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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. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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THE STATE AND COMPOUND OF THE PLATINOIDS AND  
RARE EARTH METALS WITHIN THE PICRITES SULFIDES  

OF THE KARA-TURGAI ASSEMBLAGE OF THE NORTHERN ULYTAU 
 

Abstract. Violarite, siegenite, platinum telluride (moncheite), silver telluride, lead telluride (altaite), lead sele-
nide, solid solutions of iridium group metals (Ir, Os, Ru), rare earth metals (Dy, Er, Y, Ce) have been discovered for 
the first time in picrites of the Kara-Turgai assemblage alongside previously known sulfides of copper, nickel and 
cobalt (copper pyrite, pentlandite, cobaltite, nickeline, gersdorffite). The sulfides constitute three mineral formations. 
The first two mineral formations form segregation "droplets", having a round and elongate elliptical shape, while the 
third one is represented by exudations of irregular acute-angled shapes. The platinoids in sulfides are established to 
exist only in the segregation droplets of the first formation, which accumulated of pyrrhotite, copper pyrite, pentlan-
dite, violarite, and sphalerite. The sulfides of the second formation do not contain platinoids and are represented by 
pyrrhotite, copper pyrite, and sphalerite. The sulfides of the third formation are represented by pyrrhotite, copper 
pyrite, sphalerite, and pyrite. The whole of three mineral formations contain magnetite and are commonly confined 
to the most graded picrites horizons and apopicritic olivinites. Single sulfides inclusions were detected within the 
picritic diabases, represented by pentlandite, siegenite, millerite, pyrite, and galenite. Cu-Ni - ore formation 
(platinum group minerals [PGM]) – (rare earth elements [REE]) of Kara-Turgai ores was presumed to occur in an 
open magmatic system, which was favorable for accumulation of commercial bulk of sulfide. 

Key words: Ulytau, copper-nickel ores, platinoids, rare earth metals. 
 

Introduction. A diabase-picritic Kara-Turgai assemblage that is dimensionally and genetically linked 
with the copper and nickel sulfides [1] is long ago well-known in the west of Central Kazakhstan, in the 
Kara-Turgai River basin (Figure 1). The platinum group metals (PGM) [2, 3] availability in the sulfides 
arose the keeping interest for their study [3-13]. 

The copper, nickel and iron sulfide clusters are in the picrites and apopycritic serpentinites, which 
constitute the inclusions of three mineral formations. The first two formations constitute a segregation 
"droplets", of a rounded and ellipsoid-elongated shape, the third formation is irregular acute-angled 
shapes. 

O.B. Bejseyev and his joint authors [6] have studied the mineral compound of mineralization in detail 
and distinguished pyrrhotite, pentlandite, copper pyrite, magnetite, nickeline, cobaltite, sperrylite, titano-
magnetite, titano-ferrite and chromite in descending order. K.Sh. Dyusembayeva [8] has enlarged this ore 
formation with gersdorffite, covellite, bravoite, arsenic pyrite. 

Currently, the platinum group metals are well-known in the sulfides of the Kara-Turgai and Akzhal 
occurrences, which are concentrated in the intrusive sheet compound underlying among the Proterozoic 
formations (figure 1). Pursuant to O.B. Bejseyev’s data [6] the sulfide copper-nickel-cobalt ores of the 
Kara-Turgai occurrence contain Pt-5 g/t, Pd-16 g/t, whereas S.S. Chudin [7] states of the total platinoids 
content reaches only 10 g/t in the copper-nickel concentrate of these ores. 

An extremely low Pt + Pd concentrations (up to 0.2-0.4 g/t), as to S.S. Chudin’s data [7], are pointed 
out in apopycritic serpentinites of the Akzhal massif. The state and compound of the platinoids in sulfides 
were not previously established. 
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Figure 1 – 

A. A geological sketch map of the middle stream area of Kara-Turgai River by I.I. Vishnevskaya and I.F. Trusova [4],            
S.S. Chudin [7], amended and supplemented by the authors: 1 – Cainozoic sediments; 2-3 – Karsakpai group (Mesozoic-Protero-
zoic): 2 – metabasalts stratum, less commonly andesites with the tributary levels of muscovite-quartzite and quartzite shales, 3 – va-
riegated tuffs strata of quartz albitophyres and ash banded tuffs of the average compound, 4 – muscovite-albite and graphite 
shales, albite gneisses and micro-gneisses of the Aralbai group (PR1ar); 5 – the Kara-Turgai diabase-picritic assemblage (PR3k);                    
6 – geological boundaries; 7 – tectonic faultings; 8 – topographical contour lines; 9 – the Kara-Turgai River and its Koitas and 
Maike inflows; 10 – trigonometric heights. 11, 12 –genetic types of minerals; 11– magmatic group (segregation type), sulfide 
copper-nickel ores with platinoids and rare-earth elements (Dy, Er, Y, Ce) in the picrites, 12 – carbonatite group (fluid-magmatic 
type), carbonatites of quartz-carbonate-albite compound with copper sulfides and platinoids. The ore manifestations: 1 – Kara-
Turgai, 2 – North Akzhal, 3 – Eastern Akzhal. 

