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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecrniybnukacbl ¥nmmbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibIMOap Cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze kKabbindaHraHblH xabapnaldbl. byn uHdekcmerny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MeKemesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHadbl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMOap 6olbiHWa KoHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, 4ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu U mexHu4eCcKux
Hayk» bbln npuHsam O uHOekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Usesecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpuUpyem Hawy nNpueepXeHHOCMb K Haubosee akmyarbHOMY U 8/1USIMEIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam O5isi Hawezo coobujecmea.
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GEODYNAMICS AND METALLOGENY OF
TEKTURMAS OPHIOLITE BELT

(According to the records of the grant of the Science Fund
of the Republic of Kazakhstan 2018-2020 “Depth prognosis, surveys,
exploration of mineralization areas in Tekturmas ophiolite belt)

Abstract. On the basis of structural, petrochemical and isotope-geochronological (Sm-Nd) methods, the abso-
lute age of the deep rocks was determined. A geodynamic model of the development of the Tekturmasi ophiolite belt
has been created, providing for its formation in the form of a fissured rootless melange embedded in a tectonic zone.

According to the authors, the Tekturmasi ophiolite belt is not a classic belt aroused out of subduction of the
oceanic plate under the Kazakhstani continent, but fissured bottomless melange, as part of the Itmurundy melange,
embedded in a pre-existing tectonic weakened area.

Tekturmas ophiolitic melange has a lot in common with Itmurundin. The nearest proximity of Tekturmas and
Itmurundy belts and the aforementioned congruity of their rock assemblage may be due to the fact that the TOB is
formed with the involvement of Itmurundi ophiolite belt.

New data on the structure of the Tekturmasi ophiolite belt are given, which make it possible to briefly formulate
a model of its appearance in this part of Central Kazakhstan.

According to the results of the Sm-Nd isotope analysis, it turned out that all samples of the basic igneous rocks
indicated a single source — the depleted mantle, i.e. that part of the mantle, which, even at the earliest meltings 1.8
and 2.4 billion years ago, through out from itself a low-temperature and low-melting fraction, on the basis of which
the Archean and Proterozoic shells were decorated, which collected rare metals, polymetals, barite, manganese and
other metals with large ionic radii.

Isotopic analysis showed that the region was not prospective for copper-porphyry metallogenesis, but for
copper-nickel metallogenesis with the participation of precious metals.

Key words: Tekturmas ophiolite belt, Itmurundy melange, geodynamics, subduction, exhumation, volcanic
belt, isotope-geochronological (Sm-Nd) studies, copper-porphyric, copper-pyrite deposits.

A new geodynamic model of Tekturmas ophiolite belt. Tekturmas ophiolite belt (TOB) bears the
marks of a fault structure, the core of which is a horst folded by the serpentinite melange of problematic
Lower Ordovician age and alkaline basalts of the Karamurun Suite (O;.;). Novikova Z.M. [2, 3] named
this structure “Tekturmas projection”.

This region has no signs associating ophiolites with subduction conditions, since there is no oceanic
setting in the nearest surroundings and there is no sura-subduction volcanic belt.

The nearest oceanic setting occured in the Early-Middle Devonian in western Zhongaria, where in
ophiolites the Devonian conodonts were found and described [4]. In terms of the age of the rocks that the
Tekturmas projection cuts through, age of its starting tectonic activity coincide with the Ordovician. This
belt belongs to a series of so-called “wandering ophiolites,” which, due to their rheological properties and
ultrahigh pressures, use weakened tectonic zones in order to move into the lower pressure area.
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Tekturmas ophiolitic melange has much in common with Itmurundy, but there are some differences.
Both melanges are dominated mainly by basalts and phtanites. Basalts are of oceanic origin, prevailing in
the areas of subaqueous plateaus and ridges, they are of alkaline series, with high contents of phosphorus
and manganese (Novikova et al., 1977). Arc volcanites are predominantly included into the Tekturmas
melange, although they are usually located outside the serpentinite belt and belong mainly to the Middle-
Late Ordovician. Both melanges contain a fraction of trachytes and pantellerites, a complex of Early-
Middle Ordovician red phantites, and jaspers with conodonts of corresponding age. The difference
consists in the presence of high-pressure rocks in the composition of the Itmurundy melange: jadeitite,
garnet amphibolites and blue slates, which are not observed in Tekturmas. If this exception is explained by
a different level of the source of dewatering of allochthonous inclusions in melanges, then the assumption
of relatedness and even age of these two melanges becomes very acute.

