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Abstract—The results from U–Pb, Lu–Hf, and Sm–Nd isotope studies of metasedimentary rocks from the
Selemdzha and Tokur terranes of the Mongol–Okhotsk belt contradict the existing concepts on the stratig-
raphy of the region and indicate the need to revise the traditional principles of mapping within the belt. Two
types of deposits that sharply differ in their Sm–Nd whole-rock characteristics and Lu–Hf isotope compo-
sitions of detrital zircons have been established within the terranes. Deposits of different types are involved in
the formation of the two opposite accretionary systems: in front of the Siberian Craton margin (type I) and
the Amur superterrane (type II). The type I deposits are divided into groups with different lower age limits:
553–498 Ma, Late Ediacaran–Cambrian; ~373 Ma, Upper Devonian; 333–327 Ma, Upper Mississippian;
and ~304 Ma, Pennsylvanian. The deposits of the tectonic-stratigraphic units show a general trend of
decreasing age from north southward. The same trend is observed from the upper to lower sheets. Such a
structure is typical of accretionary wedge-shaped terranes with a rear part in the north and a frontal part in
the south. The tectonic-stratigraphic units formed by type I deposits and previously ascribed to the Selem-
dzha and Tokur terranes likely belong to the Galam accretionary wedge terrane.

Keywords: U–Pb, Lu–Hf, Sm–Nd, stratigraphy, Tokur terrane, Selemdzha terrane, Mongol-Okhotsk fold
belt
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INTRODUCTION
The Mongol–Okhotsk fold belt is one of the major

structural units of East Asia. It is extended as a narrow
(up to 300 km) band for 3000 km from Uda Bay of the
Okhotsk Sea to Central Mongolia (Fig. 1). In the
modern structural plan, the belt is a composite collage
extended along the strike of tectonic blocks, which are
considered as lithotectonic zones [12, 16, 19] or ter-
ranes [5, 6, 17, 36, 37, and others]. At present, the
Mongol–Okhotsk fold belt is thought to be a relict of
the eponymous paleoocean, which closed during col-
lision of the North Asian craton and Amur superter-
rane [6, 13, 17, and others].

The evolution of the Mongol–Okhotsk belt has
been studied for over 50 years, but many cardinal
problems remained unsolved [5, 17, 18, 33, and oth-
ers]. Thus, the most controversial problems are the age
and relationships of geological complexes that com-
pose this belt, as well as timing and style of accretion-
ary and collision processes.

Complex U–Pb, Lu–Hf, Sm–Nd isotope studies
of sedimentary rocks of the belt are an efficient tool for
solving these problems. In particular, it was recently

established that sedimentary complexes of the Mon-
gol–Okhotsk belt do not contain detrital zircons
younger than 171 Ma [8, 9, 40, 47], but zircons of such
ages are present in the rocks of the Jurassic orogenic
depressions on both sides of the Mongol–Okhotsk
belt [10, 20]. This fact, as well as results of recent
paleomagnetic studies [46], indicate that sedimenta-
tion in the Mongol–Okhotsk basin was terminated at
the Early–Middle Jurassic boundary owing to its clo-
sure and formation of orogenic buildup on its site. A
similar conclusion was obtained by Sm–Nd study of
the rocks of the Irkutsk sedimentary basin [26].

In addition, the study of detrital zircons from
Paleozoic sedimentary complexes of the Adaatsag,
Doschgol, Hangai-Hentei, and Ereendava terranes
from the western part [25, 29, 31, 39], as well as the
Yankan, Tukuringra, Un’ya-Bom, Dzhagdy, Lan, and
Selemdzha terranes from the eastern part [9, 40, 47] of
the Mongol–Okhotsk belt indicates the existence of
opposite subduction zones in the Paleozoic and Early
Mesozoic.

At the same time, the results of U–Pb, Lu–Hf, and
Sm–Nd isotope studies of sedimentary deposits of the
300
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Mongol–Okhotsk belt can be used for the correlation
of stratigraphic units (formations and sequences) that
participate in the belt structure. Moreover, given the
few and poor finds of fossil f lora and fauna in these
rocks, as well as intense deformation of the rocks in
combination with poor exposure, isotope data become
not only important, but also essential for stratigraphic
studies. In particular, as we showed recently [47], the
rocks of the Selemdzha and Tokur terranes in the east-
ern Mongol–Okhotsk belt were derived from funda-
mentally different sources of detrital material. This
fact was used to reconstruct the fragments of accre-
tionary complexes and to establish the dip direction of
subduction zones. However, many aspects that are
important for the stratigraphy of these terranes are not
considered in the indicated publications.

In this paper, we attempted to demonstrate the sig-
nificance and role of U–Pb, Lu–Hf, and Sm–Nd iso-
tope studies for the critical analysis of the existing con-
cepts on the stratigraphy of the Selemdzha and Tokur
terranes, as well as for elaboration of constraints on age
correlation of these deposits. Thus, factual material
used in our previous paper [47] was supplemented by a
great body of new isotope data.

