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Abstract For geological characterization of the boundary zone between the Khanka and North China
continental blocks in Far East Asia, U-Pb ages of zircons were measured by laser-ablation inductively
coupled plasma-mass spectrometry (LA-ICPMS) for undated five arc-type granitoids in southwestern
Primorye, Russia. From granitoids in the Andreevka area in the eastern Laoelin-Grodekov (LG) belt
along the Sea of Japan, we newly obtain four U-Pb ages of the Early-Middle Triassic and one age of the
late Permian. Together with previous geochronological and geochemical data from Primorye and west-
neighboring Jilin (China) and Hamgyon-Buk (North Korea), the newly obtained ages confirm the
regional occurrence of Wuchiapingian (late Permian) to Anisian (middle Triassic) granitoids in the LG
belt between the Khanka and North China blocks, which probably formed a large-scale arc batholith.
These granitoid ages, together with the co-occurrence with the Jurassic granitoids suggest the geological
correlation between the LG belt in the mainland Primorye and the Hida belt in central Japan, via the
Yamato ridge in the middle of the Sea of Japan. The LG belt, Yamato ridge, and Hida belt altogether
mark the eastern (or Pacific-side) limit for the co-occurrence of Permo-Triassic and Jurassic arc-type

granitoids in Far East Asia.
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Introduction

One of the prominent island arc systems in East
Asia is represented by the modern Japanese Islands,
which tectonically became separated from the main-
land Asia by the Miocene back-arc spreading (e.g.,
Otofuji et al., 1986; Tamaki, 1993). For reconstruct-
ing the paleogeography of pre-Miocene East Asia,
profound understanding of geology of the circum-
Sea of Japan region is inevitable; in particular, the
pre-Cenozoic geological comparison is critical
between Primorye of Far East Russia and Japan
over the greatest distance (ca. 1,000 km) across the
Sea of Japan. To date, various common units were
identified in Primorye and Japan; e.g. Paleozoic-
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Mesozoic granitoids, high-P/T metamorphic rocks,
ophiolites, cover sedimentary rocks, and Mesozoic
accretionary complexes, although most of them
were fragmented into smaller pieces particularly in
Japan (Kojima, 1989; Kemkin et al., 1997; Kojima
et al., 2000; Ishiwatari and Tsujimori, 2003; Tsutsumi
et al., 2014; Khanchuk et al., 2016; Isozaki et al.,
2017). In addition, common aspects of the Paleo-
zoic-Mesozoic fossil fauna/flora were also recog-
nized in Primorye and Japan (e.g. Tazawa, 1991,
2018; Zakharov et al., 1992; Ehiro, 2001; Isozaki,
2019). These suggest their primary connection prior
to the opening of the Sea of Japan; nonetheless, var-
ious hypotheses on tectonic model and paleogeo-
graphical reconstruction ever proposed (e.g. Hiroi,
1981; Tamaki, 1988; Zonenshain et al., 1990; Clu-
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zel et al., 1991; Ishiwatari and Tsujimori, 2003;
Izosov and Konovalov, 2005; Oh, 2006; Zhao et al.,
2013; Khanchuk et al., 2016; Isozaki, 2019) have
never reached consensus.

The overall structure of the Phanerozoic orogen
in Japan indicates that all the above-listed orogenic
units in Primorye and Japan have essentially formed
through the long-term subduction processes from
the paleo-Pacific (Panthalassan) side; namely they
once belonged to a single but over 2,000 km-long
arc-trench system. This subduction-induced active
continental margin developed since the Cambrian
along a major continental block, of which name was
lately given as the Greater South China (Isozaki et
al.,2014,2015,2017).

As originally pointed out by Takahashi (1983),
the distribution pattern of Paleo-Mesozoic granit-
oids in East Asia provides the most reliable clue for
the pre-Miocene paleogeographic reconstruction
because granitoids represent the majority of newly
forming crustal material in subduction-related oro-
gens. As well as in Japan, various granitoids of the
Khanka block in southern Primorye and north-
neighboring Heilongjian in China have been
recently dated by zircon U-Pb dating methods, in
addition to the K-Ar and Rb-Sr dating systems, and
their ages are confirmed to range mostly in the early
Paleozoic, and also in the Cretaceous (e.g. Khan-
chuk et al., 2010; Cao et al., 2011; Yang et al.,
2015; Nevolin et al., 2015; Tsutsumi et al., 2014,
2016). More Paleozoic and Mesozoic granitoids are
exposed extensively in the Laoelin-Gorodekov (LG)
belt on the west of the Khanka block, near the bor-
der among Russia, China, and North Korea along
the northern coast of the Sea of Japan (Fig. 1A).
These granitoids were recently dated by zircon
U-Pb method, in particular, in Jilin, China, and also
in Hamgyong-Buk, North Korea (Ma et al., 2013;
Chen et al., 2017; Zhai et al., 2016), nonetheless,
not much from Primorye, except for two reports on
late Permian ages (Khanchuk et al., 2010; Kruk et
al., 2015).

For providing more strict constraints to the paleo-
geographical
Primorye and Japan, we analyzed five granitoids

correlation/reconstruction between

samples from the Andreevka area of the L-G belt in
southwestern Primorye (Fig. 1), particularly for zir-
con U-Pb dating by laser-ablation inductively cou-

135°00'E

131 °(|)0'E

45°20N
>

China Russia

Laoelin-Grodekov Belt ISHEnKa Elosk

@ Ussuriysk

‘ ussky+Popov Is.
Andreevka area
Sea of Japan

50 km
——

T

[T Neogene-Quaternary sediments

I Paleogene intrusions

Gamov granitoids:

EERIA,
)

s

Sukhan k

biotite (+ amphibole) granite-
B9 fescogrante

W amphibole-biotite granodiorite
bioite-amphibole quartz diorite
w B . onaite

Permian terrigenous rocks
B (Reshetnikov Fm.)

Gladkaya R

fAnd

reevka
Yo

Precambrian peridotite-gabbro
- complex

.~ fault

| O sample

y Q
Sea of Japan \
Gamov Peninsula () Kruk et al. (2015)
130% 131°30°E

Fig. 1. Index map of Laolin-Grodekov belt after
Malinovsky and Golozubov (2021) (A), and geo-
logic sketch map (B) of Andreevka area in Laoe-
lin-Grodekov belt in southwestern Primorye, Far
East Russia, after State Geological map of the Rus-
sian Federation on a Scale 1:200,000 Khanka
Series. sheets K-52-XII and K-52-XVIIT (2004)
and Kruk er al. (2015) with five sample localities
of granitoids for dating in this study.

pled plasma-mass spectrometry (LA-ICPMS). On
the basis of newly obtained zircon U-Pb ages from
the granitoids, i.e., one late Permian and four early-
middle Triassic, this article discusses their geologi-
cal significance for the LG belt in Primorye, and
proposes an alternative correlation scheme with SW
Japan, in particular, with the Hida belt in central
Japan via the Yamato ridge in the midst of the Sea
of Japan.

