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Summary. The Bukantau Mountains are located in the northwestern part of the Southern Tien
Shan folded gold ore belt. In geodynamic zoning, the Bukantau Mountains are divided into the North
Bukantau and the South Bukantau structural-formational zones (SFZ). They are complexly curved
uplifts complicated by smaller folds. The ores of the North Bukantau SFZ form copper-zinc-pyrite
with gold (Karamurun), gold-sulfide-quartz (Irlir, Dzhetymtau) and secondary copper-molybdenum-
skarn (Orazaly I, IT) and chromite formations. The main ore deposits of the South Bukantau SFZ are
rare metal-gold ore (Altyntau deposit), gold-arsenic (Kokpatas deposit), gold-polymetallic (Turbay
deposit), gold-silver (Okzhetpes deposit) mineralization, tungsten-bearing skarns and skarnoids
(Sautbay deposit).

The paper contains an analysis of long-term data from complex geophysical studies of the Bukan-
tau Mountains. The characteristics of changes in the values of the physical field of 63 objects in the
Bukantau Mountains were analyzed and complexes of geophysical features and relationships with
the localization of mineralization were created.

The search criteria were formulated based on a study of the features of physical fields character-
istic of known ore occurrences and deposits, from the point of view of the degree of unambiguity of
their reflection in electric, gravitational and magnetic fields. Comparison of remote sensing data,
geophysical and geochemical data using static and metallogenic analyses made it possible to deter-
mine predictive and promising positions, confirmed by field interpretation and driving of mine work-

ings, recommended for further geological exploration work.

© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. INTRODUCTION

Currently, scientific studies are being conducted
worldwide to identify the physical properties of
rocks and their analysis. In particular, special atten-
tion is given to conducting extensive complex geo-
logical and geophysical studies in the USA, Russia,
China, India and the states of Central Asia to meet
the demand for minerals. Such a scientific approach
improves the methodology to solve quantitative in-
terpretation problems of geophysical mineralization
signs in the exploration and search for mineral de-
posits.

Determining the main factors of gold ore locali-
zation and other manifestations of minerals is neces-
sary to improve the efficiency of forecasting and pro-
specting.

To date, identifying localization factors of gold
deposits is based primarily on empirical data and on
the search for deposit placement patterns relative to
geological structural elements of the regions. There-
fore, one of the main conditions for the successful
identification of localization factors of deposits is
studying the geological structure and history of the
geological development of territories and determin-
ing the place and time of concentration formation.

Endogenous ore deposits represent abnormal
concentrations of useful elements in a relatively small
volume of the Earth's crust that arose due to the con-
fluence of favourable circumstances under the influ-
ence of various factors during the development of the
Earth. Their detection is the main goal of geological
research, in which there are stages of forecasting and
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researching. These stages are based on identifying ob-
jective patterns of the formation and placement of
specific ores in the upper horizons of the Earth's crust.
To accomplish this, various geological, geophysical,
geochemical, surficial, and hydrogeological methods
are used, and the prerequisites for the occurrence of
the desired ores in certain formations or structures
and the empirical patterns of the placement of known
mineralization relative to specific lithological, tec-
tonic and magmatic factors are taken into account. A
positive result is achieved only while considering the
totality of all data reflecting the peculiarities of the
formation of a specific mineralization type.

The purpose of this paper is a static analysis of the
anomalies in the geophysical fields of the Bukantau
Mountains (the western end of the southern Tien Shan
(Fig. 1)) for further metallogenic prediction (bopucos u
I'myx, 1982; Poraues, 1977; CeparokoB, 1978; I'nmyx u
ap., 2002; Goipov, et al., 2020a; 2020b; I'oumios, 2021).

The gold deposits and manifestations of the
Bukantau are part of four formations: gold-sulfide
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veined-interspersed ores, gold-sulfide-quartz, gold-sil-
ver and gold-scarn. The deposits of the gold (sulfide)-
quartz formation can be divided into two subformations:
a) low-sulfide veined zones and stockwork and b) low-
sulfide veins, linear vein zones and breccias.

The established main factors of the localization
of ore fields are common to the entire folded system.

In addition, the roles of some of these factors
may be different in each tectonic segment. For each
type of gold deposit, the selected factors have slightly
different meanings.

All deposits and manifestations of the Bukantau
gold are located within extended intrablock crushing
zones and are usually subconsistent with the host
strata. Therefore, these zones play the role of ore-con-
trolling structures and are comparable to ore-bearing
faults (I'ounos, 2021). In addition to crushing, the
zones are characterized by small rods and dikes of
small bodies with variegated composition that often
form belts and bundles, and sometimes there is an in-
creased number of veins, including quartz veins.
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Fig. 1. Schematic zoning of the western part of the South Tien Shan orogenic system in the territory of Central Asia (Mukhin et all.,
2023) with gold ore deposits and deep faults (Kpemues, 1981) based on a global digital relief model (compiled by A.B.Goipov)
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The role of ore-controlling structures is played
by transverse and diagonal ruptures and zones of rup-
tures of different orders: from small ruptures affecting
the localization of ore bodies and pillars in deposits
to regional transblock ruptures, near and at the inter-
section of which ore fields are localized with longitu-
dinal zones.

An important role in the localization of ores, es-
pecially gold-sulfide-sulfide veined-interspersed, is
played by ore-shielding surfaces, which are usually
the soles and roofs of dolomite-siliceous carbonate
strata, as well as thrust planes. In some cases, this is
especially typical for the Bukantau, the role of ore-
controlling structures in relation to ore fields is played
by the folds (Mcaxomxaes u ap., 2015).

