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Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
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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 Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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PROBLEMS OF PETROLOGY OF ULTRAMAFIC ROCKS
OF KARATURGAY RIVER BASIN, NORHTERN ULYTAU
(CENTRAL KAZAKHSTAN)

«Only by synthesizing all the sciences
of the Earth can we find the "truth".»
Alfred Wegener

Abstract. The paper is dedicated to major aspects of petrology and metallogeny of mafic and ultramafic rocks
of Northern Ulytau Range. The Karatugay Complex is introduced for hypabyssal diabase-picrites of the Western
Ulytau Belt. They are considered as products of spinel peridotite melting, which makes them different from the
Lower-Paleozoic upper-subduction ophiolite complexes of Central Kazakhstan, the products of garnet lherzolite
melting. The rock-forming and accessory mineral contents for picrites and picritic diabases are given. A presence of
apopicritic olivine, which is the outmost member of the picrite-diabase sequence, and a presence of pure larnite does
not exclude their origin as a result of high-calc larnite melts differentiation, while composition of these melts could
approach that of kimberlites. Obtained geochemical signatures suggest that the Karaturgai Complex was derived
from Ti and Cr depleted mantle melts, which were enriched with (Cu-Ni)+(Zn-Pb)+PGE, REE (Y, La, Yb) and also
lithophylic elements (Zn, Sr, Ba). Intrusion of the hypabyssal Karaturgai Complex occurred during the ongoing
collision of the suspect terranes presently incorporated into the tectonic collage of the Ulytau Megaterrane, probably,
at the time of the assemblage of the Rodinia Supercontinent.

Key words: Ulytau, Kazakhstan, picrite basalts, diabases, copper—nickel sulfide ores, pallidum, platinum,
Neoproterozoic.

Introduction to the question. In the west of Central Kazakhstan in the Ulytau mountains, the mafic
and ultramafic rocks were known for a long time in the Precambrian metamorphic strata, the spatial and
genetic connection with them of chrysotile-asbestos, sulfide copper-nickel mineralization for a long time
predetermined interest in their study [1-12].

For the first time picrites and apopycritic serpentinites within the Northern Ulytau were described in
1962 by Yu.L. Semenov [5] on the right bank of the river. Karaturgai (figure 1) and separated from the
Western Ulytau "ophiolite belt" into an independent karaturgay diabase-picrite complex. Based on the
analogy with other development regions of diabase-picritic complexes, they suggested that picrites and
diabases Northern Ulytau ridge are in genetic connection with the development of early Mesozoic basalt
magmatism of the Turgai arch. N.P. Mikhailov, Yu.L. Semenov [5] first noted the spatial and genetic
relationship of copper and nickel sulphides with picrites.

In 1967, L1. Vishnevskaya and L.F. Trusova in the article "West Ulutavian belt of ultrabasic and basic
rocks" criticized the ideas of N.P. Mikhailova and Yu.L. Semenov and carried the sills of the picrits of the
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Figure 1 —

A — Scheme of the geological structure of the area of the middle reaches of the river Kara-Turgai by L.I. Vishnevskaya and
L.F. Trusovoy [6], S.S. Chudin [13] with the changes and additions of the authors.

1 - Cenozoic deposits; 2-3 - the Karsakpay series (mesoproterozoic): 2 - the stratum of metabasalts, less often of andesites
with subordinate horizons of muscovite-quartzite and quartzite shales, 3 - the stratum of variegated tuffs of quartz albitophyres
and ash banded tuffs of medium composition; 4 - muscovite-albite and graphite schists, albite gneisses and microgeans of the
Aralbaia series (PR1ar); 5 - Karaturgai diabase-picritic complex (PR3 k); 6 - geological boundaries; 7 - tectonic disturbances;
8 - topographical isolines; 9 - the river Kara-Turgai and its tributaries Koitas and Maike; 10 - trigonometric heights. 11-12 - genetic
types of minerals; 11 - magmatic group (liquation class), sulfide copper-nickel ores with platinoids and rare earth elements (Dy,
Y, Ce) in picrites, 12-carbonatite group (fluid-magmatic class), copper sulfides with platinum and rare-earth elements (Y, TREE)).

Ore deposits: 1 - Karaturgai; 2 - North Akzhal; 3 - Eastern Akzhal.

The scheme of the geological structure of the Karaturgai Massif (B) and the section SN (C) through the central part of the
massif are constructed from materials of NP. Mikhailova, Yu.L. Semenova [5], L.I. Vishnevskaya and LF. Trusovoy [6],
O.B. Beiseeva [12] with the changes and additions of the authors.

1 - Cenozoic deposits; 2-4 - Karsakpay series (PR2kr): 2 - tuffs of quartz albitophyres; 3 - banded tuffs of medium com-
position; 4 - tuffs of basic composition; 5 - graphite-albite schists of the Aralbaia series (PR1ar); 6-7 - Karaturgai diabase-picritic
complex: 6 - quartz diabases, diabases; 7 - picritic diabases, picrites, apopyritic serpentinites, mainly spherical, porphyry; 8 -
geological boundaries; 9 - discontinuous violations and thrusts.

Karaturgai complex to the intrusions of the gabbro-peridotite formation.At the same time, considering
their paragenetic connection with the rocks of the spili-keratophyre formation widely known in the series
of ophiolite belts of Central Kazakhstan [4], thus, they repeated the previously developed Yu.l
Polovinkina [2] formation sequence scheme of Southern Ulytau mafic-ultramafites. This point of view for
many years was adhered, on the nature of the basic and ultrabasic rocks of the Northern Ulytau, by O.B.
Beiseev [8, 12], R.M. Antonyuk [11], S.S. Chudin [13], A.B. Baybatsha [14].

However, it should be noted that the geological map compilers of the Kazakh SSR [10], one of whose
authors was R.M. Antonyuk, united the main and ultrabasic rocks of the Western Ulytau "ophiolite belt"
into the Beleutinsky complex of the Late Proterozoic gabbro, gabbro-diabase, which, as they noted, was
first described in the Karsakpai region of IS. Yagovkin in 1927.
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The authors [15] of this article share the point of view of N.P. Mikhailova and Yu.L. Semenova [5, 9]
on the nature of the mafic and ultramafic rocks of the Western Ulytau belt, and in its composition there are
two hypabyssal complexes: in the north - Karaturgai diabase-picritic, and in the south - Beleutinsky
ferrogabbronorite-diabase-picritic.

In the absence of absolute age data, the time of formation of the Karaturgai complex was interpreted
as Precambrian [16], then as a late Proterozoic [17, 10], then Ordovician [6] or early Mesozoic [5].

Below we shall consider in detail the petrologic and metallogenic features of Northern Ulytau
diabase-picritic complex.

Structural position. All the researchers who studied the hypabyssal rocks of the Karaturgai complex,
despite their disagreements about the genesis of the ultramafic rocks of the region [5, 6, 8, 10], had a
common point of view on their structural position and the shape of the bodies.

Apopyecritic serpentinites, picrites, picritic diabases, diabases and quartz diabases of the Karaturgai
complex form small hypabyssal bodies, usually in the form of large and small interplastic deposits (see
figure 1). Quite often the sills lie in the castles of the Neoproterozoic metamorphic strata of the Karsakpaia
and Bozdak series, in single instances they form dikes in the Mesoproterozoic strata. Analogues of picrites
and associated diabases in the composition of Ulytau ridge Paleozoic stratum was not found.

Features of rock composition. Considering the extremely opposite points of view on the genesis and
age of ultrabasic and basic species of the ridge Ulytau, the authors suggest from the standpoint of modern
geochemical geodynamics to consider in more detail petrogeochemical features of the rocks of the
Karaturgai complex and to determine their place in the geological history of the development of the west
of Central Kazakhstan.

Below we will consider the composition of the most well-studied rocks of the diabase-picritic
complex of the upper reaches of the river Sabasaldyturgai, the river basin Karaturgai, its tributary Koitas
and Mount Akzhal (see figure 1).

Between apopycritic serpentinites, picrites, picrite diabases, diabases and quartz diabases, gradual
transitions are noted. Picrites, picritic diabases and diabases have a well-pronounced porphyry and porous
structure, a spherical and blocky separation.

Picrites are bright representatives of the complex rocks containing: olivine (65-75%), monoclinic and
rhombic pyroxenes in equal amounts (5-7%), brown hornblende (2-4%), sossuritized plagioclase (10-
15%), biotite, phlogopite (0.5%), sulphides (0.5-2%), manganoylmenite, titanogenate, magnetite, chrome
spinel, apatite.

Picritic diabases do not differ in appearance from picrites, however, the quantitative ratios of minerals
vary considerably. The content of olivine decreases (25-40%), the proportion of pyroxenes and plagioclase
increases proportionally, respectively, and clinopyroxene predominates over orthopyroxene. The amount
of sulfides and apatite significantly decreases, but the amount of chrome spinel, manganoylmenite and
titanomagnetite increases.