Geologic Setting

The geotectonic framework of southern Primorye
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is characterized largely by the N-S trending zonal
arrangement of multiple orogenic units (e.g.
Mel'nikov and Izosov, 1984; Zakharov ef al., 1992;
Khanchuk et al., 1996; Fig. 1A). The Khanka block
forms a prominent continental unit, ca. 500 km long
in NE-SW and ca. 200km wide in N-S directions,
which extends northward into the southern Hei-
longjiang, China, across the Khanka Lake on the
border. This block is composed of a wide variety of
deformed/metamorphosed Paleozoic rocks, includ-
ing gneiss-schists, granitoids, and sedimentary
rocks, with unexposed Proterozoic basement with
crustal/mantle signatures (Zhang et al., 2010; Wang
et al., 2015; Maksimov and Sakhno, 2018), and also
with covering Paleozoic-Mesozoic strata of marine/
non-marine facies. The north-neighboring Jiamusi
and Bureya blocks both in China and Primorye (Fig.
1A) share similar geologic components with the
Khanka block, as recently confirmed by detrital zir-
con analyses, and they represent the northern exten-
sions of the latter (Zhou et al., 2010; Yang et al.,
2018; Ovchinnikov ef al., 2019).

On the eastern side of the Khanka block, plural
belts of subduction-related origin occur; i.e., Ser-
geevka, Samarka, Zuravlevka, and Taukha belts
(e.g. Kojima et al,. 2000; Kemkin, 2012; Khanchuk
et al., 1996, 2016; Fig. 1A), which are composed of
accretionary complexes, blueschists, ophiolites, arc
and covering sedimentary
sequences. As these elements are reasonably corre-
lated with the coeval counterparts in NE and SW
Japan (Kojima et al., 2000; Ishiwatari and Tsujimori,
2003; Isozaki et al., 2017), all these units totally
belong to the Phanerozoic subduction-related oro-
genic belt along the Pacific-rim, i.e., Nipponides
(Sengor and Natal'in, 1996), that developed along
the Pacific side of the Greater South China (GSC)
continental block (Isozaki et al., 2014, 2017; Iso-
zaki, 2019) prior to the Miocene opening of the Sea
of Japan (e.g. Otofuji et al., 1981; Tamaki, 1993).

The western side of the Khanka block has been
traditionally defined by the N-S running West Pri-
morye fault that separates the Khanka block from
the Laoelin-Grodekov (LG) belt to the west (Khan-
chuk et al., 1996; Fig. 1A), which was previously

igneous complexes,

called “Tuman Basin” (Lee, 1987) or “Tumanggan
Fold Belt” (Pack et al., 1993) in Korea. Some recent
studies, however, shifted the position of the western

boundary of the Khanka block for ca. 30km to the
west from the original line (Golozubov and Khan-
chuk, 2021; Golozubov and Simanenko, 2021)
without giving clear explanation. Nonetheless, the
LG belt corresponds to a transitional zone between
the Khanka (GSC) block and the North China block
further on the west, in other words, to the southeast-
ernmost end of the Paleozoic Solonker suture (Xiao
et al., 2003). The Solonker suture represents the
southern margin of the Central Asian orogenic belt
(CAOB) or of the Paleo-Asian Ocean in the past
(Jahn, 2000; Parfenov et al., 2003; Wilde, 2015).

The LG belt, ca. 200km wide in E-W direction,
comprises mid-Paleozoic to Triassic volcano-sedi-
mentary units intruded by Permian and Mesozoic
granitoids, which were covered unconformably by
non-metamorphosed Mesozoic strata of marine and
non-marine facies (e.g., Zakharov et al., 1992; Paek
et al., 1993; Khanchuk et al., 2006; Ma et al., 2016;
Nevolin et al., 2012). In addition, some small frag-
ments of “Precambrian” metamorphic and ophiolitic
rocks occur sporadically, however, their ages were
not sufficiently constrained as depicted in State
Geologic Map of Russian Federation in 1/200,000
scale, 2004; SGM afterwards). Early Silurian strata
(Kordonka Formation) possess signatures of a vol-
canic arc (Malinovsky and Golozubov, 2021). The
“Permo-Triassic” strata, composed of terrigenous
clastics with minor amounts of limestones, were
metamorphosed by numerous intrusions; nonethe-
less, they barely yield Carboniferous-Permian fos-
sils of the Tethyan-Boreal mixed fauna and also
Angaran and Cathaysian mixed floras (e.g., Noda,
1958; Huang, 1991a, 1991b; Tazawa, 1991; Zakha-
rov et al., 1992; Paek et al., 1993; Kotlyar, 2006;
Du et al., 2021). The Late Triassic Talminsky com-
plex consists of andesites and dacites with subduc-
tion-related geochemical signatures (Chashchin et
al., 2020).

The Andreevka area in coastal southwestern Pri-
morye exposes for ca. 50km-wide southeastern
margin of the LG belt, of which the eastern bound-
ary has been regarded as the West Primorye fault
running in N-S direction off the Gamov peninsula
(Fig. 1A). According to SGM, this area is underlain
mostly by the
(Reshetnikov Fomation), which suffered contact
metamorphism, partly baked up into hornfels, by

“Permian” terrigenous clastics
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the Permian and younger granitoids (Nevolin, 2012;
Kruk et al., 2015). All these rocks are structurally
aligned in N-S direction.

Pre-Cenozoic granitoids around the Andreevka
town (Fig. 1B), traditionally called the Gamov and
Gvozdevo complexes (e.g. Izosov and Konovalov,
2005), occur in an area of ca. 60km wide both in
N-S and E-W directions. These granitoids are com-
posed mainly of granite, granodiorite, tonalite, and
quartz diorite with minor amount of diorite and gab-
bro, most of which have geochemical characteristics
of calc-alkaline, partly with high-K, and of I-type
nature (Kruk et al., 2015; Kharchenko and Valitov,
2018). Two age groups were discriminated for these
granitoids, i.e., Permian and Jurassic ones, based on
biotite K-Ar ages (SGM). Lately, Kruk ef al. (2015)
first reported two U-Pb ages of zircons, i.e., 259 Ma
(Wuchiapingian, late Permian) for a leucogranite and

254 Ma (Wuchiapingian) for a tonalite, from the
southeastern margin of Gamov peninsula (Fig. 1B);
nonetheless, as to these granitoids in the near-border
area to the west, a ca. 30km-wide domain remains
blank in age data to be filled by the present study.

Samples

We collected five granitoids from the following
localities in the Andreevka area near the Gamov
peninsula, in southwestern Primorye (Fig. 1B). All
these granitoids of the Gamov intrusion were not
dated before. More detailed petrography and geo-
chemistry of these rocks will be reported elsewhere.

ANDI1: a medium-grained quartz diorite exposed
along a local road near a small pass on the north of
the Andreevka township (42°40'N; 131°08'E). The
rock at this locality was mapped as a Permian intru-

Fig. 2. Photographs of five hand specimens of Gamov granitoids (A) and examples of cathodoluminescence images of
dated zircons from AND1 with oscillatory zoning texture (B).
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sion by SGM and Kruk et al. (2015).

AND?2: a coarse-grained biotite-amphibole grano-
diorite (Fig. 2A) exposed along a coast-line local
road on the south of the Andreevka township
(42°39'N; 131°08’E). This granodiorite was mapped
as a Permian intrusion (ditto).

AND4: a medium-grained biotite granite exposed
along a highway on the west of the Sukhanovka vil-
lage (42°43.378'N; 131°00.890'E). This granite,
slightly weathered, was mapped as a Jurassic intru-
sion by SGM.

