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Purpose. Identifying gold mineralization and associated elements distribution patterns in gold-bearing stockworks
of large deposits of gold-sulphide-quartz type in Northern and Eastern Kazakhstan; detecting geological and struc-
tural position of x-ore stockworks.

Methodology. Field studies within the Vasilkovske ore field in Northern Kazakhstan and the Sekisovske ore field
in Eastern Kazakhstan. Sampling ore-bearing magmatic rocks and ore bodies to determine the chemical composition
and distribution patterns of the main ore minerals and impurities. Microprobe analysis using a scanning electron JSM
6390LV microscope with an energy-dispersive attachment, comparative characteristics of ore mineralization in the
fields studied.

Findings. Completed research and comparative analysis of data from other regions of the world show that large
stockwork gold-sulphide-quartz with tellurides and bismuth-bearing ore of the Vasylkivske and Sekysivske deposits
formed in a period of high tectonic activity in the earth’s crust within regional geologic collision type structures, in
the process of rhythmically pulsating displacement and tuck in the lithospheric plates and blocks. The position of ore
stockworks is controlled by crust-magnesium deep splits, thrust structures and hypabyssal intrusions of gabbro-dio-
rite-granodiorite-plagiogranite series. The mineralization is associated with intense tectonic crushing processes and
hydrothermal-metasomatic transformation of host rocks, manifested in microclinization, albitization, propylitic al-
teration, beresitization and silicification as well as gaining ore minerals. The ore bodies are characterized by Au—Ag—
Bi—Te specialization. The gold is of two types: free and banded with sulfides, the mineralization vertical distribution
range being significant (over 500—800 m). The banded gold deposits in the Vasylkivske deposit are localized in arse-
nopyrites, in the Sekysivske deposit gold mineralization is banded with pyrites of several generations.

Originality. Complex compounds of silver and gold with tellurium have been revealed in the Sekysivske and, with
tellurium and bismuth in ores of the Vasylkivske deposit.

The complexity of ores involves setting a versatile task of basic and trace elements recording during all stages of
work: from geological evaluation to production exploration. Modern processing technology and the latest develop-
ment techniques allow classifying those fields as objects of industrial development priority. Studying them has scien-
tific significance in the matters of endogenous ore formation, and creates a prerequisite to identifying promising new
areas and deposits, both in Kazakhstan and in other parts of the world.
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Practical value. The ore bodies of the studied deposits are localized in gold stockworks and breccias (with gold
content from single digits to groups of ten gpt), there is a high resource potential and prospects of a significant growth
of reserves. The ores are characterized by a variety of gold and silver tellurides, the high content of bismuth minerals
and rare metal manifestation of specialization (Sn, Nb, Ta), which increases the profitability of the development of
the deposits of this type. Tectonic, magmatic and mineralogical and geochemical factors controlling the formation of
stockwork ore bodies and gold eruptive breccias, allow predicting the development of zones of mineralized breccia on
the flanks and in the depth of the studied deposits. The considerable gold concentration areas, as well as the variety of
related elements increase the development profitability of this type of deposits.

Keywords: gold deposit, intrusion, stockwork, tellurides, bismuth, Kazakhstan

Introduction. Recently the attention of researchers
has been increasingly focused on large gold-sulphide-
quartz stockworks and Au, Au—Ag and Au—Bi-polyme-
tallic deposits associated with them.

The examples of such deposits abroad include giant
stockworks associated with mesothermal intrusions:
Fort Knox (Alaska), Jeruy (Kyrgyzstan), Cripple Creek
(USA) and others.

In Kazakhstan, the deposits of this type related to
various time levels from the early to late Paleozoic:
Vasylkivske-Kodagyrske (O;-S,), Raigorodske (Os;-S,,
S,), Yubileine (D,), Sekysivske ( C,_3).

Presentation of the main research. The stratigraphy
and magmatism of the Sekysivske deposit. The Sekysivske
deposit area is located within the Aleysk subzone in the
Rudnoaltaiska structural-formational zone. Its central
and south-western parts belong to the Aleysk anticlino-
rium; its north-eastern part belong to the Bystrushinsky
Synclinorium. The deposit is located within the Shem-
onaikha-Narym lineament allocated according to space
images deciphering, and is located in the inner north-
western part of the Sekysivske ring structure.

The geological structure of the area includes the De-
vonian and Carboniferous sediments: the lower strata of
the Devonian Frasnian (D;f) is located in the northwest-
ern part of the described area and is represented by lavas
and tuffs of andesite-basalt composition, siliceous and
argillaceous siltstone and limestone lenses of 600—700 m.
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The Famennian sediments (D; fin), combined in
Pihtovska suite, are developed in the southwestern part
of the area. Within the suite the volcanites of intermedi-
ate and basic composition tend to the lower section
(Nizhnepihtovska subsuite) accounting for 50—60 % of
its capacity. Felsic volcanites are located mainly in the
top section (Verhnepihtovska subsuite). Tuffsandstones,
siltstones, limestones are evenly distributed and consti-
tute 15—20 % of the section capacity. The total capacity
of the Famennian sediments reaches 1900 m.

