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As so ci ate Ed i tor: Stanis³aw Z. Mikulski

A three-di men sional geo mag netic model of the Myutenbay de posit has, been cre ated in the Geosoft Oasis Montaj pro gram,
based on dig i tal mod el ling of mag netic ex plo ra tion data pre vi ously car ried out at the site, and us ing the petrophysical char ac -
ter is tics of the ore-bear ing rocks. A three-di men sional model of the ore bod ies was cre ated in Micromine soft ware us ing in -
for ma tion from bore holes ob tained dur ing the ex plo ra tion stage of the de posit. The shape of the ore bod ies and that of the
three-di men sional mag net i cally dis turb ing ob jects in the geo mag netic model were es tab lished as iden ti cal. A two-di men -
sional geo mag netic model clearly shows the fault zone, the folded rocks of the Murun suite and the ori en ta tion of the ore bod -
ies within the Kosmanachi ore-bear ing strata. The mapped mag netic anom a lies re flect zones of pro gres sive re gional
meta mor phism, which col lec tively de ter mined the lo ca tion of gold ore min er al iza tion. Zones of cor re lat able mag netic max -
ima re flect the de vel op ment of py rite-pyrrhotite vein-dis sem i nated min er al iza tion, re lated to ar eas of gold-pro duc ing ore
body. 

Key words: de pos its, gold, fault, mag netic sus cep ti bil ity, den sity, geo mag netic model, Murun suite, Kosmanachi ore-bear ing
strata.

INTRODUCTION

Quan ti ta tive in ter pre ta tion of geo phys i cal data is chal leng -
ing. Due to the su per po si tion prin ci ple in her ent in mag netic
fields, it is al most im pos si ble to sep a rate the ob served field into
its com po nents with a suf fi cient de gree of re li abil ity to en able
un am big u ous quan ti ta tive cal cu la tion of the ef fect of a spe cific
body. In ad di tion, all cal cu la tions are car ried out with av er age
fixed val ues of den sity and mag ne ti za tion. The ori en ta tion of
the mag ne ti za tion vec tor and its mag ni tude are of ten only as -
sumed, while the mag netic prop er ties of the body di rectly de -
pend on the con tent of the mag netic frac tion, which is also usu -

ally un known. These fac tors re duce the re sults of these quan ti -
ta tive cal cu la tions to show ing a range of pos si ble in ter pre ta -
tions, and in no case can there be proof of the cor rect ness of the 
model se lected. This is il lus trated by the way that for the same
ob served mag netic field, var i ous re search ers have pro posed
dif fer ent, and some times mu tu ally con tra dic tory, mod els of the
deep geo log i cal struc ture, when us ing the re sults of quan ti ta tive 
in ter pre ta tion by the se lec tion method. Aware of these lim i ta -
tions, in this pa per we pro vide a qual i ta tive in ter pre ta tion on the
ba sis of a com pre hen sive anal y sis of all avail able geo log i cal
and geo phys i cal in for ma tion, in this com par a tive anal y sis of ore 
body shape us ing geo mag netic mod el ling to iden tify closed
min er al iza tion.

GEOLOGICAL SETTING

The ter ri tory of the South ern Tien Shan, ex tend ing through
North ern China, Kyrgyzstan, Tajikistan, Uzbekistan and then to
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the Urals, is one of the most im por tant gold belts, host ing nu -
mer ous super-large and large gold de pos its of world class,
such as the Muruntau de posit. Muruntau in the Cen tral Kyzyl-
 Kum desert, with past pro duc tion of ~3,000 met ric tonnes (t) Au
since 1967, a pres ent an nual pro duc tion of ~60 t Au, and large
re main ing re sources, is the world’s larg est epigenetic Au de -
posit (Seltmann et al., 2020). Other de pos its in clude the
Daugyztau de posit with me dium re serves (Yakubchuk et al.,
2002), and the Jilau de posit, which is a shear-zone, gold-bear -
ing quartz vein de posit with to tal re sources of ~54 mil lion
tonnes at a gold grade of 1.12 g/t, lo cated in the Re pub lic of
Tajikistan (Cole et al., 2000). The Sawayaerdun gold de posit
hosted by Car bon if er ous metasedimentary rocks is con sid ered
to be the larg est Muruntau-type gold de posit in the Chi nese
Tian Shan met al lo gen ic belt (Chen et al., 2012).

In the Re pub lic of Uzbekistan, the ter ri tory of the South ern
Tien Shan cov ers the west ern end of the South ern Tien Shan
orogenic sys tem and its bound aries in clude the west ern end of
the Nurata ridge and the Cen tral Kyzyl-Kum up lands. 

The South ern Tien Shan orogenic sys tem in gen eral is a
con vex arc to the south, which in the west, out side the study

area, turns sharply to the north, pass ing into the Ural orogenic
re gion, with its main struc tural el e ments ex hib it ing clear lin ear ity 
and gen eral ap prox i mately E–W elon ga tion (Fig. 1). 

This re flects the ex is tence of a sys tem of deep (re gional)
faults di vid ing the orogenic se ries of par al lel elon gated blocks
with char ac ter is tic fea tures as re gards strati graphic sec tion,
tec tonic/struc tural and mag matic style. This al lowed Pyatkov et
al. (1964) to iden tify five struc tural/strati graphic subzones within 
the Kyzyl-Kum Desert for the first time. Sub se quent study by
Bukharin et al. (1985) re fined and sup ple mented this zona tion,
iden ti fy ing 12 struc tural-strati graphic zones in the South ern
Tien Shan. Struc tural-strati graphic subzones were iden ti fied
within each zone.

Gold ore de pos its of the Kyzyl-Kum and Nurata re gions of
Uzbekistan (Fig. 1) are con fined to the South ern Tien Shan oro -
genic belt. They are lo cated in black shales (Muruntau, Myuten -
bay), car bon ate, terrigenous and vol ca nic rocks (Kokpatas,
Balpantau), and in tru sive rocks (Zarmitan zone) (Koneev et al.,
2019).

The Muruntau de posit is a gi ant metamorpho genic- oro -
genic gold de posit. It was formed through the mo bi li za tion of
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Fig. 1. West ern ter mi na tion of the Southern Tien Shan oro genic sys tem host ing gold ore de pos its
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gold and as so ci ated el e ments from Cam brian black shales dur -
ing the Variscan orog eny, with sub se quent de po si tion in zones
of en hanced per me abil ity con trolled by ma jor fault struc tures.
Its east ern ex ten sion is the Myutenbay (Myutenbai) de posit,
which is cur rently mined as a sin gle open-pit op er a tion to gether
with Muruntau. Con se quently, many pub lished ar ti cles re fer
only to the “Muruntau de posit”, while the name “Myutenbay” is
men tioned more rarely.

