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ofAJo} Atz RSty sfAlof mf-¢- Fasttt FUArSwyt A718T Bl YX|gh Ak, ZHerat, 71,
4 A9 FeT ddioll= 917-742 Ma Al7] @t 0l FAAH SHIUdR7HARESIT o] AR
B3] g g G Roj 923 Xu-Huai-Lv-Da @It Y] A&3}= 930-830 Ma 3¢9} tiu|Hc)
ghdel, 7181 Ad G2, 84 Aol A= 890-820 Mac]] 3Hits o} HHE &5 0] Yojton, o]F
793-730 Maol| I3} #AHE sHSE o] WA F2RA Y F1 FF-tha]-5F 2 QoA = sHitz el B
H &5l 1118-808 Ma Al7]ofl 311em, o] 3 812-637 Maol| B3t TAH sHi&Fo| doldth &, 3
7153 AR Ao vefhs ALY 385 EE= W 55 A 92 ALY sdE-5at ==
a3 7T AR AXT LA =} SHAAG ol = SHits et TAE SHIE5 0] 930-893 Ma
A71el 191 em, o] 871-742 Ma A|7]of] @3t AHE sHJE50] dolstth. LA =Lt LA |
AL PR o= W A A 9] SHAES T SHIUR(932-828 Ma)9t dgot FXte] d3
T 3 AF(849-771 Ma)of| 2z} o] €}
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ABSTRACT: Neoproterozoic igneous rocks are widely distributed in the Korean Peninsula and North and South
China Cratons. The tectonic evolution of the Neoproterozoic rocks within the North and South China Cratons are
well distinguished each other. Therefore, Neoproterozoic rocks are very useful for interpretation of the tectonic
evolution of Northeast Asia including the geological correlation between the Korean Peninsula and China. The
Neoproterozoic rocks of the Sangwon Supergroup in the southern Nangrim Massif and of the Gonamsan, Gamaksan,
Gapyeong, Chuncheon areas, and Jangbong island in the northern Gyeonggi Massif, were formed in a rift
environment during 917-742 Ma. These rocks can be compared with rift-related igneous rocks (930-830 Ma) in
the Xu-Huai-Lv-Da rift zone in the southern and southeastern margins of the North China Craton. On the other
hand, an arc-related igneous activity occurred ca. 890-820 Ma and then rift-related igneous activity occurred ca.
793-730 Ma in the Dangjin and Hongseong areas of the southwestern Gyeonggi Massif. Similarly, arc-related
igneous activity occurred ca. 1118-808 Ma and then rift-related igneous activity occurred ca. 812-637 Ma in the
Qinling-Dabie-Sulu collision belt, the northern margin of the Yangtze Block. Therefore, the Neoproterozoic
igneous rocks in the southern Gyeonggi Massif can be correlated with that of the northern margin of the South
China Craton. In the Gogunsan island and Okcheon metamorphic belt, arc-related igneous activity occurred ca.
930-893 Ma and then rift-related igneous activity occurred ca. 871-742 Ma, respectively. The Neoproterozoic
igneous rocks in the Gogunsan island and Okcheon metamorphic belt can be correlated with Neoproterozoic igneous
rocks in the Jiangnan orogeny (932-828 Ma) and Nanhua rift (849-771 Ma) in the South China Craton, respectively.
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island, Okcheon metamorphic belt

(Bo Young Lee, Chang Whan Oh and Hawon Yun, Department of Earth and Environmental Sciences, Jeonbuk National
University, Jeonju 54896, Republic of Korea, Bo Young Lee, Chang Whan Oh and Hawon Yun, Basic Science Research
Institute, Jeonbuk National University, Jeonju 54896, Republic of Korea)

1. Mo

RO} S-S Z3T BaoM o Aol 2
Huot 2 §0] P4 9 HE1} AAHE AL8d 3
AYF7HFIH oz Baxstar glon, o] AT
A5 B3 A= EYY ot 2 F} E50HA]
o}] X7tz XIFAL sfiAlof] F-25ltHPeng, 2015; Kim
et al., 2020). 53], AL 342 E|Z S H]
3 et B A719E AGE S A AT
S50l A=t A9l s d e
o AFEshe Al S U FARE T A=
Z35}7} Aolsitt. webAl, A9 SHE gt
I F=9] A& tfu|sk=d W Sasith 22
= of 2] 2 ofA Al AT FAlo] BarEar gl
S} (Kim et al., 2013; Oh et al., 2009, 2018; Lee et
al., 2020) =3} k= o] A AT oF4] el o
Q8] =2 ol Ut

= oL F=0] AT oA EY vl 55
S0 G| F=00 o FAE HE-Egto]
ofA7] M FY-thH]|-4=F SE1(Qinling-Dabie-Sulu
collision belt)7} $HIE ot 2 A= =A]E £33
3 T|2-Eefololry] BFolAlole] A7 1atE
olgfigt=tl] T a3 ARE AT 4 ot HE-E
ghojota7] FEHE EAT FFokAoF A2 2
glo]l tiaff of 2] mdo] AAEL glon, T F HE
2l Al 7HA] ZEl2 o231 2t} 1) Yin and Nie
(1993) HH A= X F-th|-5F SEh7} b=
AXZA 2 A2, FESY} S = 55
=l A7 5= FE=2ol tiu]€Eh. 2) Zhang
(1997)0] AAE REof| A= X F-thu]-5F SE
7} = O] XN E At FUHE AA =
PR o] Fof HAFH FHE = FE5=Tl, ¢
273 olgel YAE B715H} FESI= 9T
=g dj8] €t 3) FEd7F 42 27Ut X
B YR G0 2 AZEHA T AA7 55
Loto]| &31h= 2 dlo| [shiwatari and Tsusimori
(2003)9] ©}5) A H STk 4) Oh ef al. (2005)2 &

d Ao dEF5== AAske HlE-Egtolots
7] AEFEA|ES WSt 3 3HE SEUE
AABF T 0] % @ikt oFF 2] Hof| A WA Eto]
EZ 3303t Egojothy] S5 T SMIHE0l FY
o2 I ATHO et al., 2006; Yi et al., 2016).
olF ARE HFer Jg-thel-4F F=WH &
J-otjiko 2 A== mdo| AAEATHOh and
Kusky, 2007). Oh (2006)2} Oh and Kusky (2007)
= He-Egtolotr] ojdol= A8y 5ot
F7F 2= A 47 5= el
= #|F-Egtolofir]of FA- 2 thikS wet
FEoIHTh L FSHA ol= B71SY BRetE
571 HE-Eftolotrr] diEFE oA -4l
A Al7le A2 o E A2 EE NS 7S
A& A3 5) Kim et al. (2013)2 E4-AA7%
s wet F=0] TR, T4-AAAH ] A
nep ERL kst Brany yEae ulEe
RAXIaHAC