Upper-Famennian-Tournaisian sediments (D5 fin-
tr) are widespread and presented by andesitic and basal-
tic porphyries and their tuffs, lavas and tuff lavas inter-
bedded with tuff-sandstones, siltstones and limestones.
The thickness of these deposits is 500—1300 m.

The Tournasian Stage sediments (C,#r) located at
the described territory compose several sections and re-
late to the Tarkhan and Bukhtarma suite. These sedi-
ments are common in the northeastern part of the area
and are presented by calcareous-clayey and clayey silt-
stones, sandstones. Their capacity is equal to 500—700 m
(Freiman, Selifonov).

The ore field of the Sekysivske deposit is localized
within the multiphase gabbrodiorit-diorite-granodio-
rite-granite Sekysivske massif at Zmeinogorsk collision
complex (Fig. 1).

It has an area of about 100 km? and breaks volcano-
genic-sedimentary rocks of the Famennian and the
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Fig. 1. Schematic geological map (a) and section of the Sekysivske deposit (b) (G. G. Freiman et al.):

1 — Quaternary sediments; 2 — granodiorites, quartz diorites; 3 — biotite-hornblende granites, plagiogranites; 4 — aplite granites,
granite-porphyries and 5 — plagiogranite-porphyries at Zmeinogorsk complex (C,_3); 6 — explosive breccias of mixed and acid

composition; 7 — gold ore bodies
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Lower Carboniferous age. Its north-eastern part is com-
plicated by regional tectonic disturbances to the north-
west, which contain localized areas of explosive-hydro-
thermal breccias [1].

The ore field of the deposit consists of magmatic
rocks of all four phases of the Zmeinogorsk complex
formation with prevailing granodiorites and diorites of
the second phase and plagiogranites of the third phase
of the complex implementation (more than 90 %). The
rocks of the first phase are only found in the south-east-
ern and north-western parts of the ore field; they consti-
tute outliers among magmatites of later phases.

The gabbroid bodies have a complicated form, which
is a little elongated in the north-west direction. Their
size varies from 300—500 to 2000 m. The rocks of the
second phase of implementation constitute 35—40 % of
the central part of the ore field; they are limitedly spread
on the flanks.

The bodies of diorites and granodiorites are typically
elongated in the north-west and meridional direction;
they are found as xenoliths of different sizes in the rocks
of the third and fourth phases of implementation [2].

The rocks of the third phase with prevailing plagio-
granites make up the bulk (over 60 %) of the ore field,
they are mostly distributed in the flanks (Fig. 2). They
form very large bodies (hundreds of meters, and the first
kilometers) of complex shape, with numerous embed-
ding xenoliths of magmatites of earlier implementation
phases. The rocks of the fourth phase are developed at the
intersection sites of different disjunctive dislocation in
the south-east and north-west flanks of the ore field; they
compose bodies of sizes from 0.5 x 1.0 to 1.0 x 2.0 km [3].

Northwest faults in conjunction with flexure bends
and breaks in other directions control the location of
explosive-hydrothermal breccia, ore bodies and dykes.

The two largest of them pass through the Sekisovs-
koe deposit and Tserkovsky ore occurrence and are the
fragments of Shemonaikha-Narym lineament.

Submeridional and northeast dislocations with sub-
vertical and steep dips are more recent, they are respon-
sible for the deposit block structure, affect the morphol-
ogy of the bodies of dike series and lead to shear move-
ment. Sublatitudinal cracks occur limitedly, they are
fixed with staggered relief benches, and fractures in
granitoids [4].

Mineralization. Ore-bearing rocks at the deposit are
breccias of tubular, elongated shape with the sizes from
40 x 100 meters to 120 x 500 m. Their traced depth ex-
ceeds 950 m. There are two points of view on the genesis
of the breccias. According to one point of view, they are
magmatic rocks (Kuznetsov et al.), according to the
other, which is shared by most researchers, they are ex-
plosive-hydrothermal rocks (Selifonov S. E. et al.; Frey-
man G.G.).

The ore-bearing explosive breccias are composed of
fragments of magmatic rocks (diorite, plagiogranites
and transitional differences between them) cemented by
finely divided material either of the same or of veined
composition (quartz, quartz-carbonate bonnies and
veins with inclusions of ore minerals — pyrite, sphaler-
ite, galena, with the predominance of the first one).
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There are 4 types of breccias: explosive-hydrother-
mal breccias of average composition; explosive-hydro-
thermal breccias of medium — basic composition; ex-
plosive-hydrothermal breccias of mixed composition;
explosive-hydrothermal breccias of acid composition.

The difference in fine- and coarse breccia bodies
have been established. The intense degree of hydrother-
mal alterations is more common for the first ones. The
size of fragments ranges from 0.1 to 2 m with prevailing
fragments of 0.1—0.5 m and large blocks of host rocks
occur sometimes.

The breccias are cemented with ground, hydrother-
mally altered rock material with quartz-sericite-chlorite
composition interspersed with sulphides (mainly py-
rite), with rare inclusions of rock buttes.

The sulphide content in the cement of the breccias is
irregular and varies from fractions of 1 to 15 %, on aver-
age 5 %. Gold mineralization is spatially and genetically
associated with sulfides, but a direct correlation between
the sulphide and gold content was not established [5].