A geological sketch map of the Kara-Turgai massif (B) and the SN section (C) through the central part of the massif. The 
source of data is by N.P. Mikhailov, Yu.L. Semenov[1], I.I. Vishnevskaya and I.F. Trusova [4], O.B. Bejseyev [6] amended and 
supplemented by the authors: 1 – Cainozoic sediments; 2-4 – Karsakpai group (PR2kr): 2 – tuffs of quartz albitophyres, 3 – ban-
ded tuffs of average compound; 4 – tuffs of main compound; 5 – graphite-albite shales of the Aralbai group (PR1ar); 6-7 – Kara-
Turgai diabasepicritic assemblage: 6 – quartz diabases, diabases, 7 - picritic diabases, picrites, apopicritic serpentinites, primary 
spherical, porphyraceous; 8– geological boundaries; 9 – faultings and thrusts. 

 
Research Methods. Platinoids microinclusions within the copper and nickel sulfides from the 

picrites of the Kara-Turgai assemblage were studied in the mineralogy department of the IGS LLP named 
after K.I. Satpayev (Almaty) by means of the energy dispersive spectrometer by INCA ENERGY, 
OXFORD INSTRUMENTS, England, installed on an electron probe micro-analyzer Superprobe 733 by 
JEOL, Japan (accelerating voltage is 25 kV, probe current is 25 nA, probe diameter is 1-2 μm). When 
analyzing minerals as a comparison samples used the following: pure metals for the PGM; the artificial 
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Table 1 – The sulfides compound of the first mineral formation with the magnetite,  
together with PGM, REE picrites of the Kara-Turgai assemblage (wt. %, 100% total) 

 

Sr. No Mineral S Fe Cu Co Ni Zn Pb Er Os Te 

The first ore mineral formation with magnetite, together with PGM, REE. 

