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Abstract 
Based on the analysis of known geodynamic models that explain the 
processes in various geodynamic settings of the Meso-Cenozoic stages of the 
development of continental margins and the tectonic-magmatic events ac-
companying these processes, as well as on the basis of our own data obtained 
as a result of many years of research on the axial structure of the Central 
Asian Fold Belt-Mongol-Okhotsk orogenic belt and the influence of interde-
pendent structures on the post-Mesozoic evolution of the eastern flank of the 
Mongol-Okhotsk orogenic belt was substantiated by us. The closure of the 
Mongol-Okhotsk basin due to the approach of the Siberian and North China 
cratons was accompanied by a change in geodynamic conditions: subduction, 
collision, intraplate-rift and was reflected in the formation of synchronous 
igneous complexes in the frame of the Mongol-Okhotsk orogenic belt. In the 
northern frame of the belt, the distribution of magmatites is cut off by the 
structure of the Selenga-Stanovoy superterrane in the west. The northern 
boundary of the superterrane is the zone of the Dzheltulak fault. In the south, 
it borders on the Mongol-Okhotsk orogenic belt along the zone of tectonic 
melange. We believe that evolutionary processes within the orogenic belt and 
its framing continued into the post-Mesozoic time after the final formation of 
the belt as an orogen. The position of the Selenga-Stanovoy superterrane in 
the late Mesozoic did not correspond to the modern one. The structures of 
the Central Asian fold belt located between the Mongol-Okhotsk orogenic 
belt and the Siberian craton in the Cenozoic were influenced by collisional 
processes occurring between the Indian and Eurasian plates. And these 
processes were not only the “driving force” for the movement of the Selen-
ga-Stanovoy superterrane in the post-Mesozoic time, but also changed the 
structure of the Mongol-Okhotsk orogen, dividing it into two flanks. 
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1. Introduction 

The Mongol-Okhotsk Orogenic Belt (MOOB) is recognized as the axial structure 
of the Central Asian Folded Belt (CAFB) [1]. The final formation of the MOOB 
in the Late Mesozoic is the final completion of the formation of CAFP as an 
orogen. But the tectonic, geodynamic and magmatic processes that took place in 
the post-Mesozoic influenced the evolution of these regional structures. MOOB 
stretched from Inner Mongolia to the Pacific coast for 3000 km. Its formation is 
associated with the convergence of the Siberian and North China cratons and 
the closure of the Mongol-Okhotsk basin in the Late Mesozoic. Post-Mesozoic 
tectonic events have changed its original appearance. In the region of the 120th 
meridian, two cratons approached each other as close as possible, “absorbing” 
the formations of the belt itself, and divided it into the western and eastern 
flanks (Figure 1(a)). 

The article considers the eastern flank of the belt. In the frame of this flank, 
from the end of the Jurassic to the beginning of the Late Cretaceous, the mag-
matic complexes of various compositions were formed almost continuously. 
Long-term studies of this territory have not led to an unambiguous view of the 
evolution of the region. The precise geochronological, isotopic, geochemical, and 
geophysical data obtained in recent years allow us to take a fresh look at the de-
velopment of this complex region.  

The solution to this problem was based on the study of magmatites in the 
frame of the MOOB. The material characteristics of rocks reflect not only their 
composition but also the geodynamic conditions that they accompany during 
their formation. 

2. Materials and Methods 

To establish what geological events influenced the post-Mesozoic evolution of 
the MOOB, not only the original data of the author were analyzed, but also the re-
sults of recent geochronological, isotopic, geochemical studies of magmatic com-
plexes accompanying the evolution of the MOOB in the late Mesozoic-Cenozoic 
were analyzed (eg, [4]-[11]). The results of geophysical research are also used- 
transects passing through the MOOB [12] [13] [14] [15].  