According to the authors, TOB is not a classic belt aroused out of subduction of the oceanic plate
under the Kazakhstani continent, but fissured bottomless melange, as part of the Itmurundy melange,
embedded in a pre-existing tectonic weakened area (figure 2). To explain reasons for occurrence of the
TOB of a clearly fractured type, but in composition identical to Itmurundy type, only the exhumation
model is suitable. Subduction models in this case contradict several arguments:

— the concept of the subduction process involves the submersion of terrestrial lithoplates of different
composition into the mantle, processing them under the influence of high pressures and temperatures to a
magmatic state and mixing with the mantle matter, or penetration into the sub-subduction plate in the form
of volcanoes; thus, without an exhumation mechanism, Itmurundy ophiolitic lithoplates were supposed to
disappear in the bowels of the Earth; however, in the Tekturmask melange there are numerous inclusions
of fragments of the lower and upper crust;

— in the nearest environment there is no oceanic setting of the Early, Middle Paleozoic age, our data,
as well as [6], as V.G. Stepanets indicates: “none of the criteria for determining the oceanic setting in the
water area of Tekturmas at the time (O; - S;) has been established”;

— there is no volcano-plutonic belt of the same age. The existence of sub-subduction volcanic belts is
a necessary consequence of the manifestation of subduction processes.

The nearest proximity of Tekturmas and Itmurundy belts and the aforementioned congruity of their
rock assemblage may be due to the fact that the TOB is formed with the involvement of Itmurundi
ophiolite belt. Hypothetical model of the formation of the TOB belt is shown in figure 1.

Greater part of the events shown in figure 1 are dated by U-Pb zircon methods in laboratories in
Russia and China.

Spassk rim volcanic belt Sy-D
W
Nurkazgan foci |Projection (horst)

Olistostromic

Itmurundy

Pz1-Accretion complex trigger point

-

Accretionary

™ Oceanic
plate (crust)

N
Lith OSDhEI"C Itmurundy

mantle /# jadeite deposit

Figure 1 — Hypothetical scheme of all geodynamic events in the region for geological time O2-D2
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Starting time of the Itmurundy subduction (right flank of the figure) has not been identified, but
metamorphic rocks date 463 Ma (middle Ordovician), which survived high and ultrahigh pressures and
reached the surface as a result of exhumation [7]. Ithmurundy subduction can be considered real by the
following features:

The oceanic crust of the subduction body (slab) always rests on the lithospheric mantle, and during
subduction it lugs the fragments away of the lithospheric mantle, most often its solid restites. In Itmurundy
melange, such fragments of the lithospheric mantle were found and studied. We marked them in three
places (inset map in figure 1); the largest body is Arkarsu Mountains, the next two are megaboudins on the
southern floor of Itmurundy Mountain and in the melange north-west of the Itmurundy jadeite deposit.
They are composed of peridotites and consist mainly of green clinopyroxene and olivine;

— the tectonic injection of a subdued Itmurundy melange into a tectonic weakened zone in the form of
a horst on the southeastern flank of the continent occurred in O,. The implementation mechanism could be
twofold:

— after the amphibolites of the oceanic plate transformed to the state of serpentinite mass, the slab
volume increased significantly, the overpressure that moved this mass into the previously formed fault
tectonic structure, which acted as the receptacle of Itmurundy melange immersed in the mantle;

— probably, a collision mechanism could be involved in the form of oceanic plate overpressure on the
slab sinking into the mantle, with subsequent injection into the tectonic structure;

— at approximately 100 km depth, the accretionary wedge turbidites and all hydroxyl-containing
minerals are completely dehydrated. The released water is absorbed by the mantle, while the temperature
gradually decreases, and partial magmatic melts form abyssal foci;

— since the magmas get gas-saturated, they move to the upper horizons via zones of weakness and
form peripheral foci in which Nurkazgan-type ore deposits are formed. This time is 452-427 Ma (late
Ordovician — early Silurian) [7, 8, 9];

- same peripheral foci fed the near-surface foci of the Edge volcanic belt as well [11].

The distance on the surface between Itmurundy and Tekturmas melange is about 300 km. Their
intersection in the subsoil requires gentle plunge of Itmurundy melange. It is noteworthy that most of the
subduction areas are absorbed in the mantle at a steep angle, up to 90°, but there are exceptions, for
example, subduction of the Pacific plate under South America has a slope of about 30 degrees, subduction
under the island of Honshu has an opposite, steep, eastern orientation. If these facts take place globally
and on a scale of geological time, then gentle plunge is no exception for Central Kazakhstan.