THE GEOLOGICAL BACKGROUND

Numerous geodynamic models of the formation of
the Mongol–Okhotsk belt have been developed based
on different tectonic concepts. Correspondingly,
numerous structural schemes have been published [5,
6, 16, 17, 36, 37, and others]. For the eastern Mongol–
Okhotsk belt, we used a scheme (Fig 1) published in
[21] that is close to versions proposed in [5, 17, 37] but
differs in its greater detail.

Prior turning to the description of stratigraphy of
the Mongol–Okhotsk belt, it is necessary to note the
following. From the 1960s to the present, practically
the same stratigraphic units are distinguished in the
Selemdzha and Tokur terranes (structural zones). In
particular, the following succession is proposed for the
Selemdzha terrane (from bottom upward): Afanas’ev
Formation → Talyma Formation → Zlatoust Forma-
tion → Sagur Formation; Tokur terrane:  Tokur Forma-
tion → Ekimchan Formation → Bokontia Formation
[1–4, 7, 12, 14, 15, 19, 22].

A single find of a spore–pollen assemblage typical
of the Carboniferous Visean–Moscovian stages was
recently reported for siltstones of the Zlatoust Forma-
tion (see above) [2, 12]. However, this cannot solve all
the existing stratigraphic problems of the region. In
addition, geological mapping in this area is compli-
cated by intense deformations and the absence of clear
criteria for distinguishing formations/sequences. For
this reason, the next generation of geological maps sig-
nificantly differed from the previous map not only in
the age of stratigraphic units, but also in their con-
tours.
RUSSIAN JOUR
The Selemdzha terrane (Figs. 1, 2) from the south,
along the South Tukuringra fault is in contact with the
northern margin of the Bureya massif, which accord-
ing to the existing concepts [13, 17, 18, 33], is ascribed
to the Amur superterrane. In the north, the Selemdzha
terrane borders the Tukuringra, Dzhagdy, Un’ya-
Bom, and Tokur terranes through a composite fault
system; in the east, it joins the Ul’ban and Kerbi ter-
ranes.

The Selemdzha terrane comprises volcanogenic
and sedimentary rocks that are variably metamor-
phosed under greenschist-facies conditions. At pres-
ent, the following succession of stratified rocks is dis-
tinguished [1–3, 12]. The base is composed of the
Lower Carboniferous (?) [12] or Lower Paleozoic (?)
[1] Afanas’ev Formation, which is over 1200-m thick. It
is made up of muscovite–quartz–albite, biotite–mus-
covite–quartz–albite, and albite—-chlorite–epi-
dote–amphibole schists. This formation is more
metamorphosed than others. It is conformably (?)
overlain by the conditionally Lower Carboniferous (?)
Talyma Formation, which is up to 1600-m thick and
consists of metasandstones, metasiltstones, clayey
shales, green schists, quartzites, and marbled lime-
stones. The overlying 2100-m thick Upper Carbonif-
erous Zlatoust Formation consists of clayey shales,
metasandstones, and metasiltstones, green schists,
metabasalts, microquartzites, and marbled lime-
stones. The Zlatoust Formation was assigned to the
Late Carboniferous based on the discovery of the
Visean–Moscovian spore–pollen assemblage in silt-
stones [1, 12]. The Upper Carboniferous (?) Sagur
Formation, which is over 1200-m thick lies conform-
ably on the Zlatoust Formation and consists of
phylltized shales, metasandstones, quartz–sericite,
and epidote–actinolite–albite schists.

Intrusions of the Late Carboniferous (?) Zlatoust
gabbro–plagiogranite complex are widespread within
the Selemdzha terrane. This complex consists mainly of
cataclased gabbros, plagiogranites, and tonalites [1–3,
12], which form bodies from a few meters to 1.5 km and
up to 10 km long. The rocks of the Zlatoust complex
intrude deposits of the Talyma and Zlatoust formations,
and together with them are deformed and metamor-
phosed under greenschist-facies conditions [1–3, 12].

The available U–Pb geochronological data on zir-
cons from granitoids of the Zlatoust complex are 271 ± 5
[1–3] and 269 ± 2 Ma [21]. In addition, recent U–Pb
zircon dating yielded 393 ± 7, 257 ± 4, 252 ± 3, and
250 ± 4 Ma [41], which clearly indicates that this com-
plex erroneously includes rocks of different ages.

The Tokur terrane (Figs. 1, 2) is separated from the
Galam terrane by the Mariinsk Fault in the north, and
is in contact with the Selemdzha terrane along the
Tugur Fault in the south.