1 Cooper pyrite 36.61 30.00 33.39        

2 Cooper pyrite 36.44 30.19 33.37        

3 Cooper pyrite 36.46 29.97 33.57        

4 Cooper pyrite 33.50 30.05 33.45        

5 Cooper pyrite 37.28 29.43 33.19 0.10       

6 Cooper pyrite 34.99 30.52 34.50        

7 Cooper pyrite 35.53 30.04 34.43        

8 Cooper pyrite 35.39 30.44 34.17        

9* Cooper pyrite 35.23 28.89 32.43       3.44 

10 Sphalerite 35.09 9.05 1.02   54.83     

11 Sphalerite 34.98 8.88 0.32   55.82     

12 Sphalerite 35.29 10.31 0.80   53.60     

13 Sphalerite 35.12 9.41 0.71   54.75     

14 Sphalerite 33.65 10.19 0.54  1.17 54.45     

15 Sphalerite 33.83 9.44 1.19  0.16 55.38     

16* Pyrrhotite 41.20 49.35 0.59  0.50    8.36  

17 Pyrrhotite 38.15 61.85         

18 Pyrrhotite 38.16 61.84         

19 Pyrrhotite 38.15 61.85         

20 Pyrrhotite 38.15 61.85         

21 Pyrrhotite 40.37 59.63         

22 Pyrrhotite 40.29 59.71         

23 Pyrrhotite 40.52 59.48         

24 Pyrrhotite 40.39 59.61         

25 Pyrrhotite 38.93 61.07         

26 Pyrrhotite 38.82 61.18         

 27* Pyrrhotite 39,73 59.03       1.24  

 28* Pyrrhotite 33.50 52.60        4.74 

 29* Pyrrhotite 31.54 61.98        6.47 

30 Pentlandite 35.04 33.24  1.18 30.54      

31 Pentlandite 35.28 33.56  1.04 30.13      

32 Pentlandite 35.75 32.78  1.31 30.16      

33 Pentlandite 35.28 33.56  1.04 30.13      

34 Pentlandite 35.75 31.78  1.31 30.16      

35 Pentlandite 34.01 32.82   31.60   1.57   

36 Pentlandite 34.00 33.60   31.55   0.85   

37 Pentlandite 34.13 33.54   31.46   0.88   

38 Pentlandite 34.37 33.55   30.55   1.24   

39 Pentlandite 33.91 33.59   30.90   1.60   

40 Violarite 40.66 24.81   32.86   1.68   

41 Violarite 40.27 26.11   31.86   1.76   

42 Violarite 40.70 22.95   35.19   1.16   

 43* Violarite 39.84 25.49   31.36   1.42 15.43  

44 Violarite 41.58 24.20   34.22      

*The analysis point contains a small inclusion. 
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Crystallo-chemical formulas. 
1. Cu 0.999 Fe1.011 S2.149;  
2. Cu 0.996 Fe1.014 S2.133;  
3. Cu 0.992 Fe1.008 S2.136;  
4. Cu 0.989 Fe 1.011 S 2.08;  
5. Cu 0.99 Fe 1.0 S 2.21;  
6. Cu1.0 Fe 1.01 S 2.0;  
7. Cu1.0 Fe 1.01 S 2.04;  
8. Cu1.0 Fe 1.01 S 2.04;  
9. Cu0.97 Fe 0.98Te0.05 S 1.99; 
10. Zn0.838 Fe 0.161 S1.030;  
11. Zn0.843 Fe 0.157 S1.080;  
12. Zn 0.816 Fe 0.184 S1.096;  
13. Zn 0.832 Fe 0.167 S1.089;  
15. Fe 1.00 S 1.075;  
 

16. Fe 1.00 S 1.075;  
17. Fe 1.00 S 1.075;  
18. Fe 1.00 S 1.075;  
19. Fe 1.00 S1.179;  
20. Fe 1.00 S 1.175;  
21. Fe 1.00 S 1.187;  
22. Fe1.0 S 1.18;  
23. Fe 0.91 S 1.09;  
24. Fe 0.92 S 1.08;  
25. Fe 0.95 S 1.05;  
26. Fe 0.95 S 1.05;  
27. Fe 0.99 S 1.16;  
28. Fe 0.96 Te0.04S 1.07;  
29. Fe 0.95 Te0.05S 0.85; 
30. (Fe 4.72Ni 4.12 Co 0.16)∑9.0 S 8,66;  

31. (Fe 4.78 Ni 4.08Co 0.14)∑9.0 S 8.75;  
32. (Fe 4.70 Ni 4.12 Co 0.18)∑9.0 S 8.94;  
33. (Fe 4.78 Ni 4.08 Co 0.14)∑9.0 S 8.75;  
34. (Fe 4.63 Ni 4.19 Co 0.18)∑9.0 S9.08;  
35. (Fe 4.66Ni 4.27 Er 0.07)∑9.0 S8.04;  
36. (Fe 4.73Ni 4.23 Er 0.04)∑9.0 S8.34;  
37. (Fe 4.73Ni 4.23 Er 0.04)∑9.0 S8.39;  
38. (Fe 4.79Ni 4.15 Er 0.06)∑9.0 S8.55;  
39. (Fe 4.76Ni 4.17 Er 0.07)∑9.0 S8.37;  
40. (Fe 1.33Ni 1.37Er 0.03)∑3.03 S3.79;  
41. (Fe 1.39Ni 1.61Er 0.03)∑3.03 S3.73;  
42. (Fe 1.39Ni 1.61Er 0.03)∑3.03 S3.73;  
43. Fe 1.38Ni 1.62Er 0.03)∑3.03 S3.76;  
44. (Fe 1.28Ni 1.72)∑3.0S3 

 
 

Sphalerite (ZnS) is a relatively uncommon mineral that is oversaturated with sulfur and contains up 
to 10.31% Fe and Cu up to 1.02% (see table 1). Chemically, it matches marmatite ((Zn0.84,Fe0.16) ∑1.00 
S1.08). A high level of Fe and S excess is presumably determined by a pyrrhotite in formation as a product 
of solid solution decay. Considering the iron entering into the sphalerite structure greatly increases the 
total system storage, then the iron amount in the solid solution decreases at a high pressure, and 
consequently, as the pressure releases, the iron amount in the sphalerite structure increases. 

The mineral of oxides group. Magnetite (Fe3O4), combined with the first formation sulfides, 
contains (wt.%): Fe (73.92 -74.66). A fine grain is detected in, which produced Os (6.44), Ru (2.01), and 
Rh (0.22) in the general review. A Y (2.15) admixture is also detected in this grain. These data indicate a 
solid solution of platinoids and yttrium is established. 