2.1. Petrological and Geochemical Studies 

The current research presents the results of petrological and geochemical stu-
dies, which were carried out according to the following methods. The content of 
petrogenic elements (main petrogenic components Sr, Zr, Nb) in the samples 
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Figure 1. The location of the MOOB among the main structures of the region. (a) The 
location of the MOOB among the main structures of the region based “Geological map of 
the World”, scale 1:50,000,000 (after [2]). Letter abbreviations: MOOB—Mongol-Okhotsk 
orogenic belt, WF—West and EF—East flank of belt. The arrow indicates the direction of 
movement of the Indian plate in the Cenozoic. (b) The scheme tectonic zoning of the east 
flank of the MOOB [1] [3] and the location of magmatic formations in its frame. Area of 
distribution of Late Mesozoic magmatic complexes: mainly plutonic (1), mainly volcano-
genic (2), Structural tectonic faults (3), other faults (4). Letter abbreviations: EMOOB— 
East flank of Mongol-Okhotsk orogenic belt SSS—Selenga-Stanovoy superterrane, BT— 
Badzal terrane, DF—Dzheltulak fault, NF—North-Tukuringra fault. 
 
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, Dy, Ho, Er, Tm, Yb, Lu, Y, Th, U, Zr, Hf, Nb, Ta, Sc) was made induc-
tively coupled mass spectrometry (ICP-MS) in the Institute of Analytical In-
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strumentation 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 1150˚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, absorp-
tion and secondary fluorescence. For the ICP-MS analysis, the samples were ex-
tracted by acid decomposition. The measurements were carried out on the 
“PlasmaQuad” by the “VG Elemental” company, in standard mode. The sensi-
tivity 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%. 

2.2. Isotope-Geochemical Studies 

Isotope-geochemical studies were carried out at the Institute of Geology of Ore 
Deposits, Petrography, Mineralogy, and Geochemistry of the Russian Academy 
of Sciences (Moscow) under the supervision of A.V. Chugaev.  

The contents of Rb, Sr, Sm, and Nd and the isotope ratios of 87Rb/86Sr and 
147Sm/144Nd in the rock samples were determined by isotopic dilution using 
mixed 85Rb-84Sr and 149Sm-150Nd tracers, which were added to the samples im-
mediately before their chemical decomposition. The decomposition of gross 
rock samples, the sample weight of which varied from 0.1 to 0.2 g, was carried 
out in a mixture of concentrated acids HF + HNO3 (3:1). Samples were kept in a 
sealed autoclave at a temperature of about 160˚C until completely dissolved.  

Rb, Sr, Sm, and Nd preparations for mass spectrometric analysis were ob-
tained using the method of two-stage ion-exchange chromatography. At the first 
stage, the fractions of Rb, Sr, and light REE were separated from the elements of 
the sample matrix. The fractions were isolated in 2.4 M HCl on ion-exchange 
columns filled with 3 ml of BioRad W50x8 cation exchanger (200 - 400 mesh). 
Chromatographic separation of Nd and Sm from other REE lungs was carried 
out in the second stage, using columns filled with 0.5 ml of HDEHP ion-exchange 
resin deposited on Kel-F granules. The total level of background contamination 
of the sample during the entire procedure of chemical preparation for Sr and Nd 
did not exceed 0.1 ng. 

Mass spectrometric measurements of the isotopic composition of Rb, Sr, Sm, 
and Nd were carried out on a multi-collector thermal ionization mass spectro-
meter Sector 54 (Micromass, United Kingdom). Correctness of measurements of 
isotope ratios 87Sr/86Sr and 143Nd/144Nd was controlled by systematic measure-
ments of the international standard for Sr isotopic composition (SRM-987) and 
the intralaboratory sample of the Nd “Nd-IGEM” isotopic composition cali-
brated against the international LaJolla standard. The error in the measured ra-
tios 87Sr/86Sr and 143Nd/144Nd did not exceed 0.003% (± 2σed). The accuracy of 
determination of the 87Rb/86Sr and 147Sm/144Nd isotopic ratios was 0.5% and 
0.2%, respectively (± 2σ units). 
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3. Results 

As a result of studies [3] [7] [8] [9] [10] [16] [17], it was found that in the south-
ern and northern framing of the eastern flank of the MOOB, volcano-plutonic 
and volcanogenic complexes were formed starting from the turn of the Late Ju-
rassic and Early Cretaceous. They were accompanied by various geodynamic set-
tings. The belonging of these complexes to certain structures was revealed. In the 
northern frame of the belt, the Selenga-Stanovoy (SSS) and Dzhugdzhur-Stanovoy 
(DSS) are distinguished—the southern frame of the Siberian craton—superterranes. 
The southern boundary of the belt is represented by the Argun and Bu-
reya-Jiamusi superterranes and the South Mongolian–Khingan orogenic belt 
(Figure 1(b)). It has been established that within the southern framing of the 
Siberian craton, the Argun superterrane, and the South Mongol-Khingan orogenic 
belt, rocks of homogeneous composition and formation time were formed. Their 
formation took place at the following magmatic stages. 

