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Abstract—Ditrital zircon U-Pb and Lu-Hf isotopic data are reported for metaterrigenous deposits of
Dzhagdy Terrane in the Mongol–Okhotsk Fold Belt. The youngest zircon populations in metasedimentary
rocks of the Dzheskogon and Nekter formations is concluded to be of the Middle–Late Triassic and Early
Jurassic Age, suggesting that the formations are Early Mesozoic and not Carboniferous, as was previously
assumed. We have made the assumption that the Dzheskogon, Nekter, and Bochagor formations of the
Dzhagdy Terrane are not a single sedimentary sequence, but a set of tectonic slices consisting of Late Paleo-
zoic and Early Mesozoic rocks of differing genesis. This raises the question on whether the terrane under con-
sideration is a fragment of an accretionary prism. Detrital zircon U-Pb geochronological and Lu-Hf isotopic
data coupled with whole-rock Sm-Nd isotopic data from previous studies indicate that the sedimentary basin
was mainly sourced from the continental Amur Superterrane (from the south in present-day coordinates).
Material replenishment from the southern framing of the North Asian Craton (from the north in present-day
coordinates) was either minimal or absent.
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The Mongol–Okhotsk Fold Belt is a significant
structural element of East Asia. The belt is up to 300
km wide and extends 3000 km from the Uda Bay of the
Okhotsk Sea to Central Mongolia (Fig. 1). Structur-
ally, the belt, as of today, is a complex collage of tec-
tonic blocks arranged along its strike, which are con-
sidered tectonostratigraphic areas [9, 15, 27] or ter-
ranes [9, 24, 49, 50].

The available paleomagnetic data in [11, 22, 45]
evidence the appreciable distance between the south-
ern margin of the North Asian Craton and the south-
ern periphery of the Mongol–Okhotsk Belt continen-
tal mass as Paleozoic. These data, as well as the occur-
rence of Paleozoic and Early Mesozoic igneous
associations within the belt and its f lanking continen-
tal structures [1–3, 16, 20, 21, 25, 30–32, 36, 41, 54,
55, 57] evidence a long and complicated evolution of
the belt.

Although many a generation of geologists have
been studying the Mongol–Okhotsk Belt, many prob-
lems related to its evolution remain unresolved [24, 45,
49]. This arises primarily from the lack of geochrono-
logical and isotope–geochemical data, allowing
boundary conditions for their development to be
determined. In recent years, there has been progress in

addressing these issues, which is related to obtaining
primary data on the age of detrital zircons and Sm–
Nd isotope–geochemical features of Mongol–
Okhotsk Belt metasedimentary rocks. In particular,
the belt was likely have subduction zones of different
age and direction of subduction during the Paleozoic
[33, 40, 44]. At the same time, the data are still insuf-
ficient in developing an integrated geodynamic model
for the formation of the Mongol–Okhotsk Belt.

Thus, U–Pb and Lu–Hf isotopic studies have been
carried out on detrital zircons from Paleozoic and
Mesozoic metasedimentary rocks of the Dzhagdy Ter-
rane (Fig. 1) in the Mongol–Okhotsk Fold Belt to
determine age, as well as sources and source areas of
terrigenous materials.

ANALYTICAL METHODS
Zircons were isolated using heavy liquids in the

mineralogical laboratory of the Institute of Geology
and Nature Management, Far East Branch of the Rus-
sian Academy of Sciences, Blagoveshchensk, Russia.
Further, zircons were mounted in epoxy mounts,
along with zircon standards (FC, SL, and R33), and
polished halfway through individual zircon grains.
20