The geophysical field characterization was car-
ried out by qualitatively analysing the structure, in-
tensity and geological structure of the area and deter-
mining the possible nature of the selected structural
elements based on a comprehensive analysis of all
available data in the Arc GIS (geospatial analysis) en-
vironment, including the results of processed remote
sensing materials.

2. RESEARCH METHODS

Geophysical signs of mineralization in the terri-
tory of the Bukantau Mountains are given using the
above mentioned results, especially in terms of the ge-
ological interpretation of the selected geophysical field
elements. The main tasks involved in integrating the
cosmogeological (remote sensing) results with geolog-
ical and geophysical materials require a correlation
analysis of changes in the geophysical field values.

This work was carried out according to the appli-
cation of the ArcGIS program with the digitization of
stock materials, and remote sensing Earth materials
and maps of geochemical halos were integrated.

For gravimetric research, the morphological fea-
ture map of local gravimetric field components based
on the results of zoning was digitized in the form of
gravitational field intensity lines for a static analysis
of the automated allocation of promising areas by
known reference objects.

The geological formations composing the
Bukantau Mountain structure are part of two struc-
tural and formation zones: the North Bukantau and
the South Bukantau. The boundary of the structural
formation zones is the North Bukantau interzonal
fault, in which the formations of the North Bukantau
structural formation zone (SFZ) are uplifted (thrown
up) over the deposits of the South Bukantau SFZ. In
the gravitational field, the North Bukantau fault is in-
dicated by a linear zone of horizontal gradients.

The local components of the gravity field of the
North Bukantau interzonal fault are accompanied by
linear zones of high-frequency minima, which show

the fragmentated and dissociated zones accompany-
ing the main fault plane.

The geological structural features of the struc-
tural formation zones are well displayed both by the
regional component of the gravity field and on the
map of anomalies in the reduced field (Kpemues,
1981).

The North-Bukantau SFZ, which is composed of
dense volcanogenic and volcanogenic-sedimentary
rocks and overlying upper Paleozoic molasses, is
characterized mainly by positive field values ranging
from 10 to 39 mGal. The intensity of the anomalies
gradually decreases from West to East. This is be-
cause dense volcanogenic rocks that were developed
in the West are overlapped in the eastern direction by
a less dense molasse formation and then by loose
Mesozoic formations.

The South-Bukantau SFZ, which is composed of
terrigenous formations of the Cambro-Silurian and
acidic intrusions that break through them, is charac-
terized by low negative gravitational field values
ranging from -39 to -5 mGal. The intensity of the field
naturally increases from the South, where large gran-
itoid massifs are developed to the North, and where
the terrigenous section increases via carbonate for-
mations of the Irlir Ridge.

Thus, the main geological structural elements of
the Bukantau Mountains coincide with the character-
istic features of the regional gravitational field com-
ponent.

In the North-Bukantau SFZ, against the back-
ground of the generally higher gravity field, two grav-
itational maxima are distinguished: in the west,
Karamurunsky, and in the east, South-Tokhtatau.

The maximum intensity of the Karamurun,
which reaches 39 mGal, is caused by green shales of
the Kumbulak Formation and basaltoids of the
Tubabergen Formation and reaches the level of the
eroded section. The boundaries of the maximum prac-
tically coincide with the geological boundaries.

The South-Tokhtatau maximum is located in the
eastern part of the square. The site is covered with
loose sediments up to 200 m thick. The intensity of
the gravity field here reaches 11.5 mGal (KpemHues,
1992).

Wells drilled within the limits of the gravitational
maximum revealed the Kumbulak and Tubabergen
Formations, i.e., the geological natures of the de-
scribed gravity field maxima are similar.

The maximum intensities of the gravity field of
the East of the Karamurun are 6-9 mGal (Kpemues,
2005). The rocks of the Argali, Tokhtatau and Ashib-
ulak Formations (molasse formation) are exposed
here. They are underlain by basaltoids of the Tubaber-
gen Formation and broken by numerous dikes of the
main composition.
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In the cores of small anticlinal folds, the Tuba-
bergan Formation approaches the daytime surface,
which is recorded by local anomalies of the linear
field with an intensity reaching 11.5 mGal.

In the south-east direction, the molasse formation
sinks under the loose formations of the foothill plain,
the thickness of which reaches 200-250 m. Accord-
ingly, the depths of the Tubaberg and Kumbulak For-
mations increase. This causes a decrease in the inten-
sity of the field to -4 mGal.

In the northern part of the Bukantau Mountains, a
section of a reduced field value is allocated inside the
positive gravity field northeast of the Karamurun maxi-
mum. The intensity of the field here varies from 5 to -3
m@Gal. The direction of the iso-anomaly is the northeast.
This area of the reduced field value corresponds to the
Bokalinsky intrusive, composed of tonalites and
trondhjemites, which density is 2.68 g/cm’. Intrusions
break through the rocks of the Argali Formation. Con-
tacts with the host rocks are steep at angles of 70-75°.

An isometric negative anomaly of the gravity
field with an intensity reaching -12 mGal is distin-
guished in the northern part of the intrusive zone. Per-
haps this anomaly corresponds to an incoming mag-
matic channel (the "leg" of the intrusion).

Magnetometric research indicates that for the
zoning of the magnetic field, a map of the anomalous
magnetic field on a scale of 1:100,000 was used. The
map of the regional component of the magnetic field
with an average radius of 10 km and the map of the
local component were auxiliary.

The magnetic field in the area of the Bukantau
Mountains is quite complex and differentiated. Its in-
tensities vary from -100 to +300 nanotesla (nT).