The gold is unevenly distributed and forms a kind of
nest-ripple type of mineralization. Higher concentra-
tion gold ripple occur where different types of breccias
are in contact as well as the breccias are in contact with
the host diorite and felsic dykes. Four mineralized zones
are distinguished in the breccias, each of which contains
a group of ore bodies.

Five mineralized gold zones are distinguished at the
deposit, each of which contains a group of localized ore
bodies: a central zone, which consists of two sub-zo-
nes — a north-eastern subzone (group of ore bodies 3, 5,
6 and 8) and a southwestern subzone (group of ore
body 1); a northern zone (group of ore body 2); a north-
western zone (group of ore bodies 12, 13); a western
zone (group of ore body 11); a southwestern zone (group
of ore body 10).

The main ore bodies are not contoured by down dip,
the bodies have a band-like and a phacoidal shape with
the predominance of length of the dip over the width of
the strike. The average thickness (competence) of ore
bodies varies from 0.58 to 3.28 m. The orientation of ore
bodies along the strike coincides with the orientation of
the ore zones (breccias).

Two mineral parageneses are developed in primary
ores. Gold-iron-copper-rare metals paragenesis (gold I,
quartz, magnetite, pyrrhotite, marcasite, pyrite, schee-
lite, bismuthine, molybdenite, and chalcopyrite) is
characteristic for the early breccias (at medium and deep
levels).

At a later stage of a mixed-type breccia formation a
gold-silver-bismuth-tellur-polymetallic (gold II, native
silver, tellurides, quartz, carbonate, pyrite, chalcopyrite,
altaite, aykinitom, tennatitom, galena, sphalerite, gree-
nockite, tellurovismutinom, petzite, hessite, krenerit-
om, calaverite, sylvanite) association formed at the up-
per levels of breccia bodies.

This association is controlled by dykes of quartz albi-
tophyres, granite porphyries and felsites. Quartz car-
bonate and quartz sulfide veins predominate. Gold is
found as free metal, tellurides (Fig. 3), finely-dispersed
impurities in sulfide [6].
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Fig. 2. The main intrusive rocks of the Sekysivske deposit:

a — gabbro; b — gabbrodiorite; ¢ — diorite; d — quartz diorite; e — granodiorite; f — plagiogranite; g — granite; h — granite-porphy-

ry dykes
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Fig. 3. Some forms of gold and tellurides in ores of the Sekysivske deposit:

a, b — gold native, microscope Olympus BX-51; ¢, d — tellurides of gold; Au — gold native; Pet — petzite, Alt — altaite; Gn — ga-
lena; Te—Au — tellurides of gold, scanning electron JSM 6390LV microscope

The Vasylkivske deposit stratigraphy and magmatism.
The deposit is located in Northern Kazakhstan at the
Kokshetau Terrain — a large block of Precambrian met-
amorphic rocks, exposed to intensive granitisation and
accretion in the Phanerozoic.

The main structural elements of the Vasylkivske gold
district are the northeastern margin of the Kokshetau
Terrain; the intersection of the regional NW-trending
Dongulagash and Akekseevka faults; the NE-trending
Vasylkivske-Berezovka Fault and the Latitudinal Fault;
and the North Kokshetau ellipsoid domal-ring structure

55 x 30 km within an area affected by domes of the sec-
ond order [6].

The most of the Vasylkivske district is occupied by
the Ordovician North Kokshetau domal pluton of the
Zerenda Complex (gabbro, gabbrodiorite, diorite,
granodiorite, plagiogranite, and monzonite) elongated
in the northwestern direction. The Complexity of in-
trusive phases, transitions of textural variations and
alteration facies, frequent alternation of rock types
with banding, schlieren and branching offsets, hybridi-
sation zones, resorbed migmatites and enclaves are
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typical further complicated by shearing and thrusting
(Fig. 4).

The early intrusive phases composed of gabbro and
gabbrodiorite are characterized by elevated alkalinity
with prevalence of sodium over potassium. The late fel-
sic intrusive phases are depleted in CaO, MgO, total
FeO, and Al,O; along with enrichment in SiO,, high
Na,O + K,0 (10—12 wt %) and predominance of K over
Na(4:1).

Typical intrusive rocks of gabbroid and granitoid se-
ries at the Vasylkivske deposits are shown in Fig. 5.
Granodiorite is affected by K-feldspathization. Red to
pinkish-grey and grey microcline porphyroblasts occu-
py 5—10 and 45—70 % of the rock volume, respectively.
Fine-grained granite, aplite-like granite, and pegmatite
dykes are abundant. Pegmatites also occur as sills and
schlieren [7].

Red sediments D, ; and terrigenous-carbonate de-
posits of age C1 are located at the south-western flank of
the area. The north-eastern flank consists of the Upper
Riphean-Vendian carbonaceous terrigenous-carbonate
Sharyk Formation (Sharykskaya suite) with increased
gold content. Subordinating amphibolites, schists and
gneisses of the lower-middle Proterozoic and flishoids
of middle-upper Ordovician.

The Main Mineral Parageneses of the Vasylkivske de-
posit. The Vasylkivske gold field is localized at the inter-
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section of Dongulagash and Vasylkivske-Berezovka
Faults; it has a frame-block tectonic structure and con-
trasting hydrothermally altered rocks.