712 Ao M LAY A171o] A7) 87 B
e AR OE A2 E3ES ANS 74
o] AIXSHA| T (Lee et al., 2014, 2016) 737|532 G+
o AP AFAETL FEA got olE nig e R
37153 Bl o 272 A S ]
sh=tll AZE AT 2Ea ko AbEshe
A S S0l 4SSt A9 3t
AEE 7Ho) vl A7t 31t o] EAIE Sf
2s}7] flste], BE5=0 @550 Wl £Xsh=
AL 3] B4 719 Al GtE B8 el
a1, o] v e 2 St = 7] A AdiElE 5
Yol= A7} FZoll 43 = 2L IrhLee et al., 2020).

2 Aol e Aa7HA ks, B, 9
S| RuE AL MY 37 22
At FAA7] H RS EAS S sfiAlstaL o]
£ U2 2 =9} S0 AMEshe A9 o
L5 tHlstaA} gk g5 7k Al 3t
A8 i 235 B85t HlF-Egtoloki A7)
=S Z3 B5obA|of Atz Zstof| gt &2
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7] RS, FHET, 715, YESIR olF
A UHTH 1a). THEY Woll= BEEA7F A
Ao, WA $E 7P ols AdrSol
WA Bxzsar Q2™ 1b; IGSASDPRK, 1996; Peng
et al., 2011; Hu et al., 2012). FES53 <} 37187
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Fig. 1. (a) The tectonic map of the Korean Peninsula and China (modified after Kim et al., 2020). (b) The geological
map of the Korean Peninsula (modified after Kim et al., 2021b). Abbreviations are as follows: LB = Longgang
Block, KM = Kwanmo Massif, NM = Nangrim Massif, PB = Pyeongnam Basin, SS = Sangwon Supergroup, IB

= Imjingang belt, NGM = northern Gyeonggi Massif, S

GM = southern Gyeonggi Massif, TB = Tacbaeksan Basin,

OMB = Okcheon metamorphic belt, YM = Yeongnam Massif, GB = Gyeongsang Basin.
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A= =th(Lee ef al., 2019b). A7 ST} FES
3| Afolo]l et SAThe BERe] efuial 2x|2}
HAEY] SHALNZ FLEE T (Lee et al., 1998;
Kim et al., 2006), FE<52 ‘FA &l /=R 7 &
23131 itk (Cheong et al., 1998).

TAT A7]¢] 2.18-2.14 Gaoll FESTe} F
= A Apelof| A7t Aote-gote-A| F=
(Jiao-Liao-Ji collision belt)ol| A= & WgFo =2
Aol dojubar lglen, o]% 1.95-1.90 Ga
o HEF== s TUF HAAZEo] TSI
(Wang et al., 2020a, 2020b, 2021). ©]%, 1.86-1.84
Gaol & Z(post-collisional) E-F oA S5
o] Ay W2 A WAEHATE A|ofe-2
o}e-2] FEtf oldel AT FHS e A 75T
ERME S50 A" SUF 9 wd280] 1.93
Gaoll A=, AU WS T F=
T S5 0] 1.89-1.84 Gaofl dowtth(Lee et al.,
2014; Oh et al., 2019). 3R |9 F7]-&-1] EHo=t}
EA A71E FsFol A= 1.94-1.91 Gaoll SH4ite
o S50l Ygler, o]F 1.79 Gaol 5= &
HAJ 229 gkt (Lee et al., 2016). F7]S3 G5
Fof et 1.94-1.91 Ga 3H4tE 3 3HdE5
< F2A Y BE 7R o Ui 3HES 2H
ol A F/dE 1.98-1.93 Ga U7} vl € 7hs
“do] SltH(Lee et al., 2016). FEET BF A 5
M= 2,017 Gaoll 49] T2 shito] Lrehupnl, of
53] S A2 A (EHe-4H) A HollAl=1.88
-1.86 Ga9| Z= $ oA F4E SHd o] vet
drhLee et al., 2017). o]= G-I 7} 1e-AH A

27|02 RO AR FESI R Ui ol
0] 1.88 Ga o] FE3IFL o]F F I &
ol At A7t A2 A2 =3 e, o] A
ddie 5 55 BAE w2t 1.7 GarkA] A&
& 7F5AS A ASHCHLee et al., 2019a). 314
T FEST 57 AAYSE dEA 55T, 32
|1, 283 F78y SRoAE 2.0-1.7 Gadl A
¢ T HIEE2 YERR] g=th(Lee et al., 2017).
ol A ES 7S BRI a2 Fd
|7} LAY A7) A= e A2 S5t
A FAEUE 7S XAz

e BRoA= S-AgAH o sigsh= 4
FEdo] e AEE BE o (IGSASDPRK,

1996; Peng et al., 2011; Hu et al., 2012), %
Fol A= AL 3Hdee] 1998 SHH f 5
2] R FGof| A Aoz BIEHLee et al., 1998).
I ol A71SY BRY agAl, #ekt 71, &
A, A= A9} 7S AgFY g3, T4 A
Aol A F-A LA A=A ot AL et
o] HE It A7Sy] B8 ALY sHddF—=
R ool I E sl o F4E U
o] Hkaf|(Jeon, 1999; Cho et al., 2001; Lee et al., 2003,
2020; Choi et al., 2013, 2014; Oh et al., 2018; Kim et
al., 2020; Jeong et al., 2021), 737183 AgF9] Al
A A2 BHite ot ) e at wHE
oH(Kim et al., 2006, 2008, 2013, 2020; Oh et al.,
2009; Choi et al., 2013, 2014;Lee et al., 2020). 3},
727153 FAF] AT LA E L AL
S-S 3T S oA dolton, S
o W A8 S eHe FI Tl S ol A Lokt
ot B0 EITHLee ef al., 1998; Cho and Kim, 2005;
Kim et al., 2006, 2020, 2021b; Cheong et al., 2014,
2015; Kee et al., 2019). ©]F HE-Ez}o]otA7]o
ol HESEE XA, A7157. SHAY
7922 AT HAAZES WTh dR7 el
A BZA dEo=2 ARAY, FRA, A3t
A2 HAE7E ST Jlew, o¢ HitE &
Ao A= G&oA BEZLo R S22, 474,
NEA AN R MA T} Z745ET QIEHOh ef
al., 2004; Kim et al., 2005; Lee et al., 2019b). 22|12
o] Al7]of 71 743t M A8 X7 oF S
At Atolof] YX|3E BA3-FF- LAt A HoflA A
o] itth(Lee et al., 2016 and references therein). O]
A7)0l B4 A Gofl A= A A71/35 3%l
ANZZA 0| ERZ HAEJTHOh et al., 2012).