It is thought [11] to be that the formation of glaucophane schists and complete dehydration of the
accretionary wedge sediments in subduction structures occurs at 90-100 km depth, i.e. directly below the
border of Mohorovicic. All the water is consumed for the formation of serpentinite. Because of its special
rheological properties, melange plunge into the tiniest and any tectonic faults, trying to evacuate the
overpressure. Thuswise, wandering bottomless ophiolite belts and their fragments appear. TOB is sub-
sumed into these ophiolites. Assumingly, the exhumation in the Tekturmas tectonic area kicked off when
it crossed the Itmurundy subduction area at a depth of about 100 km. When moving up, melange captured
and carried away all that was in the Itmurundy melange, as well as fragments of enclosing roof and floor.

The represented new data about the TOB structure, allows us to summarize its occurrence model in
this part of Central Kazakhstan. On the eastern slope of the Central Kazakhstan Caledonian continent on
the border with the Balkhash residual shallow basin a tectonically weakened zone is formed. It is intruded
with the serpentinite melange, which is an abyssal fragment of the Itmurundy subduction package, which
includes the oceanic crust and sediments of its accretionary wedge, as well as fragments of previously
introduced intrusive bodies of different composition, including gabbroids, granitoids, and gneisses of this
continent. Intrusion occurs under high pressure with elements of spreading of a tectonically weakened
area, whereby the tectonic gap in some areas of the tectonic area has a width of several km, and in others -
a few hundred meters, or expressed as a “dry” seam filled with breccias, milonite or tectonic shale.

Geodynamics and composition of magmatic complexes. In petrochemical sampling analysis of
M.Z. Novikova et al. [2, 3] oceanic basalts dominate, as indicated by the abundant phthanites in these
basalts, which is undoubted evidence of the subductional situation in the history of education and
existence with respect to the central Tekturmas projection composed of serpentinites and pillow basalts,
but not in case of the whole Tekturmas.
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In the sampling of analyses by R.M. Antonyuk [12], the ratio of rocks is different: 28% of samples of
oceanic rocks versus 72% of samples of island arc rocks. This means that in the history of Tekturmas,
presumably in the Middle and Late Paleozoic, inclusions of accretion rocks of the enclosing rock (gabbro
and gabbro-amphibolites, Kuzek suite, dolerites and gabbro-dolerites, Baidaulet suite) were impregnated
into the structure of Tekturmas proper protrusion formed tecturmas ledge. The ratio of oceanic and island-
arc (or marginal-continental (?) Basaltoids) given in [12] indicates the existence of a terrestrial volcanic
belt or paleo-tectonic fault at the Tecturmas site in the Early Paleozoic.

There are three structural-formational areas [2, 3, 12] in the structure of Tekturmas melange: Axial
Tekturmas; North-Western, Bazarbaiskaya at the joint of the axial ophiolitic projection and Spasskaya
metallogenic zone; Southeastern Sarysuyskaya at the joint of the axial projection and the Uspenskaya rare-
metal metallogenic area, framing Tekturmas from the southeast.

The geological map of the TOB with elements of the longitudinal structural and formational zonation
is shown in Figure 2.

The axial Tekturmas area runs in the northeastern direction for more than 40 km and show up
clearly both on the map (solid purple belt and in figure 2) and in relief.
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Figure 2 — Schematic geological map with sampling points from the TOB,
selected for samarium-neodymium analysis (red stars and their numbers)

The composition and structure of the topological magmatic complexes in comparison with similar
complexes of the Itmurundy melange are shown in figure 3.

According to M.Z. Novikova [1, 2] volcanics are rich in Nb (35-42 g/t), V (185 g/t), Ba (350-460 g/t),
Sr (300 g/t). Zr (278 g/t), Rb (27 g/t), Y (29 g/t) and sharply depleted Cr (10 g/t), Ni (50 g/t), Co (23 g/t)
and Mg (5,59 wt.%), such a spectrum of small elements asserts the melting of basalts from the enriched
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Figure 3 — Chemical classification and nomenclature of rocks of the Itmurundy (left diagram) and
Tekturmas (right diagram) belts. The figure shows petrochemical series:
1 — calc alkaline; 2 — subalkalic; 3 — alkaline; 4 — ultra-alkaline

low-temperature mantle already deprived of the high-temperature restite at an early stage. This history of
the development of a magma chamber is confirmed by the concentrations of the main elements: TiO, = 1.5
or more %%; FeOoal 12-14 %% and more; P,Os — 1.5 and up to 3 %, as well as strong dependence of the
amount of alkalis on the concentration of silica.

