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Evolution of the Subcontinental Lithospheric Mantle of Korean Peninsula:
Partial Loss and its Timing
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Abstract: The Cenozoic alkali basalts are distributed over Korea, both on central part as Bangnyeongdo,
Ganseong, Pyeongtack-Asan and Jogongni and also on southernmost part Jejudo. The ultramafic mantle
xenoliths carried by Korean alkali basalts are spinel lherzolites. Garnet lherzolite that is more stable at the
deeper level has not been reported so far, indicating that the lithospheric thickness under Korea does not
reach deep enough to the stable zone of garnet lherzolite. The crustal evolution history of the Korean
peninsula, at least some part of it, seemingly started since the Archean, it normally should have
lithospheric thickness greater than 150 km. However, the mantle xenoliths carried by the Cenozoic alkali
basalts indicate the maximum depth of origination in the much shallower range of 60-90 km. Such
significantly thinner lithospheric thickness of the Korean peninsula than expected is quite similar to the
case of North China Craton having lithospheric thickness of ca. 80 km in average, suggesting thinning of
the lithospheric mantle in a depth scale of a few tens of kilometers during the past geologic time. The
main causal events for such significant thinning of the lithospheric mantle can be continental collisional
events of Paleoproterozoic and early Mesozoic similar to the case of North China Craton, which are also
supported by Paleoproterozoic igneous and metamorphic events during the 1.9-2.0 Ga occurring all over
the Korean peninsula and also early Mesozoic continental collisional event which has been discussed on
lively arguments.

Key words: Sub-continental lithospheric mantle(SCLM), lithospheric thickness, loss of lithospheric
mantle, mantle xenolith, continental collision
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oA xj&gke] wbdol| 7P A 713k w9 E41A
Q1 olBo® Wit & Utk IFEREES vk
WECQ] <12k (asthenosphere)?] oA ZAIAH &
Zloli= Ad(lithosphere)2E o] Foizl ko] A3}
ol B 4, 1E|aL o]Hg AAES] AT
oUye o] AFANES dWslE F de 714
Ql o]Eolt}. IFRES el A7 ==
ol WFZE2 UEE BAAS] ol FAHsH
Aol AFHAYT 5, MEE sgFe] U=
Aol A AR o]F FHAR] olFS st AU
olf thE ¥ olE 2Fo Eo7te B dojuk=
o] s AAg AFEE Wsleo] 7P 2 5
< wolgta & & Qv A Aol wlwA &
ol =i U= YT Ao E thEA 9] o
< Fse dAwEe] A Fslage Ao
2 Z olaflERA] Fall Ao Aot dREAES
WEAG 9] FE o] R Ue EAZF offe]
& (Subcontinental Lithospheric Mantle; SCLM)®]
AYFES AXA ¢ae FEHo T "ol A
u #HalE 4 9lom (@, Dunbar and Sawyer, 1989;
Seber et al., 1996; Li et al., 2002), T3 AE-%2l
H3lE 77|% gk, Menzies et al., 1987; Work-
man et al., 2005)22 F3Ic}, o]t Fde] WHsl}
L §719F vlnle-S ¥R oy AFEANES
Jo7)=t Fo% TS stk Ao dEAL 9
om HaHoR o B ksl ofs] ATE QL
t}(edl, Lastowka and Sheehan, 2001; Elkins-Tan-
ton, 2005).
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FAE 7= Aol BAENeH, ol FAY
of Jojut ol &4 wiEl AR A EAT
o, Gao et al, 2002; Wu et al, 2003; Deng et al.,
2004; Xu, 2007; Zheng et al., 2007). o]23F o+
EHE AU olFol dojt sPIE-E F3hake-
T 98 AFEFS 9ozl Fas Yoz HiE
YTk, Chen et al, 2003; Yang et al, 2003).
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o] B3 ArHEE T3 ke ofF 714
o e 5 AT 2 FolA A g
e Sl frefd spddel 23
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Ao gl WE L A% PUEL s Tgetos
W et Aol dlek. o3 e PHSol
A7) o= Zolo] IYEAE EALE P B
BT Aole] HHEYL olgdlel FHS oUW
LESIEEAL ALAMAZ ol 88 ol 5 9l
o). o3 ol FATAS A Bz
T AT TAE & AR Ao deid ot
B RS hEAY AR PP PiA