Precious and rare minerals microinclusions in the first formation sulfides are represented both as 
the intermetallic compounds (intermetallides) that form independent round, ellipsoidal, less irregular 
shapes of exudations of not more than 3 μm diameter (figure 3), and in the form of tellurides, selenides 
and arsenides . 

The most common is platinum telluride with Pd, Bi admixtures, which chemically is close to the 
stoichiometric formula of moncheite PtTe2 (see table 2, No. 1-3). Silver telluride generates a perfectly 
rounded grain (figure 3). Chemical compositions of the inclusions in copper pyrite correspond to Ag2Te 
(see table 2, No. 4). Occasional altaite (PbTe) inclusions in pyrrhotite and copper pyrite (see table 3) 

The (Ru, Ir) Os entity was found in the pentlandite (see table 3), its empirical formula can be 
represented as (Ru0.61 Ir017 As0.08)∑0.86Os1.14 with the chemical compound (wt%) (without matrix elements): 
Os (29.77), Ru (8.60), Ir (4.39), As (0.87). 

A grain of no more than 1.0 μm was detected in copper pyrite (see Table 3), which contains (wt. %): 
Ru (11.17), Os (11.31), Ir (1.60), Bi (0.11) along with iron, copper and sulfur in the analysis. The empiri-
cal formula of such a high-temperature solid solution can be represented as (Ir0.153Ru01.841)∑2.004Os0.996, 
which  perfectly  corresponds  to  the  osmiridium  (Ru, Ir)2Os  formula.  Also an ellipsoidal grain of up to                  
 

Table 2 – Microinclusions analysis in the sulfides of the first picrites formation of the Kara-Turgai assemblage (wt. %)  
without matrix elements 

 

Sr.No. Mineral Pt Pd Rh Ru Te  Bi Ag Pb Se ∑ 

1 PtTe2(pln) 35.66 2.37 1.27  47.94 7.99    95.23 

2 PtTe2 (pln) 32.03 1.65 1.99  42.66 8.83    87.16 

3 PtTe2(chp) 32.73 2.10  0.02 42.48 8.58    85.91 

4 Ag2Te (chp)     30.89  51.46   82.35 

5 PbSe(chp)        62.38 20.41 82.79 

6 Pb3Se (chp)        83.51 11.01 94.52 

 
Crystallo-chemical formulas. 

1. (Pt0.89Pd0.11Rh0.06) ∑1.06(Te1.77Bi0.18) ∑1.95;  3. (Pt0.84Pd0.10) ∑0.94(Te1.873Bi0.191) ∑2.06;  5. Pb0.54Se0.46;  
2. (Pt0.86Pd0.08Rh0.10) ∑1.04(Te1.74Bi0.22) ∑1.96;  4. Ag2.02Te0.98;  6. Pb2.97Se1.03. 
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Table 3 – The chemical compound of the mineral phases in the sulfides of the picrites first formation  
of the Kara-Turgai assemblage (wt. %, amount 100%) 

 
Mineral pyr pyr pyr pyr pyr pyr pyr pyr pyr pyr 

Sr.No. of element 1 2 3 4 5 6 7 8 9 10 
S 34.32 39.35 33.66 32.12 36.62 37.89 36.54 33.50 31.54 39.10 
Fe 19.70 49.34 39.95 35.39 37.71 43.59 51.55 52.60 61.98 50.20 
Cu      0.54     
Ni 1.71          
Co           
As 2.15 3.44 7.49 10.83 1.29 0.99    3.06 
Os 15.43 0.99   14.03 12.20    1.09 
Ir  6.89 14.21 16.41 2.15     6.55 

Ru 15.27  0,21  6.25 4.51     
Pt   4.24 4.62 1.94      
Ag       7.89 9.16   
Te   0.24 0.62   4.01 4.74 6.47  
Bi           
Y 11.41          
Pb      0.28     

 

Table 3. Extension 1 
Mineral pyr pyr chp chp chp chp chp chp chp chp 

Sr.No. of element 11 12 13 14 15 16 17 18 19 20 
S 27.79 23.42 26.24 22.55 19.63 14.38 15.55 31.22 30.00 31.22 
Fe 40.97 31.06 27.85 18.59 15.24 12.10 8.87 25.89 24.65 25.89 
Cu   14.91 12.90 13.96 11.39 2.78 28.16 25.99 28.16 
Pt  18.05       9.08  
Pd  0.95       1.05  
Ag   1.43   39.32  9.73  9.73 
Te 10.14 21.12 11.30   22.81  5.01 9.23 5.01 
Bi  5.41         
Pb 21.09  18.27 45.96 44.96  72.16   6.08 
Se     2.03  0.64    
O     4.17      

 