AGE AND SOURCES OF DZHAGDY TERRANE METASEDIMENTARY ROCKS 21

Fig. 1. Simplified structural zonation map of the eastern part of the Mongol–Okhotsk Fold Belt after [29]. 1— terranes presum-
ably composing Lower and Middle Paleozoic metasedimentary and metavolcanic assemblages; 2 — terranes presumably com-
posing Middle and Upper Paleozoic metasedimentary and metavolcanic assemblages; 3— terranes composing presumably Upper
Paleozoic metasedimentary and metavolcanic assemblages; 4—terranes composing presumably Lower Mesozoic turbidite assem-
blages; 5—Upper Jurassic–Lower Cretaceous conglomerates, gravelstones, and sandstones; 6—Cenozoic unconsolidated depos-
its; and 7—faults. The rectangle shows the study area. Terranes are labeled with letters: GL —Galam; DZ – Dzhagdy; NL—
Nilan; LN —Lan; SK— Selemdzha—Kerbi; TK—Tukuringra; TR—Tokur; UL— Ulban; UB—Un’ya Bom; and YK—Yankan.
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The mounts were imaged via BSE using a Hitachi S-
3400N scanning electron microscope equipped with a
Gatan Chroma CL2 detector. U—Th–Pb geochrono-
logical studies on zircons were performed at the Uni-
versity of Arizona LaserChron Center, Department of
Geosciences, Tucson, USA. Zircons were ablated
using a Photon Machines Analyte G2 excimer laser
and a Thermo Scientific Element 2 ICP—MS with a
20-μm-wide laser spot and resulting in a pit 15 μm
deep. Calibration was performed relative to the FC zir-
con standard (Duluth complex, 1099.3 ± 0.3 Ma [51]).
Zircons SL (Sri Lanka) and R33 (Braintree complex)
were used as secondary standards to control accuracy
of measurement [38]. The 206Pb/238U and 207Pb/206Pb
dates for the SL zircon standard are 557 ± 5 and 558 ±
7 Ma (2σ), which is in good agreement with the ID–
TIMS ages reported in [42]. The mean 206Pb/238U and
207Pb/206Pb ages for the R33 standard are 417 ± 7 and
415 ± 8 Ma, which are consistent with the recom-
mended dates in [38, 47]. Systematic errors are 0.9%
for 206Pb/238U and 0.8% for 206Pb/207Pb (2σ). Com-
mon-Pb corrections were applied using the Hg-cor-
rected 204Pb and according to the model in [53]. For
details of the analytical procedures, see www.laser-
chron.org. Concordia ages were calculated with Iso-
plot 3.6 [46].
RUSSIAN JOURNAL OF PACIFIC GEOLOGY  Vol. 14 
Lu-Hf isotope analyses of detrital zircons were
conducted with a Nu Instruments High-Resolution
Multi Collector ICP Mass Spectrometer (Nu HR
ICPMS) and a Photon Machines Analyte G2 excimer
laser at the University of Arizona Geochronological
Center. Instrument settings were established by ana-
lyzing standard solutions of JMC475 and Spex Hf and
solutions containing Spex Hf, Yb, and Lu. Standard
zircons Mud Tank, 91500, Temora, R33, FC52,
Plesovice, and Sri Lanka were also analyzed to moni-
tor data quality. Hf isotope analyzes of zircons were
made in the same locations as the U–Th–Pb analyses
with a laser beam diameter of 40 μm, a laser f luence of
~5 J/cm2, pulse rate of 7 Hz, and an ablation rate of
~0.8 μm/s. For details of the analytical methodology,
see www.laserchron.org. The εHf(t) values were calcu-
lated using the decay constant of 176Lu (λ = 1.867e–11)
after [52] and chondritic ratios of 176Hf/177Hf
(0.282785) and 176Lu/177Hf (0.0336) after [39]. Crustal
model ages tHf(C) were calculated assuming an average
176Lu/177Hf = 0.0093 for the continental crust [37, 56].
Isotope parameters for the depleted mantle were cal-
culated using present-day 176Hf/177Hf = 0.28325 and
176Lu/177Hf = 0.0384 [43].
 No. 1  2020
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Fig. 2. Schematic geological structure of the eastern part of the Mongol–Okhotsk Fold Belt after [27, 29]. 1—Cenozoic uncon-
solidated deposits; 2—Lower Cretaceous intermediate volcanic rocks; 3—Upper Triassic and Lower–Middle Jurassic metasedi-
mentary formations of the Un’ya-Bom Terrane; 4—Carboniferous and Permian metaterrigenous and metavolcanogenic forma-
tions of the Lan Terrane; 5–7—Upper Paleozoic metaterrigenous and metavolcanogenic formations of the Dzhagdy Terrane: 5—
presumably Lower Carboniferous Dzheskogon Formation; 6—Upper Carboniferous Nekter Formation; 7—Lower Permian
Bochagor Formation; 8—presumably Silurian and Devonian terrigenous and volcanogenic formations of the Dolbyr–Tungala
Terrane; 9—presumably Carboniferous terrigenous and volcanogenic formations of the Selemdzha–Kerbi Terrane; 10—Paleo-
zoic intrusive and sedimentary assemblages of the northern framing of the Amur Superterrane; 11—major faults (boundaries
between terranes); 12—minor faults; and 13—sampling sites for U–Pb geochronological and Lu–Hf isotope studies and their
numbers.
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OBJECTS OF RESEARCH

As mentioned above, our research is concerned
with metasedimentary rocks of Dzhagdy Terrane in
the Mongol–Okhotsk Fold Belt. This 35- to 40-km-
wide terrane extends in roughly an eastwesterly direc-
tion for about 200 km between the Un’ya-Bom and
Dolbyr–Tungala terranes (Figs. 1 and 2). The follow-
ing sequence of stratified rocks is distinguished in its
structure (from bottom to top) [27].