Diabases and quartz diabases are met all over with picrites, often together in the same sila. From
picrites, porphyritic diabases differ only in the absence of orthopyroxene. They include clinopyroxene
(45-60%), plagioclase (33-40%), biotite (about 1%), quartz (1.5-2%), apatite and ilmenite. There are no
sulfides.

A considerable part of the rocks of the complex is composed of porphyritic apopycritic serpentinites
(peridotites). Serpentine (50-80%) is often represented by chrysotile and antigorite; rare relicts of
orthopyroxene are rare; clinopyroxene relics (15-20%) preserved significantly better, pessimorphoses of
sossurita are found rarely (2-3%), pseudomorphs of phlogopite lamellar crystals, sometimes horny the
blend achieves 5%, apatite, pomegranate and ore minerals are also found that are less than 1% of the total
mass. Quite often serpentine develops carbonate and talc.

A special group of rocks is formed by cores of carbonate rocks with sulphides, which were opened by
a well Yu.l. Rylov in 1967 in Karaturgai river basin (manifestation of North Akzhal). A standart mineral
composition, calculated from the silicate sample from these carbonate rocks, containing up to 5 wt. %
alkali and 22.78 wt. % of calcium oxide, showed: nepheline (15%), wollastonite (19%), diopside (35%),
larnite (28.56%) and apatite (1%), the rest being plagioclase and orthoclase. Such rocks can be referred to
carbonate-silicate metasomatites (carbonatitoids). Sulphides are also found in quartz-carbonate-albite
cores in the composition of amphibolites and apopycritic serpentinites of the East Akzhal developments.

— § —
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Such zones of mineralization are accompanied by lithochemical halos of Nb, Y, Th and REE. Rare-earth
elements (Y, La, Yb) and platinoids are also found in the picrites of the Akzhal massif.

Petrogeochemical characteristics. According to the nature of the accumulation of basic petrogenic
oxides, the feldspathic picrites of the Karaturgai complex can be divided into two groups (table 1). The
first group is represented by low-TiO, (0.54-0.74%), low-ALOs (3.67-5.34%) picrites and apopyritic
serpentinites, whereas the picrites of the second group contain more TiO, (0.89-1.08%), Al,O; (5.58-
8.30%), and FeO (8.23%-5.9%) prevails over Fe,0; (5.38-3.33%).

Apopycritic serpentinites of the first group of the upper reaches of the river Sabasaldyturgai in
relation to those of the basin of the river Karaturgai is somewhat depleted of SiO, (37.7%), Al,O; (3.67%),
but at the same time it is somewhat enriched in FeOg (13.38%) and the ratio of the main petrogenic
components is close to the meimechite composition, however, they are depleted by normative diopside
(0.69%) at extremely high contents normative hypersthene (26.66%). While apopycritic serpentinites and
picrites of Karaturgai river is slightly enriched in SiO, (<39.7%), Al,O; (5.34%), TiO2 (<0.64%), alkalis
(<0.74%) and FeO, (12.85%) depleted, with Fe,O; predominance (7.96-5.61%) over FeO (6.22- 3.3%).

The number of normative diopside, olivine naturally grows in them and the amount of normative
hypersthene can fit, both of which obey the picritic trend (see figure 2, A). This is also clearly
demonstrated by the Al,O3/TiO,-CaO/Al,O; diagram (see figure 2, B), where their figurative points lie in
the field of ferro-picrites.

On the statistical diagram of S.D. Chetverikov [25] some of their figurative points are shifted to the
area of lherzolites and verlites, while the amount of normative diopside decreases, but the fractionation
index (up to 25.6) and correspondingly the amount of normative olivine grows.

A special group consists of low- Al,0;/TiO,/FeOpot apopycritic serpentinites corresponding to the
mineral composition of olivinites, in which the normative olivine is more than 90% (table 1, No. 7.8).
Apopicritic olivinites with normative larnitis are rare (high-temperature monoclinic polymorphic analogue
of calcioolivin or monticellite).

In the picrites of the second group (table 1, No. 9-14), the level of SiO, (39.86-45.63%), TiO, (0.87-
1.08%), Al,O3 (5.58-8.30%) gradually increases, the amount of MgO (<30.0%), Cr,O3 (<0.25%) decreases
with the predominance of FeO (8.23-5.9%) over Fe,O; (5.38-3.33%).

In the picritic diabases (table 1, No. 15-17), the role of SiO, (44.92%), Al,O3 (10.9-11.7%), TiO,
(1.24-1.58%) and Na,O (1.45-2.45%) increases, but the level of MgO (11.5-17.33%) decreases with a
constant predominance of FeO (9.65-6.89%) over Fe,O; (5.66-5.16%). In the diagram TiO,-10-Al,05-
MgO (see figure 2, A), their figurative points continue the picritic trend.

Diabases and quartz diabases (table 1, No. 18-22) are enriched with SiO, (> 47.32%), ALOs;
(<14.45% 5), TiO, (1.88-2.25%), the role of Na,O (2.03-2.35%) K,O (0.25-0.76%) and P,Os (up to
0.25%) sharply increases in them, relative to picrites. With respect to picrites, the amount of normative
ilmenite increases (up to 2.85%).

According to the nature of the accumulation of iron, they are typical high-iron toleites, and on the
discriminative diagram of the TiO,-10-Al,0;-MgO ratios (see figure 2, A), their figurative points are
located in the field of the picritic series, their ratio of Al,03/TiO, CaO/Al,O5 (see figure 2, B) indicate
relationship with picrites.

According to the results of spectral semiquantitative analysis [5], the picrits of the Karaturgai
complex are enriched with incompatible (Sr, Ba, Zr) and compatible (Ni, Co, V, Sc) elements, and also
have high concentrations of elements with highly charged ions (Zr, Y). [To According to Yu.l. Rilov and
co-authors (1967) in the apopycritic serpentinites of the Akzhal massif, the level of concentration of
compatible (coherent) elements reaches (g / t): Ni (3000), Cr (3000), Co (300), V (300), Sc (10) , they
also contain higher concentrations of rare earth elements (g / t): Y (1000), Yb (30), La (200), they are
listed among the chalcophile elements (%): Cu (0.02), Pb (0.006), Zn (0.03). It should be noted that in
the zones of crushing of serpentinized picrites of the Akzhal massif, the Y concentration level reaches
0.2%.

High concentrations of incompatible and compatible, as well as rare-earth elements show a low
degree of fractionation of the mantle substance against the background of their depleted titanium.
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A, B — Diagram of TiO,-10-A1,05-MgO, wt. % [18].
Fields of volcanic series: 1 - boninitic, 2 - komatiite, 3 - picritic, 4 - alkaline-ultramafic.

1-3 - Karaturgai diabase-picritic complex [5, 6 and unpublished data Yu.l. Rylova (1967-1971)]: 1 - low-Ti apopycritic
serpentinites, 2 - picrites, 3 - quartz diabases; 4-6 - rocks of the Pechenga region [19, tab. 67]: 4-5 - non-ore: 4 serpentinized
olivinites and 5 - serpentinized verlites; 6 - rocks of the gabbro-verlite nickel complex; 7-10 - rocks of the Karaulshakin
paravoctochon [20, 21]: 7 - cumulative peridotites (verlites and lherzolites), 8 - gabbro, 9 - guardulites and magnesian diabases,
10 - quartz diabases of the spilite-keratophyre complex; 11 - picrits of the Hawaiian plume [22]; 12-15 - magnesian rocks of the
Norilsk plume [23]: 12 - Tuklonskaya and Nadezhdinskaya suites, 13 - of the Gudchikhin suite, and 14 - of the Maslovskaya

intrusion.

B — Diagram of Al,0;/TiO, (ATM) — CaO/AL,O; [24].

Vertical lines - borders of petrochemical series on ATM.
Komatite family: 1 - komatiite peridotites and dunites, 2 - komatiites, 5 - low-titanium picrites.
Meimechit-picritic family: 3 - meimechita, 4 - ferro-picrites, 6 - picrites.
Marianite-boninite family: 7 - marianites.
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Table 1 — Chemical and regulatory composition of the rocks of the Karaturgai complex