Table 3. Extension 2 
Mineral chp chp chp pln pln pln gm 

Sr.No. of element 22 23 24 25 26 27 28 
S 37.16 22.62 17.66 31.65 33.33 30.18  
Fe 19.59 19.41 13.13 13.78 30.31 27.14 19.45 
Cu 18.83 7.01 7.03     
Ni   4.15 10.93 28.53 24.01  
Co     0.61 0.72  
As    0.87    
Os 11.31   29.77    
Ir 1.60   4.39 1.84   

Ru 11.17   8.60    
Pt     2.23 7.17 25.50 
Te      7.48 25.71 
Bi 0.11     3.30 10.93 
Dy     1.62   
Pb  47.84 45.30  1.52   
Ce        
Se  1.87 3.44     
Zn  1.25      
Si   0.95     

Mg   0.57    1.21 
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Table 3. Extension 3 
Mineral chp chp mg chp mg mg  

Sr.No. of element 29 30 31 32 33 34 35 

S 22.55 19,63 4,38 23.52 9,62 3.27 13,71 

Fe 18.59 15,24 53,35 18.99 33,72 53.74 16,18 

Cu 12.90 13.96  20.26    

As   1,59     

Os   6,44     

Ir   1,74     

Ru   2,01     

Rh   0.22     

Y   2,15     

Pb 45.96 44.96   22.43 11.53 53.61 

Ce    11.27    

Se  2.03   3.14 1.25 6.82 

Si    2.05 4.13 2.81  

Mg    3,72 2.33 2.27  

Al    0,68    

F    0.55    

O   28,11 18,96 24.64 25.13 9,68 

 
3 μm is found in copper pyrite, which has a complex chemical compound (wt. %): Pt (11.87), Pd (1.11),     
Te (13.69), Mo (10.42), Bi (3.42), Ag (0.71). Supposing molybdenum is not associated with copper pyrite, 
then, in terms of 8 units, the crystallo-chemical formula (Pt1.624Bi0.437)2.061(Te2.864Ag0.176)∑3.04Mo2.9 is 
obtained, the formula of this solid solution is perfectly represented as - (Pt,Bi)2 (Te,Ag)3 Mo3 

Arsenides. High-temperature metals of the IPGM (Ir, Os, Ru) platinum group and As generate 
platinoid arsenides, which are found in pyrrhotite and less often in iron sulfide (see Table 3). They all are 
represented by extremely fine grains of irregular shape (figure 3), which makes it difficult to obtain an 
authentic grains consistence, since when analyzing characteristic X-ray radiation is recorded not only from 
the elements composing inclusion but also from the matrix elements. 

If the iron and sulfur amount is subtracted out of these analyses, the two types of entities may be 
conditionally distinguished. The first entity with the chemical compound (wt. %): As (3.44), Ir (6.89), Os 
(1.09) in terms of 100% recalculation has the following empirical formula: (Ir0.85Os0.13)∑0.98As1.02, then its 
formula perfectly corresponds to arsenide of iridium (Os, Ir) As. The second entity (wt. %): As (10.83), Ir 
(16.41), Pt (4.62), Te (0.62) in terms of 100% recalculation has the following empirical formula 
(Ir0.68Pt0.18)∑0.86(Te0.04As1.1)∑1.14, which corresponds to the ultimate formula (Ir, Pt) As.  

Lead selenide (II) (PbSe) is enclosed in copper pyrite (see table 2, No. 5). Also, the Pb3Se phase was 
detected (see table 2, No. 6), which forms rectangular crystal of a regular shape, 8 × 4 μm (figure 3). It has 
straight-line boundaries with iron sulfide, while copper pyrite absorbs it, which indicates the lead selenide 
phase appeared earlier than copper pyrite.  

Altaite (PbTe) is extremely rare. It forms isometric microinclusions in pyrrhotite and copper pyrite 
grains (see table 3). 

The second mineral formation. Chemically, the sulfides of the second formation (pyrrhotite, copper 
pyrite, sphalerite) has no difference from those of the first formation (see table 4), but pentlandite is absent 
nevertheless. A moncheite is found in none of the sulfides (pyrrhotite, copper pyrite and sphalerite) of this 
formation, which is widely present in the sulfides of the first formation. 