Stage I: Magmatism within the listed structures first appeared 145 - 138 Ma 
ago. During this period, adakite volcanoplutonic complexes begin to form [10] 
[16] [17]. The rocks of these complexes are not widespread. They are represented 
by subalkaline granites, leucogranites, granites, subalkaline leucogranites, gra-
nosyenites and their porphyry varieties. These are rocks of the normal or subal-
kaline series, high potassium, belong to the calc-alkaline series, with Na2O + K2O 
= 7.86 - 10.92 wt% and Na2O/K2O = 1.25 - 1.81. The rocks are magnesian and 
peraluminous at ASI (aluminum saturation index) = 1.06 - 0.86, which characte-
rizes them as I-type formations [18] (Zen, 1986). Elevated concentrations of Sr 
(670 - 1110 ppm), Ba (510 - 2400 ppm) were found in the rocks; Rb (82 - 160 
ppm), Th (8.4 - 13.1 ppm); at low contents of Nb (4.0 - 11.0 ppm), Ta (0.4 - 0.6 
ppm) and at abnormally low concentrations of HREE (in ppm): Tb (0.18 - 0.22), 
Dy (0.66 - 1.45), Ho (0.10 - 0.22); Er (0.25 - 0.55); Tm (0.03 - 0.07); Lu (0.02 - 
0.05), as well as Y (3 - 7) and Yb (0.17 - 0.42). Chondritic-normalized diagrams 
show a positive Eu anomaly or its absence: (Eu/Eu*)n = 0.77 - 1.23 at (La/Yb) n 
= 26.45 - 64.13 (Figure 2). 

On the classification diagrams (La/Yb)n-Ybn [20] [21] and Sr/Y-Y [22], the 
figurative points of this complex rocks are projected onto the rock field of typical 
adakite series of the world. According to the isotope-geochemical characteristics, 
they belong to the negative εNd-type with εNd(T) = (−3.3) - (−4.6). The values 
of 87Sr/86Sr are 0.7069 - 0.7071. 

By its formation time (145 - 138 Ma), the adakite series rocks preceded (and 
partly coincided) the formation of the Early Cretaceous calc-alkaline complex: 
140 - 128 Ma.  

The formation of the adakite complex rocks was replaced by the formation of 
the rocks of a differentiated granite-granodiorite complex (140 - 128 Ma) [4] 
[17] [23] [24] [25]. These granitoids compose both large batholiths with an area 
of up to 500 km2, and small bodies of the complex and dyke-shaped forms (Figure 
1(b)). They are widely spread in the northern frame of the belt. This can be  
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Figure 2. Trace element concentrations normalized to the composition of chondrite C1 
according to [19] in the rocks of the northern and southern frames of the MOOB (1 - 2): 
adakite series (145 - 138 Ma)—1; for comparison, integrated data of rocks are given 
calc-alkaline series (140 - 122 Ma)—2. 
 
explained by the strong erosion of this part of the region. The complex contains 
granodiorites, quartz diorites, granites, plagiogranites, and leucogranites. 

According to the SiO2 content, granitoids belong to the formations of the 
calc-alkaline series with a ratio of Na2O/K2O = 0.9 - 1.6. The amount of alkali is 
almost constant for all varieties (6.1 - 7.1 wt%) With a content of K2O = 2.3 - 3.3, 
and Na2O = 3.1 - 4.1 wt%. These are mainly high-potassium rocks of the pera-
luminous series at ASI = 0.9 - 1.2. They are characterized by moderate to low ti-
tanium. The strontium isotopic ratios of the granitoids of the complex are: 