The presumably Lower Carboniferous Dzhesk-
ogon Formation is 1550 m thick and consists of clay
shales alternating with inequigranular polymictic
sandstones, greenstone rocks, and limestones lenses.
No fauna has been found in the formation. The Early
Carboniferous age of the formation is agreed upon
RUSSIAN JOUR
considering the fact that the Nekter Formation rests
with conformity on its rocks.

The Upper Carboniferous Nekter Formation is
1050-m thick and is formed by phyllitized siltstones,
clay shales with interlayers, and lenses of fine-grained
polymictic metasandstone, greenschists, quartzite,
and marmorized limestones. Triticites ex gr. parvulus
Schell. and T. ex gr. irregularis Schell. foraminifera
characteristic of the end of the Late Carboniferous
were found in the limestone of the Nekter Formation.
The Nekter Formation is conformably overlain by the
Bochagor Formation.

The Lower Permian Bochagor Formation is 1650-
m thick and comprises phyllites, greenschists, quartz-
ites, metasandstones with beds, and lenses of chert,
mudstones, and marmorized limestones. The fora-
NAL OF PACIFIC GEOLOGY  Vol. 14  No. 1  2020
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miniferal and coral assemblages composing Pseudofu-
sulina cf. uralica Schelw., Acervoschwagerina sp., and
Waagenophyllum cf. magnificum Dougl. characteristic
of the Asselian stage of the Lower Permian occur in
the Bochagor limestones.

Rocks of the above stratigraphic units underwent
greenschist–facies metamorphism of varying degrees
[15, 27].

The current scientific understanding [15, 27] sug-
gests that the Dzheskogon (at the bottom) and Nekter
(at the top) formations shape the f lanks of the Tuksi
syncline and, the Bochagor Formation, its core. At the
same time, according to B.A. Natal’in et al. [23], these
formations shape a recumbent anticlinal fold, which
implies the inverse age relationships of the rocks. Fur-
thermore, he has identified seven deformation stages
in the evolution of Dzhagdy Terrane, resulting in folds
and faults of different ages.

U-Pb isotopic studies were conducted on the detri-
tal zircons from all the stratigraphic units of the
Dzhagdy Terrane: metasandstones and metasiltstones
(Samples V-11 and V-32) of the Dzheskogon Forma-
tion, metasandstones and metasiltstones (Samples V-
9 and C-1288) of the Nekter Formation, and the sand-
stone (Sample V-10) of the Bochagor Formation. In
addition, we have taken into account the current views
on the structure of Dzhagdy Terrane, and samples of
the Dzheskogon and Nekter formations were collected
from the northern and southern f lanks of the fold
structure (Fig. 2).

Geochronological studies of the rocks from differ-
ent formations revealed no differences in their petro-
graphic characteristics. By the size of the fragments,
they are represented by layered, rarely massive,
metasandstones and metasiltstones. The subangular to
subrounded clastic material is represented by quartz
and feldspar. A combination of regenerative and blas-
topsammitic textures is characteristic of clasts. 

DETRITAL ZIRCON U-PB GEOCHRONOLOGY

Out of 122 studied detrital zircon grains from the
metasandstone of the northern part of the Dzhesk-
ogon Formation (Sample V-32) concordant ages were
obtained for 91 grains. They are mainly in the interval
218 to 501 Ma. The relative age probability diagram
shows peaks in age at 239, 261, 473, and 494 Ma. In
addition, there are single zircon grains with concor-
dant ages of ca. 578, 878, 893, 1112, and 1194 Ma.

Concordant ages in the interval 193 to 500 Ma were
obtained for 101 grains out of 117 studied detrital zir-
cons from the metasiltstone in the southern part of the
Dzheskogon Formation (Sample V-11). The relative
age probability diagram shows major age peaks at 196,
256, 449, and 480 Ma (Fig. 3b). There also occur dis-
crete zircon grains with concordant ages ca. 551, 878,
959, and 1431 Ma.
RUSSIAN JOURNAL OF PACIFIC GEOLOGY  Vol. 14 
U-Pb geochronological studies on 118 detrital zir-
con grains from the northern part of the Nekter For-
mation (Sample C-1288) yielded concordant ages for
96 grains in the interval from 197 to 547 Ma. The rela-
tive age probability diagram shows major age peaks at
202, 213, 262, 353, 418, 448, 483, 509, and 543 Ma
(Fig. 3c). In addition, there are single zircon grains
with concordant ages of ca. 622, 843, and 1806 Ma.

