
metallogeny. Fault zones are likely to play a vital role
in the area’s metallogeny.

According to the metallogenic zoning of Western Uz-
bekistan [14], the Kuldzhuktau region belongs to the
Zarafshan-Gissar ore belt specializing in W, Sn, As, Mo, Sb,
Pb, Zn, etc., and is part of the Zarafshan-Alay metallo-
genic zone [15]. It was recognized as a gold-tungsten-tin-
antimony-mercury belt, later subdivided into several ore
clusters and fields [16].

Exploration in the area led to discoveries of various
mineral occurrences and prospects, such as:

— small occurrences of nickel, titanium, copper,
cobalt in hyperbasites and gabbroids of the Shaidaraz
and Taushan intrusives;

— contact-metasomatic formations linked to the Up-
per Carboniferous gabbro-diorite intrusions within the Bel-
tau intrusive, associated with the large Taskazgan nickel-
graphite deposit and several graphite, nickel, and copper
occurrences in Shaidaraz and Taushan;

— hydrothermal gold and associated elements (Sb,
As, Cu, W) mostly in terrigenous deposits of the Taushan
Formation, less commonly in granitoids of the Aktosty
and Tozbulak massifs;

— small hydrothermal mercury occurrences in the Mid-
dle Paleozoic carbonate sequences (Silurian and Devo-
nian) [12].

Among all the known mineral resources of Kuld-
zhuktau, only graphite, nickel, and gold are currently of
industrial interest. Fifteen antimony-mercury-type ore
occurrences? have been identified, but they are too
small to be cost-effective for now.

Non-metallic resources include:

— quartz deposit (Tozbulak);

— granite deposit;

— several marble deposits;

— occurrences of phosphorus, wollastonite, brucite,
Iceland spar, magnesite, zeolites, bentonite clays;

— occurrences of turquoise, opal, and onyx.

Most gold occurrences in Kuldzhuktau are endoge-
nous and belong to the gold-quartz-sulfide formation.
These include:

— deposits: Taushan, Yangikazgan;

— occurrences: Tsentralnoe, Kirkchirta, Aktosty, Pe-
revalnoe, Adylsay, Dzhurakuduk, Shaidaraz, Taskazgan,
Darvaza, etc.

Most of them are located in the sandy-shale de-
posits of the Lower Taushan Formation (C,ts), often

'Report on the geological structure and mineral resources of the
K-41-115-A (southern), K-41-115-B (central and southern), and K-41-
128-B (northern) sheet areas (report of the Kuldzhuktau geological
survey party about the geological mapping results, scale of 1:50,000,
1967-1968 / Ya. B. Aysanov [et al.]. Vol. 1. Ore deposits of Uzbekistan:
Monograph. Tashkent: IMR; 2001. (In Russ.).

2Finkelstein Yu. V. Report on revision and evaluation, revision and
exploration work in the Kuldzhuktau Mountains in 1968-1969, 1971 /
Yu. V. Finkelstein [et al.]. Zarafshan.

where they contact carbonate-siliceous rocks. Two oc-
currences — Kirkchirta and Tsentralnoe — are in gran-
itoids, and one — Darvaza — is in sandstones and shales
of the Kazakasu Formation.

Kuldzhuktau is among the least-studied mountain
areas in the Central Kyzylkum region. Systematic explo-
ration was conducted until the mid-1980s and resumed
in 2016. Since then, infrastructure has improved (e. g. con-
struction of the new Kogan railway), and comprehen-
sive exploration has restarted to expand the region’s
mineral base. Currently, further exploration is underway
for deeper levels and flanks of the previously discov-
ered Taushan and Yangikazgan gold deposits. The known
occurrences, such as Perevalnoe, Aktosty, Kirkchirta,
Adylsay, and Geokhimicheskoe, are being studied in
more detail (fig. 1).

The Geokhimicheskoe ore occurrence lies 1-1.5 km
west of the Taushan deposit, in the southeastern exo-
contact of the Aktosty intrusive massif. It is located
at the intersection of a submeridional arc-shaped thrust
fault and steeply dipping faults of sublatitudinal orien-
tation, which are part of or associated with the Sultanbibi
fault zone. The central, southern, and eastern parts
of the area are composed of sandstones and siliceous
rocks of the Taushan Formation. The Devonian limestone
occurs in the north, and gabbro-diorites of the Aktosty
massif are found in the west.

The area clearly shows faults in three directions:
sublatitudinal northwestern (longitudinal), submeridi-
onal (transverse thrust type), and sublatitudinal north-
eastern (fig. 2).

MATERIAL AND METHODS

Mineralogical and petrographic characteristics
of the main rock types in the Geokhimicheskoe
ore occurrence

In the Geokhimicheskoe ore occurrence, metamor-
phosed sedimentary-terrigenous, intrusive, effusive for-
mations, and their metasomatically altered varieties
have been identified. Quartz vein formations are also
frequently observed. The intrusive formations are rep-
resented by granitoids, while the effusive rocks include
diorites and dacites. Below is a description of the main
rock types. Fig. 3 demonstrates the samples locations.

1. Metamorphosed sedimentary-terrigenous rocks.
These rocks are primarily composed of metamorp-
hosed sandstones, shales, and siltstones, which have
undergone varying degrees of regional and contact
metamorphism. The mineral composition includes qua-
rtz, feldspar, mica (muscovite and biotite), and chlorite.
The rocks often exhibit foliation and schistosity, with se-
condary minerals, such as sericite and epidote, de-
veloped. These formations are commonly crosscut
by quartz veins and veinlets, which relate to gold mi-
neralization.

2. Intrusive rocks (granitoids). The granitoids in the
Geokhimicheskoe ore occurrence are characterized
by a medium- to coarse-grained texture. The primary
mineral assemblage includes quartz, plagioclase, potas-
sium feldspar, and biotite. Accessory minerals contain
zircon, apatite, and opaque minerals of magnetite and
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ilmenite. The granitoids often exhibit hydrothermal
alteration, with secondary minerals, such as sericite,
chlorite, and epidote, developed. These rocks frequent-
ly attribute to quartz-sulfide veins, which host gold
mineralization.