87Sr/86Sr = 0.7076 - 0.7068 [25]. 
The formation of hypabyssal granitoids of monzodiorite-granodiorite compo-

sition is shifted in time of formation: 130 - 126 Ma [4] [23] [24] [25]. They form 
large area laccoliths and lopoliths (up to 200 km2) composed of porphyritic 
quartz diorites, monzonites, quartz monzonites, granodiorites. The rocks of the 
complex belong to the high potassium calc-alkaline series at Na2O/K2O = 0.9 - 
2.2. They are characterized by an almost constant content of Al2O3 (15.1 - 16.1 
wt%) at ASI = 1.1 - 1.3, belong to the potassium-sodium series, moderately 
magnesian, moderately titanic. 

Granitoids with an age of 130 - 126 Ma are comagmatic of a volcanic complex 
with an age of 128 - 122 Ma. The rocks of this complex are composed of paleo 
volcanoes of the central type. They are represented by andesite basalts, andesites, 
trachyandesites, dacite andesites, dacites, their tuffs, tuff aleurolites, tuff sand-
stones. According to the petrochemical features, volcanic are the rocks with a 
predominantly sodium type of alkalinity: Na2O/K2O = 0.81 - 2.66, with a total of 
alkalis from 4.6 to 6.9 wt%. Volcanites from low to high potassium species, 
moderately to low titanium; moderate to high magnesian, are belonging to the 
calc-alkaline series. Alumina varies from moderate to high (ASI = 1.0 - 1.3). 

For andesites of the volcanic complex, the ratios 87Sr/86Sr = 0.7063 - 0.7078 
were established [24], which are comparable to earlier plutonic formations. 
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According to the REE content, all formations of the beginning of the Early 
Cretaceous are comparable among themselves, which is reflected in the diagrams 
(Figure 3(a)).  

Their compositions on chondritic-normalized plots are characterized by a 
hollow oblique shape, with an almost absent Europium anomaly (Eu/Eu* = 0.7 - 
0.91). 

It can be stated that in the range of 140 - 122 Ma differentiated calc-alkaline 
volcano plutonic complexes are formed with common geochemical characteris-
tics that indicate the unity of the geodynamic conditions of their formation. 
These conditions (Figure 3(b)) correspond to suprasubduction environments of 
the active continental margins of the Andean type [16] [17]. 

Stage II: The development fields of bimodal volcano-plutonic complexes (Figure 
1(b)) are territorially combined with the distribution fields of differentiated plu-
tonic and volcanic formations of the calcareous-alkaline series of the beginning 
of the Early Cretaceous [7] [8]. Their formation began almost immediately after 
the completion of the formation of differentiated complexes and lasted  
 

 
Figure 3. Concentrations of the rare elements of the rock calc-alkaline series (140 - 122 
Ma) standardized to the composition of Chondrite (a) and primitive mantel (b). Compo-
sitions of chondrite C1 and primitive mantel are brought according to the data [19]. 
Northern frames EFMOOB (1) and Southern frames EFMOOB (2). 
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more than 20 Ma: 119 - 97 Ma [7] [24] [25]. The formation of bimodal com-
plexes accompanied the final formation of the MOOB [8] as an orogen. 

Paleo volcanic structures composed with the rocks of bimodal complexes 
form more than 30 volcanic fields in both the northern and southern frames of 
the MOOB with an area of up to 200 km2. In the structure of these fields the 
cover, vent and subvolcanic facies are distinguished. The percentage of rocks of 
the complex from its total volume is: the main composition—55%, the aver-
age—9%, sour—20%, tuff-sedimentary—16%. 

The lavas of the primary-middle composition are represented by trachyba-
salts, trachyandesitic basalts, trachyandesites and andesites. The increased alka-
linity of the lavas of basic to medium composition is due to the presence of po-
tassium feldspar or red-brown biotite in the matrix of rocks, less commonly, sa-
nidine in phenocrysts. 