Ac cord ing to Kempe et al. (2016), the Muruntau gold de -
posit formed through a multi-stage pro cess in volv ing meta mor -
phism, magmatism, and hy dro ther mal ac tiv ity. The min er al iza -
tion is linked not to mag matic in put, but to high-tem per a ture
fluid-rock in ter ac tion, pro duc ing gold-bear ing stockworks and
metasomatites. Geo chem i cal data in di cate mixed man tle,
crustal, and me te oric fluid sources, with brecciation pro cesses
pos si bly en hanc ing ore con cen tra tion. Un re solved prob lems in -
clude the tim ing of events and the role of brecciation in the ore
gen e sis. Com ple ment ing this, Savchuk et al., (2018) em pha -
sized the mor pho log i cal fea tures of the main ore body and high -
lighted suc ces sive de for ma tion cy cles (Cal edo nian, Variscan,
and Cim mer ian). He pro posed a morphogenetic clas si fi ca tion
of ore bod ies and ar gued for a subduction–hy dro ther mal model
of ore for ma tion. To gether, these stud ies un der line the im por -
tance of both tec tonic evo lu tion and fluid pro cesses in shap ing
the unique Muruntau met al lo gen ic sys tem. Re cent stud ies pro -
vide new in sights into the struc tural and ge netic frame work of
the Muruntau gold de posit. The Muruntau de posit is con sid ered 
a prod uct of poly gen etic, mul ti stage ore for ma tion (Kotov and
Plotinskaya, 2022). Min er al og i cal anal y sis and zon ing of meta -
somatites (beresites, listvenites) re vealed a com plex ore com -
po si tion (na tive gold, tellurides, sulphosalts) and dem on strated
the in ad e quacy of sin gle-fac tor ge netic mod els (mag matic,
meta mor phic). The main min er al iza tion is shown to be as so ci -
ated with the beresite and listvenite stages of metasomatism.
These find ings in di cate a pro longed his tory of de posit for ma tion 
in volv ing het er o ge neous sources of mat ter and flu ids. Soloviev
et al. (2023) iden ti fied three zir con age groups from the Sardara 
(Sharykty) granitoids: ~322, ~302, and ~289 Ma. The older

ages cor re spond to the subduction stage, while the youn ger
ages re flect post-collisional magmatism. The sim i lar ity with the
ages re ported from Muruntau in di cates a com mon deep mag -
matic source and a long-term evo lu tion from subduction to
post-collisional set tings. Ac cord ing to Mukhin et al. (2023), the
Muruntau megaterrane is com posed of re peat edly meta mor -
phosed Pro tero zoic–Lower Pa leo zoic vol cano-sed i men tary
rocks, over lain by Up per Pa leo zoic car bon ates and Lower Car -
bon if er ous flysch-olistostromes. Four ma jor de for ma tion sta ges 
(D1–D4) were iden ti fied, in clud ing Early Pa leo zoic thrust ing
and Late Car bon if er ous orog eny, with folds, anticlines, and
thrust zones play ing a key role in con trol ling min er al iza tion. 

The Myutenbay gold de posit is sit u ated in the south east ern
part of the Tamdytau Moun tains, within the east ern part of the
Muruntau ore field (Fig. 2) of the Zarafshan-Alai struc tural-
 strati graphic zone, Kyzyl-Kum seg ment, South ern Tien Shan.
The Tamdytau Moun tains or up lift con sists of two merged
anticlines: North Tamdytau and South Tamdytau. The up lift ex -
tends from the south-west to the north-east. To the north and
west, the Tamdytau up lift is bor dered by the Dzhamankum
trough, which has a tri an gu lar shape in plan. It is filled with Up -
per Cre ta ceous, Paleogene and Neo gene de pos its with a to tal
thick ness of 800 m.

Ac cord ing to the geodynamic zon ing scheme (Bukharin et
al., 1985), the geotectonic po si tion of the Kyzyl-Kum Desert is in 
the west ern part of the South Tien Shan fold sys tem, the
Kyzyl-Kum seg ment, with parts of all the struc tural-strati graphic
zones (SSZs): North Bukantau, South Bukantau, Turkestan -
-Alai, Zarafshan-Turkestan, Zarafshan-Alai. In the Tamdytau
Moun tains from the north are the South Bukantau, west ern
parts of the Turkestan-Alai and Zarafshan-Alai SSZs (Fig. 2).

The South Bukantau zone can be in ter preted as a base -
ment up lift (me dian mas sif) within the Lower Pa leo zoic struc -
ture, rep re sent ing an ex po sure of the pre-Pa leo zoic base ment
within the collisional frame work, con fined to the su ture zone be -
tween the Turkestan-Alai and North Bukantau struc tural units. It 
is char ac ter ized by a dis tri bu tion of gold-bear ing meta mor phic
units. This zone is di verse in its ex pres sion of granitoid magma -
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Fig. 2. Struc tural strati graphic zon ing and lo ca tion of ore bod ies in the Tamdytau Moun tains
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tism (gran ites, granodiorites) and the acompanying granitoids
of the lyakovo se ries. The met al lo gen ic ap pear ance of the zone 
and its pros pects are de ter mined by a wide dis tri bu tion of in dus -
trial gold-bear ing ca pac ity (Kokpatas and Okzhetpes de pos its).
The Turkestan-Alai zone, as traced with an av er age width of
~60 km from the South Bukantau zone, is char ac ter ized by a
weakly dif fer en ti ated and pre dom i nantly neg a tive mag netic
field, within which elon gated in tense mag netic anom a lies, as a
rule, co in cide with the lo cal and grav ity max ima. The units of the 
Lower-Mid dle Pa leo zoic are of the same type as those of the
North Bukantau zone. And, the terrigenous strata of the Up per
Pa leo zoic are much thin ner (up to 3000 m), with fre quent in ter -
nal discordances. Within the zone, bod ies of gab bro-peridotite,
gab broid, plagiogranite, tanalite, quartz monzonite and leuco -
granite are re corded. The Zarafshan-Turkestan zone, up to 90
km wide, is char ac ter ized by car bon ate-terrigenous for ma tions
(PZ1) in the east (up to 6300 m) and volcanogenic-car bon ate-si -
li ceous-terrigenous strata in the west (4500 m), mainly terrige -
nous (up to 5000 m) for ma tions (S1), a car bon ate suc ces sion
(D-C2m1) (3500 m) and terrigenous, coarse clastic strata at the
top (up to 2000 m) (C2m-P1). The en tire sec tion is char ac ter ized 
by strong vari abil ity in the thick ness of co eval strata and fre -
quent un con formi ties. The S1w2-C2m1 de pos its, pre vi ously con -
sid ered to be con fined to synsedimentary troughs, com monly
com prise parts of an allochthonous tec tonic cover on the D-C2