3. Effusive rocks (diorites and dacites). The effusive
rocks are represented by diorites and dacites, which ex-
hibit porphyritic textures. The diorites are mainly com-
posed of plagioclase, amphibole, and pyroxene, while
the dacites contain plagioclase, quartz, and biotite.
These rocks often demonstrate signs of hydrothermal
alteration, with secondary minerals of chlorite, epidote,
and sericite developed. The effusive rocks are cros-
scut by quartz veins and attribute to zones of gold
mineralization.

4. Metasomatically altered rocks. Metasomatic alter-
ation is widespread in the Geokhimicheskoe ore occur-

rence and is closely associated with gold mineralization.
The altered rocks are characterized by the development
of sericite, quartz, carbonates, and sulfides. Pyrite,
arsenopyrite, and chalcopyrite are the most common
sulfide minerals, often occurring as disseminated grains
or in veinlets. The alteration zones typically relate to fault
and shear zones, which acted as conduits for hydrother-
mal fluids.

5. Quartz vein formations. Quartz veins are a promi-
nent feature of the Geokhimicheskoe ore occurrence and
are the primary host for gold mineralization. The veins
range in thickness from a few millimeters to several
meters and often attribute to sulfide minerals. The quartz
is typically milky to translucent and may contain visible
gold in some cases. The veins are often surrounded
by alteration halos, characterized by sericitization, silici-
fication, and sulfidation.

-

Conventional designations
III Plot outline
IZI Tectonic faults

Fig. 2. Faults in the Geokhimicheskoe ore occurrence
Source: from A. A. Kushiev"

C, .km | Kamystin Formation:
=9 conglomerates
Taushan Formation:
2 sandstones, siltstones

Puc. 2. Pa3pbiBHble HapylieHns pyaonpossieHua feoxummyeckoe

VictoyHwmk: no A. A. Kymesy™

“Report on preliminary specialized prospecting for gold and other mineral resources within the Taushan Formation in the Central and Southeastern
Kuldzhuktau Mountains, 2017-2020 / A. A. Kushiev [et al.]. Vol. IV. (In Russ.).

**OTyeT no Teme: «OnepexaroLyune creLuani3mpoBaHHble MOMCKOBbIE PaboTbl Ha 30/10TO 1 Apyrie Nosie3Hble CKoMaeMble B NpeAenax passuTma
TayLaHCKOWN CBUTbI B LIEHTPasIbHOM 1 t0ro-BOCTOYHOW YacTu rop Kynbgxxykray» 3a 2017-2020 rr. / A. A. Kywues [n ap.]. KH. IV.
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In summary, a complex assemblage of metamor-
phosed sedimentary-terrigenous rocks, intrusive gran-
itoids, effusive diorites and dacites, and their metasomat-
ically altered varieties characterizes the Geokhimicheskoe
ore occurrence. Quartz vein formations are widespread
and play a key role in gold mineralization. The minera-
logical and petrographic characteristics of these rocks
provide important insights into the processes of ore
formation and the structural controls of mineralization.
Fig. 3 illustrates the studied samples locations.

The rock is a brown-colored quartz-sericite breccia
with a granoblastic to lepidogranoblastic structure and
a brecciated texture (figs. 4, 5). It consists of angular
fragments of sericite-quartz schist (1-7 mm in size) and
quartzite (up to 4.2 mm) cemented by vein-like and
nodular carbonate aggregates. The schist fragments are
composed of polygonal, elongated quartz grains (up to
0.15 mm long) with evenly distributed sericite flakes (up
to 0.12 mm). The cementing matrix contains carbonate
grains (transparent calcite and ferruginous carbonate)
up to 0.65 mm in size, with many ferruginous carbonate
grains showing zonal distribution of fine iron hydroxide
particles. The mineral composition is quartz (60-80 %),
carbonate (15-40 %), and sericite (0.5-5 %).

Quartzite with sericite and schistose, with recrystal-
lization veins, weakly limonitized. The rock has a lepido-
granoblastic structure and a poorly defined schistose
texture. It is composed of polygonal-isometric and
elongated quartz grains, approximately 0.05 mm in
size, among which thin, elongated sericite flakes are

almost uniformly distributed and oriented in one direc-
tion. In thin sections, “washed-out” areas are observed,
consisting of sericite aggregates with thin veins of car-
bonaceous material.

Recrystallization veins and nests contain polygonal
quartz grains, some of which exhibit transverse colum-
nar grains ranging from 0.07 to 0.75 mm in length
(fig. 6). The mineral composition of the rock is as fol-
lows: quartz 85-90 %, sericite 7-10 %, iron hydroxides
1-2 %, carbonaceous material 1-2 %.

Pseudomorphs of iron hydroxides. Pseudomorphs
of iron hydroxides are unevenly distributed in the rock.
Their form is polygonal, often corresponding to a cubic
habit.

Uneven-grained sandstone. The rock exhibits a brec-
cia-like texture. The clastic grains contain fine polygonal
quartz grains. The cement is of carbonate-sericite compo-
sition (fig. 7). Sericite flakes, which present vein-like and
streaky accumulations of finely flaked sericite, are orient-
ed in one direction. Aggregates of ferruginous carbonate
have a sharply elongated form and are also aligned in
the same direction as the sericite veins. Some aggregates
consist of irregular calcite grains and polygonal zonal
grains of ferruginous carbonate. Iron hydroxides develop
along the ferruginous carbonate, often forming small
nodular segregations up to 0.1-0.2 mm in size.