22 B3 XNAMR

F22 H3-Eejololrr] WY-ThlST 35
§E 7zos BETRY yEIRo 2 PR,
55383 @352 7A= Alddieh U]
bz T BEITe F2u0l 201F Y
dA171°0 sfigshe 1.95-1.90 Gaoll 9] &t &
o] S5 A3l FAHUT T A7)0l 2Ll E]
(Khondalite belt), $%=A(Trans North China
Orogen), A|o}2-g|o}2-Z] FE)(Jiao-Liao-Ji col-



ok
T
H1

lision belt)7} @43 = % th(Zhai and Santosh, 2011;
Zhang et al., 2016b). 1.89-1.83 GaZ ol FU=AH]
o} xJote-gjote-] FEUE wt WG F
= 5 dEEo] s, 1.80 Ga o] % dojdt
ZEYot 2YFY £ A G328 1Y
Aol H(ca. 1600 Ma)7HA] A5 Ath(Peng, 2015).
5570 B4R, 4, dEFolAe 2oyt
2 F9] £ I E GF2Eo] dolten, o]
g32k8-9) o3 FA4H EX|(Yan-Liao, Xu-Huai,
Lv-Da ) el S-A1948d EAgFe sHIdF
7} 2 AEstth(Peng et al.,, 2010; Wang et al.,
2012b; Peng, 2015). &3], B35 7ol G55
AAE et ¥4 Xu-Huai-Lv-Da @5+ €3
B3 SpUEI T PR SR(10-08 Ga)ol B
A5 on, deigTo) A U A
tu]EtHWang et al., 2011, 2012b; Peng, 2015; Zhang
et al., 2016b).

JEIe gmA st Aoz PR
o, 2rjUol 208 ¥4 A FzDe A8}
A= B2l = o] JAATHL et al., 2008b; Oh et al.,
2009; Qiu et al., 2011). FZ X o= 2.1-1.93 Ga7
of| A T2 F& oA FHE 3HdUt 1.85Ga
7o) 5= 5 oA FAE SHdeko] vepdtiWu
et al., 2007; Li et al., 2014; Wang et al., 2015b; Li et
al., 2016). 1.78 Ga o|%& ZEu|o} 2t|& £93} ¢
7 G5 e750] FAEHIUeH ol HAH M E-F
o] Urehdth(Li et al., 2014). 2R 3] BEQ] X=-
thl-=2 ZEHA= Y &2 83 A
FE A VIR ARSI Qiu et al., 2011,
Peng et al., 2012; Zhao et al., 2013). FZA|7] ] &
A Fof| A A7 X 9S w2} UEkh= Panxi-Hannan
A G F- A8 HAZSHeM HAAE A LS
o] Ueh, o5 Al 3Hdeho] Bdsta ¢l
tH(Zhao et al., 2013). FZEA] T G X Foj|A= Al
A 270 A B 3HEE0] doter =
tuol 2t & A Al AR oA T et 558t &
w 24| (Jiangnan orogeny)E ¥/d3tATHCharvet,
2013). Yot {2 EGA7]of dd A
£ wet dot @3 ti(Nanhua rift) 7} 3/ = ok
(Wang and Li, 2003). dFo} Extjolx= 32
PiE A S} Bj22go] dolrthLi
et al., 2003b; Wang et al., 2015a).

SRHE 3 A ets ofH] 471

o|l% FE=wi 55w #E-EgtolopA]
F= A FEA Y ER7L B0 5 E A Ystd
A 39F AR ot HF-the|-8 57t
S|, A7) BRo 25t AL F
7174 eAlo] PP ol o ZEA|ER
HAE| It Wang et al., 1989; Zhai and Cong, 1996;
Oheet al., 2018).
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St

>

°F 7,000-8,000 m
T2 RAEIZASER AT THPeng ef al., 2011).
B sHol A AR E ARSI, A
T, BHSE, BT E HAEY, A HE R
Ao s g1 e FARSTL2 HFHZTE, SEF
o 2 FAAHHPeng et al., 2011; Kim et al., 2016;
Park et al., 2016). Q5 U ST F=2
T A, BY FoE HAEHY, AMFeS, B4
T, ST T2 Mg R AERNE
2to|ES Zadstal QeH(Kim et al,, 2016, 2021a).
FErF2 FA oF 150 mef Z o] 2F 10 kmej| o]
2o Ab2lg @714 Bl E (dyke)
of o8l FA= L Jh(Ryu ef al., 1990; Paek et al.,
1996; Peng et al., 2011). AYF2+2] Z3Hto] ¢
A% ARFE U 7F e A4 Aolze] A
7} ©F 990 Ma?l A2 A e-3<0] 990 Ma o] ¢
of| EA = 2= AlAFstH (Hu et al., 2012), 0|5 At
2 F71de] oF 899 Mao]] YISITHTH 2 Peng
et al., 2011). o] At2] €l B71/d T2 v erd g
T AES oS, Ti vs. Zr AF2HE =0
A ESR AFHWPB) g 9ol ZAIETHTH 3a,
3b). Nd-Sr 591 94(eNdt=-2) 378 B5te] Ae]
H A7 Tl 2HE WE AdH E= 2
A dHRERRE FHEHUZl FRAE AT (Peng
et al., 2011). o]&= AFFE20] 990-899 Ma Afo]of|
TR B oA A EH S A AR
747153 B5of fXg At doie 1A
TP HolekE 7|1A 2, 502 XIS
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LA S S S
°3 o % — Sangwon sill (05NK61 mafic dyke) . . . . (Peng et al., 2011)
n 2 — Gonamsan (YC215 metabasite) : : : ! (Choetal., 2001)
% g & | Gonamsan (IM160406-5 metabasite) : : : ' (Lee et al., 2020)
=3 € | Gonamsan (IM160406-4 metabasite) : : : ' (Lee et al., 2020)
S B =
@ &D Eg Gonamsan (YCG-215 quartz monzonite) (Kim et al.. 2020)
§ § § Gamaksan (YCG-12 alkali granite) : H (Kim et al., 2020)
> : H H H
nY|o Gamaksan (GAM alkali granite) : | g i (Leeetal., 2003)
= H H H
8 g E Gapyeong (GP130324-1 metatrachy andesite) ' H i (Ohetal., 2018)
Eo :E § Chuncheon (Ch180802-3 amphibolite) ! : : © (Lee et al., 2020)
(% 2 Jangbong island (JBD-7 amphibolite) : : : : (Jeong et al., 2021)
L Jangbong island (JBD-1 amphibolite) : : : : (Jeong et al., 2021)