Acidic varieties are represented by rhyolites, rhyodacites, trachyriolites, with 
interbeds of perlites, tuffs and ignimbrites. The plutonic formations comagmatic 
to volcanic rocks correspond with subalkaline granites, subalkaline leucogra-
nites, granodiorites, quartz diorites, and quartz monzonites. The bimodal com-
position of the rocks of the complex is due to two ranges of content SiO2: 47 - 64 
and 72 - 78 wt% at the absence of intermediate varieties. Volcanics with a SiO2 
content of 47 - 64 wt% are high alumina (Al2O3 = 15.22 - 17.30 wt%), moderately 
low magnesian, low titanium (TiO2 < 2 wt%) formations. They belong mainly to 
the high potassium calc-alkaline series. Volcanics with a SiO2 content of 72 - 78 
wt% are characterized by normal, less often moderate alkalinity, with an increase 
in SiO2 content, the total alkalinity decreases (from 9.13 to 7.13 wt%), low alu-
mina content (Al2O3 = 11.15 - 13.96 wt%), low magnesian, low titanium They 
belong to the high potassium calc-alkaline series. Plutonic acidic formations be-
long to A-type granites, while granitoids comagmatic with medium-basic vol-
canics are comparable to I- and S-type formations [7]. 

All rocks of the bimodal complexes are enriched with light rare-earth ele-
ments (La/Yb)n = 5.5 - 33.0 (values of 10 - 20 prevail). 

The Eu-minimum (Figure 4(a)) in basic-medium rocks is weakly expressed 
(Eu/Eu* = 0.70 - 0.86), and in acid formations it is deeper (Eu/Eu* = 0.33 - 0.70). 
The multielement spectra are characterized by stable negative anomalies of Nb 
(0.10 - 0.43), Ta (0.12 - 0.79) and Ti (0.01 - 0.09) for all rock varieties and a 
highly variable Sr anomaly: for granitoids and acidic volcanic rocks, it is nega-
tive, and for main-medium rocks - from weakly manifested negative to positive. 
Positive values indicate the contents of Ba, Rb, Th, K (Figure 4(b)). 

The rocks of the bimodal complexes are characterized by sustained isotopic 
compositions with variations in the 87Sr/86Sr ratio (0.7057 - 0.7063, 0.7081 - 
0.7084) and a wider range of εNd(Т) = (−0.6) - (−3.6) [24] [25] and authors data. 
Model Nd age - TNd (DM-2st) - is characterized by a relatively narrow interval of 
975 - 1314 Ma, which may indicate the material uniformity of the melting sub-
strate with the crustal component of the late Riphean. They are superimposed on  
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Figure 4. Concentrations of the rare elements of the rock bimodal series (119 - 97 Ma) 
standardized to the composition of Chondrite (a) and primitive mantel (b). Compositions 
of chondrite C1 and primitive mantel are brought according to the data [19]. Northern 
frames EFMOOB (1) and Southern frames EFMOOB (2). 
 
the northern edge of the Argun terrane and the southern border of the Siberian 
craton, where Precambrian formations are widely developed. 

Summarizing the available geochronological dating of the isotope dating of the 
rock, carried out by the U-Pb method on zircons [24]; 40Ar-39Ar method [4] [7] 
[24] [25], we obtained the following time sequence of complex formation. Ande-
sitic trachybasalts were formed from the lower part of the section—118.7 ± 0.9 
million years; rhyolites, trachirhyolites—118.7; 118.4; 117 ± 1; 117.1; 117.6; 115.3 ± 
1.5 Ma and trachyandesites—115 Ma, 114.7 ± 0.6 Ma (middle section). The upper 
part of the section is 105.9; 100; 97 Ma and rhyolites - 97 ± 5 Ma. Thus, we can as-
sume an almost continuous stage of magmatic activity, which lasted in the interval 
119 - 97 Ma ago and died out at the very beginning of the Late Cretaceous. 

An analysis of the geological, petrochemical, and geochemical characteristics 
of these rocks suggests that they formed as intraplate formations and accompa-
nied the final completion of the formation of the Mongol-Okhotsk orogen [8]. 

III stage. Magmatic formations, which replaced the rocks of the bimodal se-
ries, began to form 94 Ma. Since that time, intraplate formations of the riftogenic 
complex have been developing: trachyandesites-absarokites [26]. Trachiande-
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sites belong to the potassium-sodium series (Na2O/K2O = 1.66 - 2.05), and absa-
rokites (Na2O/K2O = 0.47) belong to potassium series; the amount of alkali va-
ries from 6.35 to 9.01 wt%. Volcanites are characterized by low-moderate con-
tents of MgO, TiO2, with an Al2O3 content of 15.24 - 17.45 wt% (saturation index 
Al = 1.1 - 1.3). 