rocks. Car bon ate de pos its of D1 ev ery where un con form ably
over lie dif fer ent parts of O2-S1 (Bukharin et al., 1985). Mod ern
in ter pre ta tions of the geo log i cal/struc tural his tory of the re gional 
suc ces sion are shown in Fig ure 3.

In gen eral, the Zarafshan-Turkestan zone is char ac ter ized
by in tense late Cal edo nian fold ing, ac com pa nied by fault ing,
which marks the tran si tion be tween two ma jor collisional
stages: the Cal edo nian (Si lu rian–De vo nian) and the Variscan
(Car bon if er ous–Perm ian). Pre-De vo nian struc tures are rep re -
sented by large el lip ti cal up lifts of brachyanticlinal type, elon -
gated along the bound aries of the zone and com pli cated by
smaller folds. These fea tures are im por tant in the frame work of
the met al lo gen ic zon ing (Golovanov, 2003); all large gold and

ura nium de pos its are lim ited to the Zarafshan-Turkestan met al -
lo gen ic zone (Tamdytau up lands). It rep re sents a block–fault
tec tonic frame work, bounded to the west and east by re gional
oblique fault sys tems, and is char ac ter ized by the wide spread
de vel op ment of large brachiform folds, the pre dom i nance of
terrigenous sed i men tary for ma tions, and long-lived, re ac ti vated 
fault tec ton ics.

Con duct ing struc tural and met al lo gen ic anal y sis into the
fold ing of the re gion is ad vis able where large de pos its have
been dis cov ered. This ap proach pro vides valu able in for ma tion
when con duct ing ex plo ra tion work to iden tify zones of gold min -
er al iza tion in closed ar eas of vary ing depths.

Sim i lar geo log i cal and ore for ma tions of dif fer ent geo log i cal
ages dif fer sig nif i cantly in both their dis tri bu tion and the scale of
their ore con tent. In 1973, de tailed ex plo ra tion was con ducted
within the east ern part of the Muruntau ore field, and in 1977,
the State Re serves Com mis sion ap proved a com plete change
to the de scrip tive phrase for the Myutenbai de posit (Kasav -
chenko and Achkasova, 1972). A re port on the cal cu la tion of re -
serves for the Myutenbay de posit was sub mit ted in mid-Oc to -
ber 1979. The re ported re serves amounted to 124,000 t of gold. 
Cur rently, only the up per part of the de posit is be ing mined,
while in ves ti ga tions of its deeper ho ri zons are on go ing. The last
com pre hen sive ex plo ra tion of the deeper lev els was con ducted
by Mikkonen be tween 1988 and 1998.

In dus trial min er al iza tion of the Myutenbay de posit is lo cal -
ized in the de pos its of the Kosmanachi ore For ma tion, which
are the main ore-bear ing strata for the ore field (Fig. 4).

Within the de posit, 5 ore de pos its of dif fer ent sizes have
been iden ti fied and de lin eated to a depth of 1400 m. Of these, 3
de pos its are rel a tively large, the rest are me dium and small.
The con di tions of oc cur rence of ore bod ies and their morpho -
logies are al most com pletely sub or di nate to the spa tial dis tri bu -
tion, scale of quartz-vein and re lated vein sili ci fi ca tion zones.

The metasomatic fac tor is an im por tant fea ture of min er al -
iza tion. All gold ore de pos its with rel a tively low but sta ble gold
con tents are con fined to ar eas of de vel op ment of phlogopite-
 po tas sium feld spar-quartz metasomatites.
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Fig. 3. Geodynamic as sem blages of the folded base ment of the Alay microcontinent, South Tien Shan
 (Turamuratov and Mirkamalov, 2016)
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Fig. 4. Sche matic geo log i cal map of the Myutenbay gold ore de posit (Mikkonen, 1998)



The host metaterrigenous rocks are rep re sented by a unit of 
al ter nat ing metasandstones, metasiltstones, and metapelites.
Metasandstones and metapelites are sub or di nate in dis tri bu -
tion com pared to metasiltstones, which make up 60–80% of the 
metaterrigenous rocks. Within the ore-bear ing zones, silty and
sandy rock va ri et ies act as the most fa vour able en vi ron ment for 
ore lo cal iza tion (Fig. 3). 

There are two min eral as sem blages pro duc tive for gold at
the de posit: quartz-po tas sium feld spar and quartz-sul phide.

The sul phide con tent of the Myutenbay de posit is com pa ra -
ble to that of other de pos its of the Muruntau ore field, and does
not ex ceed 2%.

Ac cord ing to the geo log i cal and in dus trial type of ore, the
Myutenbay de posit is gold-quartz (Mirkamalov et al., 2010).
The gold is free, and its ma te rial com po si tion is sim i lar to that of
the Muruntau de posit (Shayakubov, 1998).

The Myutenbay de posit is struc tur ally con fined to the south -
ern wing of the Variscan syncline, lo cated in sandy-shale strata
of the Lower Besapan subsuite (now called the Kosmanachi
ore-bear ing strata). In the Muruntau ore field, dur ing min er al iza -
tion, the fold ing of the Besapan For ma tion and the sinistral ad -
just ment in the Sangruntau-Tamdytau shear zone were caused 
by two si mul ta neous events: 

– ac ti va tion of the sinistral Muruntau-Daugyztau shear zone,
which de vel oped at an an gle of al most 90° to the pre vi ous
shear zone,

– in tru sion of granitoid plutons. These struc tural events also
led to a re fo cus ing of the hy dro ther mal fluid flow into new
per me abil ity zones (Drew et al., 1996).