GL18/1: a medium-grained biotite-amphibole
quartz granodiorite (Fig. 2B) exposed along a high-
way, ca. 8km to the north of the Sukhanovka village
(42°47.424'N; 131°09.873'E). This granodiorite was
mapped as a Permian intrusion by SGM.

GL18/2: a coarse-grained amphibole-biotite grano-
diorite (Fig. 2B) exposed in a quarry near a highway,
ca. 3km to the north of the Sukhanovka village
(42°45.088'N; 131°08.683'E). This granodiorite was
mapped as a Permian intrusion by SGM.

Analytical Procedures

Zircon grains were handpicked from heavy frac-
tions that were separated from the rock samples by
standard crushing and heavy-liquid techniques at
Department of Earth Science and Astronomy, The
University of Tokyo. The separated zircon grains,
zircon standards FC1 (1099 Ma; Paces and Miller,
1993) and OD3 (33 Ma; Iwano et al., 2013), and the
glass standard NIST SRM610 were mounted in an
epoxy resin and polished till the center of the
embedded grains exposed in the surface. After pol-
ishing, backscattered electron (BSE) and cathodolu-
minescence (CL) images of the mounted zircons
were checked for selecting sites for analysis. For
BSE and CL images, a scanning electron micro-
scope-cathodoluminescence equipment, JSM-6610
(JEOL) and a CL detector (Sanyu Electron), was
used. U-Pb dating of these samples was carried out
using an LA-ICP-MS which constitutes a NWR213
(Elemental Scientific Lasers) and Agilent 7700x
(Agilent Technologies) at the National Museum of
Nature and Science, Tsukuba, Japan. The experi-
mental conditions and analytical procedures were
according to Tsutsumi et al. (2012), and additional
devices of a buffered type stabilizer (Tunheng and

Hirata, 2004) is applied. The spot size of the laser
was 25 pm. A correction for common Pb was made
based on the measured **’Pb/**Pb ratio (**’Pb cor-
rection), and *®*Pb/??Pb and Th/U ratios (***Pb cor-
rection) (e.g. Williams, 1998) and the model for
common Pb compositions proposed by Stacey and
Kramers (1975). In this paper, we adopted *’Pb
correction for age discussion, since compared with
298ph correction, it is more effective in calculating
Phanerozoic >*U->Pb* age (e.g. Williams, 1998).
208ph corrected ¥U/2%Pb* and **’Pb*/2%Pb* ratios
were used for drawing a concordia diagram and
evaluating whether the data are concordant or dis-
cordant because **’Pb correction cannot calculate
207pb* 29Pb* ratio in principle. Pb* indicates radio-
metric Pb. The criteria of concordance is that ***Pb
corrected 2"’Pb*/2%Pb* with 20 error overlap of the
concordia curve. The pooled ages presented in this
study were calculated using IsoplotR software (Ver-
meesch, 2018). The uncertainties in the weighted
mean U -2%Pb* ages indicate 95% confidence
intervals (95% conf.). The data of secondary stan-
dard OD3 zircon obtained during analysis yielded
weighted mean ages of 32.6*0.7Ma (n=6;
MSWD=1.95; when ANDI was analyzed),
33.1+23 Ma (n=4; MSWD =1.08; when AND2
and AND4 were analyzed) and 32.7*1.3 Ma
(n=5; MSWD =2.05; when GL18/1 and GL18/2
were analyzed). MSWD is an acronym of mean
square weighted deviation, calculated from the
square root of the y* value.

Results

Most of the handpicked zircon grains have clear
oscillatory zoned texture without any rim, suggest-
ing their igneous origin (Fig. 2C). We analyzed 27
euhedral zircon grains from AND1, 28 from AND2,
29 from AND4, 39 from GLI18/1, and 30 from
GL18/2, respectively (Fig. 3). Table 1 shows mea-
surements of the secondary standard OD3, and all
measurements of zircons in Tables 2—6.

From the sample ANDI, 27 spots/grains were
analyzed and 26 data were concordant, which range
in age from 263.3 £4.6 to 235.1 £3.7 Ma (Table 2).
After two older ages are excluded, the weighted
average age of zircon is 247.3 £ 1.7 Ma (one datum
is rejected; MSWD =1.04), i.e., Olenekian, Early
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Triassic (Gradstein ef al., 2020; the same time scale
afterwards). From the sample AND2, 28 spots/
grains were analyzed and all data were concordant,
which range in age from 270.6 = 6.1 to 233.5%=3.7 Ma
(Table 3). The weighted average age is 249.0 £2.0 Ma
(two data are rejected; MSWD = 1.54), i.e., Olenekian,
Early Triassic. From the sample AND4, 29 spots/grains
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Fig. 3. Tera-Wasserberg U-Pb concordia diagrams and age distribution plot of zircons from the 5 analyzed samples
from the Andreevka area, SW Primorye. Error ellipses and bars are 95% conf. Solid ellipses: concordant data; bro-
ken ellipses: discordant data; ellipses and bars filled with light green: used for age calculation; ellipses and bard with
blue: rejected for age calculation.

Table 1. Measurements of U-Pb ages of seconsary were analyzed and all data were concordant, which
standard zircon (OD3). .

range in age from 388.8%*5.1 to 260.7=5.9 Ma
date of .
analysis  analyzed sample &g;) n MSWD (Ta‘ble 4). After one (?lder datum is excluded, the
(yymmdd) weighted average age is 243.9 = 1.8 Ma (one datum
190612  AND2, AND4 33.1¥23 4 1.08 is rejected; MSWD =1.88), i.e., Anisian, Middle
191010  ANDI 32607 6 195 Triassi :
riassic. From the sample GL18/2 rain:
201026 GLIS/I,GLIS2 327%13 5 205 assic. From the sample GL18/2, 30 spots/grains

were analyzed and 29 data were concordant, which
range in age from 268.1%+6.9 to 238.3+4.8 Ma
(Table 6). The weighted average age is 247.0 £ 1.8
Ma (one datum is rejected; MSWD =1.20), i.e.,
Anisian, Middle Triassic. From the sample GL18/1,
39 spots/grains were analyzed and 38 data are con-
cordant, which range in age from 340.0+4.0 to
243.8+2.6 Ma (Table 5). After 11 older ages are
excluded, the weighted average age is 256.9+2.0
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Table 2. Measurements of U-Pb ages of zircons from Sample ANDI.