The rocks are characterized by a differentiated REE spectrum (Figure 5(a)), 
with (La/Yb)n = 13.95 - 20.67. Europium anomaly is practically absent or reveals 
a weak positive anomaly: (Eu/Eu*)n = 0.79 - 1.03. They are characterized by 
moderate enrichment Ba (670 - 1540 ppm), Sr (440 - 950 ppm), K (14,600 - 
28,400 ppm), Th (6.4 - 21.4 ppm), Rb (60 - 240 ppm) with elevated contents of 
Nb (до 22 ppm), Ta (1.68 ppm), Zr (330 ppm), Hf (10.4 ppm), Y (22.4 ppm), Yb 
(2.04 ppm) (Figure 5(b)).  

 

 
Figure 5. Concentrations of the rare elements of the rock intraplate series (94 - 88 Ma) 
standardized to the composition of Chondrite (a) and primitive mantel (b). Compositions 
of chondrite C1 and primitive mantel are brought according to the data [19]. Northern 
frames (1) and Southern frames (2) EFMOOB. 

 
Trachiandesites-absarokites are developed within the rift depressions in the 

northern and southern frames of the belt. They indicate the beginning of the de-
structive processes in the region. 

4. Discussion 

The analysis of the manifestation of Late Mesozoic magmatic activity in the 
frame of the eastern flank of the MOOB showed that synchronous geodynamic 
processes which were accompanied by the formation of magmatic complexes of 
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the same age and material composition took place in the region during Late Ju-
rassic - Late Cretaceous. 

1) Along the southern border of the MOOB, the Argun and Bureya-Jiamusi 
super terrains stand out, separated by the South Mongol-Khingan terrain 
(Figure 1(b)). The area distribution of all the above formations along the south-
ern frame of the EFMOOB is cut off in the east by the structure of the Bu-
reya-Jiamusi super terrains (Figure 1(b)). Within its limits, Late Mesozoic mag-
matites are asynchronous in time of formation of the rocks of the above com-
plexes [3] [9]. Late Mesozoic magmatites within it are asynchronous in time of 
formation to the above-described rock complexes in the frame of the belt. 

According to our data [3] [9], the Bureya-Jiamusi super terrain did not par-
ticipate in the closure of the Mongol-Okhotsk basin. It is an independent struc-
ture that joined the Eurasian continent after the described geological events.  

The distribution of the above-described rocks is cut off by the SSS structure in 
the west along the northern margin of the belt. Within this structure, magma-
tites known as the Selenga-Vitim volcano plutonic belt (SVVPB) [27] are widely 
developed.  

A clear difference from the considered formations is established by the belt 
formation time, by the material composition of the composing magmatites. The 
rocks of calc-alkaline and bimodal volcano-plutonic series were formed in its 
early development stages (C2 – P2). The magmatites of the bimodal series were 
formed at the later stage (T) [27]. There are no analogues to these formations in 
the northern and southern frames of the MOOB. According to the data [12] 
[13], the northern boundary between the SSS and the DSS (Figure 6(a)) is 
represented by the Dzheltulak fault zone of the crustal bed. Within this zone, 
milonites, blastomilonites, blastocataclazites, sections of layer-by-layer schisma-
tion of rocks, and silicon-alkaline metasomatism are widely developed. The age 
of zircons from blastomilonites determined by the U-Pb method showed that 
there are formations of different ages: 1960 - 1930, 1750 - 1700, 1600 - 1500 Ma 
(determination by zircons), 2000 - 1350 Ma (by pyrochlore) [28]. Late Jurassic – 
Early Late Cretaceous volcanoplutonic complexes are widely manifested to the 
north-east of the Dzheltulak fault (Figure 6(a)). These formations are traceable 
to the east along the northern margin of the MOOB. These rocks are an analo-
gue of the formations developed along the southern margin of the eastern flank 
belt [17] [23]. 