The Vasylkivske deposit is associated with the con-
tact of gabbro-diorite and diorite with hornblende-bio-
tite granodiorite and plagiogranites. The cross section of
the stockwork on the surface is the first hundreds me-
ters; the vertical strike is up to 1.0—1.5 km. The average
gold content is 5.3 g/t. The stockwork consists of a series
of gold-bearing ripples bent at the angles of 35—40° in
the south-west direction. The deposit is characterized
by concentric metasomatic, mineral, and geochemical
zoning.

Local hydrothermal alterations (kalifeldsparization,
beresitization, silicification, albitization, chloritization
etc.) are developed in the rocks of the Vasylkivske de-
posit. The local pre-ore kalifeldsparization is presented
by series of sub-parallel zones of veins and veinlets of
feldspar and quartz-feldspar composition. This genera-
tion of kalifeldspath is developed at most in the axial
part of the stockwork. The ore in such areas often takes
pegmatoid appearance (Fig. 6).

A syn-mineral microcline is framed by gold-bear-
ing quartz-arsenopyrite veins and arsenopyrite veinlets
in the form of hems and ribbons up to 1-5 cm. It is
most likely that the most recent derived kalifeldspath
forms thin (0.1-0.5 cm) winding, threadlike punch-

\

-~
-

7 8

N

Fig. 4. The geological-structural position (a) and the geological section of the Vasylkivske gold district (b) (after Rafailov-

ich, 2009). Geological complexes:

1—2 — Intrusive rocks of O3-S, (Zerendinsky complex): 1 — Undivided gabbro-diorites, diorites; 2 — Granodiorites, Plagiogran-
ites; 3 — Clayey — rock debris weathering crust; 4 — Gold-bearing stockworks; 5—6 — Grades of gold in gold-bearing stockwork:
5 — Medium and high, 6 — Low; 7 — Faults; § — Boundary of vein and vein-disseminated gold mineralization; 9 — Boundary of

gold-bearing stockwork in section
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Fig. 5. Igneous textures of typical rock suites at the Vasylkivske deposit:

a — gabbro; b — gabbrodiorite; ¢ — diorite; d — quartz diorite; e — plagiogranite; f — granodiorite

ing, intersecting quartz-arsenopyrite veins, lenses and
bonnies. Interspersed gold-bismuth-pyrite-arsenopy-
rite-quartz mineralization is associated with kalifeld-
spaths.

Beresite halo is several times the size of the ore stock-
work. Beresites (quartz, sericite, muscovite, carbonate,
chlorite, pyrite, arsenopyrite) are placed in the section
above the kalifeldspaths. Two mineral assemblages are
combined in them: an early interspersed gold-pyrite-
arsenopyrite-quartz vein and a recent veined gold-

20 MkM

Fig. 6. Gold in the ores at the Vasylkivske deposit:

quartz-polymetallic (native gold, quartz, fahlore ore,
tellurides, galena, tetradymite).

Maximum productive gold mineralization is local-
ized in the areas of beresites and kalifeldspaths combi-
nation. Chlorite-albite metasomatic rocks are developed
upslope of the ore-bearing structures for hundreds of
meters.

Gangue minerals (quartz, carbonate, tourmaline,
sericite, and fluorite) are widespread; they form typical
relationship with ore-metasomatic bodies, thin quartz-

5 MKM

50 MKM

a — visible gold (Au) in arsenopyrite (Apy); b — gold with the admixture of bismuth in association with tellurovismutite (Te-Bi) —
scanning electron JSM 6390LV microscope; ¢ — Gold (Au) with the admixture of bismuth (Bi) and vismutite (Bmt) (microscope
Olympus BX-51); d — visible gold (Au) in arsenopyrite (Apy) (microscope Olympus BX-51)
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tourmaline and quartz-pyrite veins preceded kalifeld-
sparization, beresitization and gold mineralization: the
first (quartz-tourmaline) veins developed in the stem
zone; the second (quartz-pyrite) veins form a halo, far
beyond the limits of the ore stockwork.

En echelon, subparallel, intersecting veins and vein-
lets of the ore stage, with characteristic fine-grained
dark gray quartz with sulfides and native gold, build up
the basis of stockwork. The largest (capacity of up to
0.5—1.0 m) gold-bearing veins extend in the stockwork
frontal zone. Postmineral formations are presented by
calcite-quartz-sericite, carbonate-fluorite, quartz-tour-
maline-epidote and carbonate-aedelite associations.

The veins, veinlets and bonnies of calcite-quartz-
sericite composition are common in medium and upper
horizons; a quartz-tourmaline association is located in
the uppermost part of the deposit; fluorite is in the root
part; a carbonate-epidote-aedelite association edges the
gold stockwork.

There are early and recent mineral associations. The
early association is pyrite-pyrrhotite-marcasite-quartz;
actual ores are gold-pyrite-arsenopyrite-quartz (with
pyrrhotite, loellingite, chalcopyrite), gold-bismuth-py-
rite-arsenopyrite-quartz (molybdenite, scheelite, cu-
banite, native bismuth, bismuthine, tetradymite heter-
ochronous fahlore ore); and gold-polymetallic associa-
tion (with chalcopyrite, sphalerite, galena, tennantite).