7he] AT} g BReA AghEo} Urka A7k
t}(ell, Jaupart and Mareschal, 1999; Pearson, 1999;
Artemieva and Moonev, 2002; Griffin et al.; 2003;
Bdard, 2006). Artemieva and Moonev(2002)y= A %18t
2, €3, a2]al A SASS igstd AfE
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™ (140-350 km) Al =& o]&-2 200-220 km<}
300-350 kme] R4 EEE Bt i) s}
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e AEANZE # A9En @ o FAL o
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Zhao et al, 2001; Liu et al, 2004). Z2\4} 5%
= AgolEe] EYANE FA= AU XX
© Y5 gkom, A7to] A& I A o] F9
AHA bl FEt T hAwME Fato] &
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(Fan et al., 2000; Xu, 2001; Guo et al., 2003;
Zhang, 2005; Yang, 2009; Zhang et al., 2009). ©]
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Hgie TS e AL WE Evdey Avw
E o)

2004; Huang and Zhao., 2004; Yao et al., 2005;
Chen et al, 2008; Li et al., 2009; Huang et al.,
2009; Tian et al.,, 2009; Santosh et al, 2010;
Zhu et al., 2010). Chen et al.(2008)> H%= =g
olE el FAVE EEH-el A kA HolA
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dHe] FAE Fsk=t g F838th dhikxe
AV o}l 7IAUAEZTE SAE H2e| FUd
AABELS thE 20-182d Ao 27| QAT
AZE ke, Turek and Kim, 1996; vtAIA 9],
2000; -84 €], 2001, 2009; Sagong et al., 2003;
Q&3 9], 2006; Zhao et al, 2006; Wu et al.,
2007; Kim et al, 2008; AF& <], 2009; Horie
et al, 2009; Yi and Cho, 2009; ©]Z4 £, 2010).
olg3 A ZuHEA FFUYEC] thil Re-0s &
TE B3 it AHEL] APAZIE F 19-189]
d AeE Rugk H2e A7 ZE I (Lee and Walker,
2006; °©l<E, 2006)2 = ]S Stz = o
o]Z%=(Cho et al., 2008)2] 7% <ol o}7 4l
A AR dEX1 Aol de] YERA = el
UARF HZ BE SHRIMP Ao U-Pb 98AE
S HH 3099 ool eE dHS xFsi] A4
o] %S Vel 88 7H AojEEe] oY A
Hol|A e (&55 A8E, 2003; 2553 A
FE, 2003; 258 9, 2006, ©FF 9], 2006) ©]
et AojZEe EAls o lE Azidao] skt
Tof] EAAA ek K AR 5 F
Atk ol A=E EFsie] ATz ST
3k oF 24-259d Hxo] ARSI/ SHES 9
@5, A7153 2GS ] o] ellA Haly
O™ (Kim et al, 1999; Chang et al., 2003; Zhao
et al, 2006), 7141 AESAL T3 o A=
Ao HEoR X Eo] wAE JRsAE 7]
wjitol] SHbze] AHME Al ATIRE Aol
AR AT sk A Fe7t ok Azt
o} Ho] Hf 59924 A743 >359d9] |74
Fo] koM HEE Zl(Lee et al, 2007) SA]
ol#fdt FE& A|A|gt}. Unkx oz 309 ol
A &R dAREL >150 kme] FAE 2t
3 7] wiiEel] b= HAA] o] A7) o] WHORE

9 o

7okt Zloltt.

o]¢} HE Hx AHA7] o]Fol ot 71 A
g AR A71S, SRS, dEHSHAN BE F
FHo2 Yehe 19202079 FHLe s98E
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2000; %84 <], 2001, 2009; Sagong et al., 2003;
Q43 9], 2006; Zhao et al, 2006; Kim et al.,
2008; AEE 2], 2009; Yi and Cho, 2009; ©]&X
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9], 2010). FESH A8 TEe] AAE A A7 A
oA 715E L Aok, Lee et al, 1998; Lee et
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Table 1. Reported depths of the origination calculated from the spinel lherzolite xenoliths entrained by the