The Tokur terrane includes [2, 7, 12] the following
stratigraphic units (from bottom upward). The Upper
Permian (?) Tokur Formation 1800 m thick consists of
NAL OF PACIFIC GEOLOGY  Vol. 16  No. 4  2022
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Fig. 2. The geological scheme of the Tokur and Selemdzha terranes of the Mongol–Okhotsk belt (simplified after [12, 19]).
(1–5) structures bordering the Tokur and Selemdzha terranes: (1) Paleozoic (?) complexes of the Dzhagdy terrane; (2) Early
Mesozoic complexes of the Un’ya–Bom terrane; (3) Paleozoic and Early Mesozoic complexes of the Lan terrane; (4) Paleozoic
complexes of the Galam terrane; (5) Early Mesozoic complexes of the Ul’ban terrane; (6) Jurassic terrigenous deposits; (7–8)
superimposed and cross-cutting Late Mesozoic magmatic complexes: (7) Early Cretaceous volcanic and subvolcanic complexes;
(8) Early and Late Cretaceous intrusive complexes; (9–11) Paleozoic complexes of the Tokur terrane: (9) Upper Permian (?)
Tokur Formation; (10) Upper Permian (?) undivided Ekimchan and Bokontia formation; (11) Late Paleozoic Ingagli granitoid
complex; (12–16) Paleozoic rocks of the Selemdzha terrane: (12) Lower Carboniferous (?) Afanas’ev Formation; (13) Lower
Carboniferous (?) Talyma Formation; (14) Upper Carboniferous Zlatoust Formation; (15) Upper Carboniferous (?) Sagur For-
mation; (16) Late Paleozoic Zlatoust gabbroplagiogranite complex; (17) sampling localities for U–Pb geochronological and Lu-
Hf isotope studies; (18) main faults.
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frequently alternating metasandstones, clay shales,
and metasiltstones, with less common green schists
and sedimentation breccias. The Upper Permian (?)
Ekimchan Formation 800 m thick conformably overlies
the Tokur Formation. It is made up of clay shales,
metasiltstones, and units of their rhythmic alternation
[2, 12]. The overlying 2150-m thick Upper Permian (?)
Bokontia Formation consists of metasandstones, meta-
siltstones, clay shales, units of their rhythmic alterna-
tion, sedimentation breccias, and conglomerates. The
Ekimchan and Bokontia formations have similar com-
pound and are united in the maps of the last genera-
tion [12].

The sedimentary rocks that compose the Tokur ter-
rane are highly deformed in folds and metamorphosed
under greenschist-facies conditions. The Tokur for-
mation is intruded by granodiorites, granites, leu-
cogranites of the Ingagli complex, which define the
U–Pb zircon ages of 254 ± 4, 251 ± 3 Ma [1–3, 12],
253 ± 2, and 253 ± 3 Ma [41].

ANALYTICAL METHODS AND SAMPLING

Sm–Nd isotope studies were performed at the
Institute of Precambrian Geology and Geochronol-
RUSSIAN JOURNAL OF PACIFIC GEOLOGY  Vol. 16 
ogy, Russian Academy of Sciences, in St. Petersburg.
A 100 mg-aliquot of powdered sample was mixed with
a 149Sm-150Nd spike and decomposed in a Teflon ves-
sel, in an HCl + HF + HNO3 mixture at 110°C. The
completeness of dissolution was controlled under a bin-
ocular microscope. REE were separated on BioRad
AG1-X8 200–400 mesh resin using the conventional
cation exchange technique. Sm and Nd were separated
by extraction chromatography with an LN-Spec 100–
150 mesh Eichrom resin. The isotope compositions of
Sm and Nd were determined on a TRITON TI multi-
collector mass-spectrometer in static mode. The mea-
sured 143Nd/144Nd ratios were normalized to
146Nd/144Nd = 0.7219 and adjusted relative to
143Nd/144Nd = 0.512115 in the JNdi-1 Nd standard
[43]. The weighted average 143Nd/144Nd ratio of ten
JNdi-1 standard runs during the measurements was
0.512108 ± 7 (n = 10). The precision of the Sm and Nd
contents is ± 0.5%, those of 147Sm/144Nd and
143Nd/144Nd are ±0.5% and ±0.005% (2σ). The total
laboratory blanks were no more than 0.2 ng Sm and
0.5 ng Nd. The εNd(t) values and model ages tNd(DM)
were calculated using the present-day values for a
chondritic uniform reservoir (CHUR) after [30]
 No. 4  2022
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Table 1. The affiliation of the studied samples to stratigraphic units in maps of different generations.

Sample no. Rock

Generation of geological maps

NoteScale 1 : 200000 Scale 1 : 200000 Scale 1 : 500000 Scale 1 : 1000000

[7, 14, 22] [1–3] [4, 15] [12, 19]

V-22 Metasiltstones Ekimchan Ekimchan Ekimchan Ekimchan and Bokontia [47] 
V-56 Metasandstone Ekimchan Bokontia Tokur Tokur [47]
V-94 Metasiltstones Tokur Sagur Zlatoust Sagur [47]
V-141 Metasiltstones Zlatoust Sagur Zlatoust Sagur This study
V-140 Metasiltstones Zlatoust Zlatoust Zlatoust Zlatoust This study
V-14 Metasiltstones Talyma Talyma Talyma Talyma [47]
V-18 Metasiltstones Talyma Zlatoust Zlatoust Zlatoust [47]
V-57 Metasiltstones Sagur Sagur Zlatoust Talyma [47]
V-73 Two-mica schist Afanas’ev Afanas’ev Afanas’ev Afanas’ev [47]
V-135 Two-mica schist Afanas’ev Afanas’ev Afanas’ev Afanas’ev This study
(143Nd/144Nd = 0.512638, 147Sm/144Nd = 0.1967) and
DM after [28] (143Nd/144Nd = 0.513151, 147Sm/144Nd
= 0.21365). To account for the possible Sm and Nd
fractionation in intracrustal processes, the two-stage
Nd model ages tNd(C) [32] were calculated using a
mean crustal ratio of 147Sm/144Nd = 0.12 [44].