In porphyritic varieties of dacites, the porphyritic
segregations are represented by irregular polygonal
quartz grains up to 1.5 mm in size. The mineral com-
position of the rock is as follows: quartz 55-60 %,

Sampling
location

Fig. 3. Sampling locations from the Geokhimicheskoe ore occurrence

Puc. 3. Mecta ot60pa nsyuyeHHbix Npob us pyaonposasneHus feoxmmmnuyeckoe
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Fig 4. Breccia of sericite-quartz schist. Thin section Sb-8. Magnification 32x; nicoli + and li

Puc. 4. bpeKkuns cepuuyuT-KBapueBoro ciaHua. Wnug Sb-8. Yeenunu. 32x; Hukonu + u li

k Tmm | k 1Tmm !

Fig. 5. Quartzite breccia cemented by fibrous iron carbonate precipitates. Thin section Sb-9. Magnification 32x; nicoli + and li

Puc. 5. bpekunsa KBapuuTa, CLUEMEHTNPOBaHHasA XWIKOBaTbIMU BblAeNeHNsAMM XKene3ncroro Kapb6oHara. Wnug Sb-9. Yee-
nny, 32x; Hukonu + m li

k 1T mm i k Tmm i

Fig. 6. Veins and nests of recrystallized quartz in quartzite. Thin section Sb-1. Magnification 32x; nicoli + and Il

Puc. 6. Mpoxunkmn n rHespa nepekprcTanin3oBaHHoro kBapua B keapuute. Wnnd Sb-1. Yeenuu. 32x; Hukonu + n Il
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Fig. 7. Sandstone of sericite-quartz-carbonate composition. Thin section Sb-4. Magnification 32x; nicoli + and Il

Puc. 7. MecyaHuK cepnumnt-KBapu-Kap6oHaTtHoro coctaBa. lnug Sbh-4. Yeenunu. 32x; Hukonu + u |l

Fig. 8. Carbonate-sericite-quartz schist. Thin section Sb-5. Magnification 32x; nicoli + and Il

Puc. 8. CnaHey kap6oHaT-cepuuuT-KBapuesbii. Wnud Sb-5. Yeennu. 32%; Hukonu + un ll

ferruginous carbonate 35-40 %, iron hydroxides 3-5 %,
sericite 1-2 %, apatite 0.1 %. The rock is strongly
carbonatized and iron-enriched, primarily in the form
of ferruginous carbonate.

Carbonate-sericite-quartz schists (Sb-5, fig. 8), sericite-
quartz schists (Sb-15), and carbonate-quartz schists (Sb-2,
fig. 9). The rocks exhibit a lepidogranoblastic structure
and schistose texture. The main mass of the rock is com-
posed of fine polygonal quartz grains with unevenly
distributed sericite flakes. Among these, vein-like and
streaky accumulations of finely flaked sericite, oriented
in one direction, are frequently observed. Aggregates
of ferruginous carbonate have a sharply elongated form
and are also aligned in the same direction as the sericite
veins. Some aggregates consist of irregular calcite grains
and polygonal zonal grains of ferruginous carbonate.
The size of quartz grains ranges from 0.01 to 0.15 mm,
while carbonate grains reach up to 0.2 mm.

The mineral composition of the schist is as follows:
quartz 80-85 %, ferruginous carbonate 7-10 %, seri-

cite 5-7 %, calcite 0.7-1 %. In the carbonate-quartz
schists (Sb-2), banded distributions of microgranu-
lar carbonate aggregates and carbonaceous material
are observed within the quartz mass, along with oc-
casional sericite aggregates (fig. 9). The volumetric
mineral composition of the rock is as follows: quartz
80-85 %, carbonate 10-15 %, carbonaceous material
2-3 %, sericite 0.5-1 %. The rock demonstrates signs of
iron enrichment. Many carbonate aggregates are satu-
rated with finely dispersed particles of iron hydroxides,
which sometimes exhibit zonal distribution.
Medium-grained diorite, cataclastic, intensely marga-
ritized, quartzified, chloritized, and muscovitized. The rock
has a breccia-like texture (fig. 10). The rock is a diorite
in which plagioclase has undergone intense marga-
ritization (based on optical characteristics — higher
refractive index and lower birefringence than sericite).
In some grains of margaritized plagioclase, distinct twin-
ning is preserved. The rock is cataclastic, and the
newly formed quartz aggregates were likely to fill the
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resulting voids. Grains of biotite are present in the rock,
often completely replaced by chlorite and muscovite,
with leucoxene formed along cleavage cracks and grain
boundaries. The size of the former biotite grains reach-
es up to 0.3 mm.

lImenite forms sinuous, vein-like accumulations
of micrograins and larger nodular grains up to 0.25 mm
in size. The mineral composition of the rock is as fol-
lows: margarite 60-65 %, quartz 15-20 %, plagioclase
3-5 %, chlorite 3-5 %, muscovite 2-3 %, carbonate
1-2 %, ilmenite 0.5-1 %, biotite 0.5-0.7 %.

Quartz vein with sericite and carbonaceous material.
The rock exhibits a lepidogranoblastic structure and
massive texture (fig. 11). The rock consists of irregular
polygonal quartz grains up to 0.3 mm in size and a small
number of flakes of nearly isotropic chlorite. The quartz
grains often have sharply angular shapes, with the
largest grains frequently displaying sinuous boundaries.

Within the quartz mass, small sinuous vein-like ac-
cumulations of finely flaked carbonaceous material
are observed, creating a schistose and layered texture
in the rock. Occasionally, thin veins of iron hydroxides,
approximately 0.025 mm in thickness, are present
in the rock, along with pseudomorphs of iron hydrox-
ides after pyrite, reaching up to 0.15 mm in size.
The mineral composition of the rock is as follows:
quartz 88-90 %, chlorite 3-4 %, carbonaceous material
2-3 %, iron hydroxides 2-3 %.

The studied rocks have undergone metasomatic
alterations of varying degrees. The most widely
observed alterations in the studied rocks include
sericitization, silicification (quartzification), iron enrich-
ment (ferruginization), and carbonatization. Ore mine-
ralization is accompanied by intense carbonatization
and silicification of the rocks. In some rocks, ferruginous
carbonates are closely associated with iron hydroxides.