The ore-bear ing zone is rel a tively nar row, up to 300 m. The
ore bod ies are subconformable with the schistosity and ori -
ented in the north-west di rec tion. The south ern wing of the
syncline is char ac ter ized by a synclinal dip to the north-east. In
the ore zone, the dip an gles of the schistosity are 60–70° (an gle 
of in ci dence); with a depth at the ho ri zon of +300 m, they flat ten
out to 35–50°. The hinge of the syncline dips to the east at an
an gle of 30°. The flat ten ing of the schistosity cre ates fa vour able 
con di tions for the gold min er al iza tion. In the struc ture of the
Myutenbay de posit, faults of var i ous ori en ta tions are of great
im por tance. The zone of the South ern fault to the north-east of
the Myutenbay de posit ac quires an ap prox i mately E–W ori en -
ta tion, di vid ing into a bun dle of di verg ing branches of sub -
vertical oc cur rence. Seams with a thick ness of a few metres are 
made of crushed host rocks, fric tion-formed clay and quartz
veins (Golovanov, 2001).

The north east ern faults are the most widely de vel oped in
the de posit. These are nor mal struc tures trending at an az i muth 
of 70°, dip ping north west within the South ern Fault zone at an -
gles of 70–75°. Closer to the South ern Fault zone, they bend
and ac quire an ap prox i mately E–W strike. The faults are filled
with brecciated rocks and fric tion-formed clays. Quartz veins
are rare, with thick nesses rang ing from 0.5 m to sev eral metres
(Golovanov, 2001; Mirkamalov et al., 2010).

METHODOLOGY  

One of the key stages in in ter pret ing the aero mag net ic data
was de ter min ing whether the anom a lies re corded dur ing geo -
log i cal ex plo ra tion cor re spond to spe cific lithotypes or dis tinct
geo log i cal ob jects (Senchina and Mingaleva, 2022). For this
study, we used pre vi ously col lected aero mag net ic data, tak ing
into ac count the cur rent to pog ra phy of the de pos its as well as
anthropogenic mod i fi ca tions that may have af fected them, in
or der to carry out mag netic sur vey ing.

To achieve the study’s ob jec tives, a com pre hen sive work -
flow sys tem was im ple mented, en com pass ing stages of data
col lec tion, digitization, anal y sis, and in te grated 3D mod el ling of
geo log i cal and geo phys i cal data. All pro cess ing was per formed
us ing spe cial ized soft ware pack ages.

DIGITIZATION AND CONSTRUCTION OF THE DEPOSIT’S

STRUCTURAL FRAMEWORK

The ini tial stage in volved the cre ation of a dig i tal struc -
tural-lithological model of the de posit. For this pur pose, ar chi val
ma te ri als from geo log i cal sur vey ing were dig i tized, in clud ing
geo log i cal maps at scales of 1:10,000 and 1:2,000, ex plo ra tion
pro files, and as say data. Digitization and the con struc tion of
sur faces for geo log i cal bound aries, fault zones, and struc tural
el e ments were per formed us ing the Micromine soft ware pack -
age. The out come of this stage was a three-di men sional block
model of the geo log i cal struc ture, which served as the struc tural 
frame work for sub se quent in ter pre tive mod el ling.

CORRELATION AND STATISTICAL ANALYSIS

OF PETROPHYSICAL PROPERTIES 

The next stage in volved a de tailed anal y sis of the petro -
physical char ac ter is tics of the ores and host rocks. A rep re sen -
ta tive dataset was com piled from lab o ra tory mea sure ments of
den sity, mag netic sus cep ti bil ity, and spon ta ne ous po lar iza tion.
Sta tis ti cal pro cess ing, in clud ing the cal cu la tion of de scrip tive
sta tis tics (mean, vari ance, me dian), and the con struc tion of
scat ter plot ma tri ces, was per formed us ing Statistica. Cor re la -
tion anal y sis helped iden tify ro bust re la tion ships be tween var i -
ous phys i cal prop er ties and gold grade, which is es sen tial for
the ver i fi ca tion of geo phys i cal mod els.

PROCESSING OF AEROMAGNETIC DATA 
AND 3D INVERSION

A cru cial stage of the re search was the pro cess ing and in -
ter pre ta tion of aero mag net ic sur vey data. Raw data un der went
stan dard pro cess ing pro ce dures in the Geosoft Oasis Montaj
en vi ron ment, which in cluded cor rec tion for ter rain ef fects, re -
duc tion to the pole, and fil ter ing to iso late anom a lies of dif fer ent
wave lengths. For quan ti ta tive in ter pre ta tion and con struc tion of
a three-di men sional model of the rock mass’s mag netic sus -
cep ti bil ity, a vol ume in ver sion method (3D in ver sion) was ap -
plied us ing the Voxi mod ule. The struc tural frame work cre ated
in stage 3.1 was used as a con straint for the in ver sion, en abling
the gen er a tion of a geo log i cally re al is tic model of the spa tial dis -
tri bu tion of mag netic prop er ties, which are di rectly re lated to
min er al iza tion and metasomatic zones.

INTEGRATED 3D MODELLING

The fi nal stage in volved the in te gra tion of re sults from all
pre vi ous stud ies into a uni fied three-di men sional model. The
geo log i cal block model (Micromine), en riched with the re sults of 
sta tis ti cal (Statistica) and geo phys i cal (Geosoft Oasis Montaj,
Voxi) anal y sis, al lowed for com pre hen sive in ter pre ta tion and re -
fine ment of the lo ca tion of ore-con trol ling struc tures and pro -
spec tive tar get zones.
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Based on ex plo ra tion ma te ri als re ported by Mikkonen
(1998), a three-di men sional model of the ore bod ies of the
Myutenbay de posit was con structed (Fig. 5).

The de posit also con tains ~E–W trending and north-west
strik ing faults, with fault planes dip ping steeply (60–70°) to the
north. The zone thick ness is up to 0.5 m. The length is a few
hun dred metres. Faults of this di rec tion are blocked by north-
 east- trending faults. Dykes of diorite porphyrite, both metaso -
matically al tered and fresh, are lo cated along them. Quartz-
 tour ma line brec cias tend to zones of E–W ori en ta tion.