Detrital zircons were separated at the Institute of
Geology and Nature Management of the Far Eastern
Branch of the Russian Academy of Sciences (Bla-
goveshchensk) using a heavy liquid technique. The
U–Pb geochronological studies of separate zircons
were carried out by the laser-ablation–inductively
coupled plasma mass spectrometry (LA–ICP–MS) at
the Arizona LaserChron Center, Department of Geo-
sciences, University of Arizona, United States, using a
Thermo Element 2 mass spectrometer equipped with
a Photon Machines Analyte G2 laser ablation system.
The crater was 20 μm across and 15 μm deep. Calibra-
tion was carried out using FS standard (Duluth com-
plex, 1099.3 ± 0.3 Ma [38]). The Sri Lanka (SL) and
Braintree complex (R33) standards were used as sec-
ondary standards for quality control [23]. The
206Pb/238U and 207Pb/206Pb ages for SL zircon during
measurements were 57 ± 5 and 558 ± 7 Ma (2σ),
respectively, which is consistent with the values pub-
lished in [27] obtained using the ID-TIMS method.
The average 206Pb/238U and 207Pb/206Pb ages for the
R33 standard were 417 ± 7 and 415 ± 8 Ma, which cor-
respond to the recommended values [23, 35]. The sys-
tematic errors were 0.9% for 206Pb/238U and 0.8% for
206Pb/207Pb (2σ). Correction for common Pb was
introduced using 204Pb corrected for 204Hg according
to the model values [42]. The following U decay con-
stants were as follows: 238U = 9.8485 × 10–10, 235U =
1.55125 × 10–10, 238U/235U = 137.88. A detailed
description of the analytical procedures is given at site
of the Arizona LaserChron Center of Arizona Univer-
RUSSIAN JOUR
sity (www.laserchron.org). Concordant ages were cal-
culated in Isoplot v. 4.15 software [34] and were used
to plot the relative-age probability diagrams for detri-
tal zircons.

Lu–Hf isotope analyses of zircons were carried out
at the same laboratory using a multicollector Nu
High-Resolution ICP mass spectrometer connected
to an Analyte G2 excimer laser. The analytical tech-
nique was reported in detail at the site of the Arizona
LaserChron Center (www.laserchron.org). The εHf(t)

values were calculated using chondrite 176Hf/177Hf
(0.282785) and 176Lu/177Hf (0.0332) ratios according
to [24], as well as U–Pb ages obtained for individual
grains. Crustal Hf model ages tHf(C) were calculated
taking the average 176Lu/177Hf of 0.0093 in continental
crust [45].

Samples were collected to characterize all distin-
guished stratigraphic units by isotope studies. How-
ever, this procedure was complicated by the fact that
the outlines of stratones on maps of different genera-
tions significantly differ, as mentioned above. Our
studies were based on the maps of last generation
(Fig. 2) [12, 19]. At the same time, Table 1 demon-
strates the affiliation of all studied samples, including
previously analyzed samples [47] and used in section
Discussion, to definite formations in maps of all gen-
erations.

In the framework of this study, we performed
Sm–Nd isotope studies of weakly metamorphosed
sedimentary rocks of four samples in addition to
14 previously analyzed samples [47], as well as U–Pb
and Lu–Hf isotope studies of detrital zircons in three
samples in addition to seven previously analyzed sam-
ples [47]. A brief description of samples used for geo-
chronological studies in this work is given in Table 2,
while their sampling localities are shown in Fig. 2.
NAL OF PACIFIC GEOLOGY  Vol. 16  No. 4  2022
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Table 2. A brief description and sampling localities.

Sample no. Coordinates Formation Lithological description

V-135 133°30′26.8″ E
53°50′04.1″ N

Afanas’ev 
Formation

Gray biotite–muscovite–albite schists with porphyroblastic texture; angular 
to subangular clastic material 2–5 mm in size: quartz (25–30%), albite (35–
40%), biotite (10–15%), muscovite (3–7%)

V-140 131°13′32.5″ E 
53°09′44.4″ N

Zlatoust 
Formation

Dark gray siltstones with psammitic fine-grained texture; angular and sub-
rounded clastic material 0.01–0.03 mm in size: quartz (25–30%), plagioclase 
(25–30%), rock fragments (15–20%), sericite (5–7%)

V-141 131°14′13.1″ E
53°08′10.2″ N

Sagur 
Formation

Gray siltstones with psammitic fine-grained texture: angular and subrounded 
clastic material 0.02–0.05 mm in size: quartz (25–30%) rock fragments (15–
20%), plagioclase (25–30%), sericite (3–5%)
THE RESULTS OF U–Pb 
GEOCHRONOLOGICAL STUDIES

The U–Pb isotope results are shown in Fig. 3 and
Supplement_1.