Cenozoic alkali basalts of Korean peninsula

Location Main Rock type Depth (km) References
Baengnyeongdo, Boeun, Ganseong Spinel Lherzolite 42-53 Lee (1995)
Baengnyeongdo Spinel Lherzolite 25-70 Choi and Kwon (2005)
Ganseong Spinel Lherzolite 57-67 Kil et al. (2007)
Boeun Jogongni Spinel Lherzolite 30-55 Kim et al. (1988)

50-63 Kil (2007)
Asan-Pyeongtaek Spinel Lherzolite 56-74 Shin et al. (2006)
Jejudo Spinel Lherzolite 45-90 Choi et al. (2001)
< N
(A) 123€ 48N| | (B) e
Eurasia
a [,
oS Khanbarovsk,‘l 144E LEGEND
L 49\\ /9' ﬁ?‘osiokhote»Alin [JCenozoic Volcanics
2 o ™ “' [ Mesozoic Plutons
o »4 A ﬁb - ,\’ \ — Il;:lselggolc-uesomlc
o povd -
o = Mudanjian p )
o : £ = 36N =
;fi&v . BE
L 7 =
2 Hannuoba _: o)
@ a Beijing " g
' ” " Geological map
36N 123€ 0 600 Km xﬁj} of Korea

Fig. 1. (A) Distribution of Cenozoic basalts in northeast Asia (modified after Okamura et al., 2005). (B) Simplified
geological map of the Korean peninsula. Distribution of the late Cenozoic basalts and mantle-derived xenoliths are
indicated by letters. AP=Asan-Pyeongtaek, BA=Bangnyeongdo, BE=Boeun, G=Ganseong, and J=Jejudo.

i 29 gEeto|Eoln Hojx oF 85km o]/
712 ol QFYgk 474 2jEete] E(Robinson and
Wood, 1998y o2 Ry Enpr} Qv 4174 #&z}
o|EV} USR] e AL shitwel A9 A &
Ze] dA5ge] Awstis 8T £ e JANE
o] FAZE AFA HEete|EvF S Zlol7kA] W
H/H 2SS JRIY UE 9 s gk
FAWE FAZE UREARL A X 9] whEo] v
M EX gk AAS YeRdh

ko] dzike] FEQo] ke 2vjd gjEelo)
E WE 23] xFZolo] tist ATE HH
(Table 1, Fig. 1) ©]3+4(1995)2 L= IAF 7+
AAY, S5 Bt 23, WExe] o] dFet
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W 29d gEeo|E xg¢ke] xFZ]0)E 42-63 km
2 BRI e Ad7AEe] A3E 2 BT
Z3e] ¥4 49 50-63 km(Kil, 2007) E&=
30-55 km(Aa7F 2, 1988)2 FHHJoH, U=
AT RG99 57-67 km(A G5 9], 2007),
olrbml el 2L 56-74 km(AEA}F 9], 2006), A
FEE 4590 km(Choi et al., 2001) 2|3 W%
£ 25-70 km(Choi and Kwon, 2005)% X%t
(Fig. 2)°12 &33P H24 25km, A 90 kme] ®
Qlolt}. ojg} 7to] ME EIUERRE AAitd ¥3
Qo] oA 7P A2 ol L A o] o FA e
7P e goE B s Aotk A9 Hy)
Zole] A% AFTE At 29L& 63-75 km, AF
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Fig. 2. Depths of origination for spinel lherzolite
xenoliths carried within the Cenozoic alkali basalts of
Korean Peninsula. The ultramafic xenoliths of Korean
Peninsula reveal their derivation from the lithosphere
having relatively thin thickness of 60-90 km, which is
much thinner than normal lithosphere evolved since
Archean indicating lithospheric thinning. The letters on
the bottom of the figure indicate the locations of the
mantle-derived xenoliths; AP=Asan-Pyeongtaek, BA=
Bangnyeongdo, BE=Boeun, G=Ganseong, and J=Jejudo.
Data are from Kim et al. (1988), Choi et al. (2001, 2005),
Shin et al. (2006), Kil (2007) and Kil et al. (2007).
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