The Muruntau syenodiorite-granophyre dyke com plex
(P2–T1 m) is de vel oped in South Tamdytau. Within the re search 
area, the dykes are grouped into Dzhamantau-Myutenbay nar -
row, ~E–W-trending belts. The dykes were stud ied by Podko -
paev (1965) and Sher (1972). The most dis tinct and ex ten sive
(length up to 60 km, width up to 2 km) is the cen tral belt. The
north ern (10 x 2 km) and south ern (20 x 2.5 km) belts are less
dis tinct and de vel oped in part. The cen tral belt in the east ern
part has the shape of a flat tened oval with a width of ~1 km. The
Dzhamantau-Myutenbay dyke belt is con fined to the core part
of the the Myutenbay anticline formed in the Late Pa leo zoic,
and its north ern and south ern wings show a pat tern of place -
ment of dykes of dif fer ent com po si tions, ex pressed in the lo ca -
tion of acidic dykes mainly in the east ern part of the area,
among the de pos its of the Besapan suite, where they form
closed, of ten en ech e lon-like clus ters along the pe riph ery of the
oval. To the west, they are re placed by dykes of me dium-ba sic
com po si tion.

The dykes of the Muruntau com plex are dis tin guished by in -
creased con tents of lead, tin, mo lyb de num and bis muth, and
are en riched in gold in places. The meta mor phism of the
Muruntau com plex dykes may be a re sult of the ther mal ef fects
of post-thrust granitoid magmatism (Tulyaganov et al., 1984).

Ma te ri als in the ore-bear ing wells MS-2 and MS-3 in di cate
that the ore in ter vals are com posed of the same feld spar-quartz 
metasomatites that are noted at the Myutenbay de posit.

Spe cif i cally, we aim to es tab lish whether the shape of the
three-di men sional mag net i cally dis turb ing bod ies cor re sponds
to the shapes of the ore bod ies. 

Sul phide min er al iza tion zones, which com monly bear gold
ore min er al iza tion, are dis tin guished by anom a lies of in creased
and high polarizability. In the zones of py rite-pyrrhotite (FeS2

–Fe1–xS).
Min er al iza tion, both pos i tive (e.g., Muruntau, Myutenbay

de pos its) and neg a tive mag netic anom a lies (e.g., Besapantau,
Kokpatas gold de pos its, Vysokovoltnoye “High Volt age” gold-
 sil ver, Kosmanachi sil ver de pos its) oc cur, de pend ing on the
mag netic prop er ties of pyrrhotite. This char ac ter is tic al lows us
to es tab lish the re la tion ship be tween pyrrhotite (Fe1–xS) min er -
al iza tion and ore zones. 

In our study, the term polarizability re fers to chargeability as
mea sured by the In duced Polar is ation (IP) method, which is
sen si tive to the pres ence of dis sem i nated sulphides such as py -
rite and pyrrhotite. These sul phide min er als are also the main
sources of mag netic anom a lies, be cause pyrrhotite, in par tic u -
lar, can have vari able mag netic prop er ties, pro duc ing both pos i -
tive and neg a tive anom a lies. Thus, IP anom a lies of high char -
ge ability and mag netic anom a lies may co in cide spa tially, but
they re flect dif fer ent phys i cal prop er ties: elec tri cal polarizability
ver sus mag netic sus cep ti bil ity.

Ta bles 1 and 2 show the phys i cal prop er ties of the ore-bear -
ing rocks of the Myutenbay de posit, which are com piled from
the ar chi val ma te ri als of the Petrophysical Party of the Kyzyl-
 Kum geo log i cal ex plo ra tion ex pe di tion.

RESULTS 

In the Statistica soft ware, the petrophysical char ac ter is tics
of the rocks of the Myutenbay de posit were ana lysed us ing the
pair and par tial cor re la tion method. The re sults of the sta tis ti cal
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Fig. 5. Re sults of mod ell ing of the Myutenbay gold de posit 

A – frame work of the ore de posit, 3D sec tion; B – struc ture of the ore de posit, 2D sec tion 



anal y sis for polarizability and den sity of ore-bear ing rocks show
a strong pos i tive cor re la tion (r = 0.81), sug gest ing a close
petrophysical re la tion ship be tween these two pa ram e ters.
Anal y sis of pair and par tial cor re la tions for polarizability and

den sity of ore-bear ing rocks shows a cor re la tion co ef fi cient of r
= 0.97 (Fig. 6), and for the ore zone shows an ideal ra tio of the
cor re la tion co ef fi cient of r = 0.99 (Fig. 7).
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T a  b l e  1

Phys i cal prop er ties of ore-bear ing rocks of the Myutenbay de posit
(sam ples from the mine ho ri zon)

Rocks
Den sity 

(s av er age)

[g/cm3]

Mag netic sus cep ti bil ity 
10–5 SI units
(³ av er age)

Polarizability 
(h av er age)

[%]

Si lici fied sand stones and siltstones 2.70 49 7.1

Si lici fied car bo na ceous shales 2.70 30 14.0

Si lici fied siltstones with sulphides 2.73 30 8.9

Si lici fied shales with sulphides 2.74 35 10.3

Car bo na ceous shales with sulphides 2.72 37 19.3

Sand stones. siltstones and shales 2.72 38 9.7

Vein quartz 2.65 6 2.3

Quartz metasomatites 2.66 57 3.7

Vein quartz with sulphides 2.71 5 7.4

Quartz metasomatites with sulphides 2.71 56 8.7

In to tal for the de posit 2.70 47 8.1

T a  b l e  2

Phys i cal prop er ties of rocks of the Myutenbay gold de posit (by wells) 
(com piled us ing ma te ri als of Artemenko and Zhalilov, 1972)

Rocks
Den sity 

(s av er age)

[g/cm3]

Mag netic sus cep ti bil ity, 
10–5 SI units 
(³ av er age)

Polarizability
(h av er age)

[%]

Ore-bear ing rocks

Sand stones and siltstones 2.69   9 10.8

Mica-feld spar-quartz shales 2.71 10 21.4

Mica-feld spar-car bo na ceous shales 2.72 15 23   

Ore-bear ing rocks in gen eral 2.70 11 14.8

Zones of hy dro ther mal al ter ation near ore

Siltstones and sand stones, siltstones 2.69 10 10.6

Shales, mica-feld spar-quartz,
siltstones 2.70 21 13.4

Shales, mica-feld spar-car bo na ceous, 
siltstones 2.71 16 12.6

Siltstones 2.70 12 11.2

Sulphidized sand stones and
siltstones 2.71 15 21.0

Shales, mica-feld spar-quartz,
sulphidized 2.74 24 21.5

Shales, mica-feld spar-car bo na ceous, 
sulphidized 2.73 19 29.0

Sulphidized rocks, on av er age 2.72 17 23.3

Ore zone

Sand stones and siltstones bear ing
gold-sul phide min er al iza tion 2.69 14 15  

Mica-quartz schists bear ing 
gold-sul phide min er al iza tion 2.73 16 23  

Mica-car bo na ceous schists bear ing
gold-sul phide min er al iza tion 2.75 16 29  