Sample V-135: biotite–muscovite–quartz–albite
schist of the Afanas’ev Formation. From this sample,
we analyzed 130 zircons, 115 of which yielded concor-
dant ages (Fig. 3a). The majority of the zircons have a
Paleoproterozoic age with age peaks at ~2.02 and 1.90 Ga
in the relative-age probability diagram. There are also
numerous Paleozoic (peaks at 510, 492, 384, and 339 Ma),
Neoproterozoic (peaks at 897 and 594 Ma), and
Archean (peak at 2.55 Ga) zircons. The concordant
age of the youngest population is 333 ± 3 Ma.

Sample V-140 is the metasiltstone from the Zlatoust
Formation. Of 121 analyzed 121 zircons, 104 zircons
yielded concordant ages (Fig. 3e). The predominant
part of zircons has Neoproterozoic age with peaks at
~886, ~804, 618, and 577 Ma in the relative-age prob-
ability diagram. There are also numerous Paleopro-
terozoic zircons with peak values at 1.97, 1.92, 1.74,
and 1.64 Ga. Paleozoic zircons occur in subordinate
amount (peaks at 522 and 501 Ma). The youngest zir-
con population has a concordant age of 501 ± 5 Ma.

Sample V-141: metasiltstones of the Sagur Forma-
tion. Of 123 analyzed zircons, 110 zircons gave concor-
dant ages (Fig. 3g). They are mainly characterized by
the Neoproterozoic age with peaks at 883, 805, and
575 Ma in the relative-age probability diagram, with
less common Paleoproterozoic zircons peaked at 1.99,
1.88, and 1.71 Ga. Paleozoic zircons occur in subordi-
nate amount (peak at 513 Ma). The youngest zircons
have a concordant age of 498 ± 4 Ma.

THE RESULTS OF LU-HF
ISOTOPE STUDIES

The results of Lu–Hf isotope studies are given in
Fig. 4 and in Supplementary_2. As follows from these
results, Paleoproterozoic zircons in all studied samples
are characterized by the negative and weakly positive
values of εHf(t) from –7.5 to +4.9 and two stage model
ages of tHf(C) > 1.92 Ga. Neoproterozoic and Cambrian
RUSSIAN JOURNAL OF PACIFIC GEOLOGY  Vol. 16 
zircons in these samples, in contrast, have weakly neg-
ative and positive values of εHf(t) from –5.1 to +13.0
and two stage model ages tHf(C) < 1.64 Ga (Fig. 4). The
majority of Devonian and Carboniferous zircons are
characterized by deeply negative εHf(t) from –20.0 to –
11.6, and two stage model ages tHf(C) > 1.73 Ga. Only
one grain in sample V-135 with an age of 381 Ma has a
positive εHf(t) = 5.2 and two stage model age of tHf(C) =
0.90 Ga (Fig. 4a).

THE RESULTS OF SM–ND
ISOTOPE STUDIES

The results of Sm–Nd whole-rock isotope studies
of sedimentary rocks are given in Table 3. These data
indicate that all studied samples are characterized by
deeply negative values of εNd(t) from –11.9 to –6.6 and
Paleoproterozoic values of two-stage model ages tNd(C) >
1.70 Ga.

DISCUSSION
With allowance for the obtained new data on zir-

cons from three samples (V-135, V-140, and V-141)
and seven previously analyzed samples (V-14, V-18,
V-22, V-56, V-57, V-73, V-94 [47]), the U–Pb and
Lu–Hf isotope studies involved two samples from the
Afanas’ev, Talyma, Zlatoust, and Sagur formations
and one sample from the Tokur and undivided Ekim-
chan + Bokontia formations. The results from dating
of detrital zircons shown in Figs. 3a–3h revealed car-
dinal differences in zircon ages in the probability dia-
grams for sample pairs taken from the same (Afa-
nas’ev, Talyma, Zlatoust, and Sagur) formations. This
fact suggests that these formations contain rocks of
different aged. Sharp differences are also observed in
Lu–Hf isotope characteristics between samples from
the same formations (Fig. 4a–4h). On the other hand,
the relative-age probability diagrams and Lu–Hf iso-
tope composition of zircons in samples from the Tokur
and Ekimchan+Bokontia formations are practically
identical (Figs. 3i, 3j, 4i. 4j). To avoid confusion,
below we will operate with sample numbers and their
groups, without assignment to definite formations.
 No. 4  2022
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Fig. 4. The εNd(t)–age (Ma) diagram for zircons from metasedimentary rocks of the Selemdzha (a–h) and Tokur (i, j) terranes.
Sample numbers correspond to numbers in text. (DM) depleted mantle, (CHUR) chondrite uniform reservoir. Results for sam-
ples V-14, V-18, V-22, V-56, V-57, V-73, V-94 were taken from [47].

