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Abstract 

The aim of this study is to examine the changes in the petrogenetic model of 
Late Mesozoic magmatism and the geodynamic evolution of the eastern edge of the 
Mongol-Okhotsk sector of the Pacific fold belt. The paper presents new Sr-Nd 
isotope and geochemical data, which were integrated with previously obtained 
results. It was found that magmatic events experienced three stages: Late Jurassic to 
120 Ma; 105–101 Ma; and 95–90 Ma. All rocks are impoverished in Ta, Nb, Sr, Zr. 
Rocks of the first stage differ from later formations by low concentrations of Rb, Th, 
U. The isotope characteristics vary within the following values: (87Sr/86Sr)t = 0.7064–
0.7089; (143Nd/144Nd)t = 0.5123–0.5126.The model age is T(DM-2) ~1.25 Ga. The 
sequence of magmatic rock formation in the Mongol-Okhotsk sector of the Pacific 
folded belt is proposed, and sources of igneous melts are identified. It is shown that 
the Mongol-Okhotsk sector had subduction setting in the Late Mesozoic. 

Keywords: Magmatism, subduction, Mesozoic, geochemistry, isotopic data, 
Mongol–Okhotsk orogenic belt, Pacific folded belt. 

I. Introduction 

Mesozoic magmatic rocks have long been of interest to researchers due to their 
obvious link to the high metallogenic potential of the studied region [XX]. This paper 
presents a reconstruction of magmatic and, respectively, geodynamic stages of 
development of the eastern edge of the Mongol-Okhotsk orogenic belt and hence the 
geological evolution of the belt itself in the Late Mesozoic. The author seeks to 
contribute to the study of development features of the West Pacific Continental 
Margin. 

This work considersmagmatic rocks of Unerikan, Selitkan and Aezop-Yamalin 
zones of the Mongol-Okhotsk sector of the Pacific folded belt (Fig. 1a).  
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Fig. 1(a): Structural-tectonic scheme of the eastern link of the Mongol-Okhotsk 
orogenic belt and its framing ([5] with additions). Terrains: 1 – Tukuringra-Dzhagdy, 

2 – Unya-Bom, 3 – Lansk, 4 – Galam, 5 – Nilan, 6 – Ulban. 
Reference letters: Ar  – Argun, SMK – South Mongol-Khingan, BJ – Bureya-Jiamusi, 

Bd –Badzhal, SAS – Sikhote-Alin – North-Sakhalin.  
Volcano-plutonic zones: 7 – Unerikan, 8 – Selitkan, 9 – Aezop-Yamalin. 

The original Sr-Nd isotopic and geochemical evidences and the previously 
obtained data on the geochronology and material composition of magmatic rocks in 
these zones [XI, XII, XIII;XIV, XV, XVI, VII, XXXIX, XXVIII; XXXII, XXXIV] 
made it possible to reconstructthe sequence of magmatite formation, to identify the 
sources of melts from which the magmatites crystallized, and to decode the 
geodynamic conditions for the formation of volcanoplutonic zones in the Mongol-
Okhotsk sector of the Pacific folded belt. 

I.i.     Tectonic Position and Geological Structure of Volcanoplutonic Zones of 
the Eastern Edge of the Mongol-Okhotsk Orogenic Belt 

By the end of the Late Jurassic the Mongol-Okhotsk sector of the Pacific 
folded belt was a collage of fragments of Paleozoic and Early Mesozoic accretionary 
prisms, composed of oceanic sediments (Fig. 1a).  

Notably, rocks, formed in deep-sea conditions under the influence of turbidite 
flows, prevailin the structure of Lansk, Unya-Bom and Ulban terranes. Oceanic 
basalts and silicon-based minerals occur infrequently. Sediments in the Galam, 
Tukuringra-Dzhagdy and Nilan terranes are clayshales, aleurolites, sandstones, 
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silicas, limestones, and in some cases by turbidites [XX]. However, continental 
volcanoplutonic complexes, which could be categorised as ‘stapling’ magmatic 
formations in this region, appeared only in Galam, Ulban and Nilan terranes in the 
Late Mesozoic. The earliest of those formations are the magmatic rocks of the 
Unerikan zone [I, XII, X, VII].Circa 15 Malater, volcanoplutonic complexes of the 
Selitkan zone were formed 105 to 101 Ma [II, XIII, X], and after 5 Ma more igneous 
rocks of the Aezop-Yamalin zone were shaped 95 to 90 Ma [XII, X, XIV, XV]. 

The Unerikan volcanoplutonic zone is located along the southern boundary 
of the eastern link of the Mongol-Okhotsk orogenic belt. It is represented by two 
volcanic areas of 200 and 600 km2 that stretch to the north-east. The rocks overlap 
and penetrate the Paleozoic volcanogenic-siliceous and Middle Jurassic terrigenous 
deposits of the Nilan terrane. In the southwest, the volcanic areas are terminated by a 
tectonic interface between the Mongol-Okhotsk belt and the Bureya-Jiamusi 
superterrane (Fig. 1a).  

The zone is composed of the rocks of the Unerican complex that includes a 
sheet (about 600 m thick), vent and subvolcanic facies [II, I]. The lower plane of 
sheet facies is composed of roughly sorted tuffaceous sedimentary formations, which 
vertically alternate with interstratified aleuropelitic, psammitic and lithovitroclastic 
tuffs and felsic lavas. Earlier assumptions [II] were that the upper part of the section 
included andesite lavas. However, other observations [XXXII] would seem to suggest 
that these rocks are dated at 102 Ma, which is comparable to the age of lavas of the 
Selitkanvolcanoplutonic zone (105 to 101 Ma). The affinity of andesites, previously 
attributed to the Unerikan formations of, and Selitkan andesites can be confirmed not 
only by their age and structural position of the former in the section, but also by their 
geochemical characteristics [XIII, XII]. 

Tuffaceous sandstones from a section on the right bank of the Unerikan River 
demonstrate a wide range of plant remains [II, I]: Cyathidites australes Coup., C. 
minor Coup., Duplexisporites gyratus Schug., Leptolepidites verrucatus Coup., 
Conсavisporites junctus (K.-M.) E. Sem., Stereisporites compactus (Bolch.) Jlj., 
Klukisporites variegatus Coup., Tripartina variabilis Mal., Dyctyophyllidites harrisii 
Coup., Neoraistrickia rotundiformis (K.-M) Taras.The taxonomic composition 
indicates that the accumulation of volcanic-sedimentary rocks occurred in the Late 
Jurassic [II]. The K-Ar dating of felsic volcanic rocks, obtained by bulk sampling 
from the same section, gave closely matching results from 136 to 134 Ma [XXXIX]. 
According to [XXXIV], outflow of lavas occurred at a later time c. 120 Ma, too. 
Consequently, it can be assumed that the formation of the entire complex began with 
the accumulation of volcanic-sedimentary component in the Late Jurassic and ended 
with the outflow of felsic lavas in the Early Cretaceous (c. 120 Ma). 

The Selitkan Volcanoplutonic Zone is represented by one of the largest 
volcanoplutonic structures of the West Pacific region. Its geological formations 
comprise a 200km long eponymous ridge, and the area of the plutonic component 
considerably extends the distribution area of these rocks. The latter fact suggests that 
the area of development of volcanoplutonic complexes forming the Selitkan zone 
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significant expanded within the eastern edge of the Mongol-Okhotsk belt. Most 
likely, subsequent tectonic events, including the imposition of the Ulban terrane on 
the Nilan formations, [II, VIII] led to a sharp reduction in the cover facies rocks and 
brought to the surface of the granitoid masses—the plutonic component of the 
volcanic-plutonic complexes of this zone. 