206Pbc(|) U Th 2381 1 206715 (1) T 2061 (1) 23815206 ppy* age ) 23815206 ppy* age 2)
Labels (%) (ppm)  (ppm) Th/U U/~°Pb Pb™/"°Pb (Ma) (Ma) Remarks

AND1 01 0.07 462 185 0.41 25.42+0.38 0.0477 £0.0031 248.7+3.7 248.9+3.6
ANDI1 _02 0.00 305 141 0.47 25.59+0.43 0.0539 £0.0024 247.1+4.0 246.3+4.1
ANDI1 03 1.00 250 98 0.40 26.40+0.56 0.0471 £0.0046 239.6%+5.0 240.8%+5.0
ANDI1 04 0.00 399 226 0.58 26.11£0.44 0.0557 £0.0026 242.3%+4.0 240.9+4.0
ANDI1_05 0.59 256 115 0.46 26.10+0.45 0.0439 £0.0047 242.4+4.] 243.8+4.0
ANDI1 06 0.00 360 170 0.48 25.45+0.41 0.0540 £0.0024 248.4+39 247.6+4.0
ANDI1 07 0.00 429 150 0.36 24.90+0.42 0.0485£0.0017 253.9+42 253.9+42
ANDI1_08 0.74 391 213 0.56 25.12+0.44 0.0431 £0.0042 251.6+43 253.5%43
ANDI1 09 0.00 372 235 0.65 25.48+0.42 0.0474+0.0020 248.1+4.0 248.1+4.0
ANDI1 10 0.00 357 203 0.58 36.26 = 0.88 0.0603 =0.0028 175.4+4.2 173.1+42 D,N
ANDI 11 0.58 246 86 0.36 25.90+0.53 0.0448 +0.0045 2442+49 245.6*4.9
ANDI1 12 0.00 234 102 0.45 25.65+0.47 0.0491 £0.0028 246.6+4.5 246.6+4.5
ANDI1 13 0.00 777 383 0.51 25.99+0.36 0.0537+0.0015 243.4+33 242.6+33
ANDI1_14 0.00 264 115 0.45 25.54%0.50 0.0484 +0.0027 247.6+4.8 247.6+4.8
ANDI1 15 0.25 131 45 0.35 24.85+0.54 0.0494 £ 0.0061 2543%5.5 2549%5.5
ANDI 16 1.02 504 302 0.61 26.27+0.39 0.0483 £0.0037 240.9+3.5 241.7+3.5
ANDI1 _17 0.67 357 182 0.52 24.41%+0.39 0.0474 £0.0041 258.9+4.0 260.2+4.0 N
ANDI 18 0.41 319 125 0.40 25.14+0.43 0.0523 +0.0039 251.5+42 251.2+42 N
ANDI1 19 0.00 384 209 0.56 25.34+0.44 0.0541 £0.0024 249.5+42 248.6+43
ANDI 20 0.03 303 127 0.43 24.62+0.47 0.0565 £ 0.0041 256.6*4.9 255.0*49
ANDI1 21 0.00 666 189 0.29 25.75+0.38 0.0532+0.0019 245.6%3.6 245.0%3.6
ANDI1 22 0.00 388 201 0.53 25.25+0.46 0.0526 £0.0019 250.4%+4.5 250.0+4.6
ANDI_23 1.13 306 141 0.47 26.98 +0.44 0.0493 £0.0051 234.6+3.8 235.1%+3.7 N
ANDI1 24 0.20 458 119 0.27 25.53+0.38 0.0499 £0.0028 247.7+3.6 248.1+3.6
ANDI1 25 0.00 207 80 0.40 25.00+0.48 0.0454 £0.0031 252.9+48 252.9+48
ANDI 26 0.05 313 133 0.44 23.90+0.42 0.0546 £0.0040 264.3+4.6 263.3+4.6
ANDI1 27 0.00 131 87 0.68 26.04+0.66 0.0528 £0.0046 243.0+6.0 242.4%+6.2

Errors are 1-sigma; Pb, and Pb* indicate the common and radiogenic portions, respectively.

Remarks; D: discordant, N: not used for weighted mean age calculation

(1) Common Pb corrected by assuming **Pb/***U-?**Pb/***Th age-concordance

(2) Common Pb corrected by assuming 2°°Pb/>**U-2"Pb/?**U age-concordance

Table 3. Measurements of U-Pb ages of zircons from Sample AND?2.
2()6Pbc(l) U Th 2351 1 206711 W7o 2060 (1) 23815 /206 ppy* age 1) 23815206 ppy* age 2)
Labels %) (ppm)  (ppm) Th/U U/~"Pb Pb™/"°Pb (Ma) (Ma) Remarks

AND2 01 1.20 475 283  0.61 25.99+0.38 0.0478 £0.0044 243.4%35 244.4%35
AND2 02 0.21 232 94 042 25.07+0.43 0.0546 £0.0047 252.2%+43 251.1%+43
AND2 03 0.80 272 147 0.56 25.68 +0.45 0.0519 £0.0053 246.3+42 246.1+42
AND2 04 0.81 286 114 041 25.60+0.44 0.0490 £0.0045 247.0+42 247.7+42
AND2 05 0.00 304 154 0.52 25.75+0.45 0.0537 £0.0025 245.6+43 244.8+43
AND2 06 0.13 261 116  0.46 24.84+0.43 0.0576 £0.0044 254.5%+43 252.5+43
AND2 07 0.00 237 102 0.44 24.91+0.36 0.0526 £0.0024 253.7+3.6 253.3%+3.7
AND2 08 1.72 223 76 0.35 27.25+0.45 0.0468 £0.0049 232.4+3.7 233.5+3.7 N
AND2 09 0.50 195 80  0.42 26.18+0.51 0.0456 =0.0049 241.7+4.6 2429%45
AND2 10 0.00 287 157 0.56 24.95+0.41 0.0535+0.0025 253.3+4.1 252.6+42
AND2 11 0.17 410 210 0.52 25.15+0.33 0.0521 +0.0036 251.4+32 251.1+3.2
AND2 12 0.87 255 107 0.43 25.50+0.43 0.0454 £0.0046 248.0+4.1 249.7+4.1
AND2 13 0.75 208 91 045 25.75%0.45 0.0439+0.0057 245.6+42 247.5+4.0
AND2 14 0.00 327 157 0.49 26.40+0.41 0.0522 +£0.0025 239.6+3.6 2393+3.7
AND2 15 0.00 231 113 0.50 25.02+0.50 0.0551+0.0033 252.6+49 251.5%5.0
AND2 16 3.57 382 153 041 25.20+0.42 0.0503 £0.0060 250.9+4.1 251.2+4.1
AND2 17 0.02 309 127  0.42 24.60+0.38 0.0488 £0.0041 256.9+3.9 257.0+3.8
AND2 18 0.00 214 97 047 24.58 £0.49 0.0489+0.0033 257.0+5.1 257.0+5.1
AND2 19 0.00 440 154  0.36 25.07+0.38 0.0475+0.0021 252.1+3.8 252.1+3.8
AND2 20 0.40 486 205 043 26.07+0.39 0.0509 +0.0035 242.6*3.5 242.7+3.5
AND2 21 0.00 267 108  0.42 25.14+0.41 0.0541 +0.0030 251.5+4.0 250.6+4.1
AND2 22 1.02 300 170 0.58 24.93+0.45 0.0461 £0.0051 253.5%4.5 255.2%45
AND2 23 0.00 237 123 0.53 23.29+0.53 0.0530+0.0030 271.0+6.0 270.6 6.1 N
AND2 24 0.00 322 150 0.48 25.32+0.42 0.0517 £0.0026 249.7+4.1 249.5+42
AND2 25 0.00 476 208 045 25.51+0.31 0.0492 £0.0019 247.9+3.0 247.9%+3.0
AND2 26 0.18 190 74 0.40 26.91+0.56 0.0507 £0.0051 235.2+48 235.2+48
AND2 27 0.37 240 81 035 25.14+0.51 0.0506 £ 0.0046 251.5+5.0 251.7+5.0
AND2 28 0.14 358 169  0.49 25.08 £0.37 0.0504 £0.0039 252.0+3.7 2523%3.7