Fig. 9. Carbonate-quartz schist. Thin section Sb-2. Magnification 32x; nicoli + and I

Puc. 9. Kap6oHaTt-kBapueBbili cnaHed. Wnug Sb-2. Ysenuu. 32x; Hukonu + u Il

k Tmm !

Fig. 10. Microscopic view of diorite in transmitted light. Thin section Sb-12. Magnification 32x; nicoli + and Il

Puc. 10. Mukpockonuueckuin Bug auoputa B npoxogsuwem ceete. Wnud Sb-12. Yeenunu. 32%; Hukonu + u ll
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Fig. 11. Quartz vein. Thin section Sb-18. Magnification 32x; nicoli + and Il

Puc. 11. KBapueBas xuna. WWnud Sb-18. Yeenunu. 32%; Hukonu + un |l

Since all the studied samples were collected from the
surface (oxidation zone), the ore minerals are primarily
represented by hydroxides, sulfates, and carbonates of
iron. Ore minerals are mainly observed as individual
disseminations, less frequently as thin veinlets, and as
ochreous accumulations along rock fractures.

Data and sample collection

The study is based on a comprehensive geochem-
ical dataset obtained from 620 samples systematically
collected across the Geokhimicheskoe ore occurrence,
covering an area of approximately 1.3 km”. Sampling
was conducted along geochemical traverses orient-
ed perpendicular to three principal ore-controlling
structures, and differential GPS equipment, which
provides positional accuracy within 3 meters, precisely
recorded the samples locations. The collected samples
demonstrate the full lithological diversity of the area,
including siltstones, shales, sandstones, diorites, grano-
diorites, limestone, and quartz veins. The channel
sampling method, with each 400-600-gram composite
sample representing a single lithological unit, contrib-
uted to uniform sampling. Prior to analysis, the sam-
ples underwent rigorous preparation including drying,
crushing, washing, homogenization, and splitting
in the certified laboratory of JSC “Uzbekgeologoraz-
vedka” under the Ministry of Mining Industry and
Geology of the Republic of Uzbekistan. Each sample
was analyzed for a suite of 22 elements comprising
Au, Ag, Cu, Pb, Zn, Ni, Co, As, Sb, Bi, Mo, W, Sn, Li, Be,
Ga, Ge, Cd, Cr, V, Mn, and P, which provided complete
geochemical characteristics of the ore occurrence.
The analytical results form a robust dataset for under-
standing the mineralization patterns and exploration
potential of the area.

Factor analysis

Factor analysis represents a robust statistical ap-
proach widely employed in geochemical data inter-

pretation. C. Reimann, P. Filzmoser, and R. G. Garrett
[12] established its foundational principles. This dimen-
sionality reduction technique effectively transforms
complex multivariate datasets into a more manageable
set of latent factors that capture essential patterns
within the original variables [17; 18]. The methodolo-
gy's strength lies in its ability to elucidate underlying
geological processes rather than merely describing
surface-level correlations'. The mathematical frame-
work of factor analysis follows a well-defined model
where observed variables (y) are expressed as linear
combinations of latent factors (f) through a loading
matrix (A), with an additional error term (e) accounting
for unique variances, as demonstrated in the funda-
mental equations y = Af + e and Cov(y) = AAT + ¥
[9]. The diagonal matrix W specifically contains these
unique variances that cannot be explained by common
factors [4]. In practical geological applications, this tech-
nique has proven invaluable for investigating ore
formation mechanisms, characterizing mineralization
processes and developing predictive models for con-
cealed mineral deposits [12]. The analytical workflow
typically involves visual interpretation of scree plots
to determine optimal factor retention, examination
of factor loading patterns to understand variable
groupings, and spatial analysis through factor score
mapping? [19; 20]. Prior to analysis, rigorous data
preparation steps are essential, including appropriate
data transformations (commonly logarithmic) and nor-
mality assessments complemented by diagnostic tests,
such as the Kaiser-Meyer-Olkin measure for sampling
adequacy and Bartlett’s test of sphericity, to verify how
suitable the correlation structure for factor analysis is
[21]. Modern computational implementations, includ-
ing specialized software packages such as STATISTICA

'Borodachev S. M. Multidimensional statistical methods: Manual.
Ekaterinburg: USTU — UPI; 2009. 81 p. (In Russ.).

2Factor analysis in geology: Manual for lab. classes / A. . Bakhtin
[et al.]. Kazan: Kazan State Univ.; 2007. 32 p.
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(Version 10, StatSoft Inc.), facilitate efficient execution
of these analytical procedures while ensuring meth-
odological rigor in geochemical investigations. The com-
prehensive references supporting this discussion span
foundational works through contemporary applications
[12], collectively demonstrating the enduring relevance
and evolving methodology of factor analysis in geo-
chemical research.

RESULTS AND DISCUSSION

Statistical analysis

This study incorporated a comprehensive descrip-
tive statistical analysis of chemical element concen-
trations, with key statistical parameters (mean values
(MEAN) and standard deviations (STD DEV)) and aver-
age background levels for the Geokhimicheskoe ore
occurrence presented in Table 1. The variation coeffi-
cient (CV) was employed to illustrate data dispersion
patterns. The Clarke concentration value for gold
reached 1266.67 ng/t, substantially exceeding typical
upper crustal background levels in the Geokhimi-
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cheskoe area. Both Au and As demonstrated variation
coefficients approaching or exceeding 5, indicating
pronounced spatial heterogeneity in their distribu-
tion and suggesting potential accumulation patterns
near mineralized zones. Quantile-quantile plots served
as an effective visualization tool for assessing element
distribution characteristics [2]. The generated quantile-
quantile plots (fig. 12) revealed that even after log-
arithmic transformation, the geochemical datasets fai-
led to conform to normal distribution patterns, high-
lighting the complex nature of element dispersion
in the study area. The statistical findings collectively
suggest significant mineralization processes affecting
Au and As distribution, with their anomalous concen-
trations potentially serving as important exploration
indicators within the Geokhimicheskoe mineral sys-
tem. The non-normal distribution patterns observed
through quantile-quantile analysis further emphasize
the need for specialized statistical approaches when
interpreting such geochemical datasets, particularly
when dealing with pathfinder elements exhibiting
strong mineralization affinity. These analytical out-
comes provide crucial baseline data for subsequent
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Fig. 12. Quantile-quantile plots of logarithmically transformed data for major elements in the section
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factor analysis and spatial interpretation of element
associations in the studied mineralization context.