The volcanic formations that can be singled out in the Selitkan zone 
overlap,with a sharp inconformity, the terrigenous continental molasse (the 
Tylskysuite) of the Aptian/Albian times [II, XIII, XII, XXVIII, XXIV] and complex 
turbidite and volcanogenic-siliceous dislocations of the Nilan and Galam terranes in 
the eastern edge of the Mongol-Okhotsk orogenic belt (Fig. 1b). 

 

 

Fig. 1(b): Geological structure of the eastern edge of the Mongol-Okhotsk orogenic belt. 
Bureya-Jiamusi superterrane (1–2): Paleozoic plutonic formations – 1, Mesozoic 

volcanogenic-terrigenous formations – 2.  
Mongol-Okhotsk orogenic belt (3–5): Paleozoic paleoceanic rocks – 3, Paleozoic plutonic 

rocks – 4, Mesozoic terrigenous rocks – 5.  
Formations of volcanoplutonic zones (6–13): Unerikan felsic volcanites from the Late Jurassic 

to the Early Cretaceous – 6; Selitkan intermediate to base rocks of the Early Cretaceous – 7, 
felsic volcanites – 8, subvolcanic bodies – 9, plutonic bodies – 10; Aesop-Yamalin felsic to 

intermediate volcanites of the Late Cretaceous – 11, subvolcanic bodies – 12, plutonic bodies 
– 13. Quaternary deposits – 14. Tectonic boundaries (15): interface of the Mongol-Okhotsk 

folded belt and Bureya-Jiamusi superterrane – 15a, others – 15b. (The figure is based on [II]). 
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The first fact indicates that it is in the post-Albian age that the accumulation of 
coarse tuffaceous rocks and lava-breccia begins. Later, after a perturbation, during 
which the inconformity occurred, both felsic and base lavas and tuffs expanded the 
section. Magmatites are divided into two volcanoplutonic complexes. The earlier one 
(Inaragda complex dated 105–102 Ma) has a predominantlyintermediate composition: 
andesibasalts, andesites, and rarely dacites (Fig. 2a).  

 
Fig. 2: Petrochemical diagrams for rocks of the volcanic-plutonic zones: Unerikan – 1, 

Selitkan – 2, Aezop-Yamalin – 3; (a) Na2O+K2O - SiO2 [IV], (b) Na2O+K2O - SiO2 [XXII]; 
(c) Na2O+K2O - SiO2 [XVII]; (d) Na2O+K2O - SiO2 [XVII]. 
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Its stratified formations make powerful, up to 2200 m, overriding masses. The 
Inaragda rocks give way to re replaced by the formations of 850 m thick 
Baranchzha complex, which is represented by rhyolites and trachyrhyolites (Fig. 2a) 
dated 101 Ma [XVI]. The development of volcanites of the cover facies is 
accompanied by establishing of subvolcanic, vent and plutonic formations. 
Subvolcanic bodies are represented by analogues of lavas and diorite porphyrites, 
quartz diorite porphyrites, granodiorite-porphyries in the first case and granite-
porphyries in the second case. All plutonic rocks are united in the Selitkan complex 
of diorite-granodiorite-granites [II, XXIV]. They compose extended arrays, dikes and 
small bodies. The central part of the main volcanic structure (the Selitkan Range) is 
formed by a linear chain of contiguous granite bodies that are up to 85 km long and 
about 10 km wide [XXXI, XXIV]. According to [II], granodiorites from the 
subvolcanic bodies can be dated at 105±2 Ma, as determined by the U-Pb 
technique applied to zircons, or102±1.4 Ma, as determined by the K-Ar 
technique applied to hornblende and biotites. 

The Aezop-Yamalin volcanoplutonic zone is identified within the Nilan and 
Ulban terranes of the Mongol-Okhotsk orogenic belt. It is represented by two 
scattered volcanic structures: Aezopand Yam-Alin [XII, XIV, XV], as well as a series 
of plutonic bodies. More than 120 km long and 30 km wide, the Aezop volcanic 
structure rests onPaleozoic rocks of the Nilan terrane (Fig. 1b). In the southwest, the 
zone is confined to the Paukan fault, a tectonic interface between the Mongol-
Okhotsk belt and the Bureya-Jiamusi superterrane. The Yam-Alin volcanic structure 
is just over 50 km long and up to 20 km wide. Its formations unconformably 
overlaythe early Middle Jurassic terrigenous deposits of the Ulban terrane (Fig. 1b). 

The rocks forming the Aezop-Yamalin zone are represented by the cover, 
subvolcanic and plutonic facies. Two strata are distinguished in the cover facies: the 
dacite-rhyolite one (lower) and the rhyolite one (upper) [II, XXXI, XIV, XV]. Tuff-
terrigenous rocks are scarce, and tuffs predominate over lavas and ignimbrites. The 
total thickness of stratified formations does not exceed 700 m. Subvolcanic 
formations play an important role in the zone’s structure. Plutonic rocks, which are 
co-magmatic with volcanites, are combined into the Aezopian intrusive granite-
leucogranite complex [XXIV]. 

Volcanites of the cover facies of the Aezop-Yamalin volcanoplutonic zone are 
dated90.4±1.4 Ma, as determined by the U-Pb technique applied to zircons [XV]. 
Taking into account the Rb-Sr and U-Pb dating of granitoids (95.2±0.7 Ma and 
94.8±2.2 Ma, respectively [II]), it is assumed that the Aezop-Yamalin 
volcanoplutonic zone was formed from 95 to 90 Ma [XV].  

II. Materials and Methods 

This work is based the author's research dataover the past decade. More than 
300 samples collected in volcanoplutonic zones of the eastern edge of the Mongol-
Okhotsk orogenic belt were analyzed. This paper presents 52 most representative 
samples (Table 1). 
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Table 1.2: 