A total of 128 detrital zircon grains were obtained
from the southern part of the Nekter Formation
(Sample V-9), which yielded concordant ages for
117 grains predominantly in the intervals from 211 to
285 Ma, 456 to 518 Ma, and 739 to 1126 Ma. The rel-
ative age probability diagram shows major age peaks at
220, 262, 485, 759, 957, and 1104 Ma. There are also
single zircon grains with concordant ages of ca.
559 Ma, 1.4, 1.6, and 1.8 Ga (Fig. 3d).

Geochronological studies on 125 zircon grains
from the metasandstone of the Bochagor Formation
(Sample V-10) taken from the axial part of Dzhagdy
Terrane yielded concordant ages for 116 grains in the
interval from 245 Ma to 1.2 Ga. The relative age prob-
ability diagram shows major age peaks at 255, 486,
761, 955, and 1122 Ma (Fig. 3e). In addition, there are
single zircon grains with concordant ages ca. 1.2, 1.4,
and 1.8 Ga.

LU-HF ISOTOPIC RESULTS
Lu-Hf analysis locations were in the same spot as

concordant U-Pb spots. In total, 18 to 20 grains from
each sample were analyzed. The research results are in
Figure 4 and in the table.

From the data it follows that Mesozoic zircons
from metaterrigenous rocks of the Dzheskogon, Nek-
ter, and Bochagor formations show generally positive
εHf(t) values (up to +11), near zero εHf(t) values, and
rarely low negative εHf(t) values (–3) (Fig. 4 ) These zir-
cons have model ages tHf(C) of 0.5 to 1.2 Ga.

Paleozoic and Neoproterozoic zircons yield tHf(C)
values as high as 1.6 Ga with εHf(t) values close to those
in Mesozoic zircons (Fig. 4).

DISCUSSION
The geochronological data on detrital zircons from

metaterrigenous rocks of the Dzhagdy Terrane were
quite surprising.

First, the youngest zircon populations in metased-
imentary rocks of the Dzheskogon (samples V-11 and
V-32) and Nekter (samples V-9 and C-1288) forma-
tions are of Early Mesozoic age (Figs. 3a–3d), which
conflicts with the opinion in [27] on their Early and
Late Carboniferous ages.

Second, the Late Permian age of the youngest zir-
con population in the metasandstone of the Bochagor
Formation (Fig. 3e) indicates an older age for the for-
mation compared to the Nekter and Dzheskogon for-
 No. 1  2020



24 ZAIKA, SOROKIN
Table 1. Lu–Hf isotope data on zircons from metasedimentary rocks of Dzhagdy Terrane

Ord.
no. Sample no./Grain no Age, Ma (176Yb + 176Lu)/

176Hf, %
176Lu/177Hf 176Hf/177Hf ±(1σ) εHf(t) tHf(DM) tHf(C)

Metasandstones of the Dzheskogon Formation, northern part of the terrane

1 V-32/89 235 46.7 0.002807 0.282777 0.000027 4.9 0.7 0.8

2 V-32/57 236 16.3 0.001061 0.282852 0.000017 7.9 0.6 0.7
3 V-32/28 238 16.6 0.001129 0.282839 0.000016 7.4 0.6 0.7
4 V-32/44 240 20.8 0.001402 0.282765 0.000019 4.8 0.7 0.8
5 V-32/25 240 52.4 0.003322 0.282834 0.000023 6.9 0.6 0.7
6 V-32/48 244 31.1 0.001981 0.282787 0.000021 5.6 0.7 0.8
7 V-32/124 245 29.4 0.001917 0.282803 0.000014 6.2 0.7 0.7
8 V-32/117 247 25.6 0.001422 0.282851 0.000017 8.0 0.6 0.7
9 V-32/63 248 14.5 0.000876 0.282727 0.000019 3.7 0.7 0.9

10 V-32/11 250 11.4 0.000755 0.282775 0.000018 5.5 0.7 0.8
11 V-32/41 252 29.1 0.001844 0.282819 0.000021 6.9 0.6 0.7
12 V-32/116 255 49.1 0.002840 0.282777 0.000024 5.3 0.7 0.8
13 V-32/129 256 48.8 0.003003 0.282707 0.000021 2.8 0.8 0.9
14 V-32/22 258 13.4 0.000889 0.282702 0.000019 3.0 0.8 0.9
15 V-32/39 260 13.5 0.000884 0.282670 0.000019 2.0 0.8 1.0
16 V-32/88 262 19.6 0.001215 0.282819 0.000018 7.2 0.6 0.7
17 V-32/40 267 25.2 0.001594 0.282645 0.000019 1.1 0.9 1.0
18 V-32/93 287 33.2 0.001997 0.282631 0.000020 1.0 0.9 1.0
19 V-32/42 471 32.0 0.001957 0.282561 0.000022 2.3 1.0 1.1
20 V-32/73 477 16.1 0.000960 0.282324 0.000022 –5.6 1.3 1.5