Errors are 1-sigma; Pb, and Pb* indicate the common and radiogenic portions, respectively.
Remarks; D: discordant, N: not used for weighted mean age calculation

(1) Common Pb corrected by assuming 2°°Pb/?*¥U-2*Pb/***Th age-concordance
(2) Common Pb corrected by assuming **Pb/***U-?"Pb/**>U age-concordance
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Table 4. Measurements of U-Pb ages of zircons from Sample AND4.
206Pbc(|) U Th 2381 1 206715 (1) W 2060 (1) 23815 /206 ppy* age ) 2381 j /206pp* age 2
Labels (%) (ppm)  (ppm) Th/U U/~°Pb Pb™/°Pb (Ma) (Ma) Remarks
AND4 01 0.00 232 93 0.41 27.21+0.55 0.0538 £0.0035 232.6%+4.6 231.8%+4.7
AND4 02 0.00 230 131 0.58 25.27+0.53 0.0538 £0.0038 250.2%5.1 249.4+53
AND4 03 0.48 400 222 0.57 26.88 +0.46 0.0455+0.0036 235.5+3.9 236.6*+3.9
AND4 04 0.03 184 80 0.45 25.40+0.52 0.0541 £0.0051 248.9+5.0 248.0+5.0
AND4 05 0.00 197 79 0.41 25.27+0.57 0.0507 £0.0037 250.2%+5.6 250.2%+5.6
AND4 06 0.09 234 103 0.45 26.22+0.50 0.0559 £0.0051 241.3%45 239.9%+45
AND4 07 0.02 337 179 0.55 25.71+£0.46 0.0544 £0.0047 2459+44 245.0+43
AND4 08 0.00 165 47 0.29 26.20+0.62 0.0523 £0.0035 241.5%5.6 241.1+5.7
AND4 09 0.03 164 74 0.46 26.45+0.52 0.0570+0.0059 239.2+47 237.4%+4.6
AND4 10 0.00 323 155 0.49 25.16+0.47 0.0525+0.0027 251.2+4.6 250.8+4.6
AND4 11 0.00 237 115 0.50 26.12+0.48 0.0492 +0.0030 242.2%+43 242.2%+43
AND4 12 0.20 222 99 0.46 25.52+0.51 0.0463 £0.0053 247.8+49 248.3+47
AND4 13 0.60 144 44 0.31 26.19+0.63 0.0488 £0.0068 241.5+5.7 242257
AND4 14 0.00 305 158 0.53 25.88%+0.53 0.0507 +0.0029 244.4+49 244.4+49
AND4 15 0.01 211 85 0.41 26.14+0.57 0.0590 = 0.0056 242.0+5.2 239.6+5.2
AND4 16 0.00 514 310 0.62 16.02+0.21 0.0581 +0.0019 390.4%5.0 388.7%5.1 N
AND4 17 1.96 464 258 0.57 25.64%+0.40 0.0542 +0.0057 246.7+3.8 245.8+3.8
AND4 18 0.00 335 132 0.41 25.10+0.44 0.0480+0.0023 251.9+4.4 251.9+4.4
AND4 19 0.00 378 216 0.59 25.97+0.45 0.0536 +0.0027 243.6+4.1 242.8+42
AND4 20 0.00 546 300 0.56 26.54+0.43 0.0550+0.0026 238.4+3.8 237.2+3.8
AND4 21 0.00 249 124 0.51 26.86 = 0.46 0.0543 £0.0037 235.6%+3.9 234.6%*4.1
AND4 22 0.00 182 52 0.29 24.79+0.53 0.0501 £0.0038 254954 2549+54
AND4 23 0.00 130 39 0.30 25.43+0.62 0.0597 £0.0049 248.7+6.0 246.1%6.1
AND4 24 0.74 157 48 0.32 24.41+0.57 0.0430 £0.0057 258.8%+6.0 260.7+5.9
AND4 25 0.05 274 71 0.26 23.78+£0.43 0.0518 £0.0039 265.5+4.7 265.4+47
AND4 26 0.00 283 144 0.52 25.20+0.49 0.0538 £0.0029 250.9+4.8 250.1+4.9
AND4 27 0.91 196 58 0.30 26.71 +0.56 0.0399 £0.0056 236.9+4.8 239.1+4.8
AND4 28 0.62 182 54 0.30 25.56+0.62 0.0483 £0.0055 247.4%+59 248359
AND4 29 0.00 245 57 0.24 25.54+0.43 0.0448 +0.0032 247.6*+4.1 247.6%+4.1

Errors are 1-sigma; Pb_ and Pb* indicate the common and radiogenic portions, respectively.
Remarks; D: discordant, N: not used for weighted mean age calculation

(1) Common Pb corrected by assuming 2°°Pb/>*¥U-2*Pb/***Th age-concordance

(2) Common Pb corrected by assuming **Pb/*?**U-2"Pb/***U age-concordance

Ma (one datum is rejected; MSWD=2.15), i.e.,
Wuchiapingian, Late Permian.

These results clarified that the five granitoid sam-
ples (one quartz diorite, three granodiorite, and one
granite) from the Gamov intrusions have igneous
ages that range in 257-244 Ma; i.e., Wuchiapingian
(Permian) to Anisian (Triassic). The older part of
this age range overlaps with the previously reported
zircon ages of 259 and 254 Ma (Wuchiapingian-
Changhsingian, Permian) from the granitoids in the
Andreevka area, ca. 8 km to the southeast from the
locality of AND2 (Kruk et al., 2015; Fig. 1B). The
present study results indicate that the Gamov intru-
sion has formed during the late Permian-Middle Tri-
assic.

Discussion

Triassic granitoids in the LG belt: Among the
analyzed five granitoid samples from the Gamov
intrusions, four samples were previously assigned to
the Permian, and the rest one to the Jurassic, based
on the biotite/amphibole K-Ar dating (SGM). The

present study, however, identified for the first time
the Early-Middle Triassic zircon U-Pb ages from
the granitoids of the Gamov intrusions in the east-
ernmost LG belt, southern Primorye. Furthermore,
one Permian age was confirmed for the Gamov
intrusions, in addition to the two ages reported pre-
viously from different localities by Kruk et al.
(2015) (Fig. 1B). As to the Gamov intrusions, there-
fore, the available seven ages prove that the granit-
oids are products of magmatism during the late
Permian to Middle Triassic interval. The previously
claimed Jurassic granitoids (SGM) have not yet
been confirmed in the study area.