# o2 | s s ] s | e |7 8 9
Rocks Picrites of Type I Picrites of II Type
SiO, 37.7 39.5 39.7 42.34 40.54 47.42 41.25 39.86 43.72
TiO, 0.56 0.64 0.54 0.59 0.74 0.72 1.02 0.89 1.02
AL O5 3.67 5.01 5.34 4.52 4.97 5.14 6.13 6.13 5.58
Cn0; 0.39 0.25 0.30 0.25 0.15
Fe,0; 7.96 7.84 6.65 9.15 8.37 5.61 5.38 4.14 3.33
FeO 6.22 5.01 5.51 4.77 33 5.74 8.12 8.23 7.4
MnO 0.17 0.09 0.1 0.2 0.16 0.18 0.14 0.21 0.17
MgO 29.06 30.03 30.25 27.05 30.13 254 27.16 28.57 26.75
CaO 2.09 3.53 3.25 3.31 2.97 2.01 4.46 3.99 3.7
Na,O 0.06 0.51 0.17 0.17 0.37 0.11 0.65 0.53 0.14
K,O 0.03 0.23 0.15 0.01 0.23 0.09 0.24 0.24 0.11
P,0s 0.11
H20" 12.19 7.24 7.76 7.62 5.25 6.64 7.89
H20 0.50 0.52 0.48 0.46 0.50 0.46 0.26
Moo 0.24 0.38 0.04 8.66 7.34 0.11
Amount 100.60 100.72 100.47 100.47 100.44 100.39 100.50 99.86 100.18
Fe,03/FeO 1.3 1.6 1.2 1.9 2.5 <1.0 0.7 0.5 0.5
FeO/MgO 0.21 0.17 0.18 0.18 0.11 0.23 0.30 0.29 0.28
CaO/AI203 0.57 0.70 0.61 0.73 0.60 0.40 0.73 0.65 0.66
Al,04/TiO, 6.55 7.83 9.89 7.66 6.72 7.14 6.00 6.89 5.47
Ni 0.19 0.14 0.08
Co 0.004 0.003 0.004
Ni/Co 47.5 46.7 20.0
Mgt 79.5 81.6 82.4 78.2 83.2 80.8 78.9 81.0 82.1
Pl 14.22 19.72 19.41 17.11 18.88 14.23 23.73 23.40 19.93
Ort 0.23 1.89 1.21 0.08 1.88 0.76 1.88 1.95 0.90
Cor 1.08
Di 0.69 5.93 2.43 433 3.06 7.61 5.24 2.87
Hy 26.66 8.79 18.89 37.85 20.30 73.68 12.61 9.99 44.74
Ol 55.75 61.42 56.02 38.28 53.62 8.03 51.37 56.86 28.43
IIm 0.86 0.92 0.77 0.85 1.06 1.03 1.41 1.25 1.69
Mt 1.59 1.33 1.28 1.51 1.20 1.18 1.39 1.31 1.15
Ap 0.28
Diff.I. 14.5 21.6 20.6 17.2 20.8 15.0 25.6 25.4 20.8
Elt 1334 1341 1331 1284 1314 1185 1327 1340 1259
EH,Oc 0.13 0.12 0.13 0.19 0.15 0.50 0.13 0.12 0.25
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Table 1 (continuation 1)

# o | oo | on 3| o | s 6 | 7 ] s | 19| 2
Rocks Picrites of II type Picrite diabases Diabases
SiO, 45.63 44.04 44.14 42.82 44.92 49.9 47.48 47.32 47.84 | 48.53 | 47.85
TiO, 1.08 1.08 0.94 1.58 1.4 1.24 1.88 1.88 1.94 2.1 2.25
AlLO; 7.1 8.3 6.93 11.7 11.0 10.9 14.45 1439 | 12.63 | 13.68 | 13.7
Cr,0; 0.10
Fe,04 3.83 4.47 3.77 5.66 2.16 3.97 5.25 1.03 5.8 2.37 25
FeO 6.55 6.86 5.90 797 9.65 6.89 9.78 14.69 9.21 8.29 | 10.42
MnO 0.11 0.18 0.18 0.0 0.15 0.17 0.15 0.18 0.22 0.16 0.19
MgO 25.24 20.97 23.7 15.23 17.33 11.5 6.15 6.12 6.45 7.56 6.27
CaO 3.38 7.39 7.15 8.97 7.6 8.9 10.67 10.48 | 10.36 | 10.51 | 11.12
Na,O 0.08 0.34 0.15 2.45 1.45 2.0 2.23 2.35 2.11 2.03 2.16
K,O 0.08 0.08 0.08 0.72 0.2 0.92 0.25 0.44 0.27 0.76 0.64
P,05 0.14 0.18 0.38 0.23 0.25
H20" 6.79 3.92 2.00 1.64 3.29 2.42
H20O 0.20 0.28 0.28 0.30 0.28 0.11
L. 0.14 7.69 6.90 3.08 0.18 2.20 291 0.23 0.25
Cymma 100.21 | 101.40 | 99.84 | 100.18 | 100.47 | 99.20 | 100.57 | 100.82 | 99.74 | 99.79 | 99.88
Fe,05/FeO 0.6 0.7 0.6 0.7 0.2 0.6 0.5 0.1 0.6 0.3 0.2
FeO/MgO 0.26 0.33 0.25 0.52 0.56 0.6 1.59 2.40 1.43 1.10 1.66
CaO/A1203 0.48 0.89 1.03 0.77 0.69 0.82 0.74 0.74 0.82 0.77 0.81
ALO;/TiO, 6.57 7.69 7.40 7.41 7.86 8.79 7.69 7.45 6.51 6.51 6.09
Ni 0.13 0.003 0.002
Co 0.002 0.001 0.003
Ni/Co 65.0 3.0 0.7
Mgt 82.0 77.4 82.0 67.5 72.7 66.2 43.0 434 44.4 56.4 46.9
Pl 20.96 29.81 | 24.36 | 31.55 42.51 41.41 55.68 5549 | 50.51 | 50.74 | 51.72
Ort 0.68 0.67 0.67 5.36 1.52 6.76 1.86 3.21 2.02 5.57 4.69
Neph 8.99
Cor 0.93
Di 13.21 14.80 | 20.35 10.87 17.40 18.93 19.15 | 21.73 | 19.19 | 21.61
Hy 57.84 30.78 | 32.32 16.79 26.47 14.26 10.83 | 20.79 | 20.21 | 14.62
Ol 16.65 22.88 25.56 30.40 24.87 3.94 5.46 7.54 0.99 2.69
IIm 1.51 1.49 1.30 2.04 1.83 1.58 2.38 2.38 2.51 2.67 2.85
Mt 1.08 1.17 1.0 1.31 1.17 1.03 1.43 1.40 1.45 1.03 1.25
Ap 0.35 0.43 0.87 0.53 0.58
Diff.L. 21.6 30.5 25.0 459 44.0 48.2 57.4 58.7 52.5 56.4 56.4
Elt 1233 1266 1257 1318 1272 1184 1241 1241 1220 1205 1228
EH,O0c 0.32 0.23 0.25 0.14 0.22 0.51 0.29 0.29 0.36 0.42 0.33
Note. The rocks of the picrite-diabase complex.1, 7, 8- [5]; 2-4, 9, 10, 14, 16, 17, 19, 20 - [6]; 5-6, 11-13, 15, 18 -
Yu.l. Rylov, 1967, 1971.
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Table 1.1 — Chemical and regulatory compositions of apopycritic serpentinites (21-28),
carbonatitoid (29) of the Karaturgai complex

# 21 22 23 24 25 26 27 28 29
SiO, 32.54 35.96 11.82 33.86 35.28 32.66 33.86 35.28 32.10
TiO, 0.08 0.08 0.08 0.16 0.0 0.04 0.16 0.08 1,80
Al O, 0.10 0.67 0.45 0.70 0.30 0.59 0.70 0.3 13.54
Fe 04 5.39 4.34 6.25 8.60 6.69 9.62 8.60 6.69 9.00
FeO 0.70 0.28 0.32 0.82 1.60 1.75 0.82 1.6 3.62
MnO 0.0 0.0 0.0 0.0 0.10 0.14 0.1 0.1 0.28
MgO 31.13 37.14 41.14 39.25 40.68 39.79 39.25 40.68 7.45
CaO 8.04 2.47 1.24 0.46 0.93 0.31 0.46 0.93 25.51
Na,O 0.06 0.08 0.06 0.04 0.04 0.04 0.04 0.04 0.10
K,O 0.04 0.06 0.04 0.04 0.02 0.02 0.04 0.04 0.04

Mo 18.76 17.48 38.10 14.04 13.71 13.29 14.04 13.71 6.92
Amount 96.84 98.56 99.50 97.97 99.35 98.25 97.97 99.36 100.36
Fe,05/FeO 7.7 15.5 19.5 10.5 42 5.5 10.5 4.2
FeO/MgO 0.02 0.01 0.01 0.02 0.04 0.04 0.02 0.04
CaO/Al,0, 80.4 3.7 2.7 0.7 3.1 0.5 0.66 3.10
AlL,0;/TiO, 1.3 8.3 5.6 4.4 - 14.8 4.38 3.75
Mgt 91.7 94.6 93.2 90.1 91.4 88.3 89.1 90.5 55.7

Pl 2.95 1.20 2.85 1.34 1.95 2.86 1.24 44.14
Ort 0.38 0.38 0.15 0.38 0.75
Nep 0.27 0.43 0.30 0.61

Kalsilite 0.09 0.04 0.07
Leucite 0.31
Cor
Di 13.39 4.71 0.65 3.82 0.65 3.89
Hy 17.86 1.29 1.41 1.14 1.15
Ol 74.15 73.43 95.40 93.51 92.35 95.76 93.65 92.31 22.96
Larnite 10.87 2.01 0.07 28.59
Acmite 0.23
Ilm 0.13 0.13 0.13 0.25 0.62 0.25 0.12 241
Mt 0.65 0.54 0.74 1.06 0.93 1.27 1.06 0.92 1.22
DiffI. 0.6 33 33 3.2 1.5 2.3 32 1.6 44.8
Elt 1361 1300 1774 1384 1370 1421 1385 1371 1495
EH,0c 0.11 0.17 -1.42 0.10 0.11 0.10 0.10 0.11 0.11
Note. The data Yu.l. Rylova, 1967.