10

20

0

–10

–20

–30

3.0 Ga

1.6 Ga

2.5 Ga

–40
0 500 1000 1500 2000 2500 3000

1.0 Ga DM

CHUR

10

20

0

–10

–20

–30

3.0 Ga

1.6 Ga

2.5 Ga

–40
0 500 1000 1500 2000 2500 3000

1.0 Ga
DM

CHUR

10

20

0

–10

–20

–30

3.0 Ga

1.6 Ga

2.5 Ga

–40
0 500 1000 1500 2000 2500 3000

1.0 Ga DM

CHUR

(b)

(c)

(f)

10

20

0

–10

–20

–30

3.0 Ga

1.6 Ga

2.5 Ga

–40
0 500 1000 1500 2000 2500 3000

1.0 Ga
DM

CHUR

10

20

0

–10

–20

–30

3.0 Ga

1.6 Ga

2.5 Ga

–40
0 500 1000 1500 2000 2500 3000

1.0 Ga
DM

CHUR

10

20

0

–10

–20

–30

3.0 Ga

1.6 Ga

2.5 Ga

–40
0 500 1000 1500 2000 2500 3000

1.0 Ga
DM

CHUR

(a)

(d)

(e)

� H
f(

t)
� H

f(
t)

� H
f(

t)

Age, MaAge, Ma

Selemdzha terrane
Afanas’ev Formation
Sample V-73, N = 16

Selemdzha terrane
Talyma Formation
Sample V-14, N = 14

Selemdzha terrane
Zlatoust Formation
Sample V-18, N = 15

Selemdzha terrane
Afanas’ev Formation
Sample V-135, N = 22

Selemdzha terrane
Talyma Formation
Sample V-57, N = 20

Selemdzha terrane
Zlatoust Formation
Sample V-140, N = 19
Based on the obtained and available [47] Sm–Nd
isotope characteristics (Table 3), U–Pb age (Fig. 3),
and Lu–Hf composition of detrital zircons (Fig. 4),
the metasedimentary rocks of the Selemdzha and
Tokur terranes are roughly divided into two groups.

The largest group (samples V-14, V-18, V-22, V-56,
V-57, V-135, V-140, V-141, hereinafter, group I)
includes samples with deeply negative values εNd(t) from –
18.0 to –6.6 and two-stage model ages TNd(C) > 1.68 Ga.
These samples contain numerous Early Precambrian
detrital zircons; thus, the absolute majority of zircons,
regardless of their crystallization age, have negative or
near-zero values of εHf(t) and values of two-stage ages
RUSSIAN JOUR
tNd(C) > 1.70 Ga. At the same time, it is necessary to
note that some samples contain insignificant amounts
of Neoproterozoic, Cambrian, Devonian, and Car-
boniferous zircons with positive εNd(t) up to +12.3 and
two stage model ages tNd(C) < 1.60 Ga.

Weakly negative εNd(t) from –4.2 to –3.9 and two-
stage Nd model ages tNd(C) < 1.33 Ga were obtained
only for a few samples (samples V-73 and V-94, here-
inafter, group II). In these samples, the Early Precam-
brian zircons are either completely absent or do not
form statistically significant populations. The absolute
majority of Paleozoic and all Mesozoic zircons have
NAL OF PACIFIC GEOLOGY  Vol. 16  No. 4  2022
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εNd(t) > –2.5 and two-stage Nd-model ages tNd(C) <
1.37 Ga.

Following this idea with allowance for new data, we
attempted (1) to divide sample groups additionally by
the age of the youngest zircon population, which
determines the lower age limit of deposition, and (2)
and to propagate the principles of this grouping to typ-
ification of deposits.

To sum up, the following succession of metasedi-
mentary rocks within the Selemdzha and Tokur ter-
ranes is proposed.

I-1-type deposits characterized by samples V-14,
V-140, V-141, with the lower age limit at 553–498 Ma
(Late Ediacaran–Cambrian).

I-2-type deposits characterized by sample V-57,
with the lower age limit of deposition at ~373 Ma (Late
Devonian).

I-3-type deposits (samples V-22, V-56, V-135)
with the lower age limit of deposition of 333–327 Ma
(Late Mississippian).

I-4-type deposits (sample V-18) with the lower age
limit of deposition at ~304 Ma (Pennsylvanian).

Type-II deposits, which are characterized by sam-
ples V-73 and V-94 and have the lower age limit of
202–180 Ma (Late Triassic–Early Jurassic), cannot
be subdivided using available information.
RUSSIAN JOURNAL OF PACIFIC GEOLOGY  Vol. 16 
It should be noted that such a succession is concep-
tual and cannot be directly correlated with the stra-
tones of the Selemdzha and Tokur terranes distin-
guished previously [12, 19, etc.] using the lithologi-
cal–stratigraphic approach. This can be demonstrated
by several examples. In particular, the oldest maxi-
mum age of the rocks (553–498 Ma) was established
for samples V-14, V-140, and V-141, which according
to our classification are ascribed to I-1-type deposits.
Thus, none of them was collected from the Afanas’ev
Formation, which is considered to compose the base
of the general section [12] (Fig. 2). In contrast, sam-
ples V-135 and V-73 that we collected from the field of
the Afanas’ev Formation (Fig. 2) are biotite–musco-
vite–quartz–albite schists typical of this formation.
However, the youngest zircons from these samples
have ages of 333 and 180 Ma, respectively, which
determine the maximum age of these samples. Thus,
these deposits are not the oldest rocks, as inferred for
the Afanas’ev Formation.