By the nature of the field, the area of the Bukan-
tau Mountains is divided into two parts, namely, the
northern and the southern (this is most clearly visible
on the map showing the regional component of the
field). The boundary of the section approximately co-
incides with the North-Bukantau interzonal fault.

The North-Bukantau and South-Bukantau struc-
tural formation zones are well expressed in the ob-
served magnetic field.

In the North-Bukantau SFZ in the northern part
of the area, two areal positive magnetic field anoma-
lies with an intensity reaching 400 nT are distin-
guished. The western anomaly corresponds to the Bo-
kalin intrusive tonalite-trondhjemite composition (the
magnetic susceptibility of tonalites and trondhjemites
reaches 1350x10° CGS (Kpemnes, 2005; Kpukynosa
u ap., 2012).

The anomaly coincides with the shape and size of
the intrusion mapped during the geological survey. The
second anomaly is located somewhat in the northeast
of the Bokalinsky intrusive. In its form, it also resem-
bles an intrusive array. The anomaly is located above
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the foothill plain, i.e., the magnetically disturbing ob-
ject is blocked by loose formations of considerable
power. According to the shape of the anomaly and its
intensity, it presumably maps an intrusion with the
same composition as the Bokalin intrusion. To the
southeast of this anomaly, there is another, smaller
anomaly with an intensity of more than 300 nT. The
depths to the upper edge of the disturbing objects ac-
cording to the quantitative interpretation of these
anomalies are 1000-1300 m, the effective magnetiza-
tion values range from 1000 to 2400 x 10® CGS units
(the eastern object has effective magnetization values
that are slightly lower than 900-1000 units), and L.G.
Kremnev links these anomalies with volcanogenic for-
mations of the main composition (gabbro and gabbro
porphyrites).

The East of the meridian of the Kokpatas gold
deposit, the magnetic field of the North Bukantau
SFZ is calm and positive with intensities of 40-50 nT.
The stretch of the isodynam smoothly varies from the
northwest to the northeast and back. Against the back-
ground of a calm field, anomalies of an isometric
form with an intensity reaching +100 nT are ob-
served. Their diameters are 4-5 km. [sometric anom-
alies are located along the North Bukantau interzonal
fault (Fig. 2). Their possible geological nature is the
vent facies of the Tubabergan subvolcanic complex.

In the eastern part of the area overlain by loose
sediments, two rather large positive anomalies with
intensities of 100-300 nT are distinguished and are
obviously caused by volcanogenic formations of in-
creased basicity.

The nature of the magnetic field over the South-
Bukantau structural and formation zones is much
more complicated. The magnetic field here is pre-
dominantly negative, its intensity varies from -10 nT
to -100 nT, and the nature of the field is mosaic. Areal
and isometric negative magnetic field anomalies map
granitoid massifs and rods, and linear anomalies cor-
respond to the terrigenous rocks containing them
(Ky3nenos, Mypasbes, 1986; Maxkcynos u np., 2010;
2015;2016).

Against the background of the general negative
magnetic field, linear, annular and arc-shaped posi-
tive anomalies with intensities of 50-150 nT are dis-
tinguished, giving the magnetic field a very complex
differentiated character.

3. DISCUSSION OF THE RESULTS

In the southwestern part of the area, large granit-
oid intrusions, namely, the Altyntau and Kokpatas in-
trusions, are mapped by two areal negative magnetic
field anomalies with an intensity of up to -100 nT. Ar-
eal negative magnetic field anomalies along the pe-
rimeter are framed by small positive intensity anom-
alies of up to +150 nT. Their geological nature has
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been clearly established during prospecting opera-
tions at the deposits and ore occurrences of gold in
Cholchoratau, Altyntau, etc. Positive magnetic field
anomalies correspond to the keratinized and scarred
rocks of the Kokpatas Formation in the intrusive ex-
ocontacts. Discontinuous disturbances of latitudinal,
meridional, north-eastern and, less often, north-west-
ern directions are confidently distinguished in the
magnetic field (Fig. 2).

In the central part of the square, in the Turbay
Mountains, negative magnetic field anomalies with
an intensity of up to -100-150 nT are distinguished.
Their shape is isometric or elongated in the northwest
direction. They are framed on the periphery by annu-
lar, linear and isometric positive magnetic field
anomalies with an intensity of up to +100 nT.

The described negative magnetic field anomalies
correspond to the Turbai, Sautbay and Sarytau gran-
itoid intrusions, which in turn represent rod-shaped
and ridge-shaped protrusions of the roof of a large
granitoid massif — Sautbay-Sarytau — that does not
reach the level of the eroded section. The Sautbay-
Sarytau granitoid intrusion is uniquely installed in the
gravity field. It is also possible that the Turgai and
Sautbay intrusions are rods that break through the in-
trusion and that do not reach the level of the eroded
section.

Positive magnetic field anomalies map the zones
of keratinized and scarred rocks of the Kokpatass For-
mation, to which the gold and tungsten mineralization
of the Bulutkan deposits and the Sarytau group ore
occurrences are confined (Fig. 3).
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Fig. 2. Map of morphological features of the ATa aeromagnetic field. 1 — boundaries between structural and formation zones;
2 — faults identified by geophysical data (using materials by emenreenko, Kuaneposa, 2007)
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Fig. 3. Magnetic field with overlapping deposits and ore occurrences (using materials by /lemenreenko, Kunneposa, 2007)
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In the south-eastern part of the square, a mosaic
magnetic field that is sharply differentiated in inten-
sity indicates the South-Dzhetymtau (Mullalinsky)
intrusion that does not reach the level of the pre-Mes-
ozoic foundation, as well as keratinized and scarred
rocks in the exocontacts of its roof.