Metasiltstones of the Dzheskogon Formation, southern part of the terrane

21 V-11/80 194 60.4 0.003637 0.282964 0.000020 10.6 0.4 0.5
22 V-11/112 196 62.7 0.003746 0.282903 0.000028 8.4 0.5 0.6
23 V-11/22 197 26.6 0.001668 0.282944 0.000021 10.2 0.4 0.5
24 V-11/93 198 32.4 0.001776 0.282794 0.000016 4.9 0.7 0.8
25 V-11/109 199 33.9 0.002092 0.282876 0.000021 7.8 0.5 0.6
26 V-11/77 201 27.5 0.001640 0.282689 0.000020 1.3 0.8 1.0
27 V-11/2 214 10.1 0.000602 0.282735 0.000016 3.3 0.7 0.9
28 V-11/20 240 37.7 0.002394 0.282852 0.000019 7.7 0.6 0.7
29 V-11/53 251 22.2 0.001370 0.282773 0.000020 5.3 0.7 0.8
30 V-11/30 254 29.5 0.001904 0.282783 0.000023 5.6 0.7 0.8
31 V-11/126 258 20.5 0.001450 0.282824 0.000017 7.3 0.6 0.7
32 V-11/101 265 16.2 0.001166 0.282832 0.000016 7.7 0.6 0.7
33 V-11/107 275 27.6 0.001977 0.282818 0.000021 7.3 0.6 0.7
34 V-11/129 287 21.2 0.001322 0.282754 0.000022 5.4 0.7 0.8
35 V-11/16 339 12.3 0.000900 0.282680 0.000020 4.0 0.8 0.9
36 V-11/90 356 8.7 0.000550 0.282724 0.000020 6.0 0.7 0.8
37 V-11/94 442 10.8 0.000874 0.282422 0.000018 –2.9 1.2 1.4
38 V-11/82 449 40.7 0.002482 0.282430 0.000026 –2.9 1.2 1.4
39 V-11/50 486 8.4 0.000504 0.282409 0.000020 –2.3 1.2 1.4
40 V-11/57 501 11.0 0.000676 0.282567 0.000017 3.6 1.0 1.1
RUSSIAN JOURNAL OF PACIFIC GEOLOGY  Vol. 14  No. 1  2020
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Ord.
no. Sample no./Grain no Age, Ma (176Yb + 176Lu)/

176Hf, %
176Lu/177Hf 176Hf/177Hf ±(1σ) εHf(t) tHf(DM) tHf(C)

Metasiltstones of the Nekter Formation, northern part of the terrane

41 C-1288/65 202 20.4 0.001202 0.282585 0.000018 –2.3 0.9 1.2
42 C-1288/21 202 34.1 0.002283 0.282702 0.000029 1.7 0.8 0.9
43 C-1288/42 212 62.9 0.004376 0.282665 0.000050 0.3 0.9 1.0
44 C-1288/105 216 65.1 0.003860 0.282828 0.000024 6.2 0.6 0.7
45 C-1288/87 224 30.9 0.001866 0.282832 0.000025 6.8 0.6 0.7
46 C-1288/83 240 37.9 0.002427 0.282826 0.000021 6.8 0.6 0.7
47 C-1288/91 253 31.2 0.001971 0.282855 0.000020 8.1 0.6 0.7
48 C-1288/11 253 29.4 0.002050 0.282917 0.000023 10.3 0.5 0.5
49 C-1288/82 254 21.9 0.001377 0.282862 0.000023 8.6 0.6 0.6
50 C-1288/18 261 23.0 0.001780 0.282817 0.000029 7.0 0.6 0.7
51 C-1288/122 278 49.9 0.003134 0.282690 0.000026 2.6 0.8 1.0
52 C-1288/73 306 9.8 0.000737 0.282685 0.000020 3.5 0.8 0.9
53 C-1288/54 339 23.7 0.001650 0.282617 0.000024 1.6 0.9 1.1
54 C-1288/103 354 11.0 0.000666 0.282688 0.000019 4.6 0.8 0.9
55 C-1288/98 375 6.7 0.000660 0.282910 0.000024 13.0 0.5 0.5
56 C-1288/113 446 15.0 0.000968 0.282593 0.000021 3.2 0.9 1.1
57 C-1288/93 488 9.9 0.000594 0.282436 0.000021 –1.3 1.1 1.3
58 C-1288/43 506 8.1 0.000564 0.282401 0.000024 –2.2 1.2 1.4
59 C-1288/116 547 13.4 0.000937 0.282267 0.000023 –6.2 1.4 1.6