Zone Unerikan Selitkan 

Sampl
e 

d154
* 

B 29-
2 

B 47 
s1025-

9 
d15 d8 

s1024-
5 

d8-1 
d162

* 
d18-

2 
d18-

1 

Eleme
nt 

12 13 14 15 16 17 18 19 
2

0 
21 22 

SiO2 
74.0

1 74.18 75.18 55.04 58.53 58.96 58.98 59.13 59.60 
60.3

4 
60.9

0 

TiO2 0.17 0.02 0.14 0.67 0.61 0.71 0.97 0.65 0.82 0.64 0.64 

Al2O3 
13.3

2 14.16 13.04 15.39 15.42 16.75 17.97 16.32 16.94 
15.9

1 
16.0

9 

Fе2O3
* 2.27 3.02 1.88 7.48 6.02 5.83 6.13 5.71 7.45 5.76 6.24 

MnO 0.03 0.04 0.04 0.14 0.09 0.08 0.10 0.09 0.13 0.10 0.09 

MgO 0.21 0.06 0.42 7.16 3.67 3.60 2.64 3.46 3.83 3.65 3.33 

CaO 1.17 0.81 0.42 4.96 5.05 5.47 6.29 5.15 5.69 4.65 4.88 

Na2O 2.80 3.48 3.79 3.31 3.20 3.66 3.58 3.31 3.35 3.00 2.91 

K2O 5.35 4.57 3.98 2.07 2.76 2.28 2.38 2.41 2.10 2.67 2.63 

P2O5 0.04 0.04 0.04 0.12 0.12 0.17 0.25 0.13 0.20 0.13 0.14 

Other 0.50 0.53 0.77 3.63 2.31 2.06 0.68 2.68 0.37 2.43 1.66 

Total 
99.9

9 99.96 
100.0

1 99.96 97.77 99.00 99.99 99.05 100.5 
99.2

7 
99.5

0 

Li 29.1 71 - 64.72 24.82 20.13 11.07 39.56 21.19 8.45 8.95 

Rb 268 149 - 66 83 81 73 86 64.91 22 39 

Cs 10 7.84 - 2.18 2.12 3.10 6.3 2.34 4.70 0.69 2.70 

Sr 113 57 188 252 160 281 277 183 245 49 83 

Ba 432 90 - 372 307 421 382 328 360 112 176 

La 
31.0

0 13.39 - 
12.62 16.76 18.24 16.71 17.18 19.20 4.98 9.63 

Ce 
68.2

0 28.14 - 
25.11 37.65 40.48 34.02 38.26 45.33 

11.0
9 

20.9
8 

Pr 8.41 3.42 - 3.47 4.20 4.65 4.76 4.32 4.94 1.30 2.38 

Nd 
30.9

2 13.94 - 
14.61 16.68 19.00 19.27 17.37 19.00 5.27 9.26 

Sm 6.92 4.02 - 2.7 3.19 3.73 3.94 3.44 4.00 1.03 1.76 

Eu 0.46 0.19 - 0.8 0.66 0.89 1.12 0.79 0.95 0.21 0.36 

Gd 7.27 3.83 - 3.11 3.79 4.39 3.29 4.03 3.59 1.28 2.08 
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Tb 1.26 0.6 - 0.51 0.43 0.52 0.67 0.48 0.48 0.14 0.23 

Dy 7.61 2.7 - 2.78 2.55 3.13 3.44 2.89 3.45 0.89 1.45 

Ho 1.56 0.37 - 0.56 0.48 0.57 0.67 0.53 0.80 0.16 0.26 

Er 3.91 0.71 - 1.77 1.46 1.72 1.94 1.64 2.26 0.49 0.80 

Tm 0.77 0.09 - 0.28 0.17 0.20 0.28 0.19 0.33 0.05 0.08 

Yb 4.49 0.41 - 1.63 1.33 1.47 1.62 1.53 2.36 0.44 0.73 

Lu 0.70 0.05 - 0.26 0.17 0.18 0.26 0.20 0.37 0.05 0.07 

Y 45 20 19 14.61 13.43 15.62 17.06 14.71 20.40 4.21 7.88 

Th 17.9 10.27 - 6.54 8.44 7.53 7.09 8.94 7.10 2.17 4.39 

U 4.79 3.78 - 1.72 2.13 1.37 1.8 2.25 2.00 0.60 1.07 

Zr 124 52 104 85 123 39 128 136 146 31 65 

Hf 3.4 2.29 - 2.47 - - 3.62 - 4.15 - - 

Nb 9 13 9 4.37 6.12 6.34 6.44 5.92 8 1.71 3.41 

Ta 1.4 1.19 - 0.39 - - 0.55 - 0.71 - - 

Co 3.14 0.82 - 26.45 14.22 16.28 13.92 14.80 16.80 4.25 6.64 

Ni 
11.3

8 
10.97 - 97.46 31.68 29.08 21.48 36.19 35.81 9.85 

14.1
6 

Sc 6.47 4.55 - 20.62 13.28 15.16 12.69 13.69 13.50 3.91 6.65 

V 9.85 
2.6 - 144.8 89.72 

112.3
8 

111.14 98.71 85.40 
26.6

0 
46.3

9 

Cr 
71.0

6 
54.31 - 314.9 

118.2
1 

125.5
2 

81.19 
105.0

0 
120.5

0 
35.5

2 
52.3

7 

Ti 916 56 839 
4016 3657 4250 5815 3897 3759 3975 

383
7 

ASI 0.83 1.16 1.15 0.93 0.89 0.93 0.91 0.95 0.96 0.98 0.99 

 

Table 1.3: 