The recent association is quartz-carbonate-antimo-
ny bloom-fahlerz. Pyrite and arsenopyrite (95—98 %)
are common in all the associations, but they are mainly
concentrated in gold-bearing quartz veins and veinlets.
The pyrite forms punching, aggregative clusters and
cuboctahedral crystals containing thin grains of native
gold and bismuthine. Arsenopyrite makes veins, rosette
and pectinal formations, lentil and nodular splashes, ir-
regular impregnation in quartz and hydrothermally al-
tered rocks [8].

The forms of arsenopyrite are porphyroblastic and
hypidiomorphic effusions, lathlike, and pseudo-bita-
pered crystals the size of a thousandth of 1 mm to 2 or
4 mm. Arsenopyrites contain Au (up to hundreds of
mg/t), Ag (5—50 g/t), Bi (up to 100—300 g/t), Pt
(0.3—-0.5 g/t), Cu, Pb, Zn, Co (up to 0.01—0.1%), Mo
(up to 20—50 g/t).

The arsenopyrites in the upper horizons are enriched
in Sb, Ag, Cu; the arsenopyrites in medium and deep
horizons — in Zn, Mo, Bi, Co, Ni. The highest concen-
trations of Au and associated elements are typical for
fine-grained variations of arsenopyrites.

The bulk of the gold is associated with pyrite-arse-
nopyrite-quartz and bismuthine-pyrite-arsenopyrite-
quartz associations. Two generations are predominant: a
generation embedded in arsenopyrite and a free one in
quartz. The gold is the size of tenths of a micron to
0.12 mm, it forms rounded, teardrop-shaped, amoe-
boid, cloddy and irregular (erratic) effusions, rhombic-
dodecahedron shape crystals and their aggregates. The
purity of gold is 840—950.

Mineral zoning is manifested at the level of parage-
netic associations and particular minerals. Pyrite-pyr-
rhotite-marcasite-quartz association is developed most-
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ly in medium and deep horizons; gold-pyrite-arsenopy-
rite-quartz and gold-bismuthine-pyrite-arsenopyrite-
quartz perform a blocker zone (B and C); gold-polyme-
tallic and quartz-carbonate-antimony bloom-fahlerz
one is at the upper horizons (Chekvaidze V. B.).

The main indicator elements of the deposit are Au,
As, Bi (the contrast is hundreds or thousands of abun-
dance ratio), less contrasting ones are W, Sb, Ag, Cu,
Pb, Hg (units or a few) tens of abundance ratio), weak
contrasting ones are Zn, Mo, Ni, Co , Cr, Mn (units of
abundance ratio).

Gold is a subjacent element with a polymodal distri-
bution of concentrations; its content is equal to the aver-
age (in g/t) in wallrocks — 0.37, ore zones — 1.0, orebod-
ies — 3.7, ore columns - more than 10. The mean and
high content of gold is at the central part of the ore-
bearing stockwork, the low content is at the periphery.
The content of As is from 0.0n to 8.5 %: in disseminated
ores it is 0.01—0.1 %f, in stringer-porphyry mineraliza-
tion it is 0.3—1.0 %; in vein ores it is 0.5—2.0 % and
more.

Bismuth is closely associated with pyrite-arsenopy-
rite mineralization. In disseminated and vein-dissemi-
nated ores with the content of Bi equals 5—10 g/t, in
veinlet ores it is 10—50 g/t in ore columns it is up to
100—1500 g/t. Gold has a close correlation with the ele-
ments of the ore stage — Bi, As, Ag, Pb, Cu.

Conclusions. The Sekysivske and Vasylkivske depos-
its are stockwork-type gold deposits which are charac-
terized by a long range (hundreds of min. years) of ore-
preparation and ore-forming processes, the situation of
mesothermal depths during periods of high tectonic ac-
tivity in the Earth’s crust. They tend to be regional su-
ture zones of major lithospheric blocks and are locally
confined to domes, ring structures, thrusts, and shear
zones.

They are characterized by multiphase granitoid in-
trusions of increased and high IS-type alkalinity, the
metamorphism of enclosing rocks, the same hydrother-
mal alterations (kalifeldsparization, beresitization, pro-
pylitization), explosive breccias, Au—Ag—Bi-Te special-
ization, several generations of native gold, a zonal struc-
ture of stockworks [9].

A more profound study of the source of gold using a
simulation of physical and chemical processes of mobi-
lization, transport and deposition of ore matter allows
recommending new mineralogical and geochemical
techniques, methods of prospecting and evaluation of
deposits of this type.
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Meta. BusBieHHSI 3aKOHOMIpHOCTEl pO3MOMiNy
30JIOTOPYIHOI MiHepai3allii Ta CyNmyTHiX eJIEMEHTIB y
30JIOTOHOCHUX IITOKBEPKAaX BEJIUKUX POAOBUIIL 30J10-
To-cynbbigHo-kBapuoBoro tuny [liBHiuHOrO I CXin-
Horo KazaxcraHy, BU3HAUEHHSI T€0JIOTO-CTPYKTYPHOI
MO3Ullil B pyIHUX IITOKBEPKAX.