Methods of research. The pore-forming and accessory minerals of picrites and picritic diabases were
studied by us with the Tescan Vega Il scanning electron microscope with the INCA PentaFetx3 energy
dispersive spectrometer (KarGTU, Karaganda) and the INCA ENERGY energy dispersive spectrometer,
OXFORD INSTRUMENTS, England (Lomonosov Institute of Geological Sciences, KlSatpaeva,
Almaty), installed on the electron probe microprobe Superprobe 733 (Japan).

The obtained information on the mineralogical composition of picrites made it possible to compare
them with those of other picrite-containing complexes in the world.

Rock constituent and accessory minerals of picrites. Olivine is one of the main sources of infor-
mation on the composition of the initial melt, which is fixed in the olivine. Olivine (Table 2) is charac-
terized by a high level of Fe,O5 concentrations (14.32-17.92%) and NiO (0.31-0.42%), concentrations of
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TiO,, ALOs, Cr,05 are below the limit of their detection using this method. Forsterite minil of olivine
picrites reaches 86 mol. %.

Clinopyroxene (table 2.1),does not contain TiO,, Cr,0;, and is substantially undersaturated with
AlL,O5 (0.30%), but supersaturated with F,O; (9.43%).

Hornblende in terms of chemical composition is close to the stoichiometric formula of ferro-pargasite
(table 2.1) with a weak enrichment of sodium and potassium, especially the composition of chlorine.

Biotite, judging by the chemical composition (table 2.1), can be divided into magnesian low TiO,
biotite and high TiO, phlogopite, the concentration of Al,0; and MgO naturally decreases in the latter, but
the role of K,O significantly increases.

Manganoilmenite (table 2.2) is one of the main accessory minerals of picrates, with respect to the
theoretical formula of ilmenite FeTiO;, where iron accounts for 36.8% and oxygen and titanium for
31.6%, Ti (23.87%), but enriched Fe (38.29%), Mn (1.74%), Mg (0.86%), Ni (0.20%), V (0.45%). Rela-
tively ilmenite, it is substantially supersaturated with V,0s (1.38%), which determines the geochemical
specialization of manganoilmenite from the picrites of the Karaturgai complex.

Titanium hematite is represented by lamellas, the amount of which reaches 80-90% of the total
volume of manganoilmenite grains. The composition of the lamellas studied, like the matrix, is extremely
unstable (table 2.2).

Chrompinelle is represented by idiomorphic grains and sharply xenomorphic grains performing
irregular intervals between the idiomorphic grains of olivine and pyroxene. It is often possible to observe
how the chrome-spinel penetrates the fissures into silicate minerals. Chromospinel crystals have a
pronounced zoning in the distribution of Fe, Ti and Cr, Al, Mg. The grain rim is characterized by elevated
Fe and Ti contents against the background of a sharp depletion of Cr and a relatively small decrease in Al,
Mg concentrations (table 2.3).

According to the classification of N.V. Pavlova [26], chrome spinel corresponds to subferrialumo-
chromite (Cr,0O; = 41.72-45.80%, Al,O; = 16.63-16.67%), less often ferriallyumochromite (Cr,O; =
= 38.65%, ALO; = 11.60%) and they have a low and relatively constant chromicity (Ct/(Cr+Al) = 0.66-0.69),
but their magnesia (Mg # = 0.06-0.44) varies over relatively wide limits. Xenomorphic crystals of
subferrialumochromite are enriched with V,0; (0.20%) and ZnO (0.62%). Narrow rims encircling the
chrome-spinels are represented by chromium-magnetite. The grains of subferrialumochromite are
dissected by veins of magnetite.

Apatite (table 2.1) is close in chemical composition to the stoichiometric formula: Cal0 (PO4) 6
(OH, F, Cl) 2, where F (0.9%) prevails over Cl (0.1%), while P205 (44.32%) is somewhat supersaturated .

Porphyry and accessory minerals of picritic diabases. In picritic diabases, we were able to study
only clinopyroxene, biotite, manganoilmenite, chrome spinel.

The clinopyroxene (table 2.1.7-13) of picritic diabases with respect to those of picrites contains
Cr,05 (<1.03%) and TiO, (<1.22%), is enriched with Al,0; (<3.36%) and MgO (<17.38%), but unsa-
turated CaO (19.63%).

Biotite (table 2.1.14) is represented by high-TiO, (2.95%), -Al,0; (17.26%) by its variety.

Manganoilmenite (table 2.2) in picritic diabases is more common than in picrites and mainly it
forms crystals with structures of decomposition of solid solutions, where the lamellae are composed of
titanomagnetite. Their size reaches 100 microns. With respect to the manganoilmenite of picrites, it does
not contain MgO, and the maximum concentration of MnO is 3.30%. Rarely in its composition is present
Cr,05 (0.66%). The lamellas of titanomagnetite are also enriched in MnO (1.38%).

Titanium hematite (table 2.2) relative to manganoilmenite of picrites is enriched in Fe,O;
(<76.33%), but contains less TiO, (<24.30%) and MnO. (<1.47%).

Chrompinel (table 2.4) forms ideally faceted crystals, which often reach 120 microns in diameter
and are represented by polyhedra and rounded discharge. According to the classification of N.V. Pavlova
[26] chromospin corresponds to subferrialiumochromite (Cr,O3 = 39.45-45.28%, Al,O; = 15.25-16.72%)
and has a low and relatively constant chromicity (Cr / (Cr + Al) = 0.62-0.65), but its magnesia
(Mg # = 0.09-0.48) changes in relatively wide side-altars. In its composition sporadically there are CaO,
MnO, V,0;, ZnO. A grain of ferrialumochromite was also encountered (Cr,O; = 38.07%). Rarely,
chrome-spinel crystals are edged with a thin rim of titanomagnetite containing MnO (1.60%) and ZnO
(0.55%), as a rule, their concentration level is higher than in chrome spinel.

—— |4 ——
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Table 2 — The composition of olivine picrites (wt.%)

# 1 2 3 4 5 6 7 8
Min. ol ol ol ol ol ol ol ol
Si0, 38.96 37.97 37.68 38.25 37.96 38.51 39.39 38.32
TiO,

ALO;

FeO 14.32 17.88 17.92 15.71 16.19 17.33 16.88 16.70
MnO 0.23 0.25 0.29 0.16

MgO 46.07 43.27 43.48 45.06 45.0 44.58 44.63 43.52

CaO 0.25 0.34 0.30 0.27 0.28 0.19 0.36 0.30

NiO 0.39 0.31 0.37 0.42 0.32

V105
Ni(r/1) 3065 2436 2908 3300 2515

Cl
Summ 100.0 100.0 100.0 100.0 100.0 100.60 101.27 98.84
Formulas in terms of 4 (oxygen)

Si 0.988 0.984 0.978 0.980 0.976 0.975 0.990 0.986
Fet2 0.273 0.349 0.350 0.303 0.313 0.367 0.354 0.359
Mn 0.006 0.005 0.006 0.003
Mg 1.742 1.672 1.682 1.722 1.725 1.683 1.667 1.669

Ca 0.007 0.009 0.008 0.007 0.008 0.005 0.01 0.008

Ni 0.008 0.006 0.008 0.009 0.007

Fo 86.4 82.5 82.5 84.8 84.5 82.10 82.50 82.29

Fa 13.6 17.2 17.2 14.9 153 17.90 17.50 17.71

Tp 0.3 0.3 0.3 0.2 0.00 0.00 0.00
Lig.Comp. 0.523 0.695 0.694 0.587 0.605 0.727 0.707 0.717

Table 2.1 — The composition of rock-forming and accessory minerals (wt.%) Of picrites (1-6) and picritic diabases (7-17)

# 1 2 3 4 5 6 7 8 9
Min am Cpx bt Flo pl ap Cpx Cpx Cpx
SiO, 43.86 53.36 36.22 39.97 41.67 0.73 51.34 51.64 51.48
TiO, 0.42 3.58 0.93 0.86 1.28
ALO; 13.16 0.30 19.84 13.49 28.89 3.37 3.06 3.05
FeO 20.07 8.58 8.99 9.80 6.55 1.03 691 7.18 9.51
MnO 0.44 0.39
MgO 8.72 14.76 32.14 24.49 0.20 16.83 16.29 16.47
CaO 10.86 22.13 0.09 0.10 22.30 50.78 19.74 19.92 18.21
Na,O 2.78 0.43
K0 0.34 2.30 8.57
P,0s 44.32
Cr203 0.88 1.04
V505
SOs 1.26

Cl 0.21 0.22

F 1.66

Si 6.495 1.989 4.825 5.515 8.147 0.119 1.887 1.903 1.903
Aliv 1.505 0.011 3.115 2.194 6.652 0.0 0.111 0.097 0.097