H rift tectonic environment H no-geochemical data

Fig. 2. The distribution diagram of U-Pb ages for the Neoproterozoic rocks in the the Sangwon Supergroup and
for those in the Gonamsan, Gamaksan, Gapyeong, Chuncheon, Jangbong island within the northern Gyeonggi

Massif.

Na,0+K,0

2000
1000

100

Rb

-3 5
2k H
28 g
= S

T[T T[T T[T T[T —T—T=T~T
,(a) _Sangwon _ @ Sariwonrsill i
[ Supergroup ]
@ Jangbong mefabasite @ Gapyeong mafic granulite
[ Northerhi [ @ Chuncheon metabastic O € ng metatrachy andesite]|
| Gycoggimassif ¢
@ Gonamsan metabasite @G alkali granite

40 50 60 70 80 90
SiO,
T T T
L (©)
E Syn-COLG
L VAG ORG -
| PR |
1 10 100 1000
Y+Nb

1000

10000

1000

(d)

VAG+ )
Syn-COLG

WPG

Lol

|

ORG

Ll

10

Y

100

1000

Fig. 3. The geochemical classifications and tectonic settings for the Neoproterozoic rocks in the Sangwon
Supergroup and those in the Gonamsan, Gamaksan, Gapyeong, Chuncheon, Jangbong island within the northern
Gyeonggi Massif. (a) Total alkali (Na,O+K,0) vs Silica (SiO,) classification diagram after Middlemost (1994);
(b) Ti vs. Zr diagram after Pearce and Cann (1973); (c) Rb vs. Y+Nb diagram after Pearce et al. (1984); (d) Nb vs.
Y diagram after Pearce et al. (1984). Abbreviations are as follows: WPB = within-plate basalt, MORB = mid-ocean
ridge basalt, VAB = volcanic arc basalt. Syn-COLG = syn collision granite , VAG = volcanic arc granite, ORG =
ocean ridge granite, WPG = within plate granite, Post-COLG = post collision granite. Data are collected from refer-

ences in Fig. 2.



SIS A SRS of
A3k QITh AE AT MDA S UF

(stock)} Thelghao] e Al Brteta
A EF 4 B3t th(Kee et al., 2008). A
HAA71992 AYEA e (norm) S viFS
2 WA 2ok} A dleiorle RaEc
(Chang et al., 1987; Kim and Lee, 1994). ZHd 2]
Qu7} ZHetolen ARSI GAREY 74
HI(10% Hgh7} Yo, oL AT Wy ER
ygtoe 2 JLRE Q] cH(Kee ef al., 2008). LA HA
A FEZYLE oF 861 Mao] X513 2 m(Kim et
al., 2020), TEHAF HA A7) S 873-851 Mao])
AFRATHIH 2; Cho et al., 2001; Lee et al., 2020).
A A A7 13RS T (NaO+KO) vs. SIO,
ZoA et WY WAl v Y G0l =4
=, Tivs. Zr AF2WE oA = TE 3 |
5o GG sfdsts A3 EAS HojEti
o 3a, 3b). Sr-Nd F9 94 E4(eNdt=-0.68 ~5.02)
& Bol A ZHere) Akl At Bl
AZEe] oJs EHHA| P F3HE WS(enriched
mantle) 278 FAE| 3l Zo] A|A = THLee et al.,
2020).

AR FA Zof )27 A Aol B
B e st E ol A Wk A E &£
szt Zhobit e sePE S Wi #0129 U-Pb
&AL E3] Lee et al. (2003)-2 ZHebAr &za)
ZFerAeto] 742 Maol| A= e AAIsHI S
™ Kim et al. (2020)2 751 Maof AX]3}922 Al
AISHATHZE 2). Zretit gzde] sPadde &
U] vs. SIO; EFONA AHEUT} ExU o] sf
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Fig. 4. The distribution diagram of U-Pb ages for the Neoproterozoic rocks in the Dangjin and Hongseong areas

within the northern Gyeonggi Massif.
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Fig. 5. The geochemical classifications and tectonic settings for the Dangjin and Hongseong areas within the southern
Gyeonggi Massif. (a) Total alkali (Na,O+K,0) vs Silica (SiO,) classification diagram after Middlemost (1994);
(b) Ti vs. Zr diagram after Pearce and Cann (1973); (c) Rb vs. Y+Nb diagram after Pearce ez al. (1984); (d) Nb vs.
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Fig. 6. The distribution diagram of U-Pb ages for the Neoproterozoic rocks in the Gogunsan island and Okcheon

metamorphic belt.
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Fig. 7. The geochemical classifications and tectonic settings for the Gogunsan island and Okcheon metamorphic
belt. (a) Total alkali (Na,O+K,0) vs Silica (SiO,) classification diagram after Middlemost (1994); (b) Ti vs. Zr dia-
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Mao] &3t ct(Xia et al., 2015, 2018 and refer-
ence therein). o]o]] R3] FI o} T E S

[ Zhejiang mafic rock in the southern margin of the YB
[ Zhejiang mafic tock in the southern margin of the YB

Na,0+K,0

Sio,

@ Antiti maficrock in the southern margin of the YB
[0 Anhui mafic rock-in the southern margin of the YB