Metasandstones of the Nekter Formation, southern part of the terrane

60 V-9/13 212 16.9 0.001084 0.282961 0.000020 11.2 0.4 0.5
61 V-9/34 216 9.2 0.000656 0.282734 0.000017 3.3 0.7 0.9
62 V-9/.128 221 16.5 0.001100 0.282817 0.000020 6.3 0.6 0.7
63 V-9/23 221 17.3 0.001132 0.282676 0.000018 1.3 0.8 1.0
64 V-9/80 232 26.6 0.001747 0.282683 0.000026 1.7 0.8 1.0
65 V-9/54 247 8.4 0.000590 0.282598 0.000018 –0.8 0.9 1.1
66 V-9/123 256 9.5 0.000685 0.282561 0.000017 –2.0 1.0 1.2
67 V-9/9 258 16.7 0.001013 0.282580 0.000021 –1.3 1.0 1.1
68 V-9/27 262 20.3 0.001294 0.282678 0.000017 2.2 0.8 1.0
69 V-9/99 262 20.8 0.001326 0.282536 0.000018 –2.8 1.0 1.2
70 V-9/51 263 18.5 0.001198 0.282698 0.000017 2.9 0.8 0.9
71 V-9/78 266 12.6 0.000787 0.282493 0.000011 –4.2 1.1 1.3
72 V-9/42 268 35.8 0.002218 0.282704 0.000018 3.1 0.8 0.9
73 V-9/120 273 6.4 0.000437 0.282600 0.000018 –0.2 0.9 1.1
74 V-9/33 470 24.5 0.001541 0.282564 0.000021 2.5 1.0 1.1
75 V-9/6 477 22.3 0.001370 0.282597 0.000023 3.9 0.9 1.0
76 V-9/87 494 15.7 0.000929 0.282494 0.000015 0.7 1.1 1.2
77 V-9/130 511 16.9 0.001051 0.282367 0.000014 –3.4 1.3 1.4
78 V-9/82 759 13.5 0.000834 0.282293 0.000020 –0.6 1.3 1.5
79 V-9/122 812 33.9 0.002241 0.282583 0.000022 10.1 1.0 1.0

Table 1. (Contd.)
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mations. These data are not consistent with ideas in
[10, 15, 27] that the considered formations form a syn-
cline with the Bochagor Formation in its core. At the
same time, we note that, based on the structural data
of B.A. Natalyin [23], the Nekter and Dzheskogon
formations have previously been assumed to be
younger than the Bochagor Formation.

Third, relative probability curves for detrital zircon
ages from the rocks of the Dzheskogon (Sample V-32,
Fig. 3a) and Nekter (Sample C-1288, Fig. 3c) forma-
tions in the northern part of Dzhagdy Terrane differ
appreciably from those for these same formations
(Sample V-11, Fig. 3b, Sample V-9, Fig. 3d) in the
southern part of the terrane (see sampling site loca-
tions in Fig. 2). This circumstance calls into question
the similarity of these deposits recognized as the
Dzheskogon and Nekter formations in the northern
and southern parts of Dzhagdy Terrane (or “wings” of
a single fold structure).

For these contradictions to be resolved, we must
admit that the structure of Dzhagdy Terrane is far
more complex than previously thought. Attention is
drawn to the combination of shallow terrigenous sedi-
ments in the composition of the recognized forma-
tions, on the one hand, and argillaceous-siliceous sed-
iments, on the other. The limestones with fauna do
not form continuous layers [15, 35], however occur
RUSSIAN JOUR
mainly as lenses. In the axial part of the terrane in
question, schists and limestones of the Permian
Bochagor Formation host a tectonic block of the Early
Paleozoic (454 ± 5   Ma) granitoids [31]. Therefore, it
cannot be ruled out that the above “lenses” of Paleo-
zoic limestones are olistolithes and olistoplaks in the
Late Triassic–Early Jurassic matrix.

Thus, our geochronological data, coupled with the
above data, suggest that the Dzheskogon, Nekter, and
Bochagor formations of Dzhagdy Terrane do not con-
stitute a single sedimentary sequence [15, 27], but a set
of tectonic slices consisting of rocks variable in gene-
sis. Therefore, we are left to agree with the earlier
assumption [9, 50] that the terrane in question is a
fragment of an accretionary prism. However, we
clearly understand the need to undertake structural
studies to provide evidence for this thesis.

We next compare our new geochronological data
with those already available for the zircons from
metasedimentary rocks from the eastern part of the
Mongol–Okhotsk Belt. As of now, these data are
available for the Yankan and Un’ya–Bom terranes, as
well as for the western part of the Tukuringra Terrane
(Fig. 1 for location of terranes).

In particular, the relative age probability diagrams
for detrital zircons from metasedimentary rocks of the
Un’ya–Bom Terrane show the youngest age peaks at
Errors at the 1σ level resulting from 176Hf/177Hf measurements correspond to the last significant digits after the decimal point.