Copper pyrite is compositionally close to the stoichiometric formula (CuFeS2). In pyrrhotite 
(figure 4 (B)), the structure of the solid solutions decay is clearly observed, where the pyrrhotite’s light 
part corresponds to the theoretical formula of troilite (FeS) by composition, and the pyrrhotite’s dark part 
is oversaturated with sulfur (FeS1.13). Sphalerite by chemical compound is close to the theoretical formula 
of marmatite ((Zn0.8,Fe0.2)∑1.0S1.0). When Fe (17.97%) significance grows, the Cu (9.03%) concentration 
increases and its crystallo-chemical formula modifies ((Zn0.6Fe0.3Cu0.1) ∑1.00S1.00).  
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Oxides Category Mineral. Magnetite (Fe3O4), connected with the third sulfides formation, contains 
Fe (<72.62%), which is lower than in the first magnetite formation. 

The single inclusions of sulfides in picritic diabases are represented by sulfide category minerals: 
pentlandite, pyrite, siegenite (newly discovered mineral), millerite, galenite. 

Pentlandite (Fe, Ni)9S8) generates fine, rare grains in the bulk (figure 7 (B)). Chemically, it is close 
to the stoichiometric formula of pentlandite (see Table 6). It is supersaturated with S (38.23%), does not 
contain Co, and is poorly enriched by Cr (0.16%) with respect to the picrites pentlandite. 

Siegenite ((Co,Ni)3S4) generates fine grains totally in the rock (figure 6 (A)). It is composed of iron 
admixture (5.01-7.91%, see table 6), and a constant excess of sulfur is in the siegenite formula and nickel 
prevails over cobalt. 

Millerite (NiS) occurs in the clinopyroxene interstices, where the small crystals form. Iron in its 
compound was found as an admixture (see table 6). 

Galenite (PbS) is available in the form of fine grains in formation with millerite. Fe and Ni admixtu-
res in its compound, the Pb content reaches 83.18%, and S is up to 12.37%.  

Pyrite (FeS2) contains S = 56.31% and Fe = 43.69%. 
Oxides Category Minerals. Titanium-hematite and mangano-titano-ferrite form the solid 

solutions decay, and chromium spinel – grains of isometric shape. 
 

Table 6 – The sulfides compound of picritic diabases of the Kara-Turgai assemblage (wt. %) 
 

Sr. No Mineral S Fe Co Ni Cr Pb Total 

1 Pentlandite 36.36 33.05  30.59   100.0 

2 Pentlandite 38.23 33.87  27.75 0.15  100.0 

3 Siegenite 44.29 5.01 9.72 40.47 0.51  100.0 

4 Pyrite 56.31 43.69     100.0 

5 Siegenite 44.51 7.91 15.25 32.33   100.0 

6 Siegenite 44.32 7.97 15.60 32.11   100..0 

7 Siegenite 45.30 10.79 12.53 31.38   100.0 

8 Millerite 37.58 1.83  60.58   100.0 

9 Millerite 37.89 1.70  60.41   100.0 

10 Millerite 37.89 1.70  60.41   100.0 

11 Galenite 12.37 1.68  2.77  83.18 100.0 

 
Crystallo-chemical formulas. 

1. (Fe4.786Ni4.214)∑9.0S9.171;  4. Fe0.924S2.076;  7. (Ni1.705Co0.679Fe0.616)∑3.0S4.507;  
2. (Fe5.045Ni3.933Cr0.022)∑9.0S9.920;  5. (Ni1.737Co0.816Fe0.447) ∑3.0S4.378; 8. (Ni0.97Fe0.03)∑1.0S1.1;  
3. (Ni2.168Co0.519Fe0.281Cr0.093)∑3.062S4.345;  6. (Ni1.719Co0.832Fe0.449)∑3.0S4.345;  9. (Ni0.97Fe0.03)∑1.0S1.11;  
  10. (Ni0.97Fe0.03)∑1.0S1.11. 

 