Zone Selitkan 

Sampl
e  

d10 d2 
s1026-

14 
s3177-

4 
d5 

s1028-
3 

d11 
а3207-

1 
d4 d13-0 d14 

Eleme
nt 

23 
24 25 26 27 28 29 30 31 32 33 

SiO2 
60.99 

61.29 61.58 61.58 62.34 62.44 63.54 65.00 
66.7

0 72.80 
74.1

5 

TiO2 0.63 0.65 0.68 0.66 0.63 1.06 0.60 0.56 0.39 0.13 0.11 

Al2O3 15.96 16.91 15.92 16.25 15.67 16.02 15.82 14.82 
16.8

13.83 13.1
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2 4 

Fе2O3
* 5.46 5.33 5.56 5.67 5.33 6.38 4.84 4.90 3.10 1.64 2.67 

MnO 0.09 0.09 0.09 0.08 0.08 0.09 0.09 0.06 0.07 0.05 0.04 

MgO 3.39 2.65 3.69 3.44 3.61 1.09 3.19 3.31 1.22 0.24 0.27 

CaO 4.62 3.95 4.63 5.44 4.87 3.37 3.24 4.10 3.15 0.79 0.85 

Na2O 2.98 3.99 3.25 2.65 3.00 4.07 2.74 2.91 4.16 3.82 3.53 

K2O 3.01 2.37 2.89 2.72 2.62 3.34 2.21 3.42 1.79 5.31 4.67 

P2O5 0.14 0.13 0.14 0.12 0.13 0.21 0.13 0.11 0.14 0.04 0.03 

Other 1.83 2.21 1.68 1.33 1.42 2.03 3.05 0.76 1.81 0.49 0.30 

Total 
99.09 

99.59 100.12 99.98 99.69 
100.0

9 99.45 
100.0

3 
99.3

6 
99.14 

99.7
5 

Li 
25.62 

38.53 15.89 13.99 27.26 13.09 18.72 31.5 
24.9

9 
23.81 

23.8
0 

Rb 102 67 86 99 92 130 79 134 45 1744 128 

Cs 2.74 0.65 1.68 10.38 5.48 2.68 3 8.85 1.84 8.27 4.12 

Sr 212 225 186 199 203 197 176 192 398 59 51 

Ba 408 396 376 376 407 479 590 3940 394 482 458 

La 
21.00 

17.25 17.08 18.44 20.38 20.33 19.10 22.91 
14.3

5 
35.11 

27.5
2 

Ce 
46.23 

38.06 36.85 41.88 45.92 44.23 42.96 52.34 
30.7

3 
72.24 

57.7
6 

Pr 5.33 4.30 4.75 4.81 5.06 6.02 4.85 5.73 3.39 7.62 6.05 

Nd 
21.32 

17.43 19.95 19.82 19.97 25.1 18.89 21.45 
13.4

3 
26.72 

21.1
2 

Sm 4.05 3.46 3.99 4.02 3.91 5.78 3.53 4.36 2.50 4.39 3.46 

Eu 0.82 0.81 0.9 0.83 0.77 1.12 0.72 0.74 0.60 0.44 0.35 

Gd 4.64 4.18 3.5 3.41 4.64 4.57 4.02 4.04 2.88 5.27 3.92 

Tb 0.56 0.50 0.51 0.6 0.55 0.79 0.45 0.7 0.30 0.59 0.42 

Dy 3.25 3.07 2.97 3.69 3.27 4.51 2.73 3.76 1.79 3.54 2.52 

Ho 0.60 0.58 0.6 0.7 0.61 0.88 0.48 0.72 0.29 0.67 0.45 

Er 1.81 1.75 2.23 2.2 1.85 3.03 1.46 1.99 0.89 2.21 1.48 

Tm 0.22 0.21 0.3 0.31 0.22 0.38 0.16 0.31 0.08 0.29 0.18 

Yb 1.67 1.60 1.57 1.73 1.69 2.32 1.33 1.86 0.76 2.33 1.47 

Lu 0.22 0.20 0.25 0.26 0.21 0.33 0.01 0.28 0.07 0.33 0.20 

Y 
16.38 

15.53 15.66 17.5 16.43 22.6 13.07 21.4 8.70 19.06 
12.9

1 
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Th 
11.32 

7.64 11.6 10.71 10.85 10.83 10.02 14.23 3.78 28.15 
20.5

9 

U 2.71 2.07 2.76 3.27 2.83 2.95 2.00 3.2 0.69 6.18 4.29 

Zr 
131 

111.6
1 158.19 

136.5
7 

141.9
8 

194.9
2 

130.8
4 192 

20.2
7 

105.6
9 

82 

Hf 5 - 5 4.28 - 6.56 - 1.64 - - - 

Nb 7.17 5.93 6.5 6.3 7.45 8.49 7.37 8.9 5.02 10.90 8.53 

Ta - - 0.63 0.66 - 0.73 - 0.91 - - - 

Co 14.60 13.61 14.13 14.94 15.22 13.25 12 15.45 4.70 1.29 1.62 

Ni 
40.44 

15.37 35.18 25.29 47.28 4.86 24.1 37.39 3.81 2.48 
10.6

2 

Sc 13.26 12.71 12.21 14.87 14.06 14.84 11 11.59 4.74 2.76 2.37 

V 
92.54 

87.23 83.5 86.45 95.25 
126.9

6 
63.87

2 81.8 
32.6

6 3.10 
5.87 

Cr 
131.2

2 70.22 102.91 99.39 
182.6

7 44.52 
93.68

2 
132.1

4 
89.6

9 
105.5

2 
78.0

6 

Ti 
3759 

3758 3447 3553 4322 5773 6355 3333 
333

3 2338 
106

7 

ASI 0.97 1.04 0.94 0.96 0.95 0.98 1.20 0.93 1.10 1.03 1.07 

 

Table 1.4: 

Zone Selitkan Aezop-Yamalin 

Sample
s 

d16-
3 

s1001-
2 

d13-
2 

d16 
s3179-

6 
d143

0 
d 

125 
d1050

4 
d5153-

2* 
d157 

d 
107-

3 

Elemen
ts 

3
4 35 

36 37 38 
39 

40 41 42 
43 44 

SiO2 
74.7

8 
75.19 

75.2
8 

76.1
3 

77.06 
66.30 

67.5
8 68.24 69.01 70.66 

71.5
2 

TiO2 0.11 0.04 0.13 0.10 0.13 0.40 0.39 0.38 0.34 0.23 0.26 

Al2O3 
13.5

5 
13.79 

12.6
6 

12.7
7 

12.07 
16.29 

14.6
9 15.01 14.24 15.46 

14.2
3 

Fe2O3 1.88 1.34 1.53 1.89 1.36 4.02 6.11 3.51 3.55 3.09 3.37 

MnO 0.05 0.03 0.04 0.02 0.02 0.10 0.04 0.05 0.07 0.04 0.03 

MgO 0.17 0.1 0.25 0.15 0.16 0.83 0.51 1.26 0.85 0.17 0.36 

CaO 0.16 0.38 1.04 0.14 0.39 3.98 2.86 3.23 2.75 2.54 1.50 

Na2O 3.54 2.63 3.04 3.71 3.39 3.44 2.43 3.35 2.94 2.83 3.15 
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K2O 3.93 4.54 4.02 3.51 4.81 3.48 3.63 3.51 3.44 4.19 4.87 

P2O5 0.03 0.02 0.02 0.03 0.02 0.09 0.09 0.09 0.07 0.05 0.07 

Other 1.36 1.67 1.04 1.17 0.64 0.98 1.48 0.40 1.44 0.47 0.43 

Total 
99.5

4 
99.74 

99.0
5 

99.6
3 

100.05 
100.0

7 
99.9

6 
99.05 

98.72 99.97 
99.9

9 

Li 
13.2

3 
19.93 

25.6
3 

16.4
8 

12.65 
28.2 22.1 -  24.3 32.4 

Rb 101 130 138 86 196 107 107 113 153 104 185 

Cs 1.92 3.02 6.82 1.14 2.12 6 76 -  5 9 

Sr 27 50 90 25 53 241 197 195 173 303 329 

Ba 483 565 507 380 471 600 635 526 1198 1395 881 

La 
25.7

9 
11.17 

27.0
5 

23.3
3 

29.18 
31.86 

28.1
0 - - 38.61 

30.6
4 

Ce 
54.7

5 
29.01 

56.8
8 

48.9
4 

65.14 
66.74 

59.5
4 - - 82.27 

69.1
9 

Pr 5.74 3.68 5.97 5.15 7.19 7.73 6.78 - - 9.33 7.75 

Nd 
19.6

1 
13.67 

20.7
1 

17.7
2 

24.06 
27.71 

26.3
7 - - 33.29 

29.3
1 

Sm 3.22 3.60 3.33 2.86 4.61 5.89 5.56 - - 6.49 5.74 

Eu 0.30 0.56 0.35 0.28 0.48 0.93 0.90 - - 1.04 0.93 

Gd 3.62 2.55 3.98 3.20 3.22 4.98 5.38 - - 5.58 5.45 

Tb 0.37 0.38 0.42 0.32 0.51 0.82 0.98 - - 0.89 0.88 

Dy 2.17 1.60 2.52 1.82 2.62 4.66 5.75 - - 5.30 4.74 

Ho 0.40 0.34 0.47 0.32 0.6 0.89 1.03 - - 0.97 0.92 

Er 1.35 0.80 1.55 1.12 1.41 2.78 3.23 - - 2.74 2.56 

Tm 0.16 0.14 0.19 0.13 0.25 0.41 0.61 - - 0.48 0.43 

Yb 1.41 0.85 1.59 1.17 1.31 2.56 3.66 - - 2.65 2.27 

Lu 0.18 0.10 0.21 0.15 0.22 0.41 0.50 - - 0.40 0.36 

Y 
11.5

9 
8.27 

13.5
9 

9.95 16.50 
28 32 - - 30 28 

Th 
20.1

4 
8.02 

22.4
8 

18.9
3 

20.50 
10.69 

10.1
7 - - 10.5 13.9 

U 4.42 1.70 5.19 4.32 2.54 2.36 2.24  - 2.21 3.04 

Zr 80 54 81 74 80 169 152 - - 175 128 

Hf - 2.25 - - 3.14 2.9 2.4 - - 3.2 3.0 

Nb 
5.90 7.87 

8.53
0 

7.20 8.67 
8 8 - - 7 11 
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Ta - 0.58 - - 0.79 0.8 0.7 - - 0.7 1.1 

Co 
0.82 1.01 0.81 0.78 1.28 

7.36 
10.7

9 - - 
176.3

1 5.3 

Ni 
1.43 2.55 1.11 3.69 4.31 

11.2 
14.7

1  - 8.32 
12.6

7 

Sc 1.88 2.60 1.87 1.65 1.65 12.16 9.82 - - 8.32 7.52 

V 
2.73 4.88 6.89 2.86 2.14 32.69 

40.0
0 

- - 11.28 
15.9

7 

Cr 
46.3

7 
52.60 

70.5
2 

50.2
8 

35.60 60.66 
68.0

2 
- - 87.72 

47.8
5 

Ti 
509 240 239 767 721 2220 

198
5 

- - 1320 
131

7 

ASI 1.32 1.30 1.10 1.20 1.05 1.25 1.27 1.40 1.18 1.13 0.90 

 