Sio,

o3 -

Ti

o

=3t

Hongchicun Z|Fej|A] 797 Mao] #A5HATE Shewu,
Danlinshan, Shangshu X|HoA&= sHitE9l A
H 3P eo] 862 Maof #eistgl om, o] 5 849-790
Mao]l 93 33} Teiel shgro] BlahrhLi et
al., 2008b; Yao et al., 2014). Shi’ershan X Foj| A=
771 Mao]| 3t BAE SHgeto] TSt Zheng
et al., 2008). o] A& F38A Zhejiang AFX| 7o)l A
= ST B 3Hg9ho] 932-828 Mao]| FAH &
3 o S eo] 849-771 Maoll 4= $ich
Anhui A3 75 Zhejiang A F-H ek A Zo] )
2|8}, Anhui AEX]5t Y] Fuchuan, Shiershan, Xucun,
Shexian, Xiuning, Jingtan X] o] 4] Al LAY of] 5}
¢ro] 4k2dEth ¥ 10c, 10d). 343 B 39t
0] Fuchuan X & o]l A= 827-824 Maof T o,
Shexian¥} Xiuning A| o4 = 824-823 Ma<} 825
-824 Mao]| Tt Wu et al., 2006; Ding et al., 2008;
Zhang et al., 2012a; Liu et al., 2019 and reference
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Fig. 10. The geochemical classifications and tectonic settings for the Zhejiang, Anhui provinces in the southern
margin of Yangtze Block. (a) Total alkali (Na,O+K,0) vs Silica (Si0O,) classification diagram after Middlemost
(1994); (b) Ti vs. Zr diagram after Pearce and Cann (1973). Abbreviations in Figs. 3 and 8 are also used. Data are

collected from references in Fig. 8.



therein). Xucun x| Hojx= SHite WA &5
o] 828-823 Mao sl o0, o] & A= §1733} T
AE 3HdeE<] 805-751 Mao]| HAYSHTHWu et al.,
2006; Wang et al., 2012a; Wang et al., 2014). Jingtan
AN SFE o} AT T SHEE0] 217820
Ma<2} 773 Mao]| 91812 H, Shiershan X|Hojjl= G
HHE gEF0] 779 Mao] ASITHL et al., 2003a;
Zheng et al., 2008). £3F51H Anhui XA LA 41
P SHAES B 3FgE5o] 828-820 Mac] e
o, o] B B 2Md850] 805751 Maof| 3131t

Jiangxi ZRR]F- W) Xiwan, Shangshu, Jiuling, Guany-
ingiao, Shuanggiaoshan, Shaojiwa, Xingzi, Fanfgxi
Aol AL sHdte] AASETHIE 11a, 11b).
SHEE ¥ 3P eo] Xiwan 2| G4z 970-880
Ma (Li and Li, 2003; Li et al., 2008a; Gao et al.,
2009), Jiangxi®] &A1& XSt Shaojiwa, Xingzi
A Yo A= 828-811 Ma, Fanfgxi A|HoA= 847

St ZlZiE U AIIANLY B CHH|

L B e e e e L B e e o s e

Ha) |

[ Jiangxi mafic rock in the southern margin of the YB

Sio,

L e e e e B
@ Hunan-mafic rock in the soutl

O-Guan,

nafic tock in the southers

Sio,
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Maol| #HASIATHLI ef al., 2013; Zhang et al., 2013).
18] 31 Shangshu, Jiuling, Guanyingiao A] o] A
£ Mtz ol I3 B SdeE o] 242t 820 Magt
802-797 Mao]| LoltHWang et al., 2012¢, 2013b).
Shuanggiaoshan A =oAL Shats Tal sHet
o] 879-878 Mao] BJahat, ol % A7 el st
o] 801 Mao] &I cHWang et al., 2008). 222
£ 2, Jiangxi AHA| oAM= 3HtE B 3EE
°] 970-811 Mae]l llew, o] G A P
5| 802-797 Maol ¥AYSIA L, Anhui®} Jiangxi
Aol A hF5-=0] 811-805 Mao] Lol 7hs
A& AA gt

Jiangxit} A Zof| )23k Hunan R}2| o] 4] 41
A A2 Wenjiashi, Changsanbei, Dqweishan,
Yiyang A|Folx] AbEsH, 2 SpAkE 2ok /g
E|IcH 19 11¢, 11d). 3KES # 31490 Wenjiashi
A HoflAd= 847 Ma, 12]a Changsanbei, Dqweishan,
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I
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Fig. 11. The geochemical classifications and tectonic settings for the Jiangxi, Hunan and Guangxi provinces in the
southern margin of Yangtze Block. (a) Total alkali (Na,O+K,0) vs Silica (SiO,) classification diagram after
Middlemost (1994); (b) Ti vs. Zr diagram after Pearce and Cann (1973). Abbreviations in Figs. 3 and 8 are also

used. Data are collected from references in Fig. 8.
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Yiyang A Golx= 837-797 Maol] TI81% 2™ (Zhang
et al., 2012b, 2013; Wang et al., 2014), o]5 A|HE
o} AZof 9|3t Cangshuipu X oA+ 822 Ma
o] TSI THZhang et al., 2012b). £351H, Hunan
ALR| ol A= 847-797 Maol| 34ES 3 3HAJEE
o] WAL At A ARl Y1X]gF Guanxi
Aol = SHAEE A S eko] QIRIETH 1| 1lc,
11d). Guaxi ZFx]7- Hlof] 2]t Dongma, Longyou,
Mengdong, Pingxing, Yuanbaoshan, Dazhai X%
oA HAitE T 3Hd o] 855-822 Maof 3
tH(Wang et al., 2014; Yao et al., 2014). 2202,
Hunan % Guanxi AHA] Lol A= SHitE A 3H4
gh50] 855-797 Mao]| A8kl tiE5=°| 797
Ma o]%of dojits 7Hs/d o] et

o
Hm
lo

5.1 stHt=o MRIMCY

FHSY "ol X A

I
ro

= [
e

(Hu et al., 2012). AL AZ Asficto] $215
W 3-2tof 4 = Z A4t (ca. >1050 Ma) S84 A
ojFZo] 2 A=H(Kim et al., 2016), ©]<} T
g EEe] ARFOR dyEE AR H4%
WollAl At AEZmESO|EZL AASEHE A
£ WS o] S STl ulsl A3
S AJARIHKim et al., 2016, 2021a). Choi (2014)
= B EFSTE dot €t} tiu|Ertar A4
shck olek @ Peng (2015)2 AHer32e
Fot A2 W HHF Bri BEEW gRo 5
35 Al WegE Xu-Huai-Lv-Da g3t Wf &
WS S H|E T AASHA LTSS
TSI = 899 Ma Ate] 9l S-S e ol
o)3f| Z|Zto] HojR|= 3 oA FAEGleH,
ol¢} div] == 2HMg2H8-0] Xu-Huai-Lv-Da E=0j
oA = Ueht=t] ¥l dE=oll A= 899 Ma A
710 FA4E LS 2R AT BE sHks
A BAAERTHTE 12; Peng et al., 2011; Peng,
2015; Kim et al., 2021b and references therein). w}
oh ALE P dFo 2209 H233} )
% ¢y BFZ2o] Xu-Huai-Lv-Da 3o Y
5 520] e A7) Ro] By,