2) The eastern flank of the SSS borders with MOOB (Figure 1(b)) in the south 
through the North Tukuringra fault. A tectonic zone with a length of 800 km 
and a width of up to 50 km is distinguished along this boundary. This zone is 
composed with sedimentary and volcanogenic rocks metamorphosed in the am-
phibolite facies. Geochronological data defined by U-Pb method and isotope 
geochemical (Sm – Nd) studies of zone rocks [11] indicate the presence of me-
tavolcanic rocks with an age of 193 ± 1 Ma; granitoids with an age of 370 Ma, 
which are characterized by minimal tNd (DM) = 1.1 BA. According to the values 
of tNd (DM), metamorphic rocks of the stratum decompose into two groups  
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Figure 6. Scheme of the Late Mesozoic tectonic structure of the eastern flank of the 
MOOB and the location of magmatic formations in its frame: before the Cenozoic tec-
tonic rearrangement (6 a) and after the Cenozoic tectonic rearrangement (6 b) according 
to [29]. Magmatites (1 - 3): 1—adakitic and calc-alkaline granitoids (145 - 126 Ma); 
2—calc-alkaline volcanics (130 - 122 Ma); 3—magmatites of the bimodal series (119 - 97 
Ma); 4—trachyandesites, absarokites of rifting (94 - 88 Ma); 5—Melange zone (according to 
[11]); 6—Dzheltulak fault zone; 7—Structure-forming tectonic boundaries; 8—Boundary of 
distribution of Late Mesozoic igneous complexes before tectonic rearrangement in the Ce-
nozoic. Abbreviations are not indicated in the text: Bureya-Jiamusi superterrane (BJS), 
Argun Superterrane (AS); South Mongol-Khingan Orogenic Belt (SMKOB). 
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with tNd (DM) = 1.1 - 1.9 and tNd (DM) = 2.5 - 3.1 Ga. The authors [11] note 
that a clear spatial distribution of formations with Late Archean and Proterozoic 
tNd (DM) values is not detected. All these data allowed the authors to draw the 
following conclusions [11]: a) rocks of different ages are combined within the 
zone; b) the zone is a tectonic melange composed of metamorphosed rocks of 
the Mesozoic, Paleozoic and Early Precambrian ages; c) the formation of the 
zone occurred in the Mesozoic, during the Late Jurassic - Early Cretaceous colli-
sion processes. The latter fact is refuted by the authors themselves [11]: findings 
of Mesozoic rocks within the zone. This indicates that the formation of the me-
lange zone occurred much later.  

3) Magmatic processes in the northern and southern rims of the MOOB oc-
curred simultaneously and were associated with the closure of the Mongo-
lian-Okhotsk basin. What was provoked by the convergence of the Siberian and 
North China cratons. This process was accompanied by synchronous subduction 
of the Mongolian-Okhotsk basin in both northern and southern directions. 
Therefore, it is reasonable to assume that by the end of the Late Mesozoic, all the 
described magmatites were located at an equal distance from the supposed sub-
duction boundaries. This regularity was most clearly preserved in the northern 
frame of the MOOB (Figure 6(a)). In this case, the position of the CCC did not 
correspond to its current state at that time. Most likely, SSS “wedged” between 
the MOOB and the southern margin of the Siberian craton after the end of the 
Late Mesozoic magmatism, later than 88 Ma (Figure 6(b)). 

According to the geophysics data, the heterogeneous layering of the lithos-
phere structure is established at the base of the SSS, which is a sign of horizontal 
movements in the earth’s crust and in the subcrustal space. It was found [12] [13] 
[14] that within the zone there are deep inclined interfaces between both modern 
and earlier foundations. The modern (Late Cenozoic) borders have a southern fall, 
and the paleo-borders have the northern one. Probably, the paleo-boundaries of the 
northern occurrence arose as a result of the Late Mesozoic subduction processes, 
when the oceanic bed of the Mongol-Okhotsk basin subducted under the conti-
nental margin of the southern margin of the Siberian craton. Late Cenozoic bor-
ders indicate the existence of tectonic rearrangements in this period of time. 