> 2 2 2 2
Alvi 0.792 0.003 0.00 0.00 0.00 0.035 0.036 0.036

Ti 0.042 0.372 0,00 0.00 0.026 0.024 0.036

Fe(iii) 0.00 0.058 0.0 0.0 0.000 0.000 0.000
Fe(ii) 2.485 0.208 1.001 1.131 1.070 0.140 0.213 0.222 0.294
Mn 0.014 0.00 0.00 0.00 0.00 0.00 0.00
Mg 1.925 0.820 6.383 5.037 0.00 0.923 0.985 0.908

Ca 1.723 0.884 0.013 0.015 4.668 8.870 0.778 0.786 0.721
Na 0.798 0.031 0.000 0.000 0.00 0.00 0.00 0.00

K 0.064 0.391 1.508 0.00 0.00 0.00 0.00

P 6.117

Cl 0.061

F 0.856
OH 0.083
Mg* 0.44 0.80 0.81 0.80 0.76
Wo 44.54 40.66 41.32 37.50

En 41.34 48.24 47.03 47.2

Fs 14.11 11.11 11.65 15.31

Note. Amphibole-ferro-pargasite. Flo — phlogopite.
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Table 2.1 (continuation 1)

# 10 11 12 13 14 15 16 17
Min Cpx Cpx Cpx Cpx Cpx Cpx Cpx Bt?
Si0, 57.87 54.50 57.48 56.07 51.73 51.50 51.59 35.68
TiO, 0.0 0.37 0.0 0.0 0.65 0.70 0.97 2.95

ALOs 0.85 2.30 1.11 2.69 2,42 3.03 2.66 17.26
FeO 9.17 15.75 9.36 12.69 791 7.18 8.37 16.72
MnO 0.43 0.22 0.22

MgO 18.86 15.19 18.38 15.89 17.61 17.22 17.00 24.83
CaO 13.25 11.33 13.20 12.34 18.65 19.34 18.62 0.0
Na,O 0.0 0.56 0.22 0.50 0.32 0.0
K,O 0.32 2.56
Cr,05 0.47 0,60 0,51 0,41

Cymma 100.0 100.0 100.0 100.0 100.21 100.20 100.17 100.0

Si 2.076 2.017 2.067 2.044 1.906 1.895 1.904 4.939
Aliv -0.076 -0.017 -0.067 -0.044 0.094 0.105 0.096 2.816

> 2 2 2 2 2 2 2
Alvi 0.112 0.117 0.114 0.159 0.011 0.026 0.019 0.000

Ti 0.000 0.010 0.000 0.000 0.018 0.019 0.027 0.307

Fe(iii) 0.000 0.000 0.000 0.000 0.068 0.091 0.051

Fe(ii) 0.282 0.495 0.288 0.396 0.175 0.128 0.206 1.935
Mn 0.000 0.000 0.000 0.000 0.013 0,007 0.007 0.000
Mg 1.009 0.838 0.985 0.863 0.967 0.945 0.935 5.124
Ca 0.509 0.449 0.509 0.482 0.736 0.762 0.736 0.000
Na 0.000 0.00 0.000 0.016 0.036 0.03 0.000

K 0.015 0.452

Mg* 0.79 0.63 0.78 0.69 0.80 0.81 0.78
Wo 28.30 25.21 28.53 27.67 37.57 39.44 38.03
En 56.05 47.04 55.28 49.58 49.37 48.87 48.32
Fs 15.65 27.75 16.18 22.74 13.05 11.70 13.64

Table 2.2 — Phase compositions of the decomposition structure of manganoilmenite solid solutions (mass%) of picrites (1-11)
and manganoilmenite and titanogenite of picritic diabases (12-25) of the Karaturgai complex

# Mineral TiO, FeOt MnO MgO Cr0; CaO V,05
1 2 3 4 5 6 7 8 9
Jlamenu — maTpuke
1 Titanium hematite 30.40 66.04 1.46 0.32 0.52 0.13 1.14
2 Ilmenite 38.23 57.82 1.95 0.61 0.40 0.15 0.85
3 IImenite 46.58 49.15 2.90 0.75 0.05 0.16 0.41
4 IImenite 50.43 44.89 3.09 0.85 0.10 0.27 0.36
5 Ilmenite 46.09 49.35 2.81 0.84 0.27 0.23 0.42
6 Ilmenite 36.95 59.21 1.91 0.60 0.35 0.19 0.79
7 Titanium hematite 33.51 62.80 1.71 0.37 0.34 0.08 1.19
8 Ilmenite 46.27 49.36 2.53 1.08 0.03 0.08 0.65
9 Titanium hematite 33.95 61.39 2.00 0.31 0.37 0.16 0.83
10 Ilmenite 52.03 43.86 3.14 0.51 0.06 0.13 0.27
11 Ilmenite 52.82 43.45 291 0.25 0.27 0.10 0.20
Jlamenu
12 Titanium hematite 22.23 76.33 1.44
13 Titanium hematite 24.30 73.57 1.47 0.66
Matpukce

14 Manganoilmenite 51.62 44.25 3.44 0.69

15 Manganoilmenite 51.45 45.32 3.23

16 Manganoilmenite 52.44 44.41 3.15

17 Manganoilmenite 52.27 44.47 3.26

18 Manganoilmenite 52.68 44.43 2.89

19 Manganoilmenite 51.98 44.03 3.39 0.60
20 Manganoilmenite 51.54 45.19 3.27
21 Manganoilmenite 52.70 44.19 3.11
22 Manganoilmenite 52.50 44.07 3.43
23 Manganoilmenite 52.65 44.02 3.33
24 Manganoilmenite 52.38 44.49 3.13
25 Manganoilmenite 52.74 43.95 3.31

— 16 ——
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Table 2.3 — Composition of chrome-spinel (wt.%) Picrite of the Karaturgai complex

# 1 2 3 4 5 6 7 8 9 10
TiO, 1.43 1.51 1.37 1.60 1.27 1.10 1.18 1.37 1.32 1.32
AlO; 15.26 15.48 15.63 14.73 14.34 14.12 13.50 14.00 13.20 13.87
FeO 25.76 26.49 25.45 26.83 30.47 30.83 33.28 33.46 | 38.12 35.90
MnO 0.92
MgO 11.30 10.95 11.08 11.22 8.28 7.56 6.58 7.01 4.70 4.27
Cr,03 46.25 45.57 46.46 45.63 45.64 46.39 45.46 44.16 | 42.66 43.72
Summ 100 100 100 100 100 100 100 100 100 100
Fe,03 7.94 8.035 7.233 8.894 8.247 7.742 8.805 9.448 10.86 8.615
FeO 18.62 19.260 18.942 18.827 22.959 23.864 25.357 2496 | 28.34 28.148

24-anion

Ti 0.275 0.290 0.263 0.308 0.250 0.218 0.236 0.272 | 0.267 0.268

Al 4.591 4.664 4.704 4.442 4.420 4.379 4.225 4358 | 4.188 4.405
Fe3+ 1.525 1.546 1.390 1.712 1.643 1.533 1.759 1.878 | 2.199 1747
Fe2+ 3.974 4.117 4.045 4.028 5.021 5.252 5.631 5.512 | 6.381 6.342

Mn

Mg 4.301 4.173 4218 4.28 3.229 2.966 2.605 2.76 1.886 1.715
Ca

Cr 9.335 9.211 9.380 9.230 9.437 9.652 9,544 9.221 9.079 9.314
Cr# 0.67 0.66 0.67 0.68 0.68 0.69 0.69 0.68 0.68 0.68
Fet# 0.56 0.58 0.56 0.57 0.67 0.70 0.74 0.73 0.82 0.83
Mgt 0.44 0.42 0.44 0.43 0.33 0.30 0.26 0.27 0.18 0.17
Fe2* 3.974 4.117 4.045 4.028 5.022 5.252 5.631 5.512 | 6.381 6.342
Fe3* 1.525 1.545 1.390 1.712 1.642 1.533 1.759 1.877 | 2.199 1.747

Table 2.3 (continuation 1)

# 11 12 13 14 15 16 17 18 19 20
TiO, 1.50 1.20 1.19 6.99 2.88 1.69 1.13 1.33 1.05 1.18
Al 04 11.74 13.79 13.68 6.37 10.26 16.82 14.19 7.48 8.00 7.77
FeO 44.80 39.08 41.06 61.70 49.96 35.27 37.66 72.33 71.74 71.73
MnO 1.12 0.54
MgO 2.82 221 1.48 0.86 7.81 5.79 0.87 0.84 1.03
Cr,0; 39,13 42.85 41.76 23.16 33.85 38.41 41.23 15.82 16.32 15.90
V,0, 0.20 0.66 0.46 0.82 0.82 0.65
ZnO 0.88 0.62 1.74 1.36 1.25 1.19
Fe,0; 15.083 8.726 9.356 25.564 18.074 11.96 12.195 42.12 43.49 44.25
FeO 31.228 | 31.288 | 32.641 38.696 33.696 24.51 26.687 31.15 32.60 31.91