In the diagram in figure 4 samples 3, 7 - basalts from the Kushek suite of the Bazarbai zone (frac-
tional index La/Lu = 1) look classic N-MORB, and the curves, in the form of a nearly straight line, to
include most of the samples from Karamurun suite in the axial Tekturmas zone, as well as in olistho-
strome Sarysu suite of the same name zone belong to the category of E-MORB: fractionation indices
La/Lu=100-150 (see curves 1.5), curves with clear inclination from right to left. Sources of such basalts
are different: E-MORB are formed in areas of hot fields, plumes and subaqueous ridges and high-
mountainous plateaus, and N-MORB, on the contrary, away from plumes and hot fields up to 500 km or
more.
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Figure 4 — Rare-earth composition of Tekturmas basaltoids: 1, 4, 5 - basalts of the Karamuryn suite of the axial Tecturmas area;
6 - andesibasalts of the Karamuryn suite of the axial area; 3, 7 - basalts of the Kuzek and Bazarbay formations; 2 - andesibasalts
of the Kuzek Formation; 8-10 - world petrochemical types of basalts: 8 - N-MORB; 9 - E-MORB; 10 - ocean islands

Bazarbay structural-formational zone. The Bazarbai zone bounds the ophiolite belt from the north
and is its northern border. It is composed at the base of lavas and lavobreccias of aphyric tholeitic basalts,
which are shifted up the section by a variegated jasper, siliceous tuffites, siltstones, tuffelites and sand-
stones. This complex of rocks is divided into two suites: Kuzek volcanogenic-sedimentary (O,) and
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Bazarbai sedimentary (O2.3). According to the geologists of Moscow State University (Z.M. Novikova and
others), the above-mentioned volcanic complex is described under the name "Bazarbai" complex. Forward
to the north, the olistostromoflychoid complex S1 replaces the Bazarbay retinue..

A model of subduction genesis, as shown above, has no confirmation for Tekturmas, and the fault
nature of this structure is obvious (figure 1) and the horst structure is verified by sedimentary troughs,
which are filled with siliceous and flyshoid on both sides to the north and south of the horst - polystostrom
complexes, which is typical for all horst structures. The presence of volcanic rocks, basalts, picrobasalts
and dacites in this zone indicates the volcanic nature of this regional fault. The genetic relation absence
between Bazarbai and Karamurun complexes is indicated by the sources of their magmas, strongly
alkaline Karamurun ocean type and the calc-alkalic Bazarbai complex, which unambiguously indicate the
peri-continental environment (figure 2).

Sarysu structural-formational zone bounds the TOB from the south-west. It is composed mainly of
flyshoid and olistostrom complexes, in which the autochthonous material is only a matrix composed of
turbidite. Rest of bodies are allochthonous, injected into these complexes as a result of the destruction of
the axial ophiolite horst. The sizes of olistolites and olistoplak vary widely, therefore they were sometimes
placed in the ranks of independent complexes (suites). These are Zongar, Karashoshak and Satybai.

Comparing the Sarysu and Bazarbai zones, it can be seen that the stone composition and age of the
suite is almost identical and close to the composition of the classical olistostrom complexes. Their basis
consists of turbidites of different grain sizes and different compositions. Their fillers are serpentinite,
jasper-quartzite and basaltic olystolytes and olistoplak. Basalts in the Bazarbai zone have a distinct calc-
alkaline composition, usually associated with the situation of oceanic and continental feestoon islands and
active continental borderlines.

In the Sarysu zone (figure 5), olistoliths and olistoplaks have subalkaline and alkaline composition,
which means that the source of olistolites and olistoplak was the central horst ledge in terms of its erosion
and destruction. The fundamental difference of the magmatic sources can be affirmed by comparing these
basalts with those of Tekturmas zone, the basalts of the Tekturmas zone most likely originated in the areas
of oceanic plateaus and mountains, and the basalts of the Bazarbaisky suite in the area of oceanic and
near-continental arcs — active continental margins.
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Figure 5 — Position of rocks of Zongar, Satybai and Karashoshak complexes on the alkali-silica diagram

Sm-Nd isotopic analysis of magmatic and metamorphic complexes. In the Sm-Nd [16] system,
two isotopes 'Nd and '*Nd and, more usually their ratio '*Nd/"**Nd, determine the age information,
high value indicates significant contribution of the mantle to the source, and a low value indicates high
contribution of the crust to the source. On the basis of this pair, as well as with the participation of another
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pair of ¥Sr/*®Sr isotopes, many geochemical and geodynamic diagrams were constructed showing the

evolution of the planet Earth [12].