Fig. 12 presents quantile-quantile plots illustrating
distribution of observed concentrations of the chem-
ical elements Au, W, As, Sb, Zn, Pb, Co, and Mo com-
pared to the theoretical normal distribution. All the el-
ements show significant deviation from normality,
evident from the upward bending of data points
in the upper quantiles. This pattern is especially pro-
nounced for As, Sb, Zn, and W, where most data are
clustered at lower values, followed by a sharp increase
starting from approximately the 0.90-0.95 quantile
range. This indicates the presence of anomalously high
concentrations, typical of enrichment zones. The distri-
bution of Au demonstrates a similar trend: the majority
of points lie below the reference line, with a steep rise
in the upper quantiles, suggesting local ore occur-
rences. Pb and Co exhibit more gradual deviations,
although they also represent noticeable increases in
higher quantiles. Mo stands out with a sharp and step-
like rise in the upper range, pointing to isolated high
concentrations against a generally low background.
Overall, the distributions of all the examined elements
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demonstrate positive skewness and anomalous values
in the upper quantiles, indicating geochemical het-
erogeneity and the possible presence of mineralized
zones within the study area.

The data points aligned along the central trend line
represent dominant background concentrations with-
in the geochemical dataset, while the values plotted
at the both graph extremities correspond to relatively
rare but geochemically significant anomalies that war-
rant particular attention. The investigation additionally
examined element distribution patterns across different
lithological units to evaluate host rock influences
on metal enrichment. As detailed in Table 1, maximum
gold concentrations were recorded in sandstone for-
mations, whereas arsenic demonstrated peak values
in siliceous siltstones followed by limestone sequences.
Antimony exhibited its highest concentrations in quartz
vein systems, with secondary enrichment in carbonate
rocks found. Among siderophile elements, copper and
cobalt demonstrated preferential accumulation in lime-
stone lithologies, with subordinate concentrations
occurred in quartz vein networks. These lithogeoche-
mical patterns reveal distinct element-specific affinities
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Table 1
Geochemical characteristics of trace elements in different lithologies in the Geokhimicheskoe ore occurrence

Tabnuua 1. feoxummueckue xapakTepucTuK MKPOINEMEHTOB B Pa3NIUUHBIX IMTONOMUAX Ha pyAonpossneHum feoxummyeckoe

Lithology Au As Sb Ag Ga Cu (o Mo Bi Pb Cr P
All samples Clarke of 1266.67 | 300.00 | 51.00 6.80 3.00 5.95 7.00 12.00 2.27 8.24 4.09 18.29
n =620 concentration
a4 3.97 3.95 2.05 0.65 0.59 0.78 0.86 0.91 0.19 0.98 0.76 1.66
STD DEV 0.49 987.78 | 69.00 0.19 10.15 | 39.06 | 15.41 4.99 0.58 2242 | 103.73 | 2152.97
MEAN 0.12 250.22 | 33.72 0.29 17.14 | 49.79 | 17.84 5.50 3.1 22.92 | 13578 | 1295.12
Standstones Clarke of 17.00 9.17 4.80 1.00 1.81 293 7.00 6.40 1.00 4.59 1.78 3.88
n= 24 concentration
q 7.06 1.43 0.64 0.00 0.31 0.48 0.71 0.79 0.00 0.68 0.38 0.63
STD DEV 0.06 52.12 7.38 0.00 5.29 2297 | 177 441 0.00 13.81 | 8232 | 563.17
MEAN 0.01 36.51 11.49 0.25 1693 | 4737 | 16.63 5.61 3.00 20.17 | 219.39 | 891.31
Slates Clarke of 950.00 | 28.57 25.00 2.20 2.05 5.81 5.76 12.00 1.00 7.78 2.06 9.66
n=41 concentration
q 3.43 2.08 1.62 0.15 0.37 0.75 0.77 0.92 0.00 0.91 0.54 1.32
STD DEV 0.53 198.64 | 44.73 0.04 6.90 4125 | 16.28 5.83 0.00 2236 | 97.55 | 1274.87
MEAN 0.15 95.70 27.66 0.25 1859 | 54.90 | 21.17 6.34 3.00 2444 | 179.37 | 967.72
Siltstones Clarke of 42222 | 158.14 | 19.62 6.80 2.83 4.81 6.53 5.36 227 7.37 3.15 13.64
n =205 concentration
q 3.37 3.42 1.71 0.80 0.55 0.70 0.94 0.85 0.25 0.89 0.67 1.52
STD DEV 0.51 939.15 | 96.09 0.26 10.24 | 46.57 | 18.65 5.99 0.81 23.18 | 98.41 | 3093.48
MEAN 0.15 27495 | 56.18 0.33 18.65 | 66.94 | 19.94 7.08 3.21 25.96 | 146.75 | 2031.53