24

Ti 0.309 0.247 0.246 1.500 0.606 0.329 0.226 0.280 0.221 0.248

Al 3.792 4.445 4.438 2.141 3.385 5.138 4.445 2.467 2.633 2.556
Fe3+ 3.111 1.796 1.938 5,486 3.807 2.333 2.439 9.289 9.139 9.295
Fe2+ 7.157 7.142 7.513 9.229 7.888 5.312 5.932 7.636 7.613 7.446

Mn 0.271 0.158
Mg 1.152 0.901 0.607 0.359 3.018 2.294 0.363 0.350 0.427

Ca

Cr 8.479 9.265 9.087 5.222 7.492 7.871 8.664 3.500 3.603 3.508

Zn 0.126 0 0.360 0.281 0.258 0.245

\% 0.44 0.151 0.103 0.184 0.184 0.145

Cr# 0.69 0.68 0.67 0.71 0.69 0.61 0.66 0.59 0.58 0.58
Fe# 0.90 0.91 0.94 1.00 0.97 0.72 0.78 0.98 0.98 0.98
Mgt 0.10 0.09 0.06 0.03 0.28 0.22 0.02 0.02 0.02
Fe2* 7.157 7.142 7.513 9.229 7.888 5312 5.932 7.636 7.613 7.446
Fe3* 3.111 1.800 1.938 5.486 3.810 2.333 2.439 9,290 9.139 9.295
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Table 2.3 (continuation 2)

# 21 22 23 24 25 26 27 28 29 30
TiO, 1.75 1.27 1.36 2.50 222 2.03 2.12 2.04 1.03 1.62
ALO; 14.27 15.04 14.70 17.65 17.24 16.56 16.60 17.17 5.29 1.69
FeO 44.10 32.76 34.51 30.84 36.39 37.74 34.15 31.39 71.69 73.89
MnO 0.17 0.71 091
MgO 2.49 8.16 6.22 10.55 6.67 4.85 7.64 8.70 0.73
Cr,04 36.89 42.20 43.21 38.46 37.49 37.77 39.48 40.69 19.88 20.70
V,04 0.50 0.57 0.68 0.57
Zn0O 0.87 0.62
Fe,05 13.081 10.522 9.163 10.767 10.681 10.484 10.073 8.814 43.27 45.337
FeO 32.890 23.292 26.265 21.151 26.779 28.306 25.086 23.459 32.753 33.093
Ti 0.358 0.249 0.271 0.447 0.436 0.405 0.415 0.395 0.219 0.352
Al 4.572 4.621 4.587 5.277 5.300 5.177 5.086 8.288 1.732 0.576
Fe3+ 2.676 2.064 1.826 2.055 2.097 2.092 1.970 1.709 9.203 9.859
Fe2+ 7.349 5.078 5.815 4.487 5.842 6.278 5.453 5.054 7.741 7.997
Mn 0.038 0.170 0.223
Mg 1.009 3.172 2.455 3.990 2.594 1.918 2.961 3.342 0.308
Ca
Cr 7.928 8.698 9.046 7.714 7.732 7.921 8.114 8.288 4.443 4.729
Zn 0.170 0.132
\% 0.109 0.119 0.154 0.132
Cr# 0.63 0.65 0.66 0.59 0.59 0.60 0.61 0.61 0.72 0.89
Fe# 091 0.69 0.76 0.62 0.75 0.81 0.71 0.67 0.98 1.00
Mgt 0.09 0.35 0.24 0.37 0.25 0.19 0.29 0.33 0.02 0.0
Fe2* 7.349 5.078 5.815 4.487 5.842 6.278 5.453 5.054 7.741 7.997
Fe3* 2.676 2.064 1.825 2.055 2.096 2.092 1.970 1.708 9.203 9.859
Table 2.4 — Composition of chrome spinels (wt.%) Of picritic diabases of the Karaturgai complex
# 1 2 3 4 5 6 7 8 9 10 11 12
TiO, 1.30 1.46 1.43 1.50 1.44 1.42 1.61 1.52 1.28 1.48 1.29 16.06
ALO, 1589 | 1538 | 1525 | 1644 | 1640 | 1525 | 16.59 | 1568 | 15.82 | 16.72 | 16.22
FeO 39.80 | 36.25 | 33.18 | 32.17 | 36.78 | 33.18 | 29.24 | 34.18 | 30.25 | 2398 | 33.59 | 71.30
MnO 0.66 0.82 0.90 0.83 1.73
MgO 2.26 8.83 6.36 8.00 4.20 6.36 9.68 6.27 8.65 12.54 5.41
CaO 0.29 0.21
Cr,04 39.45 | 38.07 | 42.96 | 41.37 | 39.60 | 42.96 | 42.69 | 42.06 | 43.62 | 4528 | 43.49 10.32
V,0; 0.31 0.52 0.19 0.17
ZnO 0.33 0.68 0.59
Fe,0; 9,23 15.21 8.69 9.15 9.57 8.71 8.62 8.94 8.73 7.77 6.61 29.49
FeO 3149 | 22.56 | 2537 | 23.94 | 28.57 | 2535 | 2148 | 26.14 | 22.39 | 1699 | 27.64 | 44.77
Ti 0.265 | 0.284 | 0.284 | 0.293 | 0.289 | 0.282 | 0.311 | 0.301 | 0.249 | 0.280 | 0.257 | 3.546
Al 5.073 | 4.688 | 4743 | 5.029 | 5.154 | 4743 | 5.016 | 4.868 | 4.830 | 4.959 | 5.063 | 0.000
Fe3+ 1.882 | 2960 | 1.725 | 1.786 | 1.920 | 1.729 | 1.665 | 1.771 1.702 | 1471 | 1318 | 6.516
Fe2+ 7.135 | 4.879 5.598 5.197 6.282 5.594 | 4.608 5.757 4.850 3.575 | 6.121 10.99
Mn 0.151 0.00 0.183 | 0.000 | 0.203 | 0.186 | 0.000 | 0.000 0.00 0.000 | 0.000 | 0.430
Mg 0913 | 3.405 | 2.503 | 3.096 1.67 2.502 | 3.702 | 2.462 | 3.341 | 4.705 | 2.136 | 0.000
Ca 0,000 0.00 0.00 0.00 0.00 0.00 0.000 | 0.082 | 0.058 | 0.000 | 0.000 | 0.000
Cr 8.450 | 7.784 | 8.964 | 8490 | 8.349 | 8964 | 8.659 | 8.759 | 8.934 | 9.009 | 9.106 | 2.395
Zn 0.066 0.00 0.00 0.000 0.134 | 0.000 0.000 0.000 0.000 0.000 | 0.000 0.128
\% 0.065 0.00 0.00 0.108 | 0.000 | 0.000 | 0.039 | 0.000 | 0.035 | 0.000 | 0.000 | 0.000
Cr# 0.62 0.62 0.65 0.63 0.62 0.65 0.63 0.64 0.65 0.64 0.64
Fe# 0.91 0.70 0.75 0.69 0.83 0.75 0.63 0.75 0.66 0.52 0.78
Mg# 0.09 0.30 0.25 0.31 0.17 0.25 0.27 0.25 0.34 0.48 0.22
Fe2* 0.791 0.622 0.764 0.744 0.766 | 0.764 0.735 0.765 0.740 0.708 0.823 0.628
Fe3* 0.209 | 0.378 | 0.236 | 0.256 | 0.234 | 0.236 | 0.265 | 0.235 | 0.260 | 0.292 | 0.177 | 0372

Note. The amounts of FeO and Fe203 are calculated by stoichiometry.
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Discussion. Species karaturgayskogo hypabyssal diabase picritic complex are derivatives melting
spinel lherzolite whereas rock harzburgite-peridotite-gabbro plagiogranite complexes suprasubduction
ofiolitov Central Kazakhstan formed by melting garnet lherzolite (see figure 3, B). The cumulative
peridotites of the suprasubduction ophiolites of Central Kazakhstan are depleted of Al,O; (see figure 3, D)
relative to the picrits of the Karaturgai complex. If we turn to the TiO,-10-Al,05-MgO diagram [see figu-
re 2, A], then these complexes also correspond to two different series: the first - picritic, and the latter -
komatiite and partly boninitic. These differences are also evident in the Al,05/Ti0,—CaO/Al,O; diagram
(see figure 2, B).
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A, B — The diagram of MgO-Fe203t, wt. %.
Arrows show trends: Ni - rocks Pechenga nickel complex; non-metallic rocks Pechenga:
Vr - serpentinized verlites and Ol-serpentinized olivinites.
B — Diagram TiO0,-MgO, wt. % [19],
G — Diagram of Al,0;-MgO, wt. % [27].
1 - trend melting of spinel peridotite; 2 - trend melting garnet peridotite; 3 - degree of melting.
For legendary symbols, see figure 2.

Among the magnesian complexes of the Noril'sk region [23], only the rocks of the Gudchikhin suite,
which correspond to the picrites of the Hawaiian plume, correspond to the levels of TiO2 (figure 3, B), to
picrites. correspond to the derivatives of melting of spinel lherzolite. Whereas the rocks of the Tukon,
Nadezhda suite and the Maslovskaya intrusion of the Norilsk trap are the derivatives of the melting of the
garnet peridotite and, therefore, do not find analogy with the picrites of the Karaturgai complex.