Our results suggest that the potentially larger
extent of Triassic granitoids throughout the LG belt
than previously believed. The sporadic occurrence
of the Permo-Triassic granitoids and coeval felsic
volcanic rocks were lately reported not only from
the northern parts of the LG belt in Primorye
(Khanchuk et al., 2010; Golozubov et al., 2017;
Chashchin et al., 2020) but also from the Popov and
Russky islands on the southwest of Vladivostok,
near the boundary to the Khanka block (Tsutsumi et
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Table 5. Measurements of U-Pb ages of zircons from Sample GL18/1.
zoanc(n U Th 2351 1 2067015 (1) W7o 2060 (1) 2381 J_206pp* age (1) 23875 206pp* age @
Labels %) (ppm) (ppm) Th/U U/~"Pb Pb™/"°Pb (Ma) (Ma) Remarks
GL18/1_001 0.00 378 135 0.37 25.08 £0.32 0.0525+0.0019 252.0+3.1 251.6%+3.2
GL18/1 002 0.00 1164 1004 0.88 25.44+0.26 0.0510%0.0010 248.6*2.5 248.6%+2.5
GL18/1 003 0.00 618 270 0.45 25.13+0.29 0.0516+0.0015 251.6+2.8 251.5+2.8
GL18/1_004 0.00 361 221 0.63 23.55+0.32 0.0578 £0.0019 268.0+3.6 266.0+3.6 D,
GL18/1_005 0.00 429 248 0.59 23.55+0.29 0.0526 +0.0016 268.1+3.3 267.8+3.3 N
GL18/1 006 0.51 174 80 0.47 23.21+0.33 0.0474 +£0.0039 271.9+3.8 2733+3.7 N
GL18/1_007 0.00 879 515 0.60 25.87+0.28 0.0532+0.0014 2445%+2.6 243.8+2.6 N
GL18/1_008 0.00 744 395 0.54 23.97+0.24 0.0504 +0.0011 263.5+2.5 263.5%+2.5
GL18/1 009 0.00 608 738 1.25 24.86+0.29 0.0499 +0.0016 2543%+29 2543%29
GL18/1 010 0.00 519 236 0.47 24.28+0.29 0.0529+£0.0015 260.2+3.0 259.8+3.1
GL18/1 011 0.00 140 81 0.59 24.49+0.42 0.0484 +0.0027 258.0+4.4 258.0+4.4
GL18/1 012 0.06 457 229 0.51 24.44%+0.32 0.0490 +0.0028 258.6%+3.3 258.7+3.2
GL18/1 013 0.35 119 78 0.67 24.81+0.48 0.0487 £0.0065 254.7+48 255.6+4.6
GL18/1_014 0.00 445 221 0.51 18.46+0.23 0.0506+0.0015 340.0+4.0 340.0+4.0 N
GL18/1 015 0.00 651 584 0.92 25.27+0.38 0.0527+0.0017 250.2+3.7 249.7+3.7
GL18/1_016 0.09 420 200 0.49 24.18+0.34 0.0496 £0.0027 261.3%3.6 261.5%3.5
GL18/1 017 0.11 411 199 0.50 24.62+0.34 0.0514 +0.0026 256.7%+3.5 256.7*3.5
GL18/1 018 0.16 428 132 0.32 24.05+0.32 0.0473 £0.0024 262.6+3.4 263.0+3.4
GL18/1_019 0.00 253 85 0.35 22.97+0.29 0.0549+0.0021 274.7+3.4 273.7+3.5 N
GL18/1_020 0.00 184 153 0.85 24.14%+0.39 0.0506 +0.0025 261.7+4.2 261.7+42
GL18/1 021 0.00 395 387 1.01 23.55+0.30 0.0511£0.0018 268.1+3.3 268.1+3.3 N
GL18/1_022 0.59 596 333 0.57 23.07+0.26 0.0498 £0.0027 273.6+3.1 2742%3.0 N
GL18/1_023 0.01 894 497 0.57 18.76 £0.20 0.0515+0.0019 3348+34 334.8+3.4 N
GL18/1 024 0.11 381 135 0.36 22.97+0.30 0.0520 +0.0028 274.7+3.6 274.6%+3.6 N
GL18/1_025 0.00 411 155 0.39 24.06 +0.30 0.0509 £0.0018 262.5+3.2 262.5+3.2
GL18/1 026 0.08 243 84 0.36 24.43+0.42 0.0535+0.0036 258.6+43 257.9%+43
GL18/1 027 0.00 429 205 0.49 24.69+0.32 0.0530+0.0016 255.9+3.2 2554+33
GL18/1_028 0.00 223 147 0.68 24.31+0.34 0.0538 £0.0026 259.9+3.6 259.2+3.7
GL18/1 029 0.27 148 64 0.44 23.13+0.43 0.0492 +£0.0043 272.8+49 273.5+48 N
GL18/1 030 1.31 138 79 0.58 23.19+0.46 0.0538 +0.0055 272.1%+53 271.5%52 N
GL18/1 031 0.25 475 189 0.41 24.04+0.30 0.0518 £0.0028 262.7+3.3 262.7%3.2
GL18/1 032 0.18 378 179 0.49 24.28+0.32 0.0482+0.0030 260.2+3.4 260.6%+3.3
GL18/1 033 0.32 396 216 0.56 25.15+0.34 0.0507 £0.0033 251.3%+33 251.5+33
GL18/1 034 0.00 309 100 0.33 24.65%+0.34 0.0497 £0.0019 256.3%3.5 256.3%*3.5
GL18/1_035 0.43 384 280 0.75 25.01+0.35 0.0580+0.0037 252.7%+3.5 250.7+3.4
GL18/1 036 1.19 213 81 0.39 22.45%+0.38 0.0523 £0.0043 281.0+4.7 280.8+4.6 N
GL18/1_037 0.14 514 162 0.32 24.76+0.31 0.0493 £0.0023 2552%3.1 255.6+3.1
GL18/1 038 0.02 532 214 0.41 24.18%+0.31 0.0493 £0.0023 261.2%+33 261.3+3.3
GL18/1 039 0.00 277 96 0.36 24.93+0.36 0.0535+0.0024 253.6%3.6 252.9+3.6

Errors are 1-sigma; Pb, and Pb* indicate the common and radiogenic portions, respectively.
Remarks; D: discordant, N: not used for weighted mean age calculation

(1) Common Pb corrected by assuming **Pb/***U->**Pb/***Th age-concordance

(2) Common Pb corrected by assuming 2°°Pb/>**U-2"Pb/?**U age-concordance

al., 2014; S'edin et al., 2018; Fig. 1A). Furthermore
in  west-neighboring Jilin/Heilongjiang, China,
intense U-Pb dating for granitoids of the LG belt
revealed age of 280-233 Ma (early Permian to mid-
Triassic; Ma et al., 2016; Chen et al., 2017). These
results lead us to conclude that that the Permo-Tri-
assic igneous rocks in the LG belt, including the
Gamov intrusions, were generated not as small-
scale isolated plutons but primarily formed parts of
a much larger batholith belt that developed probably
on the over 100km-scale.

The pre-Cretaceous LG belt is fundamentally
characterized by the Permian-Triassic and Jurassic
granitoids (Fig. 1A), whereas the pre-Cretaceous
Khanka block on the east features solely Paleozoic
granitoids (Nevolin et al., 2012) without Triassic
and Jurassic ones. Thus, the Permo-Triassic exten-
sive felsic magmatism in the eastern LG belt

(Andreevka area and Russky/Popov islands) high-
lights a sharp contrast to the Khanka block on the
east, particularly in ages of granitoids. In this
regard, the West Primorye fault in southwestern Pri-
morye (Fig. 1A) unlikely represent the boundary
between the two distinct granitoid provinces, partic-
ularly the eastern limit for the Permo-Triassic and
Jurassic granitoids. Instead, the boundary of the two
granitoid provinces is traced, from north to south,
probably along the western coast of the Khanka
Lake (Khanchuk et al., 2010; Chashchin et al.,
2020), between the Russky Island and Vladivostok
(Tsutsumi et al., 2014; S'edin et al., 2018), and off-
shore the eastern Gamov peninsula (Kruk et al.,
2015; this study) (Fig. 1A).

