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peridotites, are unique, and their occurrence in the western CAOB is described here for the first 

time. 

Key words: spinel peridotite; Cpx-Opx-Spl symplectite; HP metamorphism; west Central 

Asian Orogenic Belt; cumulate. 

Introduction. 

In recent decades much attention has been devoted to the study of ultramafic and mafic 

rocks within metamorphic orogenic terranes worldwide e.g. Dabie-Sulu, China (Zhang et al., 

2000); Western Gneiss Region, Norway; Bohemian massif, Czech Republic (Medaris et al., 

1995; Brueckner and Medaris, 2000); Ulten zone, Italian Alps (Godard et al., 1996) where 

tectonic exhumation processes following subduction or collision events have led to exposure of 

ultramafic-mafic ultrahigh-pressure (UHP) and high-pressure (HP) lithologies, represented by 

more or less retrogressed garnet and spinel peridotites, eclogites and garnet pyroxenites. The 

provenance of such rocks and the mechanisms of their emplacement into continental crust 

(especially for ultramafic rocks) are of great significance for understanding the dynamics of plate 

collision and continental subduction (e.g. Zhang et al., 2000; Brueckner and Medaris, 2000; 

Medaris et al., 2004; Ernst et al., 2007; Zhang et al., 2011). Generally, these rocks are interpreted 

to have been formed as a result of the tectonic burial (subduction) of oceanic or thinned 

continental lithosphere fragments to depths corresponding to the eclogite facies. Subsequent 

exhumation may have been induced by slab break-off and subsequent buoyancy-driven ascent, 

underplating with tectonic erosion or tectonic extrusion (Ernst et al., 2007).  

Geochemical affiliations of ultramafic-mafic rocks in continental (U)HP terrains are 

characterized by their great diversity, where the main groups are either mantle-derived, or crustal 

in the form of intrusions differentiated from mafic melts (Zhang et al., 2000; Brueckner and 

Medaris, 2000; Ernst et al., 2007). Giving that these ultramafic and mafic lithologies tend to 

retain relict (U)HP minerals significantly more often in comparison to felsic rocks (Ernst et al., 

1998; Proyer, 2003), the identification of mafic and ultramafic HP and UHP rocks within 
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Cambrian dismembered ophiolites (ultramafics, gabbroids, tonalites, plagiogranites, basalts and 

rhyolites) as well as late Cambrian felsic to basic unmetamorphosed volcanic rocks, overlain by 

Early Ordovician turbidites and carbonates (Ryazantsev et al., 2009b; Degtyarev, 2012). 

Ophiolitic and deeper marine sediments of the Dzhalair-Naiman suture and Precambrian rocks of 

the Zheltau massif are unconformably overlain by Middle and Late Ordovician marine 

siliciclastic deposits (Fig. 2, A). 

In the Zheltau massif various Precambrian and Early Paleozoic metamorphic and 

magmatic complexes are present (Fig.2, A). Precambrian formations make up Anrakhai and 

Koyandy metamorphic complexes (Alexeiev et al., 2011; Tretyakov et al., 2016b; Degtyarev et 

al., 2017). The Anrakhai complex is most extensive in the SW part of the massif, consisting of 

orthogneisses with bodies of amphibolites. The orthogneisses predominate and have mainly 

Neoproterozoic protolith ages ~ 800 Ma (Tretyakov et al., 2016b) and 741± 1 Ma (Kröner et al., 

2007), but a group of subalkaline amphibole-bearing varieties have yielded Paleoproterozoic 

protolith ages (1789 ± 1 Ma, 2187± 1 Ma; (Kröner et al., 2007), and 1841 ± 6 Ma (Tretyakov et 

al., 2016b)).  

The Anrakhai complex has overthrust the Koyandy complex, whose outcrop is 

considerably less extensive within the Zheltau massif. The Koyandy complex consists of 

strongly retrogressed and mylonitized garnet-mica paragneisses with relics of tourmaline, 

phengite, alkaline feldspar and kyanite, indicating their high-pressure origin (e.g. Kotková, 

2007). These contain lenses and pods of mylonitized quartz-feldspar orthogneisses, meta-arenites 

and metacarbonates, muscovite-chlorite schists and garnet amphibolites that form a NW-trending 

band 50 m to 1.5 km wide. The protolith ages for garnet-mica paragneisses, are constrained by 

detrital zircons, which span a wide range from 694 ± 7 to 2257 ± 27 Ma (Alexeiev et al., 2011), 

implying a maximum Neoproterozoic (Cryogenian) age for the Koyandy Complex, the clastic 

material of which may have been sourced from the Anrakhai complex (Degtyarev et al., 2017). 
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part of the Zheltau massif (Alexeiev et al., 2011), whereas complexes of the ensimatic island arc 

are represented by unmetamorphosed amphibolitized gabbroids (this study; Fig. 2, A; Table S1). 