Metonuka. [lonpoBi mociimkeHHsST B MexXax Ba-
CUJIbKiBCHKOro pyaHoro mosst B IliBHiuHOMy Kazax-
craHi Ta CekicoBckoro pymHoro mois y CximHomy Ka-
3axcTaHi. Binbip mpo6 i3 pyn, 110 MicTATh MarMaTUTU
Ta pyIHMX TiJI 7151 BU3HAUYCHHS XiMiYHOTO CKJIamy il BU-
SIBJICHHSI 3aKOHOMipHOCTE! PO3IOAily OCHOBHUX PY/I-
HUX MiHepaJliB i JoMilmok. Mikpo30oHI0BUl aHali3 3a
JIOTIOMOTOI0 CKaHYIOUOro €JIEKTPOHHOTO MiKpOCKoIa
JSM 6390LV 3 eHepromucrepciiiHOIO IPHUCTABKOIO,
MOPIiBHSUIbHA XapaKTEePUCTUKA PYIHOI MiHepasti3alii
JOCITiXKYBaHUX POJIOBUILI.

Pe3ynbTaTu. Benuki 1TOKBEPKOBI 30J0TO-CYJIb-
(igHO-KBapIIOBi 3 TeJypUAy i BICMYTMICTKUMU pyaa-
MU pomoBuia BacmnbkiBebke Ta CeKicoBChbKe cop-
MYBaJIMCS B IepioJ BUCOKOI TEKTOHIYHOI aKTUBHOCTI
36eMHOI KOpU B MeXax perioHaJIbHUX TIeOJIOTIYHUX
CTPYKTYP KOMi3iHHOTO TUIy y MpOLECi PUTMIYHO-
MyJbCcalliifHOTO 3pYIIEHHS 1 MminkoMipa JiTochepHux
IMT i O70kiB. IlojoXXeHHS pyOHMX IITOKBEPKiB
KOHTPOJIIOIOTBCSI CUCTEMaMM KOpPO-MarHiiHUX IJIU-
OMHHUX PO3JIOMiB, HAIBITOBUMU CTPYKTypaMHu Ta TiIa-
OiccalbHUMU IHTPY3isIMU TadpPO-AiOPUT-TPAHOINO-
PpUT-TLIATiOrpaHiTOBOI cepii. PynoyTBopeHHSsT moB’si3a-
HE 3 IHTEHCMBHUMH TIPOLIECAMU TEKTOHIYHOTO IIPO-
OJICeHHS I TimpoTepMalbHO-METaCOMATUIHOTO TIepe-
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TBOPEHHS MOPiJ, 110 BMIlIalOTh, SIKi MPOSIBIISIIOTHCS B
MiKpOKJIiHi3alii, anp0iTizawii, mpominizauii, 6epe3n-
TU3allii Ta OKBapLIilOBaHHI, a TAKOX IIPUBHECEHHI Py -
HUX MiHepaniB. PymHi Tina XapakTtepusyloTbcst Au—
Ag—Bi—Te-cneuianizaii€o. 30J10TO IBOX TUITIB: BiJib-
He i oB’s13aHe i3 cynbdinamu, BepTUKaIbHUI diama-
30H PO3MOAiTY 3pyAeHiHHS 3HaYHuil (6inbm 500—
800 m). IMop’s3aHe 300TO poaoBullla BacunbkiBcbke
JIOKaJIi3yeTbesl B apceHormipitax, Ha CeKiCOBCbKOMY
POIOBMILL 30JI0TOPYAHA MiHEpaJi3allisl TOB’s13aHa 3 Ii-
pUTaMU JeKiJIbKOX reHepalliii.

HaykoBa HoBu3HA. BusBieHO 3HauHE TOIIMPEHHS
CKJIATHUX 3’€MHaHb 30JI0Ta i cpibia 3 Teaypom (Cexi-
COBCbKE pOAOBMUIIIE), a 3 TeJypoM i BicmyToM (Bacuiib-
KiBCbKE POIIOBHIIIE).

KomMmekcHicTh pyn nepeadavyae mocTaHOBKY 3aja-
4i pi3HOOIYHOro 00JIiIKy OCHOBHHUX i CYITyTHiX KOMIIO-
HEHTIiB IpU MPOBEIEHHI BCiX cTamiil poOiT: MOYMHAIOUYU
3 Te0J0TO-OLiHOYHUX 10 €KCIUTyaTalliiiHO1 pO3BiIKM.
CyyacHi TexHoJorii 30arayeHHsi, HOBITHi CIIOCOOU
pPO3pOOKU MO3BOJSIIOTH 3apa3 BiIHECTU Li pOAOBUILA
J10 00’€KTIB MEPILIOYEPTrOBOrO MPOMUCIOBOTO OCBOEH-
Hs. [X BUBYEHHS Mae HayKoBe 3HAUEHHS B MUTAHHSIX
€HIOTeHHOTO PYIOYTBOPEHHS Ta CTBOPIOE IIEPEIyMOBU
BUSIBJICHHSI HOBMX IIEPCIICKTUBHUX ITLIOI i POTOBUII
K y Kazaxcrani, Tak i B iHIIMX perioHax CBiTy.