Small arc-shaped positive magnetic field anoma-
lies with intensities of +20 - +30 nTl in the Boztau
area are of particular interest. They are confined to the
north-western periclinal immersion of the Kokpatas-
Boztau anti-form and probably map serpentinites (or
serpentinite melange) lying at the base of the tectonic
plates. Low-lying serpentinite bodies of small capac-
ity (10-20 m) were opened by drilling wells during
prospecting operations in the Boztau area. The pres-
ence of magnetite was established while studying ser-
pentinites.

Linear positive magnetic intensity anomalies are
distinguished between the Turbay Mountains and the
North Bukantau interzonal fault; the values range
from +50 - +100 nT. The bedrock within these anom-
alies has a low magnetic susceptibility. The magneti-
cally disturbed objects that caused a significant in-
crease in the magnetic field are located below the
level of the eroded section and are apparently caused
by pyrite-pyrrhotite mineralization (Kpemues, 1981,
1992, 2005; Kpukynosa u ap., 2012).

The exploration and informative value of the nat-
ural electric field anomalies in the Bukantau Moun-
tains are not clear, although this method has studied
almost the entire uplift area, where pre-Mesozoic de-
posits are exposed at the surface and are present at a
depth of up to the first tens of metres. Extensive (up
to 10-15 km) negative EP field potential anomalies
with intensities in the first hundreds of millivolts are
identified here and are usually explained by graphi-
tized (carbonaceous) and permeable rocks.

The natural electric field in the study area is char-
acterized by a complex structure and values of the po-
tential intensity AUEP from +500 mV to -450 mV
(Fig. 4). Positive EP anomalies, as a rule, correspond
to intrusive formations and carbonate and monolithic
rocks that have not undergone any changes (hydro-
thermal changes, crushing, or fracturing).

The Karamurun negative EP field is confined to
the western part of the Bukantau fault. The Karamu-
run deposit (copper-pyrite with gold) is located in the
area of weakly positive EP field values.

The Aitym negative EP field is confined to the
deposits of the Koksai Formation (O-Siks), repre-
sented by an interlayer of carbonaceous siliceous-mi-
caceous shales, with interlayers of flints of the first
subformation and siltstones, sandstones, mudstone
shales, and siltstone mica-quartz of the second and
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third subformations. The internal structure of the Ai-
tym negative EP field is determined by negative
anomalies of the second order, which fix the zones of
the tectonic disturbances of the northeastern and near-
latitude strike. The gold deposits of Aytym, Ayakash-
chi-2, as well as a number of gold ore manifestations
are located in the region of negative field values or
gravitate to areas of its greatest gradient.

Positive EP anomalies in the area of the Kokpatas
ore field are mapped by the Karashakh volcanogenic-
sedimentary complex (C:kg) and limestones of the
West Okzhetpes Formation (C;zk).

The Okzhetpes negative EP field is confined to
the deposits of the Bostau Formation (C,bs), which is
represented by siltstones, mudstones, gravelites,
sandstones, conglomerates, and limestone lenses. The
internal structure of the negative EP field is deter-
mined by negative anomalies of the second order,
mainly of the northwestern strike, thereby fixing
zones of tectonic disturbances.

In the area of the Bulutkan ore occurrence, in
general, an increase in the EP potential values in the
southern direction is clearly recorded, reaching a rel-
ative excess of up to 250 MV over the northern part.
This pattern is explained by the spread of intrusive
formations in the southern part of the site.

For the electrical exploration of the VP, in the
Bukantau Mountains, various surveys using the VP
method were studied, mainly individual ore fields, de-
posits, ore occurrences and their flanks, where pre-
Mesozoic deposits are exposed on the surface or lie at
a depth of up to the first metres. In this connection, a
single, integral map of the anomalous VP (polariza-
tion induced) field for the entire elevation area was
not compiled. The scheme of the anomalous VP field
of the Bukantau Mountains has been compiled, in-
cluding separate areas (sections) of work by the VP
method.

4. RESULTS

In the study area, regional anomalies of the
first order were identified and were associated with
scattered inclusions of sulfides and an increased
concentration of carbonaceous material in rocks (hc
= 5-10%); regional anomalies of the second order
correspond to a higher concentration of sulfides
and carbonaceous material in rocks (hc =7.5-15%).
The internal structure of the regional anomalies of
the first and second orders of the VP is determined
by local VP anomalies corresponding to local zones
that are most enriched in sulfides (hc an.=20% or
more).

All numerical values that were digitized and an-
alysed are given in Table 1.
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Fig. 4. Morphological map of the features of the natural field (EP) based on the results of zoning (using materials by
Hementeenko, Kunneposa, 2007).

Table 1
The complex geophysical features and the relationship with the localization
of the mineralization of the Bukantau Mountains (compiled by A.B. Goipov)
p AGa aTa .
Ne Deposits and ore occurrences Element . . AU inmV
in mgl innTl