From a set of geological samples of past years and from the outcropping of the ophiolite belts, a batch
of 14 samples was formed to carry out an isotopic analysis, which was sent to the VSEGEI Isotope Center [13].

Results of Sm-Nd isotope-geochronological analysis of Tekturmas and Itmurundy samples.
The sampling sites are shown in figure 2

Sample | Sm(ppm) | Nd(ppm) | *7Sm/'*Nd IBNd/Nd Age end(0) | ena(t) tom tom2
1 171 0.151 0.400 0.2279 0.512920+25 495 Ma 5.5 3.5 -2490 946
2 172 0.342 0.725 0.2855 0.513322+20 495 Ma 13.3 7.7 363 596
3 182 0.597 2.369 0.1524 0.512710+13 480 Ma 1.4 4.1 1098 884
4 183 1.621 6.674 0.1468 0.512635+12 480 Ma -0.1 3.0 1177 977
5 184 0.701 1.746 0.2427 0.513072+13 490 Ma 8.5 5.6 -416 770
6 185 1.509 6.243 0.1462 0.512683+10 480 Ma 0.9 4.0 1058 896
7 186 1.086 4.054 0.1619 0.512559+16 480 Ma -1.5 0.6 1741 1178
8 187 1.976 8.153 0.1465 0.512650+7 480 Ma 0.2 33 1137 952
9 T-6 11.18 54.57 0.1239 0.512710+8 480 Ma 1.4 5.9 750 739
10 T-12 3.462 11.29 0.1855 0.512996+8 480 Ma 7.0 7.7 841 588
11 T-5 2.896 9.550 0.1834 0.512984+15 480 Ma 6.7 7.6 843 597
12 T-4 12.95 93.74 0.0835 0.512500+6 480 Ma 2.7 4.3 763 874
13 B-10 5.148 15.91 0.1957 0.513022+6 490 Ma 7.5 7.6 1098 606
14| B-12 4319 14.99 0.1742 0.512952+4 490 Ma 6.1 7.5 770 608
e
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In the diagram in figure 6, the upper left square demonstrates the isotopic composition of the parental
restite, and the turquoise rectangle in it shows the change in composition during subsequent partial
meltings, that is, the mantle succession without the intervention of the upper shells. The green line reflects
the composition of the magmas of nine porphyry copper deposits in Central Kazakhstan, demonstrating a
consistent dilution of the restite with the upper crust material, either during the rise of the mantle magmas
to the Earth's surface, or in the form of dilution directly in the mantle by the subduing upper crust material.
From the diagram, it follows that the magmas involved in the TOB (red stars) are not promising with
respect to porphyry copper metallogenesis and, conversely, promising with respect to liquation copper-
nickel deposits genetically associated with a relatively pure mantle source.

The igneous complexes of the Tekturmas axial zone and the Arkars site in Itmurundy melange were
formed as a result of partial remelting of depleted magmatic sources, which are united here under the
common title "EARTH MANTLE". As it was shown [14], a detailed study of the ore-magmatic provinces
(New Britain, the Aleutian Islands, Japan, the Banda arc, Peru, etc.), productive for copper-porphyry
mineralization magmas are those that have mixed in different proportions from three sources : mantle +
lower crust (gray gneisses and anorthosites) + upper crust (granites). Our rock specimens from the central
zone of Tekturmas and Itmurundy showed no signs of magmatic mixing. From this it follows that the
detection of copper-porphyry type ore deposits in them is problematic. The green curve line built by the
points from Central Kazakhstan and western Xinjiang belongs to a number of mixed magmatic sources:
the mantle and crust with values °Nd = 0-(-6), indicating a significant contribution of the crust to the
primary maternal magmas, whose primary origin is indicated by the upper the left side of the green curve,
in the magmas of which eNd=0+(12).