L

i

737153 55 AL, ekl 71, 24, s
= Ao M= Al Al S iulE 4=
U= I A FAE ALY sl &
E35}a1 Qlk(Lee et al., 2003, 2020; Kee et al., 2008;
Jeong et al., 2021). I'FAk} ZHFAR 2| o] Al LAY
o) SHIgRe Fuokatel Bl B A e v
W 7h, 23, ARE A oA F-aa By
A3 A9 s eto] stk Qlrk(Kee et
al., 2008; Oh et al., 2018; Lee et al., 2020; Jeong et
al., 2021). TGAK873-851 Ma), ZHFAH(774-742 Ma),
7} (854 Ma), 231(888 Ma), 5% (914-873 Ma)
Aol Uttt Al 3 A5 St
oF 914-742 Ma A|7|o| G #d 3HdE-50]
77151 B8 A QoA dolit3= & o= Arh(Lee
et al., 2020; Jeong et al., 2021). ALF+SS T
31 899 Ma SHREE 47197 Ho] vehhs
Al SHEHE(914-742 Ma)at H]S=3E A]7]
PR, F AT BF Aol o
o] £ &= €5 T A2 oA FAEEN]
2ol e ALY SHEE H7)S
¥ 55 A s esol & tiu|EThE 12).

AEFSET A715Y B5 A SgE
2 BT G oA FAE v, A7 A
i G 3 A9 kS e 45 3
ol A B/dE sHdo] TA yehtar Sltk(Lee et al,
2020). FH A Hoj A= 833-820 Mao]| Hits &7
oflA 3ol A= em, 793 Maof| @3 -
3Hg¢to] A= Ytk (Lee et al., 2020). B2 x| Fat
H|S5HA| B4 A F ol A %= 890-822 Ma SHiHE 217
oflA IHgete] FAH olF 770-746 Ma G ¥
s eto] FAEJTHON et al., 2009; Kwon et al.,
2013; Kim and Park, 2016). G313} 34 A9 Al
A SHIEFS FF8HH, 890-820 Madll= H4k
3 oA 3HE-Fol dofitem, 793-730 Mao]
= G A HEFo] o= E = A
HLee ef al., 2020). 3HA1E BH oA EX FHF o=
Bl 820-793 Ma Alol= 2o} z2tj5o] 2%
Aoz FPAEUE A712 A= o] A]7]of F7]
| AR A QoA EFE0] oS 74
o] Qlct.

SHARYY S5F AT EFESAs
SHJEEo| Z+z) 871-858 Ma, 766-742 Maof &o]




PHCho and Kim, 2005; Kim et al., 2006, 2020;
Cheong et al., 2015). 12|11 F & FH| Yeh=

StE | 483

2 2/ AolE A, 754-751 Ma)of| E|F €
gRI=oH, e 7P S 44
AolZ AFY(758-741 Ma) 7tejgo] A9
o EAEUE 7FsAE AAETHKIm and Min,

AeSo A= SRS d A4 Ao
£ 19, 1033-917 Ma) 12|3 1 9= ALY (7}
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Fig. 12. The simplified comparison chart that shows ages and tectonic environments of Neoproterozoic rocks in
the North and South China Cratons and Korean Peninsula. Abbreviations are as follows: OMB = Okcheon meta-
morphic belt. Data are collected from references in Figs. 2, 4, 6, 8.
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1996; Cho et al., 2013; Ryu and Ahn, 2016). 45
RS 2 A Yolr| WstA| o]l B/dE st
719 EHZR RS o] £ FAEeR
FuQicka 35kl QIthFitches and Zhu, 2006;
Choi, 2014). Z¢5hH LA Ao A= 1033-917
Ma 0|3 =|=jz-go| x|zklo], 871742 Max]7]o]
A5t pels Aw ) ST} Haago] Ao
3, 7 ol WEA S Eake el ST AR A
A2 Zol EH =ik

AN TS W HAAE Ao 444 A
ojZ ddi= EF0] 1156-900 Ma ©]%5of & &%
o, 3k B 3HJH930-893 Ma)o] UES
= HUSHAL, 2T o2 HEEFo] I &7
oflA] 792-763 Ma o]% =Z AFEo EZF it
(Kee et al., 2019; Kim et al., 2021b). BE=Z2 75t
HP 2 A YR Y A WAddES
R Wi, S =32 A9 22 B A2t
ZH TEET HAZRS A WA Qe (Kim et
al., 2021b). TFAREE W) 3h4ak3 7 314 9H930
-893 Ma)& 77153 Agiol] Y= SHES o
¥ 3}/ ¢(890-820 Ma)Hrt HA Q= QUct 11
ARt TE3-0) 44 Aoj2 o Aot £
o A2 A Aol2 e Azt AR A2
o] F Fo] TYT A7l FAEHUS 7= Al
Algteh AR oA = MR B S e E 0l
930-894 Mao] 31 98 HAIZRR-o] 907-895
Mae] gojyten, 792-763 Ma Al7]oll= G g
730l Al EjZSo] B =t 223 SHHA T
ABAS T} EFE 5ol A= 871-742 Mao]| €5
d S} EF o] ¥ AEET SeHE 1L
AN LA T R ol A= 895 Ma 7HA] A
PZHgo] Pojital, I o]F BHYol 2HiFS F
et i EFE0] Yol en, 871-742 Maoll= 2t
Yot 2t & £d3 HAE 43 o] A=A
7FsAd o] JITh(Kim et al., 2021b).