Ord.
no. Sample no./Grain no Age, Ma (176Yb + 176Lu)/

176Hf, %
176Lu/177Hf 176Hf/177Hf ±(1σ) εHf(t) tHf(DM) tHf(C)

Metasandstones of the Bochagor Formation, axial part of the terrane

80 V-10/94 245 15.5 0.000948 0.282643 0.000023 0.7 0.9 1.0
81 V-10/105 245 12.9 0.000783 0.282583 0.000025 –1.4 0.9 1.1
82 V-10/12 248 25.9 0.001549 0.282580 0.000023 –1.6 1.0 1.1
83 V-10/106 251 12.5 0.000829 0.282530 0.000017 –3.2 1.0 1.2
84 V-10/4 254 20.4 0.001458 0.282682 0.000030 2.1 0.8 1.0
85 V-10/127 257 26.2 0.001593 0.282559 0.000023 –2.1 1.0 1.2
86 V-10/25 258 13.2 0.000881 0.282631 0.000018 0.5 0.9 1.0
87 V-10/123 260 29.2 0.002019 0.282584 0.000020 –1.3 1.0 1.1
88 V-10/5 262 60.3 0.003608 0.282684 0.000029 2.0 0.9 1.0
89 V-10/27 262 17.9 0.001147 0.282543 0.000023 –2.5 1.0 1.2
90 V-10/114 267 11.9 0.000741 0.282531 0.000016 –2.8 1.0 1.2
91 V-10/23 268 46.4 0.002582 0.282623 0.000021 0.2 0.9 1.1
92 V-10/31 270 13.2 0.000817 0.282558 0.000024 –1.8 1.0 1.2
93 V-10/85 429 12.0 0.000810 0.282758 0.000018 8.7 0.7 0.8
94 V-10/82 496 10.0 0.000566 0.282652 0.000018 6.5 0.8 0.9
95 V-10/3 749 11.3 0.000671 0.282410 0.000018 3.4 1.2 1.3
96 V-10/96 788 15.1 0.000917 0.282208 0.000025 –3.0 1.5 1.6
97 V-10/102 912 14.5 0.000871 0.282379 0.000021 5.7 1.2 1.3

Table 1. (Contd.)
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Fig. 3. Relative age probability curves of detrital zircons. (a) metasandstone of the Dzheskogon Formation (Sample V-32);
(b) metasiltstone of the Dzheskogon Formation (Sample V-11); (c) metasiltstones of the Nekter Formation (Sample С-1288);
(d) metasandstone of the Nekter Formation (Sample V-9); (e) metasandstone of the Bochagor Formation (Sample V-10).
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the following: 207 Ma (Kurnal Formation), 212 Ma
(Amkan Formation) [14], and 222 Ma (Nel Forma-
tion) (unpublished data). Similar estimates were
obtained [13] for the youngest age peaks for detrital
zircons from metasedimentary rocks in the western
part of the Tukuringra Terrane: 185 Ma (Garmakan
Formation), 198 Ma (Algaya Formation), and 253 Ma
(Teplokluchevskaya Formation) with their Paleozoic
age assignment in the published stratigraphic schemes
[27]. These data, as well as the findings of this study,
indicate that Early Mesozoic sedimentary rocks are
more widespread within the eastern part of the Mon-
gol–Okhotsk Belt than is generally agreed. In addi-
RUSSIAN JOURNAL OF PACIFIC GEOLOGY  Vol. 14 
tion, Early Jurassic zircons in these rocks suggest that
sedimentation continued at least until the middle of
the Early Jurassic.

At the same time, the youngest zircons from meta-
terrigenous rocks of the Dzhalinda, Krestovka, and
Preobrazhenovkaya formations and the Baldizhak
Series of Yankan Terrane are exclusively Paleozoic
[33]. This difference in the sources of material for sed-
imentary rocks of the Yankan Terrane, on the one
hand, and the Tukuringra, Un’ya–Bom, and
Dzhagha terranes, on the other, is apparently
accounted for by the reduction factor of geological
 No. 1  2020
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Fig. 4. εHf(t) diagram showing the age (Ma) for zircons
from Dzhagdy Terrane metasedimentary rocks. 1–3—data
points of Lu-Hf isotopic compositions of zircons from
the following: 1—metasandstones (sample V-32) and
metasiltstones (Sample V-11) of the Dzheskogon Forma-
tion; 2—metasiltstones (Sample С-1288) and metasand-
stones (Sample V-9) of the Nekter Formation; and 3—
metasandstones of the Bochagor Formation (Sample V-
10). DM—depleted mantle; CHUR—chondrite uniform
reservoir.