At the same time, Sm–Nd, U–Pb, Lu- Hf isotope
data provide insight into regional geological problems
at a new level. In this regard, our attention should be
focused on the following aspects:

(1) I-1-type deposits with the lower deposition
limit of 553–498 Ma (Late Ediacaran–Cambrian)
could likely be correlated with deposits ascribed to the
Olga succession in the Paukan fault zone, which con-
 No. 4  2022
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Fig. 5. Relative-age probability diagrams of U–Pb ages for detrital zircons from metasedimentary rocks of types I-2, I-3, and II
of the Selemdzha and Tokur terranes compared to possible analogues. Data on the Ir-Galam, Onnetok sequences and Akrinda
Formation of the Galam terrane were taken from [11], those on the Sorukan and Naldynda formations from the Ul’ban terrane,
were taken from [8].
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tain the Early Cambrian skeletal fauna [12]. Thus, it is
highly probable that the rocks with the Early Cam-
brian fauna and Late Ediacaran–Cambrian detrital
zircons represent tectonic blocks in the younger rocks.

(2) In the traditionally distinguished stratones of
the Selemdzha and Tokur terranes [12, 19, etc.], the
fossil fauna and flora were not found, except for find
of the Visean–Moscovian spore-pollen assemblage in
the siltstones of the Zlatoust Formation [1, 12].
According to our classification, these deposits are
ascribed to type I-3 with the lower age limit at 333–
327 Ma (Late Mississippian) or type I-4 with the lower
age limit at ~304 Ma (Pennsylvanian).

(3) Deposits similar to types I-2 and I-3 in the
Selemdzha and Tokur terranes, according to the relative
age probability diagrams (Figs. 5a–5d) and Lu–Hf iso-
tope parameters (Figs. 6a–6d) for detrital zircons,
were found in the Galam terrane, while deposits simi-
lar to type II were found in the Ul’ban terrane
(Figs. 5e, 5f; 6e, 6f).
RUSSIAN JOURNAL OF PACIFIC GEOLOGY  Vol. 16 
(4) The granitoids of the Ingagli Complex that cut
across the deposits of the Tokur terrane are dated
within 254–251 Ma [1–3, 12, 41], which is consistent
with our data on the lower age limit of 333–327 Ma
(Late Mississippian) for the deposition of rocks in this
terrane. This is also the case for the Zlatoust Complex.
Available age data on the intrusions of this complex are
within 257–250 Ma [41]. Thus, the intrusions of the
Zlatoust Complex could intrude the deposits of the
Selemdzha terrane with the lower age limit ~304 Ma
(Pennsylvanian). The only date of 393 ± 7 Ma
obtained for a small granite body [41] from fault zone
does not place any constraints, but serves as additional
evidence for the presence of ancient blocks in the
Selemdzha terrane.

To sum up the obtained and available data [9, 11,
47], we proposed a tectono-stratigraphic scheme for
the eastern Mongol–Okhotsk belt (Fig. 7) based on
Sm–Nd, U–Pb, and Lu–Hf isotope studies. In this
scheme, we distinguish tectonic sheets formed by
deposits of different types (I-1, I-2, I-3, I-4, and II),
 No. 4  2022
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Fig. 6. The εNd(t)–age (Ma) diagram for zircons from metasedimentary rocks of types I-2, I-3, and II of the Selemdzha and Tokur
terranes compared to possible analogues. Data on the Ir-Galam, Onnetok sequences and Akrinda Formation of the Galam ter-
rane were taken from [11], those on the Sorukan and Naldynda formations of the Ul’ban terrane, from [8].
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i.e., having different Sm–Nd and Lu–Hf isotope
parameters, as well as different lower age limits. These
sheets have a composite inner structure and can be
considered as tectono-stratigraphic units.

Assuming that the rocks with the Early Paleozoic
lower age limit (type I-1sediments) are tectonic blocks
in the younger rocks (in I-4-type sediments), the age
of the tectonostratigraphic units from the north south-
ward decreases: I-2 → I-3 → I-4 (Fig. 7). With allow-
ance for the fault dip to the north, a similar trend is
also observed from top downward (from upper to
lower sheets). Such structure is typical of accretionary
wedge terranes with the rear part in the north and
RUSSIAN JOUR
frontal part in the south. This trend indicates that the
tectonostratigraphic units formed by type-I deposits
(including the I-1, I-2, I-3, and I-4 types) and previ-
ously ascribed to the Selemdzha and Tokur terranes
[21] likely belong to the Galam accretionary wedge
terrane of the Mongol–Okhotsk belt (after [17]) or to
the Galam accretionary wedge terrane of the
Okhotsk–Koryak orogenic belt (after [5, 33]).