AEH O R A3 A A7181 S5
A= 914-742 Mag et B3 B H M &0 T
ATy olsk dizA e, 47]83) A Ur
of A= 890-820 Ma's?t 3H4tS 9 s Eso] 9l
31, 793-730 Maof E=3t T H sHdE-sol A
Ack &, B715Y AgFolA= 820-793 Maoj o
§35°] o= 7HsAdol siot whahA Al

2 o=
Qi . 85}

o

49 B HAYE o) F 9T P HBE| o
ol 7143 Aot A2 the X7 sty
& AUYSS L 5 AUk DALE} SHWA
qol s sHts SAelN 42 Ao Hol7tk
893-871 Mad]] 2lojyh-S A o2 aatecha 12).

52 39| MMy

E5=0o BARe} Sdole S-A98 o B
A EFER e ALY E714d 3ol e
tH(Peng, 2015). 7 % BE=Te] e} BN 7
AF-E w2t Xu-Huai-Lv-Da €57} B/ =] 9l
on o] Ao Wof AU A5 31(1.0-0.8
Ga) 9] E|&z}-go] A4t |71 g5t &
7 Qofstek. Xu-Huai-Lv-Da S2t) F2 o]
A= Dalian €7]A] 34 ero] 924-886 Mao] B¢}
Rom, FYAGoA= Chulan F714 B¢l
930-890 Mao]] #6131 (Wang et al., 2012b; Zhang
et al., 2016b), A& A A= Zenghekou E7]
A A o] 900-830 Maof] B3Rt (Wang et al.,
2011). ALFSv= TSk A E71483H4
¢H(899 Ma)2 Dalian Chulan, Zenghekou %714
3Hd ¢H930-830 Ma)} AR At S04 &
Al710f R (swarm) FE) 2 Q] Flow, o]= =Y
Yot Zojgo] 284l B4 B Ao HuED
UTH2 ™ 12; Peng, 2015; Lee et al., 2020).

dERwe) gzA T By AR Yehs =
Bolofrr] Mg-chil-4e SETS ek A1)
Mol 2Egth SE A&Fole A U2l 9
3l B/d% 1118-826 Ma 3Hd¢to| Uehun, F=df
Fdole 34T B 3808 Ma) it G B
34 ¢H(637 Ma) o] YePATHQiu ef al., 2011; Peng
et al., 2012; Wang et al., 2013a; Zhao et al., 2013;
Zhang et al., 2016a). SE FZoll= 812-702 Ma
ol €% T 0| AR HFHZheng et al., 2004;
Chen et al., 2007; Tang et al., 2008; Liu et al., 2015;
He et al., 2016). F38HH, FZA| T F7 A A
= ks 3= 35 (1118-808 Ma) o] 812-
637 Ma A|7]9] €3 A 3MJEF0] Lot
d 12). 3HitT I ST 93 B g
o] == 812-808 Ma A|7]ol= F2A|T EH
AAE et 2yol 2§ FA I E tEF



rol
rz
i
>
o
0z
o
tol
0z
e
B
=

So] I AR oA, of A7]e] FAH 5
AR FE A YYLgol o3 3 A
Z4o) 5.0 o) SHE 24 SHL Bt
915100, 1 9] SIS B EE F olojAl &
£ 5 BN WA Qo] ojd) A5 BE
o R 4Rl oJa] BT 27 BHS WolE A
o2 ke

22|37 g7 A A= A QRS B
°J*§EH A A AR U EEA B
A QA dFol G M AT ARESHET,
b 2AMY S50l %13 Zhejiang ZFA| Lol A= 3
Ats B SHJEE o] oF 932-828 Maof, @2 o
3PdekE0] 849-771 Mao] AYSFITHL et al., 2008b,
2009; Zheng et al., 2008; Chen et al., 2009a, 2009b;
Yao et al., 2014). 3}i5 331 3 0] SHE
o] Ul = 849-828 Maoll&= 2 Yot 25L& 3
k]?‘S]— EH_E-',_%E-O] 01312- AoF /%171—Qr4— XH.4— %
At 57 S5 A ol /1A]gF Anhui 2FX] 12}
Jiangxi A2| Lol A= SHAitE B sHEEo] 970-
811 Maoj| 2R om, o]% A= Y &0l
e 805-751 Maof| BHA38IH THLi and Li, 2003; Wu
et al., 2006; Li et al., 2008a; Gao et al., 2009; Wang
et al., 2012a; Wang et al., 2014). o] A gof|A FHAk
59} A% 270] FHo] LhehLhE 811-805 Maol
gEEE0] NS Ao A7 F 24
Al Fof| 1213 Hunan} Guanxi AF2] o]l A= 855-
797 Maol| gojd 3Hitz of A E sHde-5o] Q1A
Hth(Zhang et al., 2012b, 2013; Yao et al., 2014;
Wang et al., 2014). $2ZA)3) oA L Al
A SILES SN EH, FZA 2 ef AHA|
o2 FF°] F(849-828 Ma)of| x| Al&}ste] F
4(811-805 Ma)Lo.2 ZJP= I AFAA= 797
Ma o]Fof] dolitE AL 2 o FHrh(1d 12). %
2R )2} AL Aot 7] Afolo] Px]gh ol 22
qold 22 B SHBEE A1 SRo] AR
Zhejiangol| A 849 MaZoll A|Z+= o] 805 Maoll=
S| YXgF Anhui$} Jiangxizh] d &
751 Ma7}A] A& )k

F2AY & BAL} 5E BA BLFA Al

A A]7]0f| FAits T S E T I t*?‘ﬂ ﬁ}
4850 dofitth ol= FEA Y7 2H Yo} 2o
O 4RIt H7 o]l 2447 EHE Heg &

ot

o

-

o?n: rit
o it >

of SEHE & MY S5 ohH 485

A5, 1 2wl At GaEel A9 2
2 A A ol w3, At FmA7t 2
Vol xejg ] AR} HaA Dol thEFE]
8 FREUT, oF ol 2T HAA]
HEIT R} o] GZo] BEoiARA D2
el 3Mg 9l B AAgo] Aot 0.2 S|4 Ht

#7183 %—*ﬂr(z &, 21 44,
oz 212 Eeto] u}a}»}cﬁ e uas
‘d%o] oF 917-742 Mao] ol& &A% FUsHA
L 22&5to] B A B Ach(Hu et al., 2012;
Peng, 2015; Kim ef al., 2016; Lee et al., 2020 and
references therein). 2539 7o} 455 4
Ag we 2 AT A)7]0] 42 B Xu-Huai-
Lv-Da E2&2|7} F4= 130, o] £4] Hol ¢
Z] gt Dalian, Chulan, Zenghekou 2] of| A= 930
-830 Maoj| @33} ¥E 3ol EAdS B
3}l JJtH(Hu et al., 2012; Peng, 2015; Lee et al.,
2020). ol= FESY gt F7sy BRo A
A 3HderEo] H5=we Ei 1 dEF FA Y
SHIAET & tiu]EH oS A A2 A A+
Z 340 E37 340|022 A AR Hu et al., 2012;
Peng, 2015; Lee ef al., 2020). T3, o]& A1LAM
spelE e BERTo) 2rjUot 2tjRomny &
= A AN A2z A FETh(Lee
et al., 2020).