Age constraints to host Paleozoic strata: The
host unit for the Permo-Triassic Gamov granitoids
in the Andreevka area comprises the “Permian” ter-
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Table 6. Measurements of U-Pb ages of zircons from Sample GL18/2.
zoanc(n U Th 23811 206015 (1) W7o 2060 (1) 2381 J_206ppy* age (1) 2385 206ppy* age 2)
Labels %) (ppm) (ppm) Th/U U/~Pb Pb™/*°Pb (Ma) (Ma) Remarks

GL18/2_001 3.00 53 20 0.39 24.70+0.79 0.0533+0.0114 255.8+8.0 2553%+8.0
GL18/2 002 0.51 71 31 0.45 26.22+0.72 0.0518 +0.0076 241.3%6.5 241.0*6.4
GL18/2 003 0.00 136 80 0.60 25.76 +0.47 0.0479 +0.0030 2455+4.4 2455+4.4
GL18/2_004 0.00 108 54 0.52 26.02+0.52 0.0544 £0.0041 243.1+48 242.1+49
GL18/2_005 0.12 84 34 0.42 24.68 +0.55 0.0464 +0.0055 256.1%+5.6 256.4+5.4
GL18/2_006 0.52 87 34 0.40 25.63+0.57 0.0480+0.0058 246.7+5.4 247.6+5.4
GL18/2_007 0.00 155 92 0.61 24.66 +0.45 0.0583 £0.0031 256.3+4.6 254.1+4.6 D,N
GL18/2_008 0.28 161 64 0.41 26.12+0.50 0.0510%+0.0046 242.2+4.6 242246
GL18/2_009 0.45 117 43 0.38 25.11%0.54 0.0495+0.0053 251.8+5.4 2523%+54
GL18/2 010 0.42 129 66 0.53 24.41+0.49 0.0529 £0.0054 258.8%+5.1 258.4%+5.0
GL18/2 011 1.00 74 32 0.44 25.51+0.60 0.0496 £0.0073 247.8+5.7 248.3%5.7
GL18/2 012 0.00 162 95 0.60 25.63+0.47 0.0471 £0.0026 246.8+4.5 246.8%+4.5
GL18/2 013 0.00 133 72 0.55 25.31%+0.48 0.0575%0.0036 249.8+4.6 2479+47
GL18/2 014 0.00 70 31 0.45 25.49+0.67 0.0526 +0.0039 248.0+6.4 247.6%6.5
GL18/2 015 0.00 194 106 0.56 26.06 +0.45 0.0501 £0.0027 242.8+4.1 242.8+4.1
GL18/2 016 0.00 154 70 0.47 26.06+0.48 0.0536+0.0033 242.8+43 242.0+4.4
GL18/2 017 0.11 71 28 0.40 23.57%0.63 0.0503 +0.0066 267.8+7.0 268.1+6.9 N
GL18/2 018 0.43 217 121 0.57 25.21+0.43 0.0455+0.0043 250.7+4.2 251.8+4.1
GL18/2 019 0.00 278 133 0.49 26.19+0.41 0.0482+0.0021 241.6%+3.7 241.6+3.7
GL18/2 020 0.00 65 29 0.45 24.47+0.64 0.0488 +0.0047 258.2%+6.6 258.2%*6.6
GL18/2 021 0.62 128 65 0.52 26.51%0.55 0.0523 £0.0061 238.7+4.8 238.3+4.8
GL18/2 022 0.00 228 107 0.48 2531%0.42 0.0490 £0.0027 249.8+4.1 249.8+4.1
GL18/2 023 0.00 118 65 0.56 25.00+0.44 0.0556 £0.0041 252.8%+43 251.5*45
GL18/2 024 0.55 104 39 0.38 26.08 +£0.69 0.0474 +£0.0061 242.5%+6.3 243.6+6.4
GL18/2_025 0.35 278 117 0.43 26.20+0.38 0.0514 £0.0034 241.5+34 241.4+34
GL18/2 026 0.00 162 92 0.58 25.61+0.45 0.0529+0.0035 247.0%+42 246.4+4.4
GL18/2 027 0.00 153 98 0.65 25.39+0.45 0.0480+0.0029 249.0+4.4 249.0+4.4
GL18/2 028 0.23 110 62 0.58 25.95%+0.60 0.0561 +0.0070 243.7%5.5 242.2%55
GL18/2 029 0.19 288 96 0.34 25.27+0.39 0.0497 +£0.0033 250.2+3.8 250.6+3.8
GL18/2 030 0.90 95 51 0.55 25.19%+0.61 0.0484 £0.0076 251.0%6.0 251.8%+5.9

Errors are 1-sigma; Pb, and Pb* indicate the common and radiogenic portions, respectively.
Remarks; D: discordant, N: not used for weighted mean age calculation

(1) Common Pb corrected by assuming **Pb/***U->**Pb/***Th age-concordance

(2) Common Pb corrected by assuming 2°°Pb/**U-2"Pb/?**U age-concordance

rigenous clastics called the Reshetnikov Fm. The
sandstones and mudstones of the formation region-
ally suffered contact metamorphism by the Permo-
Triassic Gamov granitoids, i.e., partly baked up into
hornfels. The sporadic occurrence of plant fossils
suggested that this formation can be correlated with
non-marine/shallow marine Permian (SGM); how-
ever, age constraints by Permo-Triassic plant fossils
are still loose (Du et al., 2021), and no other direct
age indicator has been available. Under the circum-
stances, the Triassic age of the GL18/2 granitoid
near the contact to the Reshetnikov Fm (Fig. 1B)
limits the possible depositional age for the Reshet-
nikov Fm to pre-244 Ma (Anisian or older).

This is concordant with the previously reported
fossil ages from the western extension of the
Reshetnikov Fm in the Hamgyong-Buk and Jilin.
The Tuman System along the Tumangan River in
the China/N. Korea border zone is composed of ca.
4,000 m-thick terrigenous clastics with some inter-
calations of limestone, and felsic/mafic volcanics
(Noda, 1958; Lee, 1987; Pack et al., 1993). Fossils
reported from the Tuman System include late Car-

boniferous corals, crinoids, brachiopods and middle
Permian (273-260 Ma) fusulines, brachiopods, cri-
noids, and land plants (Noda, 1958; Huang, 1991;
Pack et al., 1993). Thus the correlation of the
Reshetnikov Fm in the Andreevka area with the
upper part of the Tuman System in Hamgyong-Buk
and Jilin appears reasonable, and the upper part of
the thick formation may range up to Lower Triassic.

Possible link to the Hida belt in Japan: In
regard of the correlation between Primorye and
Japan, pre-Cretaceous granitoids of the Hida belt in
central Japan (Fig. 4) are particularly noteworthy.
The Hida belt is characterized by two stages of gra-
nitic magmatism; i.e., first in the Permian-Triassic
(ca. 250-235 Ma) and the second in the Jurassic (ca.
200-190 Ma) (e.g. Soma et al., 1990; Kano, 1990;
Kunugiza et al., 2010; Takahashi et al., 2010, 2018;
Horie et al., 2010, 2018; Zhao et al., 2013; Take-
hara and Horie, 2019).