The picrits of the Karaturgai complex relative to those of the Hawaiian plume [22, 27] are depleted of
Ti02, but somewhat more magnesian, which reflects their high degree of melting (see figure 3, B). They
also have less alumina than in picrites of the Hawaiian plume (see figure 3, D).
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A — Diagram of FeOt-FeOt / MgO, wt.% [28],
B — Diagram of Na20 / Ti02-CaO / A1203, wt. % [29],
B — The FeOt-MgO diagram, wt. % and
G — Diagram of CaO-MgO, wt. %.
1 — picritic diabases of the Karaturgai complex.
See Figure 2 for legendary symbols.

The picrits of the Karaturgai complex are characterized by a constant growth of FeOt with a weak
fluctuation of the FeOt / MgO ratio (see figure 4) and minor MgO oscillations, while in the Hawaii
plume picrites the level of FeOt concentration remains practically constant, but the level of MgO
content significantly changes (see figure 4, AT). From the latter, picrites also differ in the ratios of
Na,0/Ti0,-Ca0/Al,O;, but it should be noted that the diabase and picrite diabase of the Karaturgai
complex are fairly close in CaO/Al,Os; ratio, with some depletion of Na,O.

Particular attention should be paid to the nature of the distribution of CaO relative to MgO (see figu-
re 4, D). Diabases and picritic diabases of the Karaturgai complex lie on the trend of picrites of the
Hawaiian plume, while the actual picrites deviate from this trend, which can be caused by intra-chamber
crystallization and the accumulation of olivine cumulates.

Pore-forming olivines from picrites of the Karaturgai complex on the Fo NiO, -MnO diagrams (figure
5, A, B, respectively) are located in the olivine field of intraplate magmatic complexes, as well as olivine
from picrites of the Hawaiian plume. This figure clearly shows that the figurative points of the olivine
picrites of the Karaturgai complex are significantly removed from the MORB and trap fields of the
Norilsk region, and they have a completely different enrichment trend of NiO and MnO. With respect to
the olivine picrites of the Hawaiian plume, whose magmas originate at a depth of at least 660 km, they are
enriched in iron and contain somewhat less NiO, but are enriched in MnO.

All this indicates the geochemical specialization of the Karaturgai complex inherent in the picrites,
accompanied by Cu-Ni + Zn-Pb + PGM mineralization, the formation of which was associated with the
melting of the depleted mantle source Ti and Cr but enriched with elements of the iron group, as well as a
number of rare-earth elements (La, Yb) and lithophilic elements (Y, Zr, Sr, Ba).
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Figure 5 — Diagrams A — Fo (mol%) - NiO (wt%), B — MnO (wt%) for olivines from picrites of the Karaturgai complex.

PM - olivine field in equilibrium with peridotite material; MORB - field of phenocrysts from basalts of mid-oceanic ridges;
WPM - the field of phenocrysts of olivine from intraplate magmatic reservoirs formed under a powerful (more than 70 km)
lithosphere [30]; NT - olivine from the trap of the Norilsk region [30]; olivine from picrites of the Hawaiian plume [22].

It should be especially noted that the rock-forming olivines and clinopyroxenes of the picrite of the
Karaturgai complex do not contain Cr,0;, TiO,, which indicates a high depletion degree of the initial
mantle material enriched in Ni and Cu sulphides.

While clinopyroxenes of picritic diabases are on the contrary enriched with Cr,O3 and TiO,, and the
rock itself contains a high-titanium chrome spinel. Such differences in the chemical composition of the
rock-forming and accessory minerals of picrites and picritic diabases have several explanations. Picritic
diabases can be considered as a hardening zone in which the (original) primary composition of the mantle
substance is preserved, and picrites as the final product of its melting. It is not excluded that they belong to
two different mantle sources.

The presence in the picritic diabases of the roof of the streams together in one sample of the crystals
of chrome spinel, manganoylmenite and titanogenate gives grounds to speak of their crystallization under
hypabyssal conditions. Since iron is in a high degree of oxidation in titanogemate, this suggests its
formation under conditions with a higher oxygen potential.

The chemical composition of the picrites of the Karaturgai complex testifies to their belonging to the
ultrabasites of the normal range, which was noted earlier by NP. Mikhailov and Yu.L. Semenov [5], with
the ratio CaO/Al,05<1, the content of TiO, (<1%), with a constant but insignificant predominance of
Na,O (<0.65%) over K,O (<0.24%). Associates with high-Fe picrites, tholeiitic diabases also have low
CaO/AlL0; ratios, significantly below 1, but with an elevated TiO, content> 1% and a constant predo-
minance of Na,O (> 2.0%) over K,O (> 0.25%).

The absence of the lavas, volcanic breccias, hyaloclastites, and tuffs of picrites, which are so
characteristic of the intensive stretching of the continental crust in the Western Ulytau belt, 19 attests to
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the formation of the hypabyssal rocks of the diabase-picritic complex under the conditions of the general
compression (collision) regime in the late stages of development Ulytau folded area in the Neoproterozoic
during the formation of the Rodinia supercontinent.

Manifestations of picrite magmatism in such areas are due to an increase in the "stiffness" of folded
regions and the establishment of deep inner crustal faults [19].

Probably, under such conditions, magmatism proceeded within the Western Ulytau belt. The asso-
ciation of picritic and diabase magmatism to deep faults, fixed in the Mohorovicic interface within the
described region, was discussed earlier by GF Lyapichev [9].

Based on the spatial relationship of picrites with carbonatitoids, one can consider picrites and
apopycritic olivinites as convergent rocks.

According to the character of accumulation of the main major components (figure 6) tholeitic picrites
have analogy with non-diamond and poor diamondiferous kympicrites.

However, the studied olivine of tholeiitic picrites contains more iron (Fo 85-90%) and it is enriched
with Ni (<0.33%) and MnO (<0.29%). Phlogopite picrites enriched TiO, (3.58%) and does not contain
MnO, and ilmenite enriched MgO (<1.08%), MnO (3.14%), CaO (0.27%), V,0; (0.85%) and Cr203
(<0.40%), which is uncharacteristic both for kimpicrites and alpicrites, and even more so for diamon-
diferous kimberlites [31].

According to the mineralogical and petrochemical composition (figure 6) picritic diabase appro-
aching rocks alpikritovoy group, but their enriched ilmenite MnO (<3.44%), and MgO and Cr,O; absent.
The present composition picritic diabase chromospinel (Cr,O; <45.28%, MgO <8.83%), not occurring in
the composition of titanium-alpicrites [31].

Apopycritic olivinites of the Karaturgai complex are often brecciated, carbonized and are larnite-
normative.

In the diagrams (figure 6) their figurative points are located in the field of diamondiferous kimberlite
compounds. However, it should be remembered that larnite is found not only in peridotites, but also in
ankaratrite and alnite. The latter are the extreme members of the alpicritic group. Recently found [32] that
comagmatic alneites and kimberlites similarity carbonated kimberlites and carbonatites is a consequence
of the evolution of the mantle magma. The presence of apatite, hornblende and phlogopite composed
apopycritic olivinites as in picrites themselves, suggesting their comagmatic with kimberlite or alnoeitis.
This understanding of the genesis of picrites is in complete agreement with their association with car-
bonatitoids, which are sources of rare earths.
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Figure 6 — Diagrams of SiO,/MgO-MgO/Fe,0;t (A), (Al,O; + Na,0 + K,0)-MgO/Fe,0st (B) and MgO/Fe,05t-TiO, (B)
for apopycritic serpentinites (red cross), picrites (blue cross ) and picritic diabases (black cross) of the Karaturgai complex.
I - the region of the compositions of diamondiferous kimberlites; II - the region of the compositions of non-diamondiferous
and poor diamondiferous kimicrites; III - area of compositions of alpicrites [31].

Petrogeneric conclusions. The accomplished petrogeochemical comparison of the rocks of the
Karaturgai complex allows us to make a number of preliminary conclusions about the genesis of basic and
ultrabasic magmas and their metallogeny within the Western Ulytau belt.
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The rocks of the Karuturgai complex of the Western Ulytau belt formed at a high degree of melting
of the spinel lherzolite than they differ from the harzburgite-peridotite-gabbro-plagiogranite complexes of
ophiolites of Central Kazakhstan, formed as a result of melting of the garnet peridotite.

Based on the Fe,03/FeO ratio [33], the first type picrites crystallized at a high oxygen content, while
the second type picrites, picritic diabases and diabases crystallized with a smaller oxygen content in the
magmatic melt.

The rocks of the Karuturgai complex of the Western Ulytau belt were formed at a high degree (from
35% to 10%) of melting of spinel lherzolite. The high degree of melting of spinel lherzolite suggests that
the rocks of the complex were formed during the intra-chamber differentiation of mantle picrite-
carbonatite magma.