Results and discussion. The siegenite, platinum telluride (moncheite), silver telluride, lead telluride 
(altaite), lead selenide, solid solutions of metals of the iridium group (Ir, Os, Ru), rare-earth elements (Dy, 
Er, Y, Ce) are established to be discovered for the first time in the picrites of Kara-Turgai assemblage 
alongside with the previously known sulfides (pyrrhotite, pentlandite, and copper pyrite) consequently of 
our investigations. The sulfides constitute three mineral formations. The first two constitute segregation 
"droplets", of a rounded and elliptical-elongated shape, and the third mineral formation is irregularly 
sharply angular (figure 8). The platinoids in copper and nickel sulfides are established to appear only in 
the first-formation segregation droplets, which are composed of pyrrhotite, copper pyrite, pentlandite, 
sphalerite. The sulfides of the second formation do not contain platinoids and are represented by pyrrho-
tite, copper pyrite, sphalerite. The sulfides of the third formation are represented by pyrrhotite, copper 
pyrite, sphalerite, pyrite. Each formation of minerals contains magnetite and as a rule is confined to the 
most differentiated picrites horizons and apopycritic olivinites. The consistency in the platinoids distri-
bution as a part of the segregation sulfides revealed by us provides explanation to the fact of ore impo-
verishment has occurred [7]. 
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In view of the present temperature version and the mss formation, Fe (1-x)S (troilite) may be assumed 
to appear at 11900С, on the Fe-S line, which spreads to the inner part of the system at the 11000С, forming 
the mss field (figure 9 ( A)). At this stage mss is enriched in Fe and depleted of Ni in relation to the liquid 
it is in balance with as suggested by A. Naldrett [16]. Afterwards, mss, formed from a fractionated liquid 
in the proceeding process of fractional freezing, according to D. Ibel and A. Naldrett [18], becomes 
enriched by Ni. By A. Sugaki and A. Kitakatse view [19] as a result of the reaction between mss and the 
liquid, a high-temperature polymorphic pentlandite is formed at 8650С (Figure 9 (B)). Following the A.A. 
Fedorov and A.V. Sinyakov materials [20], siegenite was instead of vaseat (Ni3 ± xS2) in our system it can 
be assumed, then the temperature descended below 8060С in the magmatic chamber. The liquid equals to 
mss at 8500С may be inferred to be enriched with Cu, but depleted by Ni with regard to mss taking into 
account the compound of the studied sulfides and accept the conclusions of J. Craig and G. Kullerud [21]. 
Considering the isothermal sections of the Cu-Fe-S system (Fig. 9 (C)), then the intermediate solid solu-
tion (iss) is submitted to be separated from the Cu-containing mss. Iss is presumably dissolved into copper 
pyrite-pyrrhotite mineral phases with the temperature decrease (up to 4000С or less). The millerite in the 
Fe-Ni-S system (figure 9 (D)) allows us to assume, in accordance with J. Craig [22], that mss was divided 
into mss1 and mss2+ millerite phases at 250° C. This also corresponds with the K. Misra and M. Fleet con-
clusions [23] that millerite and, unidentified Heazlewoodite mineral, are sustained at low temperatures. 

Conclusions. The abovementioned states that the mineral inclusions formation of copper-nickel ores 
containing platinum-mineral mineralization was proceeded with a temperature decrease, which varied 
from 12000С to 100-1350С. Apparently, such a rapid temperature decrease of the magmatic liquid has 
contributed to the minerals retention of the platinum group and rare earth elements during its fractionation 
and could proceed under hypabyssal conditions. Titano-haematite in picrites fairly corresponds with this 
assumption. Titano-haematite is known to be formed at a high oxidation potential of oxygen, which is a 
direct evidence of the rocks formation containing it under hypabyssal conditions. This is justified by iron 
in the sphalerite, since an increase in the amount of iron in the sphalerite structure occurs when the 
pressure decreases; as well as the altaite formed in the conditions of the hydrothermal mid-temperature 
mineral formation process as a late mineral. The lead selenide and altaite availability, as well as a high 
content of lead in other sulfides, indicates that igneous, including ore processes occurred in the continental 
crust. The rare-earth elements Ce, Dy, Er, Y discovered by us, in the sulfides compound, against the 
platinoids, substantially increase the industrial interest in the potential ores of the picrite-diabase of Kara-
Turgai assemblage. The platinoids and rare earth elements within the segregation droplets only, 
represented by pyrrhotite, copper pyrite, pentlandite and sphalerite, allows conducting technological 
testing of Kara-Turgai type ores more properly. 

The above facts totally indicate the ore formation of Cu-Ni- (PGM) - (REE) ores of the Kara-Turgai 
type occurred within the open magmatic system. Recent studies [24] have demonstrated that open mag-
matic systems are favorable for the concentration of a large number of sulfides. Additionally was specified 
[24] sulfur input from enclosing rocks is not required for the Cu-Ni- (PGM) - (REE) ores formation in 
open magmatic systems. This also inspires that large masses of Cu-Ni- (PGE) - (REE) ores can be placed 
in the benthic and root zones of the picrite-diabase of the Kara-Turgai assemblage. 