Granodiorites Clarke of 1100.00 | 390.00 16.00 3.56 2.67 417 4.50 7.60 1.00 7.50 4.09 6.33
n=238 concentration

q 434 3.96 2.06 0.49 0.57 0.67 0.71 0.86 0.10 0.97 0.76 1.26
STD DEV 0.45 1042.41 | 38.78 0.13 9.82 2746 | 11.78 3.63 0.30 21.29 | 103.52 | 1158.67
MEAN 0.10 263.06 18.80 0.26 17.28 | 41.00 | 16.53 4.24 3.03 21.86 | 135.99 | 921.35
Limestone Clarke of 466.67 | 280.00 37.00 3.36 5.71 30.00 | 10.41 8.80 2.00 56.00 | 42.00 24.00
n=46 concentration
a4 4.99 4.1 2.17 0.41 0.92 1.36 1.24 0.81 0.24 1.84 1.72 1.87
STD DEV 0.25 280.19 65.22 0.1 4.24 30.77 | 13.89 4.53 0.77 23.26 | 39.78 | 1398.34
MEAN 0.05 66.57 30.11 0.28 4.59 22.65 | 11.24 5.58 3.21 12.64 | 2312 | 746.85
Siliceous Clarke of 21429 | 4231 13.00 2.12 3.30 5.64 7.00 7.20 2.00 5.00 5.19 50.00
siltstones concentration
n=20 a4 4.65 4.77 1.02 0.21 0.57 0.79 1.05 0.76 0.10 0.75 0.81 2.43
STD DEV 0.28 421.27 21.38 0.05 6.94 3693 | 19.17 3.56 0.30 14.60 | 95.14 | 2288.34
MEAN 0.06 88.31 21.06 0.26 12.25 | 46.71 18.33 4.70 3.03 19.36 | 117.93 | 940.31
Quartz vein Clarke of 633.33 | 503.23 51.00 6.80 5.15 8.93 6.29 12.00 2.27 571 8.12 1833
n=16 concentration
q 232 2.26 2.46 0.77 0.81 1.09 0.90 0.99 0.26 1.01 1.18 1.44
STD DEV 1.26 259213 | 59.25 0.27 10.41 4218 9.36 5.07 0.82 3710 | 79.29 | 830.03
MEAN 0.54 114492 | 24.10 0.35 12.79 | 3876 | 10.46 5.10 3.20 36.58 | 67.40 | 577.43
Diorites Clarke of 760.00 | 487.50 43.00 4.40 232 5.14 5.12 10.40 2.00 8.00 2.90 7.20
n=30 concentration
q 3.07 1.13 1.23 0.42 035 0.74 0.74 1.07 0.18 1.74 0.52 1.85
STD DEV 1.01 2227.38 | 75.21 0.15 10.05 | 35.87 | 15.83 5.12 0.66 2437 | 112.26 | 123547
MEAN 0.38 903.74 | 46.14 0.28 2376 | 4637 | 21.53 5.26 3.14 23.59 | 177.25 | 1060.68
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to particular rock types, suggesting that both primary
depositional controls and subsequent remobilization
processes influenced the current distribution of ore and
pathfinder elements. The observed metal partitioning
between different lithological units provides critical
insights for understanding mineralization controls and
developing targeted exploration strategies in analo-
gous geological settings. The sandstone-hosted gold
enrichment coupled with arsenic association in fine-
grained siliceous rocks and antimony prevalence
in vein systems collectively indicate potential epither-
mal or orogenic mineralization processes operating
within the study area.

Elemental association

Certain elements can serve as valuable pathfinders
for mineral deposit exploration due to their spatial
association with specific mineralization types, while
others may reflect unrelated geological processes or
events. The obtained results reveal that gold, which
relates to the primary component of interest, demon-
strates weak correlations with typical siderophile group
elements — with the notable exception of tungsten.
However, it represents a relatively strong correlation
with arsenic, a characteristic chalcophile element
(figs. 13, 14). This unexpected geochemical relation-
ship suggests that gold mineralization in the stud-
ied area may be more closely linked to hydrothermal
processes involving arsenic-rich fluids rather than
conventional magmatic or crustal differentiation trends
typically related to siderophile elements. The observed
elemental associations provide critical insights for re-
fining exploration targeting criteria, particularly in dis-
tinguishing between different mineralization styles

and identifying potential vectors toward high-grade
zones. The distinct correlation patterns between gold
and arsenic, contrasting with its weaker affinity to tradi-
tional siderophile companions, underscore the complex
geochemical behavior of gold under varying physico-
chemical conditions and emphasize the need for
deposit-specific pathfinder element selection in explo-
ration programs. These findings align with previous
studies documenting similar gold-arsenic associations
in epithermal and orogenic gold systems, where arsenic
often serves as a key indicator of gold-bearing fluid
pathways and depositional environments. The recog-
nition of such diagnostic element pairs enhances
the predictive capability of geochemical surveys and
contributes to more efficient mineral resource assess-
ment strategies in analogous geological terrains.

To establish the elemental associations related
to mineralization processes, there was performed
an R-mode factor analysis that extracted the principal
component to derive independent components explain-
ing the majority of dataset variances. The varimax rota-
tion algorithm was subsequently applied to the factor
loading matrix in order to optimize the interpreta-
bility by reducing cross-loadings between variables.
A multidimensional scatter-plot representation (fig. 15)
visualized a complete set of the analyzed variables.
The dimensionality reduction process retained four
principal components, with eigenvalues exceeding the
Kaiser criterion threshold of 1.0, collectively accounting
for 54.2 % of the total variance within the geochemical
dataset. This analytical approach effectively delineated
distinct elemental groupings that reflect different
mineralization processes and paragenetic associations,
with the rotated factor solution providing enhanced
clarity in identifying key element clusters. The extracted

(o As Sb Mo Ag Pb In Be Mn P
7 77 13 12 8 1 5 3 4 1
16 53 30 21 48 20 17 16 3 7
61 6 24 24 8 20 55 2 7 22
60 1 39 32 29 26 44 9 12 35
Co 7 16 61 54 16 17 9 18 36 16 25 10

As 77 53 6 1 4
Sb 13 30 24 39 16
Mo 12 21 24 32 17

30

5 15 6 0 8 3
22 25 34 13 5 26

Ag 8 48 8 29 9 5 22
Pb 1 20 20 26 18 15 25
In 5 17 55 44 36 6 34
Be 3 16 2 9 16 0 13
Mn 4 3 7 12 25 8 5
P 1 7 22 35 10 3 26