1 Aytym-II Au 0-(-0,5) -40-50 -50
2 Altyntau-VII, VIII Au 1,5-2,0 10-20 -100
3 Argali Cu -1,5-2.0 260-270 300
4 | Ayakashyi Au 0 -(+0,5) -20-30 -250
5 Barkhany Au 0,5-1,0 -60-70 -200
6 Shoe covers \\% 0,5-1,0 -110-120 0
7 Shoe covers Cu 0, 5-1,0 -130-140 0
8 Middle-I, I Au 0 -(+0,5) -80-90 0
9 Budukan Au 0 -(+0,5) -30-40 350
10 | Burgut W -0,5-1,0 30-40 300
11 | Eastern-1, II Au 0-(-0,5) -50-60 50
12 | Mountain Au 0-(-0,5) -40-50 -50
13 | Farther Au 0-(+0,5) -30-40 -200
14 | Flannelette Au 0,5-1,0 10-20 -50
15 | Dautbay Au 0-(+0,5) 60-70 50
16 | Jazzik Au 0-(+0,5) -70-80 -100
17 | Derbez-1 Ag 0 -(+0,5) 50-60 200
18 | Jelsay-II ‘ Au 0-(+0,5) -10-20 0
19 | Jetymtav II © ‘zi’ 0-0,5 -60-70 .50
20 | Jelandi w 1,0-1,5 80-90 350
21 | Jirakuduk Au 0-0,5 10-20 200
22 | Jirakuduk ) i‘; 0 -(+0,5) 40-50 250
23| Dolomit @ [ Au 0-0,5 -40-50 -100
24 | Itlir (D) i‘l‘l 0,5-1,0 0-10 250
25 | Irintav Q@ | w -0,5-1,0 -80-90 200
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26 | Kantokken @ A 0,5-1,0 10-20 -10
27 | Kantokken o A\‘;’ 1,0-1,5 40-50 20
28 | Karamurun o ‘é‘; 2,0-2,5 20-30 200
29 | Karashokho-I, II () Au | 0-(+0,5) -50-60 50
30 | Kansay @ | Au +0,5-1,0 -50-60 -250
31 | Okzhetpes O Ag 0-(+0,5) -40-50 -150
32 | Orazali O | cu 0-(-1,5) 10-20 300
33 | Pridorozhny ) Au | 0-(H0.5) -100-110 150
34 | Prirazlomny () Au | 0-(+0,5) -60-70 -70
35 | Prikontaktov . Au 0-(+0,5) -90-100 0
36 | Foothill () Au 0-(-0,5) -60-70 0
37 | Plain () Au | 0-(+0.,5) -60-70 0
38 | Sarapan @) W 1,0-1,5 20-30 -100
39 | Sarapan () Au 1,0-1,5 0-10 -100
40 | Sarkekazgan ‘ Au 0-(-0,5) -70-80 -250
41 | Sarytau @) w -1,0-1,5 0-10 -100
42 | Sautbau (@) W 0-(-0,5) -20-30 300
43 | North Altyntau () Au 1,5-2,0 70-80 50
44 | North Aytym @ | Au 0,5-1,0 -40-50 -50
45 | North Jilindin () Au 1,5-2,0 -70-80 0
46 | North Karabulak @ | Au 0,5-1,0 -10-20 100
47 | Northern I, II () Au 0-(-0,5) -40-50 50
48 | Northeast @ | Au 0-(-0,5) -40-50 100
49 | North-West I, IT () Au 0-(+0,5) -40-50 -200
50 | Silver © ‘Z‘l”; 0-(+0,5) -60-70 0
51 | Sulfide () Au 0-(-0,5) -40-50 200
52 | Taraubay @ A 0-(-0,5) 10-20 -350
53 | Turbay ‘ Au 0-(-0,5) -10-20 -200
54 | Turbay O Ag 0-(-0,5) 0-10 -100
55 | Turbay (west @ | | ooy 220-30 300
56 | Terensay @ A 0,5-1,0 -50-60 150
Ik it
57 | Ulkentau 8 éﬁ: -0,5-1,0 20-30 100
Q |V -20-30

58 | Haydarkul () Au 0-(-0,5) 60-70 0
59 | Central @ A 0,5-1,0 -50-60 50
60 | Cholcharatau-I () Au 0-(+0,5) 0-10 -150
61 | Latitudinal Q@ | au 0,5-1,0 -60-70 200
62 | Southern Bektash (@) W 1,0-1,5 10-20 -50
63 | Southern-I, TL, TII @ A 0-0,5 -60-70 200
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Legend for table number 1

The value of the gravity of deposits and ore occurrence in the gravitational

sGammgl | g4 (gravity is measured in milligals (1 mGal = 10~5m/s2)
TainnTl The value of the magnetic field of deposits and ore occurrence in nanotesla
2 SR (1nT = 1nanotesla = 10~°Tesla = 10~°T)
AUEI in mV The value of the natural electric field of deposits and ore occurrence in

millivolts (1 millivolt [mV]=0.001 volt [V]) AU

Gold deposits and ore occurrences

Silver deposits and ore occurrence

Gold-silver deposits and ore occurrence

Silver-gold-deposits and ore occurrence

®@ ©| e |0 |e

Tungsten deposits and ore occurrence

Copper occurrence

@)

The features of the change in the values of phys-
ical fields of 63 objects (deposits and ore occur-
rences) were analyzed throughout the territory of the
Bukantau Mountains. Then these objects for each
type of mineralization (gold, silver, tungsten) were
compared and the relationships were determined for
the quantitative distribution of ore objects by complex
geophysical features (Table 2).

Positive magnetic field anomalies map the zones
of keratinized and scarred rocks of the Kokpatas For-
mation, to which the gold and tungsten mineralization
of the Turbai, Sautbay, Bulutkan deposits and the ore
occurrences of the Sarytau Group are confined.

Seven negative anomalous EP fields of the first
order can be distinguished in the square (from west to
east): I — Karamurun, IT — Aitym, III — Cholcharatau,
IV — Kokpatas, V — Okzhetpes, VI — Turbay, and VII
— Jetym.

The Karamurun negative EP field is confined to
the zone of the Bukantau fault (in its western part).
The Karamurun deposit (copper-pyrite with gold) is
located in the area of weakly positive EP field values.