Ore quartz 2.65  4 5

Ore zone as a whole 2.70 12 15.9

De posit as a whole 2.70 13 16.7



The re sults of pair and par tial cor re la tions for polarizability,
den sity, and mag netic sus cep ti bil ity of rocks from the Myuten -
bay de posit showed that the strength of cor re la tion in creases
as hy dro ther mal al ter ation zones are nearer the ore-bear ing
rocks and tran si tion into the ore zone. These re sults in di cate
the ex is tence of a strong sta tis ti cal re la tion ship be tween the
petrophysical pa ram e ters, which will fur ther serve when con -
duct ing ex plo ra tion work of their an a lyt i cal pre sen ta tion and as -
sess ment of the ac cu racy of de ter min ing the de sired pa ram e -
ters us ing these petrophysical links.

The mag netic prop er ties of ore and near-ore metasomatites 
of gold-pro duc ing min er al iza tion of the Muruntau type are di -
rectly de pend ent on the con tent of pyrrhotite, spe cif i cally its
monoclinic va ri ety, and can be ei ther mag netic or prac ti cally
non-mag netic.

Ac cord ing to the ob ser va tions of Kremenetsky (1990) ba -
sed on bore hole SG-10, pyrrhotite is sta ble within the chlo -
rite-mus co vite-bi o tite subfacies of meta mor phism, whereas py -
rite is sta ble within the chlorite-seri cite subfacies. Re gion ally
meta mor phosed rocks are over printed by lo cally al tered rocks,
the for ma tion of which is at trib uted to metasomatic pro cesses.
The prin ci pal gold anom a lies of the ore field are spa tially as so -
ci ated with dis tinct types of metasomatites, the study of which,
at the Muruntau and Myutenbay de pos its, has been the fo cus of 
nu mer ous in ves ti ga tions. These ob ser va tions high light the crit i -

cal role of py rite-pyrrhotite sta bil ity fields as re dox-sen si tive in di -
ca tors, di rectly link ing the meta mor phic and metasomatic evo -
lu tion of the host rocks to ore-con trol ling pro cesses and gold
min er al iza tion.

The pres ence of sul phide min er al iza tion in the rock strata
in creases their den sity by 0.04 g/cm3. 

To model the geo mag netic field, a map of the anom a lous
mag netic field DTa at a scale of 1:25,000 was used, ob tained as 
a re sult of air borne geo phys i cal stud ies with the Makfar-II sta -
tion (1988), which made it pos si ble to sig nif i cantly sup ple ment
the avail able geo log i cal and geo phys i cal char ac ter is tics of the
study area.

The mag netic field of the ter ri tory un der con sid er ation is
sharply dif fer en ti ated and is ex tremely het er o ge neous in terms
of the de gree of ten sion by lo cal anom a lies, their fre quency and
in ten sity.

The main el e ments de ter min ing the mor phol ogy of the mag -
netic field in the south-west of the area are large max ima DTa
(Fig. 8).

In the mag netic field map (DTa) within the ore field, a pos i -
tive anom aly was re vealed, which, in our opin ion, is re lated to
meta mor phic zones formed as a re sult of the con tact ac tion of
an in tru sion of av er age com po si tion.

The geo log i cal na ture of the lo cal anom a lies that are spa -
tially con fined to the granitoid mas sifs is as so ci ated with the
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mor phol ogy of their roof. In other cases, it is as sumed that the
min ima are as so ci ated with an in crease in the thick ness of the
terrigenous rocks of the Taskazgan-Besapan com plex, or with
ar eas of rock de com pres sion; the max ima are as so ci ated with
the ap proach to the sur face of the pre-Me so zoic base ment of
the metabasic part of the sec tion of the Lower Taskazgan
subsuite.

The north ern part of the area is char ac ter ized by a mo saic
field and in the re gional plan is the east ern part of the ex ten sive
~E–W-trending South Tamdytau pos i tive mag netic anom aly,
com pli cated by high- and me dium-fre quency com po nents of
dif fer ent signs.

To cre ate a geo mag netic model of the Myutenbay de posit,
ar chi val car to graphic ma te ri als were used, Fedotkin (1988)
used an aero mag net ic sur vey. Lin ear isonomalies were tied to
the co or di nate sys tem and dig i tized in ArcGIS-10.8 pro grams
as lin ear spa tial ob jects (*shp file). Next, this view was con -
verted to point ob jects us ing the Line to Point func tion. This
con tains X, Y co or di nates and val ues in nano Tesla (nT). To
iso late and vi su al ize the ge om e try of the mag netic source body, 
a 3D model of the anom a lous mag netic field was com puted us -
ing the Voxi mod ule in Geosoft Oasis Montaj. The re sult ing
model, en hanced through fre quency-do main fil ter ing, de lin ea -
tes the spa tial con fig u ra tion of the mag net i cally dis turb ing ob -
ject (Fig. 9).

The three-di men sional model of the mag net i cally ex cited
ob jects of the Myutenbay de posit was con structed us ing the
phys i cal prop erty data of rocks ob tained from bore holes (Ta -
bles 1 and 2). In par tic u lar, the val ues of mag netic sus cep ti bil ity
were taken into ac count for dif fer ent lithological types and al ter -
ation zones, in clud ing ore-bear ing rocks, hy dro ther mal al ter -
ation zones ad ja cent to the ore, and the ore zone it self. These
data in di cate that the mag netic sus cep ti bil ity of the mod elled
ob jects re flects the dis tri bu tion of ore-re lated lithologies and
their trans for ma tion by hy dro ther mal pro cesses. Ac cord ingly,
the mag net i cally ex cited bod ies in the 3D model cor re spond to
the zones with el e vated or con trast ing sus cep ti bil ity val ues,
which are spa tially as so ci ated with ore-bear ing rocks and their
al ter ation ha los. This en sures that the model is not only con sis -
tent with mea sured petrophysical pa ram e ters but also high -
lights the geo phys i cal sig na tures of the ore sys tem 

Us ing the Geosoft Oasis Montaj pro grams, a geo mag netic
model was built and com pared against geo log i cal sec tions at a
scale of 1:2000, which were com piled based on drill ing data
(Fig. 10A).