20

10

0

–10

–20

–30

–40
0 500 1000 1500 2000 2500 3000

DM

CHUR

Age, Ma

� H
f(t

)

1 2 3

1.0 Ga

1.8 Ga

2.5 Ga

3.0 Ga
complexes in the structure of the Mongol–Okhotsk
Belt, which was noted by many researchers [15, 23, 24,
49].

The U-Pb geochronological and Lu-Hf isotopic
data on detrital zircons combined with the whole-rock
Sm–Nd isotopic composition data from previous
studies [12] allow us to characterize the sources of
clastic materials for sedimentary rocks assemblages of
Dzhagdy Terrane. However, we noted before that the
eastern part of the Mongol–Okhotsk Belt borders on
the southeastern framing of the North Asian Craton,
on the one hand, and the Amur Superterrane (com-
posite massif), on the other (Figs. 1 and 2). Therefore,
these structures are potential sources of clastic materi-
als for sedimentary assemblages of the Mongol–
Okhotsk Belt, however the structure and isotopic
characteristics of the rocks composing them are in
sharp contrast. Thus, within the southeastern framing
of the North Asian Craton, widely developed are Early
Precambrian and younger igneous and metamorphic
complexes characterized mainly by Paleoproterozoic
and Archean Nd model ages at 3.2–2.0 Ga [4–8, 19]
and practically the same Hf model ages at 3.2–1.5 Ga
[21].

The geochronological data provide no evidence in
support of the involvement of Early Precambrian sed-
imentary assemblages in the structure of the Amur
Superterrane [17, 18, 26, 32, 48, 58, 59], and the oldest
Nd-model ages of Neoproterozoic, Paleozoic, and
Mesozoic igneous and sedimentary assemblages are,
as a rule, Mesoproterozoic (1.5–1.0 Ga) [28, 30, 34].

Turning to the discussion of sources for sediments
deposited within Dzhagdy Terrane, we first note that
almost all zircons from them yielded no Early Pre-
cambrian ages (Fig. 3). Single zircon grains do not
form statistically significant populations and are likely
recycled material.

As shown earlier [12], metasedimentary rocks of
Dzhagdy Terrane have Nd-model age tNd(DM) of 1.5–
1.0 Ga, suggesting that major protoliths of metasedi-
mentary rocks of Dzhagdy Terrane are characterized
by Neo- and Mesoproterozoic estimates of the Nd-
model ages. In this connection, sedimentary rocks of
the terrane in question are assumed [12] to form from
the sediment influx mainly from the Amur Superter-
rane (from the south in present-day coordinates).
Contribution from the southern framing of the North
Asian Craton (from the north in present-day coordi-
nates) was either insignificant or lacking completely.

As for the Lu-Hf isotopic studies (Fig. 4), an
important point is that detrital zircons from metater-
rigenous rocks of the Dzheskogon, Nekter, and
Bochagor formations show positive, near zero, and
low negative εHf(t) values and tHf(DM) model ages at 1.4
to 0.4 Ga and tHf(C) model ages at 1.6 to 0.5 Ga. This
suggests their origin from reworked crust with Neo-
proterozoic and Mesoproterozoic Hf isotopic charac-
teristics. We can conclude therefore that detrital zir-
RUSSIAN JOUR
cons in the sedimentation basin were derived from the
Amur Superterrane (from the south in present-day
coordinates), which is in complete agreement with the
conclusion made on the basis of Sm–Nd isotopic
characteristics of the metasedimentary rocks.

CONCLUSIONS
(1) The youngest zircon populations in metasedi-

mentary rocks of the Dzheskogon and Nekter forma-
tions have been labeled Middle–Late Triassic and
Early Jurassic, suggesting that the formations that
were previously assumed to be Carboniferous are Early
Mesozoic.

(2) The Early Mesozoic sedimentary assemblages
are much more widespread within the eastern part of
the Mongol–Okhotsk Belt than generally agreed.

(3) The Dzheskogon, Nekter, and Bochagor for-
mations of Dzhagdy Terrane are not a single sedimen-
tary sequence, but a set of tectonic slices consisting of
Late Paleozoic and Early Mesozoic rocks of variable
genesis. We cannot rule out that the considered ter-
rane is a fragment of an accretionary prism.

(4) The U-Pb geochronological and Lu-Hf isoto-
pic data on detrital zircons coupled with whole-rock
Sm–Nd isotopic composition data from previous
studies indicate that sediment influx to the sedimenta-
tion basin came mainly from the continental massifs of
the Amur Superterrane (from the south in present-day
coordinates). Contributions from the southern fram-
ing of the North Asian Craton (from the north in pres-
NAL OF PACIFIC GEOLOGY  Vol. 14  No. 1  2020
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ent-day coordinates) were either insignificant or lack-
ing completely.
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