IIpakTuyna 3HauuMicTb. PynHi Tijla qocaiaKyBaHUX
POIOBHUIIL JIOKATi3YIOThCS B 30JIOTOHOCHMX IITOKBEP-
Kax i Opekyisx (i3 BMiCTOM 30Ji0Ta Bif MEPIINX OAM-
HUIIb 10 NECTKIB I'/T), Bil3HAUAETHCSI BUCOKUI CUPO-
BUHHUI TOTEHIIiaI i MEPCIIEKTUBU 3HAYHOTO MPUPOC-
Ty 3amnaciB. Pynu xapakTepusyloTbcsl pisSHOMaHITHICTIO
TeJTypigoB 30Ji0Ta, cpibja. BUcokuit BMIiCT y HUX Mi-
HepaJiiB BiCMYTY Ta MPOsIBU PiIKOMETaAbUOI Crieliati-
3auii (Sn, Nb, Ta) ninBuiilye peHTabeabHICTh OCBOEH-
H$I pOJOBMII AAHOTO TUMY. TeKTOHIUHi, MarMaTU4Hi i
MiHEpaJoro-reoXiMiyHi YNMHHUKN KOHTPOJIIO YTBOPEH-
HSI IITOKBEPKOBUX PYIHUX TiT i 30JI0TOHOCHUX BYJIKA-
HIYHUX OpeK4iii J03BOJISIIOTh IIPOTHO3YBAaTU PO3BUTOK
30H MiHepalli3oBaHUX OpeK4ili Ha (iaHTrax i TIUONHY
JOCITiKYBAaHUX POAOBUIL. 3HAYHUI pO3MaxX KOHILIEH-
Tpallii 30J10Ta, a TAKOX Pi3HOMAaHITHICTh CYMyTHiX eJie-
MEHTIB MiABUILYIOTh PEHTA0EIbHICTh OCBOEHHST POIO-
BUII] JAHOTO TUITY.

KimouoBi ciioBa: podosuwe 3010ma, inmpy3is, wimok-
eepk, meanypiou, eicmym, Kazaxcman

Ieab. BorgsiaeHre 3aKOHOMEPHOCTEH pacrpenesie-
HUSI 30JIOTOPYTHON MIUHEPAIN3alINHI U COITYTCTBYFOIIIIX
5JIEMEHTOB B 30JIOTOHOCHBIX IITOKBEPKAaX KPYITHBIX Me-
CTOPOXKIEHUI 30JI0TO-CYIb(DUIHO-KBAPIIEBOIO THIIA
CesBepHoro u Bocrounoro Kazaxcrana, orpeneneHue
r€0JI0r0-CTPYKTYPHOI TTO3UIIMU PYIHBIX IITOKBEPKOB.

Meromuka. [ToneBblie uccnenoBaHus B rpeaenax Ba-
cuIIbKOBCKoro pynHoro noist B CeBepHoMm Kasaxcrane
u CekucoBckoro pyaHoro nossi B Bocrounom Kazax-
cta”e. OTOOp Mpo6 13 pyTOBMENIAIOIINX MATMAaTUTOB 1
PYIHBIX TeJI ISl OTIpeieIeHUsT XMMUUYECKOTO COCcTaBa 1
BBISIBJICHUsI 3aKOHOMEPHOCTE! pacripeesieHsi OCHOB-
HBIX PYOIHBIX MUHEpAJIOB U IpuMeceil. MUKpPO30HIO-
BBII aHAJIN3 C TIOMOIIIBIO CKAHUPYIOIIETO SJIEKTPOHHO-
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ro mukpockora JSM 6390LYV ¢ sHeproaucnepcuoHHOR
TIPUCTABKOM, CPaBHUTENIbHASI XapaKTePUCTUKA PyTHOMN
MUWHEepaIN3al1 N3y4aeMbIX MECTOPOXKICHUIA.

PesyabraTbl. KpynHble IITOKBEPKOBBIE 30JI0TO-
CyIb(hUIHO-KBapLEBbIe C TSJUTypUIaMU U BUCMYTCO-
JepXalluMU pyIaMy MECTOpoxkaeHnit BacuibKoBckoe
1 CekucoBckoe chopMUPOBAIUCH B TTEPUOI BbICOKOM
TEKTOHUYECKOW aKTUBHOCTHU 3€MHOM KOPHI B IIpeiesiax
PETMOHAJIBHBIX T€OJIOTUYECKUX CTPYKTYP KOJUTU3UOH-
HOTO TWUIA B TPOLECCE PUTMUYHO-MYIbCALIIOHHOTO
CABUXKEHUS W TOABOPOTA JTUTOCHEPHBIX TIUT U OJ0-
KkoB. IlomoxeHne PyIHBIX IITOKBEPKOB KOHTPOIUPY-
€TCSI CHCTeMaMK KOPOBO-MaTHUMHBIX TIIyOMHHBIX pa3-
JIOMOB, HAIBUTOBBIMM CTPYKTYpaMM W THUIaOMCCaIb-
HBIMU MHTPY3USIMM TabO0pO-IUOPUT-TPAHOINOPUT-
TUIarMorpaHUTOBOM cepuu. Pymoodpa3zoBaHue cBsI3aHO
C MHTEHCHUBHBIMU TPOIIECCAMU TEKTOHMYECKOTO IPO-
OJICHUSI U TUIPOTepPMaIbHO-METaCOMaTUYECKOIO Mpe-
00pa30BaHMsI BMEIIAIOIIMX TTOPOI, TTPOSIBISIIOIIIMMUCS
B MUKPOKJIMHU3ALIMU, aJbOWTU3ALMU, MPOMUIU3a-
11U, Oepe3nuTU3allii U OKBaplLeBaHUU, a TaKXKe MpU-
BHOCE PYIHBIX MUHEPAJIOB. PynHbIE Tea xapaKTepusy-
o1cs Au—Ag—Bi—Te-cneunanuzanueii. 3010T0 ABYX
THTIOB: CBOOOIHOE U CBSI3aHHOE C CYIb(UIAMU, BEPTHU-
KaJIbHBIN TMAIIa30H paclpeneacHIs OpyIeHEeHNS 3Ha-
yureabHbIi (6omee 500—800 m). CBsizaHHOE 30JI0TO
MeCTOpOXIeHUsT BacuIbKOBCKOE JTOKaIM3yeTcsl B ap-
ceHonmpuTax, Ha CeKHCOBCKOM MECTOPOXICHUHU 30-
JIOTOPYIHAsI MUHEPAIU3aLM4 CBA3aHa C TUPUTAMU He-
CKOJIBKUX T€HEepalni.