Conclusion. Materials justifying pertainance of Tekturmas belt to groups of fault wandering and
shallow melanges formed by the exhumation mechanism scheme [14] in the mode of reverse (counter
towards sinking of the mantle Itmurundy melange) pressing of Itmurundy melange fragment by ultra high
pressure from the depth of the upper crust. Such a model is proved by the absence of the oceanic setting in
Silur and the absence of its own (Tekturmas) volcanic belt on the supra-subduction plate, which are
considered guiding geological features in defining classical subduction; the absence of inclusions of high
and ultrahigh pressure rocks such as eclogites, blue slashes and various garnet amphibolites (present in
Chara melange), as well as jadeite, garnet amphibolites and blue shales (Itmurundy melange) in Tekturmas
melange; the emergence of blue shale in classical subductions occurs in sector 2 (figure 7) at a depth of
50-60 km at a temperature of about 500° [14].

Oceanic

_ o Accretion crust
0 A Wedge_

100

2,(%? Astenosphere

Sectorial type of typical subduction zone in depth:

1 - green shist; 2 - blueshist and intensive dewatering;
3 - eclogite and partial melting; 4 - complete melting;
5 - restite

Figure 7 — Sectorial typeof typical subduction zone in depth [14]
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The absence of blue shales in Tekturmas indicates that the intersection of the Tekturmas fault with
the Itmurundy melange and the start of the own Tekturmas melange to the surface took place no deeper
than the middle of the lower crust, i.e., above the Mohorovichich line. The lower crust itself is incapable
of generating either magma chambers or porphyry copper deposits without affecting the mantle heat-mass
transfer. These theoretical assumptions show that it is not promising to search for porphyry copper
deposits due to subduction.

The final results of the Sm-Nd isotope analysis are shown in table 2 and in figure 6. All samples of
the basic igneous rocks indicated a single source — the depleted mantle, i.e. that part of the mantle, which,
even at the earliest meltings 1.8 and 2.4 billion years ago, through out from itself a low-temperature and
low-melting fraction, on the basis of which the Archean and Proterozoic shells were decorated, which
collected rare metals, polymetals, barite, manganese and other metals with large ionic radii. Heavy metals
remained in the remainder of the melts in the reste: copper, nickel, cobalt, platinum, palladium, iridium,
osmium, radonium, and many others. This mantle occupies the upper left square and when melted
fractionates with formation at the end of the continental tholeite, which is the basis for two series of
mixing: mixing with the upper crust, it gives a rare metal granitoid series, and mixing with the lower crust,
it gives a calc-alkaline series, which fall into and adakites [15] are the main petrological formation of
porphyry copper metallogenesis (figure 8 [12, 13]). The position of the main Kazakhstan porphyry copper
deposits KONYRAT and SAYAK is shown in fig. 8 green star. It demonstrates the high contribution of
the mantle in the igneous rocks of the deposits.
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H Continental tholeiites
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Ll 1 Ll IEewwl .
-
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Figure 8 — Curves of the crustal components in clutter of mantle magmas
with granulite (lower) and granitoid (upper) shells of the Earth

The depleted mantle itself, without mixing with anything, produces during melting high-temperature
basalts, prone to segregation and the formation of copper-nickel-platinum-palladium-osmium-iridium and
other deposits. From the correlation diagram in figure 8 it is seen that all samples of the basites and related
trachytes and trachytoids were grouped around the mantle sequence line. Isotopic analysis showed that the
region was not prospective for copper-porphyry metallogenesis, but for copper-nickel metallogenesis with
the participation of precious metals.

Note. It is not recommended to use dilution curves for practical purposes, for the simple reason that,
when moving to the upper shells, they communicate with different breeds, each of which enriches the
toleiites with its components. The position of the real rock on the curves can be estimated only with the
balance of the isotopes of strontium and neodymium in the samples of this rock and equation (9.22) in
[12] on page 243.
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TEKTYPMAC O®UOJIUTTI BEJJAEYIHIH TEOAUHAMUNWKACBI MEH METAJIVIOT'EHUSICBI
(KP FpuibiM KopbIHbIH 2018-2020 rpanT maTepuajiapbIiHaH
"TexTypMac opuoaut desigeyinaeri MuHepaaIaHy yyackeJepin TepeHaik 6omkay, i3gectipy, 6apJay)

Annotanus. KypeUTbIMIBIK, TETPOXUMHUSUITBIK JKOHE M30TONTHIK-T€OXHOMOTHIHIK (Sm-Nd) omictep HeriziHme
TEpEeH JKbIHBICTAP/bIH a0CONIOTTIK JKACHIH aHBIKTAy OpbIHIANABL. TekTypMmac oduonut Genseyi NJaMybIHbIH T'e0JH-
HAaMHKAJIBIK MOJIENI KYPBUIFaH,01 TEKTOHUKAJIBIK aiiMaKKa €HT131ITeH )KapBIKChI3 MemanxK TypiHAe KalbIITacKaH.