On the margin of the Chu-Kendyktas microcontinent, siliciclastic and carbonate facies 

accumulated, whereas a back-arc area of the Aktau-Yili microcontinent experienced intense 

subsidence and was dominated by deeper marine shales and turbidite facies (Fig. 15, c). 

In the late Cambrian-Early Ordovician (~ 490-485 Ma), obduction of the ultramafic-mafic 

complexes of the Dzhalair-Naiman zone onto the Chu-Kendyktas massif took place, 

accompanied by formation of a number of allochthons (e.g. Kopurelisay complex of the Aktyuz 

block). In the early Tremadocian (~ 485 Ma) these allochthons started to erode and pebbles of 

ophiolitic gabbro and serpentinites were deposited in siliciclastic facies of the Kendyktas 

formation (Ryazantsev et al., 2009b). The Dzhalair-Naiman oceanic basin started to shrink and 

accreted ophiolitic complexes and deeper marine deposits were overlain by turbidites of the early 

Tremadocian Dzhambul formation. The ages of detrital zircons from sandstones of the 

Dzhambul formation indicate that the turbidites were derived from Precambrian crustal blocks 

(Kröner et al., 2007). At the same time the oceanic basin between the Zheltau and Aktau-Yili 

microcontinents finally closed and some parts of the ultramafic-mafic complexes of ensimatic 

arc-basin system (serpentinite and gabbro) were obducted onto the Aktau-Yili microcontinent, 

whereas most of the sequence as well as fragments of the Zheltau microcontinent crust (the 

Koyandy complex) were buried under the Aktau-Yili microcontinent to the depths of 60-70 km, 

where eclogites, garnet clinopyroxenites and studied spinel-bearing ultramafic rocks were 

formed (Fig. 15, d). 

In the Early Ordovician (~ 480-475 Ma) the Dzhalair-Naiman oceanic basin was 

completely closed and a suture zone was formed composed of folded Cambrian ophiolites and 

island-arc complexes as well as the Early Ordovician flyshoid Dzhambul formation. Fragments 

of the Chu-Kendyktas microcontinental crust were buried under the Zheltau microcontinent to 

the depths of 70-75 km, where HP metamorphism with formation of eclogites and their 
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Table 1. Selected chemical analyses of spinel-bearing ultramafic rocks. Major elements are in wt.%, trace 
elements are in ppm. Mg# = MgO/(MgO + FeO(tot)); FeO(tot) = 0.9Fe2O3 + FeO; n.d. is 'not determined'; 
LOI is 'loss on ignition'. Starred samples are intensively rodingitizied varieties. Normative compositions 
are in vol.%, calculated with using of the Normalization excel-based program, written by Kurt Hollocher 
(Geology Department, Union College, Schenectady, NY). 
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Table 1. Selected chemical analyses of spinel-bearing ultramafic rocks. Major elements are in wt.%, trace elements are in ppm. Mg# = MgO/(MgO + FeO(tot)); FeO(tot) = 
0.9Fe2O3 + FeO; n.d. is 'not determined'; LOI is 'loss on ignition'. Starred samples are intensively rodingitizied varieties. Normative compositions are in vol.%, calculated with 
using of the Normalization excel-based program, written by Kurt Hollocher (Geology Department, Union College, Schenectady, NY).  