The rocks formation of the Kara-Turgai assemblage is apparently associated with repeated impulses 
of the magma chamber against compression processes during the formation of the Rodinia supercontinent 
should be specially emphasized [25]. 
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СОТҮСТІК ҰЛЫТАУДЫҢ ҚАРАТОРҒАЙ КЕШЕНІНІҢ ПИКРИТ СУЛЬФИДЫНДАҒЫ СИРЕК 
КЕЗДЕСЕТІН ЭЛЕМЕНТТЕРДІҢ ЖƏНЕ ПЛАТИНОИДТАРДЫҢ ҚҰРАМЫ ЖƏНЕ ФОРМАСЫ 

 
Аннотация. Біздің зерттеулер нəтижесінде қараторғай кешенінің пикритында ертеден белгілі мыс 

сульфиді, никель, кобальт ( халькопипит, пентландит, кобальтитникелин, герсдорфит) басқа алғаш рет вио-
ларит, сфалерит, зигенит, платина теллуриті (мочеит), күміс теллуриді, қорғасын теллуриді (алтаит), қорға-
сын селениді, ирид тобының металлдарының қатты ерітінділері (Ir, Os, Ru), сирек кездесетін элементтер (Dy, 
Er, Y, Ce). Сульфидтер үш минералды ассоциация құрайды. Бірінші екі ассоциация домалақ жəне эллипсті 
созылған формасы бар ликвациялық «тамшы» құрайды, үшіншісі минеарлды ассоциация – дұрыс емес өткір-
бұрышты формалы шығыстар. Нақытланған, егер перротин, халькопирит, пентландит, виоларит жəне cфа-
литтер құралған бірінші ассоциацияның ликвациялық тамшыларында ғана сульфидтің құрамында плати-
ноидтар болады. Екінші ассоциация сульфидтары құрамында платиноидтар жоқ, олар пирротин, халько-
пирит, сфалеритпен ұсынылған. Үшінші ассоциация сульфиттері пирротин, халькопирит, сфалерит жəне пи-
ритпен ұсынылған. Барлық минералогиялық ассоциациялар құрамында магнетит бар, олар еределі түрде 
пикриттер жəне апопикритті оливиниттер горизонттарына түсталған. Пикритті диабаз құрамында сульфид-
тердің кірістері анықталған: пентладит, зигенит, миллерит, пирит, галенит.Cu- Ni- (платина топтарының ми-
нералдары (ПТМ)) – (сирек кездесетін элементтері СКЭ) қараторғай кен түрінің, сульфидтардың өндірістік 
массаларының шоғырлануынына қолайлы, ашық магматикалық жүйе шегінде пайда болуы нақтыланған. 

Түйін сөздері: Ұлытау, мыс-никельді кеніштер, платиноидтар, сирек кездесетін элементтер. 
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СОСТАВЫ И ФОРМЫ НАХОЖДЕНИЯ ПЛАТИНОИДОВ И РЕДКОЗЕМЕЛЬНЫХ ЭЛЕМЕНТОВ  
В СУЛЬФИДАХ ПИКРИТОВ КАРАТУРГАЙСКОГО КОМПЛЕКСА СЕВЕРНОГО УЛЫТАУ 

 
Аннотация. В результате наших исследований, наряду с ранее известными сульфидами меди, никеля и 

кобальта (халькопиритом, пентландитом, кобальтином, никелином, герсдорфитом), в пикритах каратургай-
ского комплекса были впервые обнаружены виоларит, зигенит, теллурид платины (мончеит), теллурид се-
ребра, теллурид свинца (алтаит), селенид свинца, твердые растворы металлов иридиевой группы (Ir, Os, Ru), 
редкоземельные элементы (Dy, Er, Y, Ce). Сульфиды формируют три минеральных ассоциации. Первые две 
образуют ликвационные «капли», имеющие округлую и эллипсовидно-удлинённую форму, а третья мине-
ральная ассоциация – выделения неправильных остроугольных форм. Установлено, что платиноиды в суль-
фидах присутствуют только в ликвационных каплях первой ассоциации, которые сложены пирротином, 
халькопиритом, пентландитом, виоларитом и сфалеритом. Сульфиды второй ассоциации не содержат 
платиноидов и представлены пирротином, халькопиритом, сфалеритом. Сульфиды третьей ассоциации 
представлены пирротином, халькопиритом, сфалеритом, пиритом. Все три минералогические ассоциации 
содержат магнетит и, как правило, приурочены к наиболее дифференцированным горизонтам пикритов и 
апопикритовых оливинитов. В составе пикритовых диабазов обнаружены единичные включения сульфидов: 
пентландит, зигенит, миллерит, пирит, галенит. Постулируется, что рудообразование Cu-Ni-(минералов 
платиновой группы [МПГ]) – (редкоземельных элементов [РЗЭ]) руд каратургайского типа происходило в 
пределах открытой магматической системы, благоприятной для накопления промышленных масс сульфидов. 

Ключевые слова: Улытау, медно-никелевые руды, платиноиды, редкоземельные элементы. 
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