Fig. 13. Correlation coefficient matrix of chemical elements by masses (%)

Puc. 13. MaTtpuua Ko3¢pduLneHTOB Koppenauun XMMUYecknx 3neMeHToB no MaccuBam (%)
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components demonstrate statistically significant asso-
ciations between particular suites of elements,
which offer valuable insights into the underlying
geochemical processes governing metal distribution
patterns. The cumulative explained variance percent-

age indicates that these four principal components
capture the most essential relationships within the mul-
tivariate dataset while maintaining analytical parsi-
mony. The resulting factor model serves as a robust
foundation for interpreting the complex geochemical
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signatures observed in the study area and establishing
meaningful connections between elemental associa-
tions and specific mineralization events.

Table 2 comprehensively displays the factor analysis
results and demonstrates how communality values
quantify the proportion of each element’s variance
explained by the extracted factors, with elevated val-
ues signifying a more robust variable representation.
The rotated component matrix revealed four distinct
geochemical signatures: F1 exhibited strong loadings
from a polymetallic association comprising W-Ga-Ni-Cu-
Co-Sb-Bi-Cd-Zn-V-Li-Ge, suggesting a potential mag-
matic-hydrothermal origin. F2 represented preferential
enrichment of Bi-Cd-Li, possibly indicating late-stage
hydrothermal processes or secondary remobilization
events. F3 demonstrated a characteristic Au-As pairing,
typical of orogenic gold systems where arsenic serves
as a pathfinder for gold mineralization. F4 was char-
acterized by Co-Mn co-variation, potentially reflecting

redox-controlled deposition in specific lithological
units. The differential element clustering across factors
implies multiple superimposed mineralization events or
varying physical and chemical conditions during ore for-
mation. Particularly noteworthy is the segregation
of gold and arsenic into a separate factor from base
metals, reinforcing their distinct geochemical behavior
and transport mechanisms. The high communality
values for most elements confirm the model’s effective-
ness in capturing essential geochemical relationships,
with certain elements demonstrating cross-loadings
that may indicate transitional geochemical affinities
or multiple genetic associations. These factor-derived
elemental groupings provide a quantitative framework
for understanding metal distribution patterns and de-
veloping targeted exploration strategies in similar geo-
logical environments.

The geochemical factor analysis revealed four dis-
tinct elemental groupings with specific geological

Table 2

Factor analysis loadings for all 22 analyzed elements (after varimax rotation)

Tabnuua 2. Harpy3ku GakTopHOro aHann3a, BbINOJHEHHOO AN1A BCeX 22 aHaNM3NpPYeMbIX d1IEMEHTOB (Mocse BapuMaKC-BpaLLeHms)

Elements Factor 1 Factor 2 Factor 3 Factor 4
Au 0.313 -0.067 0.724 -0.125
w 0.588 —0.274 0.469 —0.032
Ga 0.588 0.393 0.255 0.134
Ni 0.614 0.496 -0.252 -0.216
Cu 0.676 0.199 —-0.277 —0.062
(o 0.502 0.375 —-0.222 -0.506
As 0.318 —0.042 0.751 —0.082
Sh 0.516 -0.117 -0.159 0.256
Mo 0.450 0.040 —0.104 0.304
Ag 0.439 —0.415 —0.082 0.075
Bi 0.564 -0.649 -0.110 -0.046
« 0.576 —0.626 —0.180 —0.063
Pb 0.500 0.086 0.088 0.377
In 0.604 0.165 —-0.313 —0.023
Vv 0.607 0.449 —0.099 0.141
Cr 0.366 0.525 0.225 —-0.172
Sn 0.443 0.122 0.340 0.081
Be 0.205 -0.356 -0.109 -0.319
Li 0.553 —0.535 —-0.127 —-0.110
Ge 0.664 -0.059 0.099 0.103
Mn 0.187 0.004 —0.084 -0.511

P 0.314 0.110 —-0.291 0.363
Explaned variance 5.524 2.617 2.062 1.233
wrinte contbution (%) 2 ns 04 50
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implications. The F1 cluster predominantly comprised
siderophile elements (W-Ga-Ni-Cu-Co-Sb-Bi-Cd-Zn-V-
Li-Ge) typically found in olivine and pyroxene minerals,
exhibiting strong association with limestone and quartz
vein systems in the Geokhimicheskoe ore occurrence.
This assemblage suggests primary magmatic differenti-
ation processes. The F2 grouping (Bi-Cd-Li) exhibits char-
acteristics of high-temperature hydrothermal metasoma-
tism, displaying genetic links to granite-related minerali-
zation events. Of particular metallogenic significance, the
F3 association (Au-As) represents a diagnostic element
pair for gold mineralization, with its chalcophile affinity
indicating deposition under intermediate-to-low tem-
perature conditions within a gold-arsenopyrite-quartz
mineralizing stage — this factor effectively delineates
the primary ore-forming event and identifies second-
ary dispersion halos around gold-bearing structures.
The final F4 grouping (Co-Mn) reflects precipitation of
these elements as sulfides or carbonates in hydrothermal
systems, with manganese occurring in rhodochrosite
(MnCO;) and cobalt in cobaltite (CoAsS) or carrollite
(CuCo,S,), characteristic of moderate-to-low temperature
vein-type mineralization.

Geochemical halos of gold and associated
pathfinder elements

Factor analysis differentiated mixed geochemical
populations and detected anomalies within the initial

factor scores. The Surfer® 18.1.186 software (advanced
contouring, gridding, and 3D surface mapping applica-
tion) generated visual representations, including point
data interpolation into raster maps, primary geochem-
ical halo delineation, additive indicator localization
plans on primary dispersion halos, and multiplicative
indicator distribution mapping.