ABTOpIapabIH YChIHBICTapbiHA colikec, TexTypmac oduonutrik Oenney Kazakcran KypsbiFbiHa MyXuT IUTH-
TaCBIHBIH CYOIYKIMSCHI HOTHIXKCCIHIC Maiina OOJIFaH KITACCHKANIBIK OCINCy, al aJiblH aja OOJFaH TCKTOHHUKAJBIK
QicipereH aiiMaKKa eHri3iireH MTMYphIHABI MeTaHK 06JIiri peTiHae KapPKbLIChI3 MEJIaHKeM OOJIBI Ta0bLIMANIBI.

WrmypbiHzb! sxoHe TexkTypMac oHONUTTIK MeJTaHXIap/AblH 6Te Kol OpTakThiFbl 0ap. Texrypmac sxone Utmy-
PBIHIBI OenieynepiHiH JKaKblH apajarbl Kepiliiec OoJTybl )KOHE OJapliblH TaOWFM KEHIEH/EpPiHIH YKCAcThIFbl Tek-
TypMac opunmonutr 6enneyi UtMypoiHasl ohuonnuT OeneyiHiH KaTbICybIMEH KYPBUIFaH/IBIFBIHBIH CaJIAapbl OOITybI
MYMKIH.

TexTypmac oduronut OenaeyiHiH KYPBUIBICH Typalbl XKaHa AepeKTep KentipiiareH, on Opramsik Kasakcran-
HBIH OCHI O6JIiriHAe OHBIH Maina 00Ty MOJIENiH KbICKAIIa TYKBIPhIMAAayFa MYMKIHIIK Oeperi.

Sm-Nd u30TONTHIK Tanaya HOTHXKENEepiHiH AepeKTepl OOMbIHINA HETi3ri MarMaiblK JXbIHBICTAPIBIH OapibIK
yJiriiepi GipbiHFail Aepek ko3l — ACTUISTTENreH MaHTuUs, SIFHU eH epTe OajKpIMasiap/ia TOMEH TeMIepaTypalibl KoHe
JKCHIJ OATKUTBIH (DpaKIUsHBI 06T KOPCETKEH, OJIapIbIH HETI3IHAe CHPEK MeTaiaap, NoJuMeTaiaap, 0apur, Map-
raHell jKOHE YJIKeH WOHABI paauychl Oap Oacka na Meranaap >kuHaidraH Apxeil skoHe [Iporteposoi KaOBIKTaphl
pEeCIMIEITEH.

W3oTonThIK Tanmay 6HIpIAiH MbIC-IOPQHUP METAJIOTCHE3iHEe eMmec, Oarajbl MeTangap KaThICYBIMEH MbIC-
HUKEJIb/li METaJUIOTeHE3 IIePCIEKTHBAIBIIBIFBIH KOPCETTI.

Tyiiin ce3nep: Texrypmac oduonutti 6enneyi, UTMypBIHIBI MeTaHKbl, TE€OJUHAMHKA, CyOayKIHs, SKCryMa-
LUsl, BYJIKaHABI Oeljiey, M30TONTHI-TeoXpoHOJOrnsuIblK (Sm-Nd) 3eprreynep, MbIc-mopupili, MbIC-KOTYeIaH bl
KEHOPBIHIAP.

I1. B. Epmousios!, B. I1. Xacen', P. M. Auronmok?, JI. K. Makat®

'TOO «MIIKOH», Kaparanna, Kazaxcran,
2TOO «llentpreoncbemkay, Kaparanna, Kazaxcran,
Rio Tinto Exploration Kazakhstan

TEOJUHAMMWKA N METAJJIOTEHUA TEKTYPMACCKOI'O O®UOJUTOBOI'O ITOACA
(ITo maTepuanam rpanta ®onna Hayku PK 2018-2020 «'yryOuHHBII NPOrHO3, NOUCKH,
pa3BeAKa y4acTKOB MuHepaau3auuu B Tektypmacckom 0Qu0JIMTOBOM MoOsce)