Hayunas HoBM3HA. BBISIBIEHO IIMPOKOE pa3BUTUE
CJIOXKHBIX COEIMHEHUI 30/10Ta 1 cepedpa ¢ TeJTypoM,
(MecTopoxneHrne CeKMCOBCKOe), ¢ TeJUIypOM U BHUC-
MYTOM B pyaax (BacuibkoBcKOe MECTOPOXKACHUE).

KoMrutekcHOCTh pyn mpearnosaraer MoCTaHOBKY
3aJa4l Pa3HOCTOPOHHEIO y4eTa OCHOBHBIX M IIOIIYT-
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HBIX KOMITOHCHTOB TIpY TIPOBEICHUM BCEX CTATUU pa-
00T: HAaYMHAas C Te0JIOT0-OLEHOYHBIX 10 9KCTUTyaTall-
OHHOI1 pa3Benku. CoBpeMeHHBIE TEXHOJOIMU 00Oora-
IIEHNUsI, HOBEHIIIME CITOCOOBI pa3pabOTKU ITO3BOJISIIOT
ceifiuac OTHECTU 3TU MECTOPOKAECHUS K OOBEKTaM Mep-
BOOYEPETHOTO IMIPOMBIIIIEHHOTO OCBOeHMSsI. VX n3yue-
HUE MMeeT HaydyHOe 3HaUYeHUe B BOIIpocax 9HAOTEHHO-
T0 pyaoo0Opa3oBaHMSI M CO3MAeT MPEATNIOCHIIKA BBISIB-
JICHUsI HOBBIX TEPCITEKTUBHBIX IIIOIIANE M MeCTO-
pOXXIeHMIA Kak B KazaxcraH, Tak M B IPYTUX PErMOHAX
MHpa.

IIpakTHyecKas 3HAYMMOCTb. PymIHBIC Teja m3ydae-
MBIX MECTOPOXICHUI JIOKATU3YIOTCS B 30JI0TOHOCHBIX
IITOKBEPKaX U OPeKUMSIX (C COmepKaHUSIMM 30J10Ta OT
TEePBBIX SANHMUIL 10 IECSITKOB I/T), OTMEYAeTCsl BBICO-
KU CBIPbEBOM IOTCHLMAJ M IIEPCIIEKTUBBLI 3HAUYU-
TEJbHOTO MPUPOCTA 3amacoB. Pynbl XapaKTepu3yroTcs
pa3HooOpa3ueM TeJIypUAOB 30/10Ta, cepedpa. Boico-
KO€ colepkaHue B HUX MUHEPaJoB BUCMYTa U MIPOSIB-
JIeHUe peakoMeTalabHoi crienuanu3auund (Sn, Nb,
Ta) noBblIaeT peHTA0EIbHOCTh OCBOEHUST MECTOPOXK-
IEeHWI JaHHOTO Thma. TeKTOHWYeCcKWe, MarMaTHhde-
CKMEe M MHMHEpaJoTro-TeoOXUMNIecKre (haKTOphl KOH-
TPOJIST 00pa30BaHMS IITOKBEPKOBBIX PYIHBIX TSN U 30-
JIOTOHOCHBIX BYJIKAHWYCCKUX OpPEKUYUIl TIO3BOJISIOT
IIPOTHO3MPOBATh PA3BUTHE 30H MHWHEPATN30BaHHBIX
OpekuMrii Ha (pJlaHrax U TIIYOMHY M3ydaeMbIX MECTO-
poXaeHWii. 3HAYUTENIbHBIN pa3Max KOHIEHTPALIMU 30-
JIOTa, a TAKXKe pa3HO0Opa3re COMYTCTBYIOIIMX JIEMEH-
TOB MOBBIIIAET PEHTA0EIbHOCTH OCBOEHUST MECTOPOXK-
JIEeHUIi JTaHHOTO THUMA.

KimoueBbie cioBa: mecmoposcoerue 3010ma, unmpy-
3Us, WMOKGepK, meanypuoslt, sucmym, Kazaxcman

Pexomendosaro do nybaixauii 3. I. Yepnenxom. Jlama
Haoxo0xucenus pykonucy 17.04.16.
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