In terms of lithological com po si tion, the Lower Or do vi cian
Kurgantau Suite (O1kr) and the Kosmanachi ore-bear ing strata
(Î3-O2 ks) con tain si li ceous rocks, whereas the Rokhat Suite
(O1–2 rh) and the Murun Suite (O3mr) are com pletely de void of
them. A sim i lar con clu sion can be drawn with re spect to vol ca -
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nic prod ucts. The high est car bo na ceous con tent and sul phide
sat u ra tion (based on the py rite bal ance) are char ac ter is tic of
the Kosmanachi ore-bear ing strata, whereas these fea tures are 
least de vel oped in the Kurgantau Suite. The Kosmanachi ore-
 bear ing strata rep re sent the most pelitic, finely lay ered, and fa -
cies-vari able part of the suc ces sion, and, con se quently, the

most het er o ge neous in terms of phys i cal-me -
chan i cal prop er ties and re sponse to tec tonic
stress. Ow ing to the pres ence of thick interbeds
of plas tic car bo na ceous metapelites, this unit is
also the most prone to the de vel op ment of sub-
 con cor dant tec tonic dis lo ca tions.

The next step is to com pare the re sults of
geo mag netic mod ell ing with geo log i cal sec -
tions. The mod els cre ated in this way rep re sent
the block struc ture of the de posit as the un der ly -
ing Taskazgan and over ly ing Kosmanachi ore-
 bea r ing strata, with step-like gra di ents de lin eat -
ing the fault zone (Fig. 10B).

The di rect task of mag netic ex plo ra tion is to
de ter mine the pa ram e ters of the mag netic field
based on the known char ac ter is tics of mag netic
masses: shape, size, depth, mag ne ti za tion an -
gle and mag netic sus cep ti bil ity (Bogoslovsky et
al., 2018).

The mag netic prop er ties of geo log i cal for -
ma tions of the Taskazgan and Besapan suites
are de ter mined by the level of su per im posed
pro gres sive re gional meta mor phism. Mag net i -
cally ac tive rocks, re gard less of their com po si -
tion and strati graphic af fil i a tion, geo log i cal for -
ma tions in the mus co vite-bi o tite zone, con tain
syngenetic vein-dis sem i nated py rite-pyrrhotite
and pyrrhotite min er al iza tion. Their mag netic
sus cep ti bil ity var ies widely from 0 to 27 · 10–5 SI
units. The wide range of changes in mag netic
prop er ties is due to the pres ence of pyrrhotite of
two types: highly mag netic – monoclinic syn -

gony and non-mag netic – hex ag o nal syngony. The mag netic
sus cep ti bil ity of the rocks is de ter mined by the con tent of
monoclinic pyrrhotite. The re main ing meta mor phic zones are
prac ti cally non-mag netic. Their mag netic sus cep ti bil ity fluc tu -
ates in the range of 2–35 · 10–5 SI units. 
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Fig. 8. Map of the anom a lous mag netic field (DTa) 
of the ter ri tory of the Myutenbay de posit

Fig. 9. Three-di men sional model of mag net i cally ex cited ob jects of the Myutenbay de posit



The geo log i cal na ture of the mag netic field anom aly is as -
so ci ated with the meta vol can ic rocks of the lower Taskazgan,
as well as with ar eas of con tact-metasomatic changes in the su -
pra-in tru sive zones. 

The geo mag netic model con structed for the Myutenbay de -
posit re veals a large-scale fold struc ture, which we in ter pret as
a man i fes ta tion of the re gional syn-meta mor phic thrust zone.
The ge om e try of this fold, dis play ing char ac ter is tics of both syn -
clines and anticlines, aligns with the struc tural style doc u -
mented by Mukhin et al. (2023) for the re gion, par tic u larly with
the re cum bent folds in the north Dzhurgantau antiform.

A dis tinc tive fea ture of the ore field, with no par al lel at such
scale among other Kyzyl-Kum de pos its, is the pres ence of sev -
eral ~E–W-trending shear zones. These zones are com posed
of rocks de formed to vary ing de grees, up to phyllonites, as well
as in tensely metasomatized car bo na ceous se quences in truded 
by dykes. This high lights the deep-seated na ture of these struc -
tural zones. We note also the lo ca tion of the ore field within the
pe riph eral part of the thermodome (Dzhurgantau) an cient
base ment struc ture, as well as the ore-con trol ling role of the
car bon ate screen. An other sig nif i cant fac tor is the long du ra tion 
of the ore-metasomatic pro cess, which de vel oped within car bo -

na ceous terrigenous rocks. These rocks have been com monly
con sid ered to by geochemically dis tinc tive with re spect to gold.

Thus, the geo phys i cal model (Fig. 10) re flects the dis tri bu -
tion of phys i cal pa ram e ters and iden ti fies anom a lies as so ci ated 
with po ten tially ore-bear ing zones, thereby en abling the de lin -
ea tion of ar eas with in creased prospectivity. At the same time,
the struc tural scheme (Fig. 11), com piled on the ba sis of geo -
log i cal ob ser va tions, spec i fies the na ture of these anom a lies
and dem on strates their re la tion ship with the Dzhur gantau-Tas -
kazgan an ti cli nal node, where crys tal line schists are ex posed in
the cores and meta-bas alts and mar bles oc cur on the flanks.
The com par i son of both mod els shows that the ore-con trol ling
fac tors are not only anom a lies of the phys i cal fields but also
deep-seated fold struc tures that form tec tonic traps for min er al -
iza tion. This cor rob o rates the re li abil ity of the in ter pre ta tion ob -
tained and sig nif i cantly in creases the ro bust ness of pre dic -
tive-pros pect ing con struc tions, pro vid ing a more sub stan ti ated
ba sis for geo log i cal ex plo ra tion plan ning.