Positive EP field anomalies correspond to the
limestones of the Okzhetpes Formation (D»-30k). At
the Okzhetpes site (Bamenko u ap., 1980), all mani-
festations of gold are located either in the gradient re-
gion of the EP field or (less often) in the negative EP
field but in areas with relatively elevated potential
values. Considering the position of the Bulutkan and

Barkhan ore occurrences, one can ensure that they are
also located in the marginal parts of large negative
natural electric field anomalies.

In the area of the Bulutkan ore occurrence, in
general, an increase in the EP potential values in the
southern direction is clearly recorded, reaching a rel-
ative excess of up to 250 MV over the northern part.
This pattern is explained by the spread of intrusive
formations in the southern part of the site.

The increased polarizability of ores was estab-
lished and used in studies via the method of induced
polarization at a number of sites in Dzhetymtau
(Bamenko u np., 1980) in the Turbay Mountains and
Okzhetpes site (YcmanoB u ap., 1984). Gold sulfide
ores, as a rule, are distinguished by an increase in ap-
parent polarizability (hc); however, the allocation of
anomalies in many cases is difficult due to the influ-
ence of graphitization and uneven sulfidization of the
host rocks. Their separation is a simultaneously im-
portant and very difficult task, the solution of which
probably lies in the way of studying the transient
characteristics of the decline in the VP and nonlinear
processes.

The South Bukantau regional EP anomaly is con-
fined to the southern branch of the Bukantau fault,
which is represented by crushed, fractured rocks with
scattered inclusions of sulfides and is located within
the limits of the Karamurun negative EP anomaly.
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Table 2
Quantitative distribution and interrelations of ore objects of Bukantau
mountains according to complex geophysical features
(compiled by A.B. Goipov)
. AU mV AGa mgl aTainnTl
Ne Deposits and ore 200 -100 0 100 200
occurrences 25 .15 -200 -100 0 100

1 | Karamurun

2 | Altyntau VII, VIII

3 | North Altyntau

4 | North Jilindinskoe

5 | Jelands I
6 | Cantroken I

7 | Sarapan (Au)

8 | Sarapan (W)

9 | Yu. Bektash I

10 | Barkhany [ U

11 | Shoe covers (W) H

12 | Shoe covers (Au)

13 | Flannelette

14 | Irlir

15 | Cantroken

16 | Kansai I

17 | Sev. Aitym

18 | Sev. Karabulak H

19 | Terensai

20 | Central

21 | Latitudinal

22 | Ayakashi II I

23 | Middle I, IT | [

24 | Budukan |

25 | Far |

26 | Dautby ‘ [
27 | Jazz I _ _
28 | Derbez 1 | I

29 | Jelsai Il L |
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No Deposits and ore AU mV AGa mgl aTa in nTl
- occurrences -200 -100 0 100 200 -200 -100 0
30 | Jirakuduk | i I
31 | Karashoho I, II i
32 | Okzhetpes I ] l ‘
33 | Pridorozhny | I B
34 | Prirazlomny | |
35 | Prikontaktovy TR
36 | Ravninny _ ; |
37 | Severo-zapadnoye I, II I & |
38 | Serebryany |
39 | Turbay (Zapad.) , il |' |
40 | Cholcharatau I L I
41 | Aitym 11 11 B 11
42 | Vostochny I, II | 0
43 | Gorny | |
44 | Jetymtau II _[ L | H
45 | Jirakuduk L | | I
46 | Dolomite i
47 | Predgorny _
48 | Sarcecasgan . U ; .
49 | Southbay | |
50 | Severnoye I, II aRy W e
51 | Severo-vostochnoye L { _| ||
52 | Sulfide || |
53 | Tarabay Il
54 | Turbay (Au) ﬂ ‘
55 | Turbay (Ag) N
56 | Haidarkul | _ _ [
57 | Yuzhny I, I1 TIT |
58 | Burgut || , I_ I
59 | Irintau L I
60 | Ulkentau I
61 | Orazaliyev _ 1
62 | Sarytau _l .[
63 | Arhar l | |

100
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Legend for table number 2

Values

Materials used

electric field

Negative values of the natural

The value of the natural electric field is
given in millivolts (mV) according to the
map of the natural field at a scale of

Positive values
electric field

of the natural

1:200,000 [/Iementeenxko u Kunmeposa,
2007].

field

Zero values of the natural electric

field

Positive values of the gravitational

AGa is given mGl according to the local
component of the gravitational field on a
scale of 1:200,000 [/Ilementeenko
Kunpgepoga, 2007].

field

Zero values of the gravitational

magnetic field

Negative values of the abnormal

ATa is given in nTl according to the map
of the anomalous magnetic field on a

Positive  values  of
abnormal magnetic field

L

the

scale of 1:200,000 [/Iemenreenxko u
Kunpgepoga, 2007].

5. CONCLUSION

Within the Central and Northern Altyntau areas,
the zone of local gravimetric anomalies is associated
with geochemical halos of gold and tungsten and
characteristic minerals of quartz, gold, scheelite, py-
rite, and arsenopyrite. According to structural tec-
tonic factors, mineralization is controlled by faults
in the northeastern and northwestern directions,
which consist of a zone of fractured and crushed
rocks and feathered structures. The magmatic factor
of mineralization is represented by granite-granodi-
orite intrusions and an exocontact zone of magmatic
formations complicated by large faults. The ore for-
mation according to the reference sites is rare gold
and quartz.