Table 1.5: 

Zone Aezop-Yamalin 

Sample d 2153-1 da3051* d 158 d156* j10603 e3021-1 d 21-34 
br-

1548 

Elements 45 46 47 48 49 50 51 52 

SiO2 71.95 73,79 74.44 74.56 74.56 75.18 75.52 75.78 

TiO2 0.31 0,076 0.16 0.19 0.16 0.09 0.06 0.06 

Al2O3 13.92 14,27 13.70 12.82 13.40 12.66 12.55 13.04 

Fe2O3* 3.31 2,15 1.80 2.87 2.19 2.39 0.82 1.29 

MnO 0.05 0,095 0.05 0.04 0.02 0.03 0.01 0.04 

MgO 0.48 0,155 0.16 0.29 0.14 <0.05 0.06 0.12 

CaO 1.82 0,41 0.31 1.08 1.79 0.73 0.50 0.13 

Na2O 2.98 3,89 3.30 2.98 3.07 3.35 2.70 2.92 

K2O 4.29 3,76 4.99 4.62 4.12 4.45 5.70 4.60 

P2O5 0.07 0,05 0.04 0.05 0.03 0.02 0.02 0.03 

Other 0.65 0,86 0.95 0.43 0.38 0.26 0.63 1.39 

Total 99.99 99,96 100.01 100.00 100.01 99.94 98.57 99.43 

Li 52.9  39.8 25.1 25.6 25.7 - - 

Rb 143 102 151 162 92 159 146 164 

Cs 4 2.43 7 7 2 3 - - 

Sr 163 131 86 71 155 85 267 70 
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Ba 774 575 515 259 792 717 364 240 

La 29.82 15,22 43.17 32.39 60.31 29.57 - - 

Ce 63.67 31,82 94.73 69.14 125.18 67.15 - - 

Pr 7.37 3,56 10.29 8.09 14.23 7.94 - - 

Nd 25.71 12,94 39.31 29.99 48.99 30.02 - - 

Sm 5.35 2,63 8.58 6.21 7.91 6.85 - - 

Eu 0.71 0,52 0.58 0.36 0.80 0.52 - - 

Gd 5.07 2,13 9.34 5.98 5.75 6.67 - - 

Tb 0.82 0,32 1.74 1.04 0.78 1.16 - - 

Dy 4.57 1,29 9.43 5.88 3.69 6.88 - - 

Ho 0.96 0,2 1.98 1.27 0.64 1.35 - - 

Er 2.77 0,51 5.71 3.36 1.87 3.84 - - 

Tm 0.46 0,06 0.80 0.53 0.30 0.70 - - 

Yb 2.58 0,4 4.46 3.17 1.76 3.60 - - 

Lu 0.44 0,06 0.70 0.47 0.24 0.56 - - 

Y 28 6.45 57 34 20 40 - - 

Th 13.06 6.65 16.9 15.8 13.80 13.6 - - 

U 2.70 1.38 2.56 5.29 1.25 2.70 - - 

Zr 152 130 112 71 136 104 - - 

Hf 2.7 2.13 2.8 3.2 2.3 4.3 - - 

Nb 11 7 9 10 7 11 - - 

Ta 0.9 0.59 0.9 1.1 0.5 0.9 - - 

Co 4.73 1.35 2.25 2.28 4.96 2.02  - 

Ni 8.68 5.31 5.43 6.55 1.77 14.07   

Sc 7.71 1.48 5.91 4.36 - 7.86 - - 

V 15.33 0.02 8.19 5.57 - 3.6 - - 

Cr 51.35 112.97 21.34 79.18 - 59.31 - - 

Ti 1718 455 640 895 950 443 - - 

ASI 0.97 0.99 0.84 0.97 0.79 0.85 0.74 0.88 

 

The content of petrogenic elements (main petrogenic components Sr, Zr, Nb) in 
the samples was determined by X-ray fluorescence (XFR) analysis using the S4 
PIONEER spectrometer in the Institute of Geology and Nature Management, Far East 
Branch of the Russian Academy of Sciences (Blagoveshchensk, Russia). Analysis of 
the rare-earth elements (Ga, Ge, Rb, Cs, Sr, Ba, Pb, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, 
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Dy, Ho, Er, Tm, Yb, Lu, Y , Th, U, Zr, Hf, Nb, Ta, Sc) was made inductively coupled 
mass spectrometry (ICP-MS)in the Institute of Analytical Instrumentation of the 
Russian Academy of Sciences (Saint Petersburg, Russia). 

To perform the XFR analysis, the powder sample was homogenized by fusion 
with lithium metaborate (flux) in a muffle furnace at 1,150 °C. The measurements 
were carried out using Pioneer 4S X-ray spectrometer (Bruker, Germany). The 
intensity values of analytical lines were adjusted against the background, absorption 
and secondary fluorescence. For the ICP-MS analysis, the samples were extracted by 
acid decomposition. The measurements were carried out on the PlasmaQuad 
spectrometer (VG Elemental) in standard mode. The sensitivity calibration over the 
entire mass scale was performed using a multi-element standard solution of rare-earth 
elements (produced by Matthew Johnson). The relative error of measurements was 3–
10% [XI, XII, XIV]. 

Rhyolites from the Selitkan zone were dated by the U-Pb technique applied to 
zircons in the Institute of Geology and Geochronology of the Precambrian of the 
Russian Academy of Sciences (St. Petersburg, Russia) [XVI]. 

For geochronological 40Ar/39Ar study of Aezop-Yamalin lavas, a matrix was 
isolated from a sample of trachyrhyolite that completes the formation of volcanic 
extrusive sheets [XV]. 

The Rb, Sr, Sm and Nd contents and 87Rb/86Sr and 147Sm/144Nd isotope ratios 
for 8 rock samples were determined in the Institute of Geology of Ore Geology, 
Petrography, Mineralogy, and Geochemistry of the Russian Academy of Sciences 
under the guidance of A.V. Chugaev [VII]. The isotope dilution method with mixed 
85Rb–84Sr and 149Sm–150Nd tracers was used in these studies. The tracers were added 
to the samples immediately before their chemical decomposition. The decomposition 
of gross rock samples, which weighed from 0.1 to 0.2 g, was carried out in 
concentrated acid mixture HF + HNO3 (3:1). The samples were kept in a hermetically 
sealed autoclave at 160 °C until complete dissolution. 

The Rb, Sr, Sm and Nd specimen for mass spectrometric analysis were 
obtained using two-step ion-exchange chromatography. First, Rb and Sr fractions and 
light REE fractions were separated from the elements of the sample matrix. 
Separation was carried out in 2.4 M HCl in ion exchange columns filled with 3 ml of 
cation exchanger BioRad W50x8 (200-400 mesh). Second, Nd and Sm were 
chromatographically separated from other light REE, using columns filled with 0.5 
ml of ion exchange resin HDEHP applied to Kel-F pellets. The total level of 
background contamination of the sample during the chemical preparation procedure 
for Sr and Nd did not exceed 0.1 ng. 

Mass spectrometric measurements of Rb, Sr, Sm and Nd isotopic composition 
were carried out using multi-collector thermal ionization mass spectrometer Sector 54 
(Micromass, the UK). The measurement accuracyfor 87Sr/86Sr and 143Nd/144Nd isotope 
ratios was verified by systematic comparison to the isotopic reference SRM 987 and 
the intralaboratory isotopic reference Nd-IGEM calibrated against the La Jolla 
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international standard. The error in the measured 87Sr/86Sr and 143Nd/144Nd ratios did 
not exceed 0.003% (±2σunit). The accuracy of 87Rb/86Sr and 147Sm/144Nd isotope ratios 
was 0.5% and 0.2%, respectively (±2σunit). 