747153 AgFo] YA FR- A FolA=
AT 2710 SHitT ol HE el AU
ow, 7% G oA 34 é%%"l doluttt. &
-84 AFoflA= 3Hte I 3HJEE0] 890-
820 Mao]| dojyten, G oA 3Hde-5o| 793-
730 Maoj] YA 3T) o] 83t WA-TA x|Ho] Al
A B2 F2A Y BFof stk M-t

H-=F 2| 9o Uelb= A48T sda-gat 2
el ok HP-thel-pF A GoAe SHAtE A
3 E50] 2F 1118-808 Maof 911, 812-637 Ma
o € I G Fe = vl o £ AEE
O] A|717}F H A= 812-808 Maoll= 22U} 2%
= FAAR diE5=0] e Aoz BZHEHQiu
et al., 2011; Peng et al., 2012; Zhao et al., 2013;
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Zhang et al., 2016a). w2tA, 37183 AR FH-
B4 A oA = 3T B S EEel Bval &
= W 3HdEFo] o] AQl 820-793 Ma Al
7o Zrluoel 20)8S BAT thEE S| WA
A= 7Fs7de] AAtHOh et al., 2009; Lee et al., 2020).
/4 A3} AF-th]-F A RRoA 4194
o @714 BHekEel dE-Etelolr] YR
I ES=1 7o diS55=0l o8l 2z S
T A= F Aol & thH]EE AAJITHO et
al., 2009; Lee et al., 2020).

AN ) AT SAstolA) Lol oF 871-
742 Ma 54| 38-50] of ARkl ofsf o
F3 ) ol dRTel A Yolv AT A
2] 34 EF 3 H|E QeH(Kim et al., 2006; Choi,
2014). o8] 7]& A= SHHALHANA Lot =
Heol Al $hAEHE (ca. 870 Mag) 760 Ma)o|
Fot ARl Yol ¥ We] HmA| ANTF
(850-820 Ma$} 780-750 Ma; Li et al., 2003a; Wang
and Li, 2003)3}+ 2 thu] g 4= 9l LA Yo
A B Wl 9 374 HEFe] gt A3
Woll A LA g A Wel7| < =253} 2ty
Hohx 48l ch(Fitches and Zhu, 2006; Zhao
and Cawood, 2012; Choi, 2014). Kim ef al. (2006)
© AT A SAeI dFot B3 5
A7 FARRE 719, B4 A7l 28 REdRS
AR SAMAY} dot Ieho] ghulEcka
A X5k L) o]of BF Kim et al. (2021a)2 24
A W A5 84 AoE A8 BESAoI
AUE 2o HU4 AolE A BEEAT 44}
st FS= U 44 AolE a9 Bxo o=
= TAZ SHRAAYW} ALY A B
ol 4:5}0] ke AR7} BF o] djulEick 3
Astlet. 3HA|9E Kim et al. (2021a) 9] =Fo) A 4=
e ARS ) AL AolE A BEoh uF
S AN AolE 9 REo) HlE thew
Ze ZAREEC] itk AR, ==l J&H =
% o] AT Haeke) 444 AolE A BE
S AL M5 A AojE dF 222t
H| st A2 thES SRy E5= Wol
A Al teF AT Atojof dofd o A &
&l s A A7l HEAY AoES THT
A E AA Y] F327h AL A719) A& G4 &

i

2o M8 ok o vk EAIA O] ik &), 4=
A3 G5 A} A A oFA ol A= A H it Al
7)) w2t ol cheket 444 Aol 9 BEE
Boj%7] W] AR HAK AolE I REES
ol 88k Tt X7 djul v BEHAISTHE &
A7t JeH(Kim et al., 2012a; Wang et al., 2012a). ]
2 9558 W Y= AlHk23(Sibao Group)
o A= Kim et al. (2021a)°] thu]|o]] AREEE =
T 2T EA AT g AR S W AR ez
225l Qo] 99 Zo] 77| TAMe F2A
Sholl shahe 414 Aojo] wol LehdthWang
et al., 2012a). AA, Kim et al. (2021a)2 gtz Z
A7} Ba=wol sigEohar 38k e A7)
S G el 34 B A8 S
< EFaol A UehR] g=t}.

AAEEY SHMA YA YEhts 3MEE
3 HIEE A]7](930-893 Ma)e} S # 344
&5 A171(871-742 Ma)= G2A|H HE ZA A
Uels A48 shits 9 g 3 sEs
Al7] Hoh B o)A o] RS0l v 2227

5 Al FA4E Ad A9 B A
et 3Mbs I SHAdEE A17](932-828 Ma)
4 ol A3 IS5 A171(849-771 Ma) 2} H]
otk A=A et SHibs B 3Hy
Qo] B3] X]71(930-893 Ma) @} Tpw HT(1.7-0.9 Ga)
7} 0] A 2A) FRA G s B 3
Aeto] :e] A]7](932-828 Ma) & Tpwm AtH(1.9-0.9
Ga)e} AR ol= F X199 AU U=
o] A2 Z tiu] =] FUA e} A LA G E0]
A=l o] A= A= AAIZHHKim et al., 2006,
2021b; Wu et al., 2006; Zhang et al., 2013; Wang et
al., 2014). AAREE W) 3RS B 3] 9
off T W et P AgI FUA P Y WA
= W2 93 G2A LS} AR Y7} F=
TG 2ARE ofFo) AT S04 EHE
T ZE Al BAS HR2 At 24 9] Jiuling Terrane
of thu]d 4= lom, ot HFPS 2 YEEFL2
SHUAA W AL EH 4T 3A 2ol =

F EGA7]0) B4E dgot E5d W ElF S
tu]E 4= QJok(Charvet, 2013; Yao et al., 2014; Kim
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