Sample 
Magnetite-bearing serpentinite Cr-Spl serpentinized 

dunite Cr-Spl (symplectite-bearing) peridotite  Amphibolitized Cr-Spl peridotite 

AH 1513 AH 1504 AH 1506 
AH 

1417/1 AH 1507 AH 1322/3 
AH 

1512* 
AH 

1503* 
AH 

1417/2 
AH 

1511* AH 1510 AH 1417 AH 1508 
SiO2 37.99 34.54 35.89 39.32 37.76 36.87 37.80 37.24 39.08 35.77 36.87 38.76 38.72 
TiO2 0.02 0.03 0.02 0.03 0.03 0.03 0.02 0.03 0.02 0.02 0.04 0.04 0.02 
Al2O3 1.06 2.41 2.58 2.49 5.32 4.93 5.70 6.51 7.67 6.97 7.88 9.15 7.19 

Fe2O3 (I&B) 1.52 1.53 1.52 1.54 1.53 1.53 1.52 1.53 1.52 1.53 1.54 1.54 1.52 
FeO (I&B) 9.17 8.50 7.64 7.13 7.71 7.93 7.17 8.40 9.15 6.84 7.55 7.91 8.42 

MnO 0.12 0.10 0.06 0.12 0.13 0.13 0.17 0.14 0.16 0.19 0.12 0.12 0.17 
MgO 37.88 36.07 36.50 36.41 34.18 34.04 33.97 31.63 30.68 31.88 29.46 27.93 30.93 
CaO 0.55 3.29 2.59 0.12 1.96 2.51 2.40 3.83 4.26 4.09 7.07 5.08 2.93 
Na2O 0.01 0.01 0.09 0.06 0.09 0.09 0.02 0.29 0.68 0.03 0.20 0.70 0.33 
K2O 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.03 0.01 0.02 0.36 0.01 
P2O5 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
LOI 12.05 14.10 13.57 13.18 11.56 12.30 11.50 10.61 6.52 13.10 9.35 8.39 9.90 

FeO(tot) 9.26 8.48 7.78 7.39 8.02 8.14 7.55 8.71 9.79 7.12 8.08 8.48 8.79 
Total 98.98 99.07 99.13 99.17 99.09 99.08 99.16 99.04 98.91 99.21 99.10 99.05 99.02 
Mg# 0.80 0.81 0.82 0.83 0.81 0.81 0.82 0.78 0.76 0.82 0.78 0.77 0.78 

K+Na 0.02 0.02 0.10 0.08 0.10 0.10 0.03 0.31 0.71 0.04 0.21 1.06 0.34 
Fe2O3 (init) 9.41 8.94 7.84 7.86 7.08 6.65 6.94 6.78 6.89 5.37 6.54 5.96 7.20 
FeO (init) 0.79 0.43 0.73 0.32 1.65 2.16 1.30 2.61 3.59 2.29 2.19 3.12 2.31 

                            
 Sc 7.187 10.544 6.699 7.671 7.516 7.4 6.298 7.075 5.796 5.745 11.111 6.612 6.176 
V 8.057 22.006 15.724 n.d. 26.372 16.2 10.187 9.441 8.135 15.830 27.011 16.126 21.687 

 Cr 810.975 995.827 1084.748 3080.184 3114.394 2713 737.494 401.629 601.004 1350.199 1269.162 1273.125 1879.129 
 Co 156.534 134.954 126.105 109.946 123.702 116 119.201 116.540 94.438 125.388 104.238 95.799 132.692 
 Ni 2064.112 1839.599 1837.408 2240.486 1719.128 1529 1603.039 1356.622 1293.485 1527.471 1085.563 1393.011 1502.281 
Cu 6.885 36.140 113.626 70.236 28.590 18.1 59.627 61.619 111.121 39.180 66.442 86.709 216.383 
 Zn 43.543 36.708 19.975 49.104 36.826 34.9 35.412 39.537 37.106 37.533 22.096 33.758 33.762 
 Ga 1.088 1.535 2.011 2.233 3.927 3.2 2.794 3.461 3.501 3.583 4.208 5.364 4.850 
 Rb n.d. 0.129 0.195 0.402 0.399 0.66 0.188 0.676 1.405 0.512 0.377 11.335 0.596 
Sr 7.741 48.451 21.343 2.384 10.170 16.1 4.729 37.764 53.649 23.481 27.950 81.372 25.910 
 Y 0.153 0.593 0.172 0.390 0.335 0.45 0.254 0.267 0.138 0.551 0.685 0.353 0.156 
 Zr 0.452 0.694 0.456 0.734 0.465 0.87 0.818 0.606 0.671 0.645 0.708 1.020 0.464 
 Nb n.d. 0.055 n.d. 0.123 n.d. 0.093 n.d. 0.056 n.d. 0.063 n.d. 0.070 n.d. 
 Mo 1.146 0.539 0.252 1.423 1.071 0.076 0.276 0.181 0.062 0.182 0.302 0.103 0.580 
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