In the south, in its frontal part, the tectonostrati-
graphic units formed by type-I deposit via fault system
are juxtaposed with tectonostratigraphic units of
type II (Fig. 7), which are ascribed to other accretion-
ary system formed in front of the Amur superterrane
NAL OF PACIFIC GEOLOGY  Vol. 16  No. 4  2022
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Fig. 7. The tectonostratigraphic scheme of the eastern Mongol–Okhotsk orogenic belt (excluding Early and Late Cretaceous
intrusive complexes). (1–3) structures bordering the Tokur, Selemdzha, and Galam terranes: (1) Paleozoic (?) complexes of the
Dzhagdy terrane; (2) Early Mesozoic complexes of the Un’ya-Bon terrane; (3) Paleozoic and Early Mesozoic complexes of the
Lan terrane; (4–10) tectonostratigraphic units: (4) type I-1 deposits with lower age limit at 553–498 Ma (Late Ediacaran–Cambrian);
(5) type I-2 deposits with the lower age limit at ~373 Ma (Late Devonian); (6) type I-3 deposits with the lower age limit at 333–
327 Ma (Late Mississippian); (7) type I-3 deposits in erosion windows; (8) type I-4 deposits with the lower age limit at ~304 Ma
(Pennsylvanian); (9) type II deposits with the lower age limit at 202–180 Ma (Late Triassic–Early Jurassic); (10) type II deposits
in erosion windows; (11) Late Paleozoic gabbroplagiogranite of the Zlatoust Complex; (12) Late Paleozoic Ingagli granitoid
complex; (13) Early Cretaceous volcanic and subvolcanic complexes; (14) sampling localities for U–Pb geochronological and
Lu-Hf isotope studies. Their numbers (in nominator) and age of the youngest zircon population (in denominator); (15) the same,
taken from literature data [8, 11]; (16) main faults; (17) inferred faults; (18) uncertainty field.
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margin. At present, it is too early to discuss the kine-
matics of relations of two different accretionary sys-
tems; however, it is obvious that their formation was
not instantaneous.

CONCLUSIONS

Our study allowed us to draw the following conclu-
sions:

(1) The results from U–Pb, Lu–Hf, and Sm–Nd
isotope studies of metasedimentary rocks in the
Selemdzha and Tokur terranes of the Mongol–
Okhotsk belt highlighted a need for the revision of
stratigraphic principles of mapping within the belt. At
the same time, we do not diminish the qualifications
or the experience of the geologists that mapped this
area previously.

(2) The Selemdzha and Tokur terranes contain two
types of deposits, which cardinally differ in Sm–Nd
whole-rock isotope parameters and Lu–Hf isotope
composition of detrital zircons. Type-I deposits are
characterized by samples with very negative εNd(t) from
–18.0 to –6.6 and two-stage Nd model ages TNd(C) >
1.68 Ga. These deposits contain numerous Early Pre-
RUSSIAN JOURNAL OF PACIFIC GEOLOGY  Vol. 16 
cambrian detrital zircons; thus, the majority of zir-
cons, regardless of their crystallization age, have neg-
ative or near-zero values of εNd(t) and two-stage model
ages of TNd(C) > 1.70 Ga. The type-II deposits are
characterized by samples with weakly negative εNd(t)
from –4.2 to –3.9 and two-sage Nd-model ages TNd(C) <
1.33 Ga. In these deposits, the Early Precambrian zir-
cons are either absent or do not form statistically sig-
nificant populations. The majority of Paleozoic and
all Mesozoic zircons have εNd(t) > –2.5 and two-stage
model ages of TNd(C) < 1.37 Ga. The deposits of differ-
ent types are involved in the formation of two opposite
accretionary systems: in front of the margin of the
Siberian Craton (type I deposits) and Amur superter-
rane (type II deposits).

(3) The type-I deposits are divided into discrete
groups, which differ in the lower age limit: I-1 (553–
498 Ma, Late Ediacaran–Cambrian); I-2 (~373 Ma,
Late Devonian); I-3 (333–327 Ma, Late Mississip-
pian); and I-4 (~304 Ma, Pennsylvanian). Assuming
that the rocks with the Early Paleozoic lower age limit
are tectonic blocks in the younger rocks, from the
north southward the age of the deposits (tectonos-
tratigraphic units) decreases in the following succes-
 No. 4  2022



314 ZAIKA et al.
sion: I-2 → I-3 → I-4. A similar age decrease is also
observed from the upper to lower sheets. Such a struc-
ture is typical of accretionary wedge terranes with their
rear part in the north and frontal part in the south.

(4) Tectonostratigraphic units formed by type-I
deposits and previously ascribed to the Selemdzha and
Tokur terranes likely belong to the Galam accretion-
ary-wedge terrane.

(5) The kinematics of the relationships of two
opposite accretionary systems made up of different
tectonostratigraphic units (types I and II deposits)
have not been deciphered as yet. However, it is obvious
that these relationships were not instantaneous.
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