Local negative gravimetric anomalies and posi-
tive anomalies of induced polarizations associated
with the sulfide mineralization zone were detected
within the Karashakh, near-contact, dike, and latitu-
dinal sections. According to geochemical data, halos
of gold and arsenic are present. The types of mineral-
ization are gold, pyrite, and arsenopyrite. Structur-
ally, it is represented by the arched zone of the anti-
cline fold, faults, and thrusts. The ore formation is
gold-sulfide.
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In some areas of the Dzhelsai, Barkhannoy and
Okzhetpes ore fields, VP anomalies and zones of neg-
ative magnetic anomalies are associated with geo-
chemical halos of gold. The type of mineralization is
gold quartz and sulfide. The structural factors of min-
eralization are the northeastern, northwestern and
submeridional faults, the brachianticline, and the
feathering structures of the Kokpatas deep fault. The
type of ore formation according to the reference sites
is gold-quartz.

In the Sautbay, Sarytau, and Cholcharatau areas,
negative magnetic field anomalies correlate with ge-
ochemical halos of tungsten, molybdenum, and cop-
per. Characteristic minerals are scheelite, fluorite,
molybdenum, pyrrhotite, chalcopyrite and antimony.
Magmatic mineralization includes rod-shaped gran-
odiorite intrusions and scarn zones at the contacts of
intrusions. The type of ore formation is gold-rare-
metal quartz. On a detailed scale, the magnetic field
value for each object changes, but the nature of the
negative or positive anomaly remains.

Changes in the values of the physical field are as-
sociated with the geological and tectonic structure of
the region and the occurrence of the foundation, as
well as the composition of rocks.
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All available values are used for static analysis and
are converted to a raster format for the automated allo-
cation of promising areas by known reference objects.

Thus, the prospecting signs and ore-controlling
factors of mineralization and their interrelations with
the values of the anomalous geophysical and geo-
chemical fields were analysed in the territory of the
Bukantau Mountains.

As a result of the integration of remote sensing,
geophysical, and geochemical data using static and
metallogenic analyses, predictive and promising po-
sitions have been identified and certified by field de-
cryption (Goipov et al., 2020) and the sinking of mine
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OPYJIEHEHUWSA I'OP BYKAHTAY H0KHOI'O TSIHb-IITAHSA

Tounos A.B.!, Axmanos LII.H.., IOcynos B.P.2
'Munucmepcmeo 2opnoii npomviunennocmu u 2eonozuu Pecnybnuxu Yzbexucman, Ynusepcumem 2eonozuveckux nayx, I'V «ncmu-
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2Hucmumym ceticmonoauu umenu I A. Maenanosa Axademuu nayk Pecnybauxu Yzbexucmarn
100128, 2. Tawwxenm, ya. 3yibpusaxonum-3

Pesztome. B ceBepo-3anannoit yactu FOxuoro Tsub-IllaHbCKOro CKI1aA4aTOro 30J10TOPYIHOIO MOsICAa PACIIONI0KEHBI TOpbl bykaH-
Tay. B reognHamudeckom paifonnpoBannu ropsl bykanray pasnenensl Ha CeBepoOykaHnTayckyto u HO)kHOOYKaHTayCKyIO CTPYKTYpHO-
¢dopmanmonnsie 30861 (CDP3). OHU NPeNCTABIIOT COOOH CII0KHO H30THYTHIE MOAHATHS, OCIOKHEHHBIE O0JIee MEJIKMMH CKJIaIKaMU.

Pynsr CeBepobykanrayckoit CD3 06pa3yloT MeIHO-IIMHKOBO-KOM4YeAaHHY o ¢ 3010ToM (KapamypyH), 30710T0-CynbbuIHO-KBap-
ueByto (Mpmup, JkeTsIMTay) U BTOPOCTETIEHHBIE MEAHO-MOIHO1eHOBO-CKapHOBYI0 (Opasaisl I, I1) u xpomutoByto ¢popmanuu. [po-
SIBTICHHS 30J10Ta OTHOCSATCS K 30JI0TO-CYTb(HIHO-KBAPIIEBOMY T€0JIOTO-IPOMBIIIIIEHHOMY THITy. OCHOBHBIE pyAHBIE 00BeKTHI FOKHO-
OykanTayckoit CD3 06pa3yioT peAKOMETaIbHO-30JI0TOPYJHYIO (MECTOPOXKACHNE ANITEIHTAY ), 30J0TOMBIIIBSIKOBYIO (MECTOPOXKICHHUE
Koxmarac), 3on0TononuMerammieckyto (Mecropoxkaenue Typ0aif), 3omorocepedpsiHyro (MecTopoxaenue OKKeTIec) MIHepaIi3a-
MM, BOJIb()paMOHOCHBIE CKapHEI U CKapHOHMIBI (MecTopoxaenue Cayroait).

Tl'eodusruecknmMy NpU3HAKaMU MOTYT CIIYXKHTb Pa3IMYHBIC 2JIEMEHTHI Fe0()U3HYECKUX T0JIeH — HHTEHCHBHOCTB II0JISI, OCH I10JI0-
JKUTEJIBHBIX M OTPHUIIATEIILHBIX aHOMAITHiA, TPAUCHTHI TTOJIS U 1p. PalioHnpoBanue GU3NUECKHX MOJIel ropbl BykaHTay Ha CTPYKTYpHO-
(hopManMOHHOM OCHOBE MO3BOJIMIIO TUTIU3UPOBATh M PA3AENUTh TPAaBUTALIMOHHbBIE U MArHUTHBIE aHOMAJINK HA OJHOPOJIHbIE TPYTIHI.