III. Results 

III.i. Petrochemical and Geochemical Analysis 

Volcanic rocks of the Unerikan zone are represented by felsic lavas: 
trachyrhyolites, rhyolites, rhyodacites, dacites, and trachidacites. They can be high-
potassium and, if SiO2 content is less than 65%, low-potassium representatives of the 
calc-alkali series (Fig.  2a,b,c); mainly ferruginous or, if SiO2 content is less than 
65%, magnesian (Fig.  2d); the alumina saturation index (ASI) varied from 0.8 to 1.1 
(Table 1), in an individual case to 1.6. The REE distribution spectra of the Unerikan 
formations (Fig. 3a) showed that LREE clearly dominates over HREE 
((La/Yb)n = 11.42–13.57) with a weakly pronounced Eu anomaly ((Eu/Eu*)n = 0.52–
0.70). Vulcanites can be characterized by relatively lower concentration of Nb (7.47–
9.25 g/t), Ta (0.64–1.19 g/t), Sr (52–220 g/t), Zr (52–178 g/t), Ti (50–3,000 g/t), Y 
(12–18 g/t), and Yb (0.41–1.83 g/t). Refer to Fig. 3b and Table 1. 

 

Fig. 3: REE concentrations in the Late Mesozoic rocks of the Mongolo-Okhotsk 
sector, normalized to the compositions of chondrites (a) and continental crust (b). 
OIB composition (1). Composition of the rocks by zone: Unerikan (2); Selitkan 

intermediate to base (3), Selitkan felsic (4); Aezop-Yamalin (5). Recalculation: a) 
according to [XXXV]; b) according to [XXX]. 
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Nearly all magmatites of the Selitkan zone belonged to the high-potassium 
calc-alkali series (Fig. 2b), having increased calcareousness of felsic formations (Fig. 
 2c). The ASI values in the intermediate to base rocks were found to be 0.89–0.99, in 
individual cases up to 1.20 (Table 1). In felsic formations the ASI values increased 
from 0.93 to 1.32, and the concentration of iron was also higher (Fig. 2d). 

In volcanites from the andesite rocks the REE distribution was moderately 
fractionated (La/Sm)n = 2.2–2.9; (La/Yb)n = 5.3–7.4, while in plutonic comagmatic 
rock these values were slightly higher (La/Sm)n = 3.3; (La/Yb)n = 8.4. The 
fractionation of lanthanides in felsic rocks was more pronounced (La/Sm)n = 1.9–3.9; 
(La/Yb)n= 8.9–15.1.Here, we found a stable negative europium anomaly (Eu/Eu*) = 
0.36–0.53, while this ratio in andesitoids approaches one (Eu/Eu*) = 0.53–0.92 (Fig. 
3a). The relative de-enrichment withhigh field strength elements Nb, Ta, Hf, Zr, Sr 
and the enrichment with LREE and large-ion lithophilic elementsBa, Rb, K, Li, Th, U 
was established in all types of formations (Table 1) [XIII]. Such behaviour of the 
elements (except for Sr) is rather peculiar to magmatic rocks of continental volcanic 
arcs [XXVI]. The Th/U ratio approaches four, which characterizes the rocks as 
formations of active continental margins [III]. The ratio La/Ta >20 [XXIX] suggests 
the same conditions. 

Lava-pyroclastic flows of the Aezop-Yamalin zone included dacites, 
rhyodacites, trachyrhyodacites, rhyolites, trachyrhyolites. Plutonic formations, which 
are co-magmatic with lavas, were represented by granite-porphyries, subalkaline 
granite porphyries, subalkaline leucogranite-porphyries and leucogranite-porphyries 
(Figure 2a). These are high-potassium, predominantly alkaline-calcareous, 
ferruginous (magnesian in certain cases) rocks with ASI = 0.81–1.2 (Fig. 2b,c,d;Table 
1). 

The lanthanide distribution spectra showed a slight predominance of LREE 
over HREE and a pronounced negative Eu anomaly, which was highlighted by 
(La/Yb)n = 4.5–9.2 and Eu/Eu* = 0.1–0.5 (Fig. 3a). The geochemical features of 
magmatites in the studied zone included a moderate enrichment with Ba, Rb, Ce, Th, 
and REE while such elements as Nb, Ta, Sr were depleted (Table 1, Fig. 3b). 

By the nature of element distribution, the rocks are comparable to volcanites of 
marginal continental belts. This is also evidenced by the ratios La/Yb = 6–14 
(predominantly less than 10), La/Ta> 22, Th/U = 3.3–4.8. 

III.ii.   Rb-Sr and Sm-Nd Isotope Studies 

The Rb-Sr and Sm-Nd isotope characteristics were determined for two samples 
of Unerikan rocks [VII]: rhyodacite and trachyrhyolite (Table 2). The calculated 
ratios87Sr/86Sr and 143Nd/144Nd in them at the time of formation (120 Ma) were found 
very close. The ratios (87Sr/86Sr)t and (143Nd/144Nd)t in rhyodacite were 0.7074 and 
0.512379 (or in relative units εNd(T) = -3.8); in trachyrhyolite, 0.7066 and 
0.512411,respectively (εNd(T)= -3.5). 
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Table 2: Results of Rb-Sr and Sm-Nd studies of magmatic rocks of the Mongol-
Okhotsk sector of the Pacific fold belt 

Sa
mp
le 

Co
mpl
ex 

A
ge 
(

M
a) 

Rock 

Rb 
(µ
g/g
) 

Sr 
(µ
g/g
) 

87Rb/
86Sr 

±2σ 

87Sr/86

Sr 

±2σ 

S
m 
(µ
g/g
) 

Nd 
(µ
g/g
) 

147Sm
/144Nd 

±2σ 

143Nd/
144Nd 

±2σ 

87Sr/
86Sr(t

) 

εN

d(T

) 

В-
28 

Uner
ikan 

12
0 

rhyod
acite 

14
0 

19
6 

2.07
±1 

0.7109
37±12 

4.9 25 
0.116
5±2 

0.5123
79±10 

0.707
4 

-
3.
8 

D 
154 

Uner
ikan 

12
0 

trachy
riolite 

20
2 

93 
6.28
±2 

0.7172
66±10 

7.4 32 
0.138
0±1 

0.5124
11±10 

0.706
6 

-
3.
5 

D 
155 

Aez
op-
Yam
alin 

90 

granit
e-
porph
yry 

99 
26
8 

1.072
±3 

0.7090
45±10 

4.8 24 
0.118
6±9 

0.5123
61±10 

0.707
6 

-
4.
5 

D 
157 

Aez
op-
Yam
alin 

90 

granit
e-
porph
yry 

11
2 

27
5 

1.179
±4 

0.7095
24±10 

4.3 23 
0.114
6±3 

0.5123
48±10 

0.707
9 

-
4.
7 

D 
156 

Aez
op-
Yam
alin 

90 
rhyoli
te 

96 
13
8 

1.998
±7 

0.7104
84±11 

7.6 50 
0.091
9±1 

0.5123
54±10 

0.707
8 

-
4.
3 

D 
162 

Selit
kan 

10
5 

andesi
te 

84 
31
5 

0.769
±3 

0.7081
16±10 

4.3 21 
0.122
9±2 

0.5124
88±10 

0.707
0 

-
1.
9 

D-
162
-1 

Selit
kan 

10
5 

andesi
basalt 

42.
9 

46
1 

0.269
5±14 

0.7092
68±10 

2.7 
12.
9 

0.127
5±3 

0.5125
46±10 

0.708
9 

-
0.
9 

D-
162
-3 

Selit
kan 

10
5 

andesi
basalt 

20.
3 

45
6 

0.129
1±5 

0.7066
06±10 

3.7 
16.
4 

0.135
5±3 

0.5126
24±10 

0.706
4 

+0
.5 

Note to Table 2: The Sr-Nd isotope-geochemical characteristics of rocks ware studied 
in the the Institute of Geology and Nature Management, Far East Branch of the 
Russian Academy of Sciences, using traditional methods of chemical sample 
preparation and mass spectrometric analysis [V]. The background level for the 
chemical preparation of samples was Sr < 0.15 ng and Nd < 0.1 ng. Analysis of the 
Rb, Sr, Sm, Nd isotopic composition was performed on multi-collector thermal 
ionization mass spectrometer Sector 54 (Micromass, the UK).  