The sulphide platinum-copper-nickel-lead-zinc mineralization, rich in rare-earth elements, is
genetically and spatially associated with the picrites of the Karaturgai complex. Such ore mineralization,
as shown by recent studies [33], is formed in the process of enrichment of picritic magma with silica and
alkalis upon the absorption of crustal material and addition of sulfur from an external source.

The genetic connection of picrites with carbonatitoids, ore loading and their petrochemical specia-
lization does not exclude the possibility that carbonatitoids can be the main sources of diamonds, which
are known today in the composition of carbonatites of folded belts [34]. The formation of carbonatitoids
of the Karaturgai complex having yttrium specialization should apparently be linked to the transfer of
carbon from the mantle source by reducing fluids consisting of methane, hydrogen, carbon monoxide and
other gases [35] that contributed to the formation of carbonatitoids.

However, the presence in the picritic olivine structure of the extreme member of the picrite-diabase
series of the normative larnite does not exclude its formation due to the differentiation of high-calcium
larnite-normative melts, which may be similar in composition to kimberlites [36].

The introduction of the hypabyssal Karaturgai complex of the Western Ulytau belt occurred against
the background of a collision of the folded structures of the Ulytau megaterrain during the formation of
the Rodinia supercontinent [37], and not in the process of rifting the continental and the more so the
oceanic crust.

The age of the rocks of the Karaturgai complex of the Western Ulytau belt is conditionally assumed
to be Neoproterozoic to the riftogenic stage (825 Ma) [37].

This is confirmed by their structural position, as well as by the fact that they form dikes and sills not
only within the Mesoproterozoic strata, but also from the Neoproterozoic Bozdak series and in the
composition of younger complexes. Ulytau is not found.

The authors thank 1.V. Gluhana (Russia) for the opportunity to get acquainted with his unpublished
materials on the picrits of Northern Ulytau. Special thanks are due to L.E. Popov (England) for critical
comments, useful discussions in the process of writing the article and for editing the English version of the
article.
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MMPOBJIEMBI IETPOJIOI'HMA YJIBbTPAOCHOBHBIX HOPOI[MBACCEIZHA PEKHU KAPATYPT AM
CEBEPHOI'O YJIYTAY (HEHTPAJIBHBIU KA3AXCTAH)

«ToNpKO IIyTeM CHHTE3a BCeX HayK O 3emiie
MBI MOKEM OTBICKATh "HUCTUHY".»
Anvghpeo Bezcenep

AHHoOTanus. B crarbe paccMOTpeHB! BOIPOCH! NMETPOJIOTHH U METAIJIOTEHHH OCHOBHBIX U YIBTPAOCHOBHBIX
nopon xpebra CesepHblii YibiTay. B cocraBe 3amaigHo-VYibITayCKOro mosica BbIJENIEH T'MIaOHcCaibHBIA Kaparyp-
raiickuil anada3-MMKPUTOBBIA KOMIUIEKC, KOTOPBIH SIBISETCS MPOWU3BOIAHBIM IUIABJICHUS LINMMHEIEBBIX MIEPUI0TUTOB,
YTO OTIMYAET €r0 OT HIKHENAJIECO030HMCKUX HaJCyONyKIMOHHBIX 0(roiInTOBBIX KOMIUIeKcoB LlenTpansHoro Kasax-
CTaHa, SIBIISIOLIMXCS MPOAYKTaMH IIIABICHUS TPAHATOBBIX JIEPIOIUTOB. J[aHBI COCTAaBBI MOPONOOOPA3YIONINX U aAK-
LIECCOPHBIX MHHEPAJIOB MUKPUTOB M MUKPUTOBBIX Anaba3oB. Iloka3aHo, YTO alONMMKPHUTOBBIE ONMBHUHUTHI KapaTryp-
raliCKOro KOMIUIEKCA SBJIAIOTCS JapHUT-HOPMAaTUBHBIMU oponamu. IIpucyTcTBre B COCTaBe aloOMUKPUTOBOIO OJIH-
BUHMTA KpalfHEro 4JeHa MUKPHUT-A1ada30BOro psAa HOPMATHBHOIO JIAPHUTA HE MCKIIOYAET €ro 00pa30BaHUE BCIIEH-
cTBUe AuddepeHauy BHICOKOKAIBIUEBBIX JTAPHUT-HOPMATHBHBIX PACIIaBOB, KOTOPbIE MOTYT OBITH OJIM3KH 110
cocraBy K KUMOepinTaM. YUUThIBas TEOXUMHUYECKYIO CHELUAIM3aLHUI0 TOPOJl KapaTypraliCKoro KOMIUIEKCa, BBICKA-
3aHO IMPEAIOIOKEHUE, YTO NX (POPMUPOBAHKE CBSI3aHO C IUIABJICHUEM JETUIETUPOBAHHOTO MaHTUHHOTO UcTOYHUKA Ti
u Cr, Ho oGoramenHoro Cu-Ni + Zn-Pb + MIIT, a takxe psaom P3D (Y, La, Yb) u iutodunbhsix anemenTos (Zr, St,
Ba). BHenpenne rumabuccaqbHOTO KapaTypraickoro KOMILIEKCA IPOMCXOIWIO Ha (pOHE KOJUIM3HMU CKJIaJ4aThIX
CTPYKTYp YIBITayCKOTO MeraTeppeiiHa B epros o0pa3oBaHusl CyliepKOHTHHEHTa Poninust.

KiroueBble cioBa: YibiTay, Kasaxcran, MUKpUTHI, 11a0a3bl, MEIHO-HUKEJIEBbIE PYIbl, Maia i, TUIaTHHA,
HEONPOTEPO3OM.
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COJITYCTIK YJIBITAVIbIH KAPATOPFAN O3EHI BACCEMIHIHIH
YJIBTPAHETI3I'I TAY KBIHBICTAP NETPOJIOT USICHIHBIH, TPOBJIEMAJIAPBI
(OPTAJIBIK KA3AKCTAH)

AnHoTanus. Makanana ContycTik YJbITay JKOTACBIHBIH HETI31 XKOHE YJIBTPAHETI3r1 Tay >KBIHBICTAPBIHBIH
METaJUIOTeHHs JKOHE METPOJIOTHsL Moceneliepi KapacThlpbuirad. bateic — ¥isiTay Genbey KypaMbIHAA THIa0HCCaI b
KapaToprail 1uaba3-MUKPHUTTI KeIIeH OOINHTeH, OJI IINMHHETh NEepUIOTHTTIH OalKyhl HOTIDKECIHAE maima Oomamsl,
JKOHEJIC OJ1 TPaHAT JICPUUOIUTTEPIiH 0anKy eHimi Oonathin OpranblK Ka3akcTaHHBIH TOMEH MANe030i CyOMyKIUs
ycTiHzeri opHONUTTI KeUIeHIHeH albIpbIKiia. Tay >KbIHBICBIH KYPAHTBIH YKOHE MUKPUTTIH YKOHE MUKPUTTI auaba3
aKIeCCOPJIBIK MUHEpaJiap Kypambl OepinreH. KapaToprail KelleHiHIH aloNUKPHUTTI OJMBUHUTTEP] JIADHUT-HOpMa-
TUBTI Tay >KBIHBICTApbl OOJIBINT TaOBUIAABL. AIONMUKPUTTI OJMBHHHUTTIH KypaMblHJa HHUKPHUT-AIMada3 KaTapbIHBIH
IIEKTI MYIIECI HOPMATHUBTI JAPHUTTIH OOJYbl, OHBIH KYpaMbl OOMBIHIIA KUMOEPIUTTEpre >KaKblH OOJIBII, XKOFaphl-
KaJIbLMIJII JIApDHUT-HOPMATHBTI epiTinaiepain nuddepeHnuanusuianysl cainapsiHan 0omysl MyMKiH. KapaTopraid
KEILIeH] Tay KbIHBICTAPBIHBIH F€OXUMUSIIBIK MaMaHAaHIBIPBUTYBIH €CKepe OTBIPBIN oyapAblH naiaa 6osysl Ti xkoHe
Cr muruieTTanFaH MaHTHHA Ke3aepiHiH OankyeiMeH, Oipak Cu-Nit+ Zn-Pb +MIIT, xonmene P33 (Y, La, Yb) kara-
pBIMEH JkoHE NTUTOQMIBAI dneMeHTTepAiH (Zr, Sr, Ba)0albIThUTysIMEHOAHTaHBICTH TIAlina OONFaHy Typajsl O0J-
xamaanrad. KapatopraiiaslH rumaduccanasl KemeHiHiH eHri3inyi Ponuaus cynepkoHTHHEHTI maiaa 60rysl Ke3iHae
¥YnelTayaelH MeraTeppeiliHie KaTHapiibl KYPbUIBIMIAPBIHBIH KOJJTH3UACH! Ke3iHAe OONIbL.

Tyilin ce3nep: ¥neitay, Kasakcran, mukpurrep, auada3map, MBIC-HUKENbII KEHIIITEp, MaJUIaauil, MmiaTuHa,
HEOIIPOTEPO30HU.
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