AnnHoranus. Ha ocHOBe CTPYKTYpHBIX, IETPOXUMHIECKUX M M30TOMHO-TeoXpoHonorndecknx (Sm-Nd) mero-
JIOB BBINIOJHEHO OIIPEAETeHHe a0COIIOTHOrO Bo3pacTa NIyOMHHBIX mopoxa. Co3laHa reoguHaMHYecKas MOJAEIb
paszBuTus TexTypmacckoro ouOIUTOBOrO MOsCa, MPEAyCMaTPUBAIOIIETO ero (GopMUPOBAaHHEM B BUJIE TPEIIMHHOTO
6E3KOPHEBOTO MENIaHKa, BHEAPEHHOIO B TEKTOHHUYECKYIO 30HY.

B cooTBeTcTBHM C TpeNCTaBIEHUSIMU aBTOPOB, TEKTYpMacCKUi O(HUOINTOBBIN MOSIC HE SIBISETCS KJlaCCHYec-
KM TI0SICOM, BO3HHMKILIMM B PE3yJIbTaTe CyOAYyKIMH OKEaHHMYECKOH IUIMTHI MO Ka3aXCTAaHCKUH KOHTHHEHT, a Tpe-
IIMHHBIM OECKOPHEBBIM MEJaHXKeM, KaK YaCTH UTMYPYHAUHCKOTO MENaHXka, BHEAPECHHOTO B IPEABAPUTEIBHO CyIlle-
CTBOBABILYIO TEKTOHUYECKYIO OCJIa0JIEHHYIO 30HY.

Textypmacckuii 0(HOTUTOBBIM METaH)X UMeeT O4eHb MHOTO ob1iero ¢ Utmypysaunckum. biamxaiimee cocen-
ctBo Tekrypmacckoro u ITMypyHIMHCKOTO ITOSICOB M CXOJCTBO MX HMOPOJIHBIX KOMILJIEKCOB MOXKET OBITH CIIENCT-
BHEM TOTO, 4TO TeKTypMacCKuii O(pHOIUTOBEIA TOsC 00pa3oBaH MPH ydacTHd MTMYpYHIHHCKOTO O(QHOIHTOBOTO
nosica.

[IprBeneHbI HOBBIE JTaHHBIE O CTPOEHUH TEKTypMaccKoro o(pHOJINTOBOTO I0sCA, TO3BOJISIONINE KPAaTKO chop-
MYJIMpPOBaTh MOJENb €T0 MOsiBIIeHNs B 3Tl yacTu LlenTpansHoro Kaszaxcrana.
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Ilo panubIM pe3ynbraToB Sm-Nd H30TOIHOIO aHanmu3a BBLACHHIOCH, YTO BCE OOpa3Lbl OCHOBHBIX MarMaTH-
YECKUX MOPOJ TOKa3alH €IUHbIH HCTOYHHK — JCMJICTUPOBAHHAS MAaHTUs, T.€. T4 YaCThb MAaHTHH, KOTOpas €Ile Ha
CaMbIX PaHHHMX IUIaBKaxX BbLAENWIA U3 ce0sl HU3KOTEMIEpaTypHYIO U JIETKOIJIABKHYIO ()PaKIMI0 HA OCHOBE KOTOPBIX
ot opopmieHbl Apxeiickas u [IpoTepo3oiickas 000JI0UKH, KOTOpbhIE COOpaid B ceOe pelKHe METasllbl, TOJIH-
MCTaJLJIbI, 6apI/IT, MapraHeny 1 Apyrue MeTaijibl € 60J'lbU_lI/lMI/I HOHHBIMU pajuyCaMu.

W3oTonHbIi aHaKM3 1MOKa3aj MepCIeKTUBHOCTh PETHOHA HE Ha METHO-TIOP(HPOBBIH METAJUIOTCHE3, a Ha MEJHO-
HUKEJIEBBI METAJUIOTEHE3 C Y4aCTHEM AParMeTauIoB.

KiroueBsbie cioBa: Textypmacckuii oHONUTOBBIH osic, ITMypyHANHCKHN MeJaHX, Te0MHaMUKa, CyOmIyK-
IUs1, SKCTYMAIHsSL, BYJIKAHUIECKUH TOsAC, M30TOIMHO-reoXpoHonorudeckre (Sm-Nd) mccnenoBanus, MeTHO-IOPPHPO-
BbI€, METHO-KOTUETaHHBIE MECTOPOKACHHS.
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