The measurement accuracy for 87Sr/86Sr and 143Nd/144Nd isotope ratios was verified 
by systematic comparison to the isotopic reference SRM 987 and the intralaboratory 
isotopic reference Nd-IGEM calibrated against the La Jolla international standard. 
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The error in the measured 87Sr/86Sr and 143Nd/144Nd ratios did not exceed 0.003%. The 
accuracy of 87Rb/86Sr and 147Sm/144Nd isotope ratios was 1% and 0.2%, respectively 
(2σunit). 

The Rb-Sr and Sm-Nd isotopic data were obtained for three samples of 
andesite and andesite basalts from the Selitkan zone (Table 2). The values (87Sr/86Sr)t 
were found to be 0.7064–0.7089, which is close to the values established for igneous 
rocks of the Aeszop-Yamalin and Unerikan complexes. The εNd(T) valuewas much 
higher (from -1.9 to +0.5). 

The Rb-Sr and Sm-Nd isotope characteristics (Table 2) were also obtained for 
two samples of granite-porphyry and one sample of rhyolite [VII]. Magmatites of 
theUnerikan and Selitkan zones typically showed very consistent initial Sr-Nd values, 
higher (87Sr/86Sr)t ratios (from 0.7076 to 0.7079) and the lowestεNd(T)values (from -4.3 
to -4.7). 

IV. Discussions 

The evolution of the Mongol-Okhotsk sector of the Pacific folded belt in the 
Late Mesozoic has been the subject of discussions to date. According to some 
researchers [XXI], in the Mesozoic this region developed under the conditions of a 
transform continental margin. Other authors believe that the territory was an active 
continental margin, within which the forming magmatic complexes accompanied 
subduction processes and (or) a shift from subduction setting in the Early Cretaceous 
to collision setting in the Late Cretaceous [XXVII]. However, it is commonly agreed 
that it was the tectonic rearrangements of the region in the Late Mesozoic that led to 
the appearance of a series of volcanoplutonic zones [XXXI, XX]. 

All the considered volcanoplutonic zones have felsic varieties of igneous rocks. 
If compared to the composition of the upper continental crust (Fig. 3b), their 
composition points to an evident depletion of Ta, Nb, Sr, Zr. At that, felsic rocks of 
the Selitkan and Aezop-Yamalinzones demonstrate changes in the content of certain 
elements: the concentration of Ce, La, Nd, Ba, Y, Yb, Sr increases from the earlier 
rhyolites (101 Ma) of the Baranchzha complex in the Selitkan zone to younger 
rhyolites (95–90 Ma) of the Aezop-Yamalin zone (Fig. 3b). There is evidence that 
such changes in heterochronous igneous rocks occur with the development of 
volcanic arcs [XXVI]. The Unerikan rhyolites do not correspond to this sequence: in 
addition to the above elements, they were found to have lower Rb, Th, U 
concentrations, as compared tofelsic volcanites of the other two zones (Fig. 3b). 

The relative proximity of the initial 87Sr/86Sr and 143Nd/144Nd isotopic ratios in 
the rocks of these zones suggests that they crystallized from magmas from reservoirs 
with similar Sr-Nd isotope characteristics (Table 2). The (87Sr/86Sr)tи (143Nd/144Nd)t 
values suggest that there should be a significant portion of the Neoproterozoic 
continental crust matter in magmas, from which the Unerikan and Aezop-Yamalin 
rocks crystallized (Fig. 5).  
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Fig. 5: Late Mesozoic igneous rocks of volcanic-plutonic zones of the eastern edge of 
the Mongol-Okhotsk belt in the diagram εNd (T) - 87Sr/86Sr. The dotted lines show the 
hypothesized fields of Sr and Nd isotope composition for the continental crust in the 
Neoproterozoic and Late Archean-Paleoproterozoic ages; dots show the field of the 

continental crust of the Central Asian fold belt according to [XVIII]. The fields 
PREMA, EMI, EMII are shown according to [XXXVII, XXXVIII] The Sr and Nd 

isotope composition for the DM type mantle sources are calculated for 100 Ma. Also, 
see caption to Fig. 4. 

 

Fig. 4: Compositions of Late Mesozoic magmatic rocks of volcanic-plutonic zones of 
the eastern edge of the Mongol-Okhotsk belt in the Nb/Y - Zr/Y diagram and their 

relation to typical magmatic sources. Magmatic sources are given according to [VI]: 
DEP – deep depleted mantle, DM – shallow depleted mantle, PM – primitive mantle, 
EN – enriched component, EMII – enriched mantle with high Nd/Sm, HIMU-EMI – 
enriched mantle with high (?) U/Pb, UC – upper continental crust, REC – recycled 
component. Rocks by zones (1–4): Unerican – 1, Selitkan intermediate to base – 2, 
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Selitkan felsic – 3; Aezop-Yamalin – 4. 

 

 

This assumption can be confirmed by the model age of the rocks: T (DM-2) ~1.25 
Ga (mean value estimated by the rocks of the Unerikan and Aezop-Yamalin 
complexes: b28, d155, d157; refer toTable 2). Similar data are given in [XXXIII], 
where the Neoproterozoic model age T(DM-2) ~ 1.3 Ga, is also indicated for 
rhyodacites of the Unerikan zone. As shown in Fig. 5, the values of felsic formations 
of these zones fall into the assumed field of the Sr and Nd isotope composition for the 
continental crust of the Neoproterozoic age and in the field of the continental crust of 
the Central Asian fold belt, according to [XVIII]. At the moment it is known that 
Precambrian formations are present at the section bases of the Galam and Tukuringra-
Dzhagdy terranes [XX].  

In the former case they are represented by ultramafites, while Late 
Proterozoic limestones with oncolites and cathographies are present at the base of the 
присутствуют terrane. Based on the comparability of the material composition and 
the age of the rocks of the Nilan and Tukuringra-Dzhagdy terranes, it was suggested 
that these are disjoint fragments of a single accretion complex [XX]. Therefore, it can 
be assumed that such rocks may occur in the Nilan terrane. Unfortunately, there are 
no data on the isotope composition of felsic rocks of the Selitkan zone, and the values 
for Selitkan intermediate to base volcanites are shifted towards the PREMA field 
(Fig. 5). The spread of ratios (143Nd/144Nd)t in andesites of the Selitkan zone (Table 2) 
may indicate the possible participation of magmas of various origins in their 
formation. 

In the Nb/Y–Zr/Y ratio diagram (Fig. 4), the compositions of all felsic 
magmatic formations of the region are located in the fields corresponding to the 
enriched component (EN) and the upper continental crust (UC). Formations of the 
Unerikan zone have a different location in the Nb/Y–Zr/Y diagram (Fig. 4), which 
indirectly confirms the assumption that this geological object developed 
independently. 