The pro cess ing of geo phys i cal data, their qual i ta tive and
quan ti ta tive in ter pre ta tion and com plex anal y sis of geo log i cal
and geo phys i cal data, were per formed mainly by tra di tional
meth ods and com puter pro cess ing. In ad di tion to three-di men -
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Fig. 10. Com par i son of the lithological and struc tural sec tion of the Myutenbay de posit along ex plo ra tion line no. 9 (A) 
with the re sults of geo mag netic mod el ling (B)

O1kr – Lower Or do vi cian Kurgantau suite; O1–2 rh – Rokhat suite; Î3–O2ks – Kosmanachi ore-bear ing strata (Î3-O2ks); 
O3mr – Murun suite; D2 – Mid dle De vo nian, car bon ate rocks; the di rec tions of the sec tion are shown with black lines

 in the geo mag netic model in Fig ure 9 
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sional mod ell ing, the anal y sis of the spa tial ar range ment of
geo log i cal and struc tural el e ments (faults, ore bod ies, dykes
and mag netic field isolines) of the de posit was per formed in the
PyGMI pro grams (Fig. 12). The need for this anal y sis is the pre -
vi ously es tab lished fact that in cen tral Kyzyl-Kum, as re gards
the for ma tion of gold ore de pos its, the min er al iza tion is as so ci -
ated with sig nif i cant struc tural, lithological and mag matic fac -
tors. To es tab lish these fac tors, the el e ments noted above were 
ana lysed.

The Myutenbay de posit is struc tur ally com plex due to the
ef fects of faults, mainly of ~E–W-trending and north east ern
strike (Fig. 12A, B), and of folds. To gether, the faults form
zones of pow er ful shear ing and brecciation. The main folded
struc ture in the de posit is a Variscan sec ond-or der syncline, the 
shape of which in dif fer ent parts of the de posit along its strike
de ter mines the mor phol ogy of the ore de pos its.

The pro cess ing of geo phys i cal data, their qual i ta tive and
quan ti ta tive in ter pre ta tion and com plex anal y sis were car ried
out mainly by tra di tional meth ods, com puter pro cess ing
(ArcGIS, Geostatistica, Geosoft Oasis Montaj, PyGMI) tak ing
into ac count the spa tial ar range ment of ore zones and struc -
tures ac cord ing to the fre quency di vi sion of mag netic fields (Fig. 
12).

A to tal of 34 ore de pos its have been iden ti fied and ex plored
at the de posit (Fig. 12D). Three main mor pho log i cal types of
de pos its are dis tin guished: subconcordant gently slop ing de -
pos its of sheet-like, trough-like, sad dle-shaped form; steeply
dip ping de pos its in brecciated zones be tween large faults in the
form of lens-shaped ore pil lars; and subconformable de pos its in 
ar eas with monoclinal oc cur rences of ore-bear ing rocks in the
form of lenses and plates (Golovanov, 2001).

Quan ti ta tive anal y sis of the mag netic field re vealed a clear
con fine ment of the Myutenbay de posit area to the area of in -
creased mag netic field val ues. All pre vi ously iden ti fied zones of
ore min er al iza tion are spa tially lo cated within this area and are
com pletely con trolled by its dis tri bu tion (Fig. 12F, G).

Sta tis ti cal anal y sis of the spa tial dis tri bu tion of the ori en ta -
tion of geo log i cal and struc tural el e ments showed a large con -
ver gence, that in terms of the ori en ta tion of ore zones, the ori -
en ta tion of the dykes and the ori en ta tion of the isolines of mag -
netic fields are iden ti cally of E–W di rec tion. The spa tial sta tis ti -
cal anal y sis shows a dom i nant E–W ori en ta tion, com mon to the
ore zones, dykes, and mag netic anom a lies. This trend is seg -
mented and off set by a sec ond ary set of NE-strik ing faults,
which dis place the ore zones rel a tive to one an other. 

CONCLUSIONS

In the mag netic field, the de pos its have the fol low ing char -
ac ter is tics:

– De vo nian car bon ate rocks with neg a tive val ues, 
– Murun suite with low val ues, 
– Kosmanachi ore-bear ing strata with av er age val ues 
– The un der ly ing Taskazgan com plex with high val ues.

A three-di men sional model of ore bod ies was cre ated in
Micromine soft ware us ing bore hole data ob tained at the ex plo -
ra tion stage of the de posit. 

De spite the dif fer ent scales, the geo log i cal pro file and the
map of the anom a lous mag netic field re flect the same ma jor
geo log i cal fea tures. These in clude fault zones, the synclinal
form of the folded Murun For ma tion, and well-de fined con tacts
be tween con trast ing rock units.

Based on the above, the fol low ing mag netic field el e ments
can be at trib uted to the search mag netic fore cast ing cri te ria.

1. Re gional pos i tive mag netic anom a lies in di cat ing dome -
-shaped meta mor phic struc tures of pro gres sive re gional meta -
mor phism, which gen er ally de lin eate the lo ca tion of gold ore
min er al iza tion.
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Fig. 11.  Lithological cross-sec tion of the re cum bent part in the north Dzhurgantau antiform
(Taskazgan area)

Based on Mukhin et al. (2023)
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Fig. 12. Sta tis ti cal dis tri bu tion of ori en ta tion of geo log i cal and struc tural el e ments of the area of the Myutenbay de posit

A – rose di a gram of fault zones; B – spa tial dis tri bu tion of fault zones in plan; C – rose di a gram of ori en ta tion of ore zones;
D – ore zones in plan; E – rose di a gram of dykes; F – dykes in plan; G – ori en ta tion of mag netic field isolines

in rose di a grams; H – dis tri bu tion of mag netic field isolines in plan



2. Zones of cor re lated mag netic max ima, which are caused
by the de vel op ment of py rite-pyrrhotite vein-dis sem i nated min -
er al iza tion within the ar eas of gold-pro duc ing ore body.

3. In tense anom a lies of re verse mag ne ti za tion, lo cated
within the frame of re gional pos i tive anom a lies, as so ci ated with
ar eas of pyrrhotite min er al iza tion ex hib it ing po lar mag ne ti za -
tion.

Fund ing. The prep a ra tion and de sign of the ar ti cle was car -
ried out at the State In sti tute of Min eral Re sources within the
frame work of the grant on the topic: “Cre ation of a struc tural at -
las of ex posed and closed ter ri to ries of the min ing re gions of
Cen tral Kyzyl-Kum in or der to iden tify prom is ing ar eas based on 
geo log i cal re mote sens ing re search” (Funded by the Agency for 
In no va tive De vel op ment of the Re pub lic of Uzbekistan ¹
AL-5621112007, 2023-2025y.). 
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