Such global tectonic transformations could only be associated with global tec-
tonic rearrangements in neighboring, interdependent territories. Such transfor-
mations include tectonic events occurring during the collision of the Indian 
Plate and the Eurasian continent in the Cenozoic. There are various assumptions 
about the age of this process. Some consider 65 Ma the most likely age [30] [31], 
others 45 - 55 Ma [32] [33] or 35 Ma [34]. But most researchers attribute these 
processes to the 55 - 50 Ma period [35] [36] [37]. These authors of the researches 
[38] [39] [40] [41] reached the same conclusion. They believe that initially the 
Indian plate was subducted under the Eurasian continent. This led to the forma-
tion of an accretionary prism. But in about 25 - 20 Ma, a continent-continent 
collision began, which led to the extrusion of the Great Himalayas along south-
ern Tibet and to the beginning of the deformation of more remote territories in 
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Central Asia: the deformation and the rise of the Tien Shan [42]. This conclu-
sion agrees with the age of post-collisional magmatism in Southern Tibet, which 
began 26 Ma ago [43] [44]. 

According to [45], the collision influence zone of the of the Indian Plate and 
Eurasia consists of six tectonic domains, among which there is a Central Asian 
domain with a deformation region extending from the Tien Shan in the south to 
the Baikal rift zone in the north. The formation of a mountainous terrain in the 
Tien Shan was completed in the Pliocene (review in work [46]). The duration of 
the orogenesis stage is almost 15 Ma and corresponds to the interval of 25 - 10 
Ma. Based on these considerations, it can be stated that the post-Mesozoic tec-
tonic restructuring in the north-western frame of the MOOB occurred at the 
Oligocene—Miocene border. It was during this period, under the influence of 
the processes occurring between the Indian plate and the Eurasian continent, 
when the Indian plate moved in a northeast direction at an angle close to 20 de-
grees, the SSS was displaced and wedged between the MOOB and the southern 
frame of the Siberian craton—DSS. It can be assumed that the entire north- 
western frame of the MOOB was affected by this process. This conclusion has 
indirect evidences. Symmetrically located magmatic complexes of the Paleozoic - 
Early Mesozoic are developed in the frame of the western flank of the MOOB 
(Figure 7). The scheme clearly establishes the displacement of these complexes 
along the north-west framing of the belt relative to their location in the south-
east framing.  

 

 
Figure 7. Scheme of the magmatic complexes of the Late Paleozoic-Mesozoic framed by 
MOOB. The scheme is made using the data by [29] [47]. The area of distribution of magmatic 
associations: Late Carboniferous - Early Permian bimodal series and granitoids (1), Permian 
bimodal series (2) and granitoids (3), Early Mesozoic bimodal series (4) and granitoids (5), 
Late Mesozoic volcano plutonic complexes with a predominance of plutonic rocks (6) and 
with a predominance of volcanogenic rocks (7), Age of rocks in Ma (8), Tectonic faults (9): 
structural (a), others (b), The intended direction of movement of the SSS (10). 
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5. Conclusions  

Magmatic activity in the frame of the eastern flank of the MOOB ended at the 
beginning of the Late Cretaceous—no later than the Santonian. In fact, since that 
time, the territory has been in a state of rest: the formation of platform forma-
tions begins [48]. And this process continues to this day. But it was during this 
period that the tectonic restructuring of the region took place. It was not ac-
companied by any magmatic events. As a result of this restructuring, in the re-
gion of the 120th meridian, the SSS wedged itself between the southern framing 
of the Siberian Craton and MOOB. The belt was divided into two flanks: western 
and eastern. 

What could be the “driving force” of global movements of such large geologi-
cal objects? It has been established that the Central Asian region, extending from 
the Tien Shan in the south to the Baikal rift zone in the north, is a zone of influ-
ence of the collision of the Indian Plate and the Eurasian continent [45]. Hence 
it follows that the junction of the MOOB structures and the southern framing of 
the Siberian Platform in the Cenozoic was under the influence of distant colli-
sional processes. Since the structures described are interdependent, this should 
have influenced the evolution of MOOB. It can be assumed that the “driving 
force” of the SSS movement was the collisional processes occurring between the 
Indian and Eurasian plates at the boundary of the Oligocene and Miocene. It is 
these processes that changed the contour of the MOOB in the post-Mesozoic 
time. 
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