V. Conclusions 

Although insignificant, the differences, found in the initial Sr-Nd 
characteristics of the rocks of the Unerikan, Selitkan and Aezop-Yamalin zones, 
probably arise from the initial Sr-Nd isotopic heterogeneity of terranes (blocks) of the 
continental crust that have undergone melting in the Cretaceous. Such a conclusion 
can be made by analyzing the geotectonic positions of volcanoplutonic complexes of 
these zones. Thus, the Unerikan rocks are established exclusively within the 
structures of the Nilan terrane of the eastern margin of the Mongol-Okhotsk orogenic 
belt. The Selitkan formations can be found mainly within the Galam terrane; single 
plutonic bodies noted within the Nilan terrane. The Aezop-Yamalin zone covers the 
territory of the Nilan and Ulban terranes (Fig. 1). 
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The crystallization of felsic rocks from magmas, formed during melting of 
the continental crust, can also be confirmed by high values of the La/Nb ratios 
(1.4±4.1) [XIX] and low values of the Ce/Y ratios (2.8–3.6). All these data, as well as 
the distribution of microelements in the volcanoplutonic formations of the studied 
zones (Fig. 3)—in particular, LREE contents, low Ta and Nb contents, high La/Yb 
ratios (more than 10) and La/Ta ratios (more than 20)—indicate that magmogenesis 
involved a substance similar to the substrates of the original magmas of island arcs. 
This can support the assumption that these magmatic complexes were formed in the 
geodynamic environment where the active continental margin interacted with the 
rising mantle diapirs, arising from the melting subducting oceanic plate. As a result, 
the mixed substances came from different sources: a moderately depleted mantle of a 
PREMA type, the enriched suprasubduction lithospheric EM mantle, and the 
continental crust (Fig. 4, Fig. 5). 

 

Fig. 5: Late Mesozoic igneous rocks of volcanic-plutonic zones of the eastern 
edge of the Mongol-Okhotsk belt in the diagram εNd (T) - 87Sr/86Sr. The dotted 

lines show the hypothesized fields of Sr and Nd isotope composition for the 
continental crust in the Neoproterozoic and Late Archean-Paleoproterozoic ages; dots 

show the field of the continental crust of the Central Asian fold belt according to 
[XVIII]. The fields PREMA, EMI, EMII are shown according to [XXXVII, 

XXXVIII]. The Sr and Nd isotope composition for the DM type mantle source are 
calculated for 100 Ma. Also, see caption to Fig. 4. 

What speaks in favour of such tectonic scenario is the location of the 
figurative points of the Mesozoic magmatic formations of the eastern edge of the 
Mongol-Okhotsk sector on tectonic discriminatory diagrams (Figures 6a, c). The 
points, indicating the compositions of felsic volcanites and granitoids of the studied 
zones, are located in the areas of subduction setting, just as the points of the 
intermediate to base rocks of the Selitkan zone. 
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Fig. 6: Discriminatory diagrams, describing the tectonic settings of rock formation: 
(a) felsic according to [XXVIII]; (b) intermediate to base according to [XXXVI]. 

Reference letters for felsic rocks: syn-COLG – syn-collision, VAG – island-arc, WPG 
– intraplate, ORG – orogenic. Fields of intermediate to base rocks concentration: I – 

island arcs; II – trap; III – continental rifts. Also, see caption to Fig. 4. 

Therefore, the obtained geochemical and Sr-Nd isotope characteristics 
indicate that Late Mesozoic volcanoplutonic complexes of the Mongol-Okhotsk 
sector of the Pacific folded belt were formed as a result of subduction processes. They 
are associated with the interaction of the continental margins of Asia and the Isanagi 
plate, which actively moved northwest in the late Mesozoic, according to 
paleomagnetic data [XXV]. Following the stages of magmatic activity on the eastern 
edge of the Mongol-Okhotsk orogenic belt, it can be stated that the movement of the 
oceanic plate had a pulsating character and corresponded to the time when 
volcanoplutonic complexes were formed. 

The results make it possible to propose a tectonic scheme of the Late 
Mesozoic subduction setting within the Mongol-Okhotsk sector of the Pacific folded 
belt (Fig. 7).  
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Fig. 7: Model and sequence of formation of the volcanoplutonic zones of the 
Mongol-Okhotsk sector: 1– oceanic crust; 2 – continental crust; 3 – turbidite 

sediments; 4 – continental molasse; 5 – adakite melts generated during melting of the 
subducted oceanic crust; 6 – adakite melts modified when passing the mantle wedge; 

7 – andesite basalts, basalts; 8 – rhyolites, rhyodacites, dacites; 9 – andesites; 10 – 
quartz diorites, granodiorites; 11 – fluids depleted in water but enriched in silica; 12 – 
rhyolites, trachyrhyolites; 13 – granites, subalkaline granites: 14 – direction of motion 

of the oceanic plate. 

The rocks of the earliest Unerikan complex were distributed only within the 
Nilan terrane (Fig. 7a). Probabaly, the Nilan terrane was a continental margin in the 
Late Jurassic and the beginning of the Early Cretaceous. This cannot decidedly 
determine the time of its inclusion into the Mongol-Okhotsk belt. He could drift on 
the oceanic plate and join the mainland after the magmatic events in the Late Jurassic 
and the beginning of the Early Cretaceous. The period from 120 to 105 Ma was 
marked by the accumulation of continental sediments, when the Nilan terrane was a 
passive continental margin (Fig. 7a). According to paleomagnetic data [XXXIII], c. 
119–110 Ma the oceanic was moving north and, naturally, had little influence on the 
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continent. However, theIzanagi plate turned by almost 30° and accelerated its 
movement in the north-west direction. During this period (110–85 Ma [XXXIII]) the 
rocks of the Selitkan volcanoplutonic zone were formed [XIII] (Fig. 7b). The total 
thickness of the cover facies of this zone was found to be more than 3000 m, taking 
into account the volume of the plutonic component of the complexes. This 
undoubtedly led to a significant increase in the thickness of the continental crust in 
this region and, accordingly, the subduction of the continental margin. 

It can be assumed that it is during this period that the Ulban terrane advanced 
to the formations of the Nilan terrane [II, VIII]. It also led to the enlargement and 
thickening of the continental crust and the further ‘healing’ of the thrust zone by the 
formations of the Aezop-Yamalin complex (Fig. 7d). 

All these facts indicate that in the Late Mesozoic the oceanic plate subducted 
the continental margin in the Mongol-Okhotsk sector of the Pacific folded belt. The 
subduction settinggradually faded from the Early Cretaceous to the late Cretaceous. 
At that, in the period from the Late Jurassic to the Early Cretaceous (120 Ma), 
volcanic activity manifested itself only on the Nilean terrane. The terranecould have 
adjoined the Asian continent later than the described events, which indicates the 
independent evolution of this geological object. In the period from 105 to 90 Ma, the 
subduction was accompanied by the establishment of the Selitkan and Aezop-
Yamalin zones. The beginning of these processes can be determined by the formation 
of intermediate to base rocks of the Selitkan zone. Theircomposition is rather similar 
to the composition of the rocks in suprasubduction settings. They were replaced 
byfelsic magmatites of the Selitkan zone (101 Ma) and, later, of the Aezop-Yamalin 
zone (95–90 Ma). The changes in the material composition of these two zones allow 
make an assumption about a change in the geodynamic processes, namely, the 
attenuation of the subduction along the eastern edge of the Mongol-Okhotsk sector of 
the Pacific folded belt. 
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