The origin of the Hida belt has been discussed
mostly in view of the primary connection to the
North China block that features extensive Archean-
Proterozoic basements together with marginal tec-
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Fig. 4. Geotectonic map of the circum-Sea of Japan,
East Asia (compiled from Khanchuk et al., 1996;
Wilde, 2015; Isozaki et al., 2010), showing rela-
tive positions of the LG belt in Primorye, the Yam-
ato ridge in the middle of the Sea of Japan, and the
Hida belt in central Japan. Green stars represent
the easternmost (Pacific-side) localities of co-
occurred Permo-Triassic and Jurassic granitoids in
the LG belt, Yamato Ridge, and Hida belt (Ma et
al., 2014; Lelikov ef al., 1996), and blue ones the
westernmost locality of Early Paleozoic granitoids
on the Pacific side (Sakashima et al., 2003; Tagiri
et al., 2011; Kruk et al., 2012; Isozaki et al.,
2015). The geologic similarities, particularly in the
two-fold granitoid ages of the Permo-Triassic and
Jurassic, suggest the primary consanguinity among
the LG belt, Yamato Ridge, and Hida belt,
although they have been separated from each other
since the Miocene opening of the Sea of Japan.
Note that the Hida belt can be correlated neither
with North China block nor Khanka block but
uniquely to the LG belt.

tonic zones, i.e., the Ogchon and Imjingan belts, in
the Korean peninsula (e.g. Hiroi, 1981; Soma et al.,
1990; Oh, 2006). On the other hand, some research-
ers tried to correlate the Hida belt with the Khanka

block (e.g. Zonenshain et al., 1990). These tradi-
tional views were mostly based on the physiological
proximity, the occurrence of similar rock types in
nearby ages, and also the long-time belief on
assumed Precambrian basement. Regional and geo-
chronological studies during the last decade, how-
ever, confirmed the absence of Precambrian base-
ment in the Hida belt; namely the oldest unit ever
identified is indeed no older than the middle Perm-
ian (ca. 270 Ma; Takahashi ef al., 2018) except for
inherited Precambrian zircons dated up to the early
Archean (Horie et al., 2010).

On the other hand, as emphasized by Jahn (2000)
and Arakawa et al. (2000), the trace element geo-
chemistry of the Hida granitoids is totally different
from other Phanerozoic granitoids in Japan essen-
tially formed under ancient Pacific (Panthalassan)
subduction settings (e.g. Jahn et al., 2000). This
geochemical uniqueness of the Hida granitoids posi-
tively supports the allochthoneity of the Hida belt
with respect to the rest of the Phanerozoic crusts in
Japan (Soma ef al., 1990; Isozaki, 1996). It is further
noteworthy that the Nd and Sr isotopic signatures of
the Hida granitoids and gneisses refute all the previ-
ous correlations directly with the North China block
per se, instead, suggests a possible link to CAOB
developed on the north of the North China block
(Jahn, 2000; Arakawa et al., 2000; Fig. 4).

The co-occurrence of Permo-Triassic and Jurassic
granitoids is regionally identified in the LG belt, as
confirmed not only in Primorye (Tsutsumi et al.,
2014; S'edin et al., 2018; this study) but also in Jilin
(Ma et al, 2014; Chen et al., 2017) and Hamgyong-
Buk (Zhai et al., 2016). Among them, the granitoids
on the Russky and Popov islands in the Bay of Peter
the Great (Fig. 1A) mark the eastern limit for their
co-occurrence in Far East Russia. The Hida belt in
Japan (Fig. 4) likewise marks the Pacific-side limit
of the co-occurrence of the Permo-Triassic and
Jurassic granitoids in Japan, suggesting a similar
geotectonic setting to the LG belt. These suggest
that the Hida belt is correlated neither with the
North China block nor the Khanka block as previ-
ously claimed, but uniquely with the LG belt.

Although the Hida belt and the coastal LG belt in
the mainland Asia are currently separated for nearly
1,000 km in N-S direction, there is a good candidate
for a mid-way connecting reference between the LG
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and Hida belts, i.e. the Yamato Ridge in the midst of
the Sea of Japan (Fig. 4) forming a prominent sub-
marine topographic relief over 200 km wide in E-W
direction. The most critical clue for correlation from
the Yamato Ridge is the occurrence both of Permo-
Triassic (270-222 Ma) and Jurassic (194-152 Ma)
granitoids (Ueno et al., 1974; Kaneoka et al., 1996;
Lelikov and Malyarenko, 1994; Lelikov et al.,
1996; Lelikov and Pugachev, 2016) with uniquely
high Sr/Sr ratio of 0.7043 (Ueno et al., 1974),
which corresponds to that detected in the Hida gran-
itoids (Shibata et al., 1970). These strongly support
the pre-Miocene consanguinity among the above
three geotectonic domains currently separated from
each other in great distances. The claimed Hida-
Yamato Ridge-LG belt connection provides an
alternative correlation scheme for the pre-Miocene
paleogeography between the mainland Asia and
Japan.

In accordance with the proposed geotectonic
framework (Fig. 4), the Early Paleozoic granitoids
identified in Japan all occur on the Pacific side of
the Hida belt (Sakashima et al., 2003; Tagiri et al.,
2011; Isozaki et al., 2015), which are fairly corre-
lated with those in the Khanka block and Sergeevka
belt on the Pacific side of the LG belt (Isozaki et al.,
2017). In southern Primorye, therefore, the bound-
ary between the LG belt and Khanka block is repre-
sented unlikely by the putative West Primorye fault
but by another tectonic line that runs likely from
western Khanka Lake, via Vladivostok/Russky
Island strait, to the eastern off-shore of the Gamov
peninsula (Fig. 1A). Thus the LG belt in Primorye,
the Yamato ridge, and the Hida belt in Japan alto-
gether demonstrate a prominent eastern limit of the
associated occurrence of Permo-Triassic and Juras-
sic granitoids in Far East Asia (Fig. 4), probably
suggesting the existence of a major geotectonic
boundary that possibly represents the western mar-
gin of GSC (Isozaki, 2019).

Conclusions

We conducted zircon U-Pb dating for arc-type
granitoids in the eastern LG belt in southwestern
Primorye, Far East Russia, by LA-ICPMS. The fol-
lowing results were obtained.

1) Five granitoids of the Gamov intrusions in the

Andreevka area, southwestern Primorye, along the
Sea of Japan, yiclded four ages of the Early-Middle
Triassic and one late Permian age.

2) These ages prove the extensive occurrence of
the Permo-Triassic granitoids in the LG belt in Pri-
morye, as well as in Jilin (China) and Hamgyong-
Buk (North Korea), which primarily formed large-
scale arc batholiths.

3) The co-occurrence of the Permo-Triassic and
Jurassic granitoids positively suggests the correla-
tion and continuity among the LG belt in mainland
Asia, Yamato ridge in the middle of the Sea of
Japan, and the Hida belt in central Japan before the
Miocene opening of the back-arc basin. This con-
nection may provide a prime clue for pelaogeo-
graphical reconstruction of the pre-Sea of Japan Far
East Asia.
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