CTaThs COAEPIKUT aHAIN3 MHOTOJIETHUX AAHHBIX KOMIUIEKCHBIX Te0(H3NUECKHUX HccaenoBanuil rop bykanray. beun npoanamu-
3UPOBAHBI XapPAKTEPHCTHKN M3MEHEHNUS 3HAUYCHUH (H3udecKoro mons 63 o0BbEeKTOB Ha TeppuTopnu rop bykaHTay u co3maHbl KOM-
IUTIEKCHI Te0(M3NIECKUX IPU3HAKOB U B3aUMOCBS3EH ¢ JTOKaTH3aIeil OpyAeHEeHH .

INonckoBsle kpuTepnu GOPMYIHPOBATIHNCH HA OCHOBE U3Y4EHHsI 0COOCHHOCTEH (DU3MUIECKUX MOJIeH, XapaKTePHBIX IS H3BECTHBIX
PYAOIPOSIBICHUH 1 MECTOPOXKIICHUH, C TOUKH 3PEHUS CTEIIEHH OJJHO3HAYHOCTH UX OTPAYKEHUSI B DJIEKTPHUECKOM, IPAaBUTALIOHHOM 1
MarHuTHOM 1oJisix. ComocraBiieHue JaHHBIX [IMCTaHIMOHHOTO 30HMPOBAaHMS 3eMiIH, Te0)U3HIECKUX U T€OXMMHYECKUX JTaHHBIX C
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HCTIOJIb30BAaHUEM CTATHYECKOTO M METAJUIOTCHHYECKOTO aHATU30B IMTO3BOJIMIIO ONPEIEITUTh TPOTHO3HO-TIEPCIICKTUBHBIC TIO3UIIHH, TIOI-
TBEP)KAEHHBIC MOJICBBIM ACHIM(PUPOBAHUEM H MPOXOJKOM FOPHBIX BBIPAOOTOK, PEKOMEHIOBAHHBIC ISl TATBHEHIIIMX T€0JI0r0-IIOUC-
KOBBIX padoT.

Knrouesvie cnosa: Mecmopooicoenust, 3H002eHHbLE NPOYECChl, 3010M0, CMPYKMypa, popmuposanue, 2eopusuyeckue nos, UHmpy-
3UBHBLE NOPOOBI.

CONUBI TYAN-SANIN BUKANTAU DAGLARININ GEOFiZiKi SAHOLORININ VO
OLAMOTLORININ SoCiYYosi

Goipov A.B.!, Dhmadov S.I.!, Yusupov V.R.2
Ozbokistan Respublikasimin dag sanaye va geologiya nazirliyi, Geoloji elmlor universiteti, OR
«Mineral xammal resurslart institutuy, Ozbakistan, 100041, Daskand sah., Olimlar kii¢. 64
2Ozbakistan Respublikasinin Elmlor Akademiyasinin Q.Mavlyanov adina Seysmologiya Institutu
100128, Daskand sah., Ziilfiyahanim kiig., ev 3

Xiilasa. Conubi Tyan-Sanin simal-qorb hissesinde yerloson Bukantau daglari quzil filizli qursaginda yerlosir. Geodinamik ra-
yonlagdirmada Bukantau daglari Simal Bukantau vo Conub Bukantau struktur-formasiya zonalarina (SFZ) boliiniir. Onlar miirokkob
ayilmis galximlar olub, daha kig¢ik qirisiqlarla miirokkablogmisdir. Simal Bukantau SFZ filizlori mis-¢ink-pirit (Karamurun), qizil-
sulfid-kvars (irlir, Cetimtau) vo az migdarda mis-molibden-skarnoid (Orazal I, II) vo xromit formasiyalarma béliiniirlor. Qizil
tozahiirlori qizil-sulfid-kvars geoloji-sanaye tipins aid edilir. Conub Bukantau SFZ-ds osas filiz obyektlori nadir metal-qiz1l filiz
(Altyntau yatagi), qizil-arsen (Kokpatas yatagi), qizil-polimetal (Turbay yatagi), qizil-giimiis (Okjetpes yatagi) mineralizasiyasi,
volfram skarn vo skarnoidlori (Sautbay yatagi) olaraq gostorilir. Geofiziki tasirlor - geofiziki saholorin dziinomoxsus elementlori - osas
saholor, miisbat vo monfi anomaliyalar, saholorin gradientlori vo s. kimi gobul edils bilor. Bukantau daglarinin struktur-formasiya
asasinda fiziki saholorinin rayonlasdirilmasi, qravitasiya ve maqnit anomaliyalarint homogen qruplara ve tiplore ayirmaga imkan verir.

Maqalade Bukantau daglarinin goxillik kompleks geofiziki tadqiqatlart malumatlarinin tohlili aparilmisdir. Bukantau daglar
orazisindo 63 obyektin fiziki saho gostoricilorinin doyismo xiisusiyyatlori tohlil edilmis vo filizlosmonin lokallagmasi ilo olagoali
geofiziki alamatlorin va qarsiliqh alagalarin komplekslari yaradilmigdir.

Axtarig meyarlari, méveud filiz tazahiirlori va yataqlarina xas olan fiziki sahalorin xiisusiyyatlorinin, onlarin elektrik, qravitasiya
vo magqnit sahslorinds no derocads doqiq oks olundugu baximindan Oyronilmosi osasinda formalagdirilmisdir. Yerin mosafodon
zondlanmas1 molumatlari, geofiziki vo geokimyavi molumatlarin statistik vo metallogenik tohlillorlo miiqayisesi naticesinds, saho
dekodlagdirilmasi vo dag qazma islorilo tosdiglonmis, galacok geoloji-axtaris islori liglin tovsiyo olunan perspektivli movqgelor miioyyon
edilmigdir.

Agar sozlar: Yataqlar, endogen proseslor, qizil, struktur, formalagsma, geofiziki sahalor, intruziv siixurlar
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