The resulting anomaly maps (figs. 16-22) display
a clear separation between background and anomalous
values, with gold assay sample locations (marked by black
triangles in fig. 21) intersecting known mineralized
zones. The background values exhibit heterogeneous
distribution across the study area, with sampling points
occurring in both high- and low-background regions.
This irregular pattern demonstrates limitations to con-
ventional anomaly identification techniques based sole-
ly on mean and standard deviation calculations relating
to non-uniform background distributions.

Areas with elevated background concentrations
exhibit strong spatial correlation with altered sand-
stones and granite dikes, suggesting their potential
role as metal sources for ore formation processes.
Anomaly morphology analysis (figs. 16-22) reveals dis-
tinct structural control by a plastic shear zone. The frac-
tal-attractor analytical method proved to be particu-
larly effective in enhancing subtle geochemical anom-
alies, with the majority of samples demonstrating
significant assay results clustered within or adjacent
to high-anomaly zones. Minor discrepancies should

Fig. 16. Primary geochemical halos of Au in the Geokhimicheskoe ore occurrence

Puc. 16. NepBuyHble reoxmmnyeckme opeosnbl Au Ha pygonpoasneHumn leoxnmmnueckoe
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Fig. 17. Primary geochemical halos of As in the Geokh

imicheskoe ore occurrence

Puc. 17. MNepBuyHble reoxummnyeckne opeosnbl As Ha pyaonposasneHun feoxnmmyeckoe

117138

Fig. 18. Primary geochemical halos of Co in the Geokh

imicheskoe ore occurrence

Puc. 18. NepeuuHbie reoxumuyeckune opeonbl Co Ha pygonposeneHumn feoxummnueckoe
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Fig. 19. Primary geochemical halos of Cu in the Geokhimicheskoe ore occurrence

Puic. 19. NepBuruHbie reoxumnyeckne opeonbl Cu Ha pyaonposeneHun feoxmmmuyeckoe

Fig. 20. Localization map of additive indicators (Au-As) on primary geochemical dispersion halos in the Geokhimicheskoe
ore occurrence

Puc. 20. MNnaH nokanusauun agaMTUBHbIX NHANKATOPOB (Au-As) Ha MePBUYHbIX FEOXMMMNYECKNX Opeosiax pacceaHNA Ha py-
ponposAsneHnn feoxumnyeckoe
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Fig. 21. Primary geochemical halos of Au in the Geokhimicheskoe ore occurrence, with sampling points located

The figure size varies depending on the Au indicator

Puic. 21. MNepBuYHbIE reoXnMMYecKne opeonbl Au Ha pygonposBneHun feoxrMmmyeckoe ¢ TouKamy onpo6oBaHuA

Pa3vep Gurypbl BapbupyeTca B 3aBUCMMOCTM OT MHAMKaTopa Au

reflect sampling inconsistencies, which further validate
the predictive capability of the fractal-attractor method
in this geological environment and its effectiveness in
identifying promising exploration targets for subse-
quent investigation. The integrated approach, which
combines factor analysis with advanced spatial inter-
pretation techniques, provides a robust framework for
understanding complex element dispersion patterns
and optimizing mineral exploration strategies in similar
geological settings.

CONCLUSION

The study conducted in the Geokhimicheskoe gold
occurrence demonstrated effectiveness of geochemical
exploration methods to identify anomalies associated with
gold mineralization. Factor analysis detected polymetallic
element associations that can serve as direct indicators
for ore prospecting, yielding the following key findings.

The applied factor analysis model revealed that
gold-related polymetallic elements in the Geokhimi-
cheskoe ore occurrence include As and W. The factor
distribution patterns also highlighted geochemical zo-
nation, which indicated that gold mineralization is pref-
erentially localized in metasedimentary sandstones

influenced by mineralizing fluids derived from granitic
dikes and concentrated along northwest-southeast
trending fault zones.

Within the Geokhimicheskoe ore occurrence in the
Kuldzhuktau Mountains, there were identified the fol-
lowing rock types: quartzites, various schists, granitoids,
diorites, dacites, quartz veins, breccias, etc. All rock units
exhibited varying degrees of metasomatic alteration,
with sericitization, iron oxidation, silicification, and car-
bonatization being the most widespread. Ore minerali-
zation across all rock types is predominantly represented
by iron and arsenic hydroxides, secondary copper mi-
nerals, and hematite, typically occurring as dissemi-
nated textures with occasional thin veinlets and och-
reous fracture fillings.

Gold was identified as the principal economic com-
ponent in the sampled material, with elevated concen-
trations detected in selected samples. Strong positive
correlations were established between gold, arsenic,
and tungsten contents, which attributed to the pres-
ence of gold-pyrite-arsenopyrite and gold-rare metal
paragenetic mineral associations. Elevated arsenic and
tungsten concentrations serve as reliable geochemical
indicators for gold mineralization.

In terms of mineralogical and geochemical charac-
teristics, the gold mineralization in the Geokhimicheskoe
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Fig. 22. Multiplicative indicator (Au x As) distribution across the area in the Geokhimicheskoe ore occurrence

Puc. 22. PacnpepeneHne mynbTUNANKaTUBHOro nHAUKatopa (Au X As) Ha nnowagmn pygonpossneHus feoxmmuyeckoe

gold occurrence exhibits significant similarities to the
Taushan ore deposits, suggesting comparable for-
mation conditions and potential genetic relationships
between these mineralized systems. The integrated
application of factor analysis and geochemical mapping
techniques has proven to be effective in distinguishing
mineralization-related element associations from back-
ground distributions, providing a robust methodolo-
gy for exploration in similar geological environments.
The identified element correlations and spatial distri-
bution patterns offer valuable criteria for future pros-
pecting efforts in the region, particularly for concealed
gold mineralization associated with arsenic and tungsten
anomalies. These findings contribute to the develop-
ment of more efficient exploration models for gold
deposits in analogous metallogenic provinces.
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