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29 o] FL ARA FEF 7P EEshes W] 4 HASoR AAFST Al trlEo] o, 22
Aol A stefsaat tiug 7hs /ol AHE AR Ao 3 A sH] S tig A57F A& Folok 1 B AlEs
ARt Bad vl Qe 20 2AY 7199 HEA AFHAY A0l AEdhe Aol FUH =, o] 2 WE 7YY 2uEE 7Y
o EA= HA FA A2 B 4ol T8I AU E sttt 2 dFoME ol BT HAE vFYs A ol 88 =
NEE V1A YRS FYAL, TS AT B St vkt o] WE S HA e Cra Nio] d2 A o
5 A0 B diSduR e 2R bl FebEo] glo] 2udd A9 Gl A T e I A 4 A
S8 FAH B3 oS HAEoN 1P GHLERHY 7| ATST HARA HEEe AL FARE pEoE
e, stFSE HAEAE I 9F] ALY UERA] et mebA oS HAEE IE 2ndd dA= A A
ToIA gt BAEAIY Ao E25HE Ao 212 7| ddTe @AY AL R BARA Tl =2 EHAW AL
Z3HdEnh & 979 A RS AT T AR S AL 249 TR AR, Aojk o] 2 Ed oA
7t B EH ES AARIT

FRO: 292X, OXILIZ [T, Shite, WHA DI, ZnHEUY

ABSTRACT: The Icheonri Formation is a Cretaceous non-marine sedimentary formation distributed in the southeastern part of the Gyeongsang
Basin. Detrital chromian spinel, previously reported only from the Sindong Group of the Gyeongsang Supergroup, has recently been reported
in the Icheonri Formation. The occurrence of chromian spinel, derived from ultramafic rocks, provides key evidence for reconstructing the
tectonic setting during deposition, and sediments containing this mineral typically exhibit elevated concentrations of chromium (Cr) and
nickel (Ni). In this study, we assessed the influence of ultramafic source rocks (e.g., mantle peridotite) using the trace element compositions
of sandstones and mudrocks from the Icheonri Formation, in comparison with those from the Sindong and Hayang Groups of the Gyeongsang
Supergroup. Trace element enrichment in the Icheonri sediments, relative to those in both the upper continental crust and active continental

Copyright © The Geological Society of Korea 2025
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margin sediments, implies an input from ultramafic sources, albeit with a limited degree. While the extent of sediment supply from mafic rocks
is comparable to that observed in the Sindong Group, such influence is not evident in the Hayang Group. Therefore, ultramafic rocks were
likely exposed on a small scale along the eastern margin of the Gyeongsang Basin, in addition to the ultramafic bodies located to the further
west that supplied mafic sediments to the Sindong Group. This suggests that ultramafic rocks were exposed in at least two distinct localities

around the basin during both the early and late stages of its evolution.

Key words: continental basin, Izanagi plate, volcanic arc, mafic trace elements, ultramafic rocks
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FAe) wlol] 4k B Q2o el 49
ol <J3f sHkE7} wresiglen] 1 o] 21 2 84
EAEX)7} A=A Lee, 1999; Chough and Sohn, 2010;
Lee et al., 2023). 71 5 e Fol 713 yA| et
BERAE SR8k Bl digt 8% A4S F
sto] B350 7| €R|e} £A] WAL A2 B} A2
o] gk F2 Q1 s A o] o] FojF ot 79| A+
7} 2R AR FFERoH, BX] FER2 EFFof gt
A= o4 AgHA o|th(Kim and Paik, 1997; Cho et al.,
2016). o]H S /A FFHF 7FEAE] of| EE St Y
oF7] S4 HAF R AATIT Sl tH| =l
o, 2T HHeET AAFARC = A9 7EA] 2 FA S
EAof gt A77} == AchKim ef al., 2022; Joo et al.,
2023). 71 % Joo et al. (2023)& AAFZT9] Al5ZHLo
ARt ERA 0 2 At A1 ZE8-A A 0] oS
Attoll A 4hE S Halstal o]He]Fo] 7| Ao 21
o] #E5IH = 7= Attt

Z20HE AAE otk F =9 23782 =2
THA AA WY S WOt (<2%) FEell Aol
Zgsto] AHEAIBLeL F3t, 24 7Y o] %o B A GF Yo
HZ% 4= 9lti(Metcalf and Shervais, 2008). wa}A] AR
o S84 TEHYHS] AL 7| UAo) 2R AV
HIZSIH2-2 WHgs= A2 -85 tH(e.g., Arai and Okada,
1991; Hisada et al., 2008; Lee and Lim, 2022). $tH, A|H
A BAES A 34 n|gda S T 2dd
71h9te] EA ARE 2RIE 4= Ql=Tl|(Garver et al., 1996),
EA Q] YA ScetV, Cr, NiZA]|, Sc= 2 $|49f|, V
= A4} Rl Cre 2EE AT BAFIA,
Ni-2 Z+2hA o] sZEHE th(Hiscott, 1984). 0|5 YA F E3]
Cr} Niz 2184 gA A mfl¢ =2 FFS Holn
(Hiscott, 1984; Garver ef al., 1996) 3-A4|o]| ¥ L3|=&
IR B2 HEFE =3 ek Bhatia and Crook, 1986;
Taylor and McLennan, 1995; Lim et al., 2019). w2k A1Y
2 EZEof|A Crip Nig] 3h2 20383 HAo] 7| 9X]
of £35S U= AAXAZ o] &5, 1 T
o5 Fa et ¢A9 HuE WFE Aotk Garver et al.,

1996). A2 AAHEZ] ] AL Lim et al. (2019)0] A5

T ol9ee] Cr % Ni 5 vhg o 2 7194 287
AL £FEE BESGLE AT HE Gl

B AOAE o Hel At o] Weke] WA vl
Ak 2L IO R 7| YA o] ZDAYRY BE oo}
7 gL Blskast ek B BAEA Ao YA B
Tohl ATEE AESE U ISR DAY vFY
& 243} FYs}el, 208Y 9A 719 HHE 7198
Hlwaka ol So] FAT 1A 71U FHHAEA
RS BT R BEE Utk olsh L& HHE By
w320l EFH Weby] gal AARA Qo] WE 7]
A 20BY PAY PN = EL UL, 4] <
T ATE o BF FVA o) T BHE AT

AARAE Web] 2 fepAlolE ol 2 ojahi|eol
RZPER1S shelA] wAlet et ol BEEo) ofa) A
Zho] A WeE. 2 AAE WA FAH 212g BA(pull-
apart basin)2 &&A It Chun, 1992; Chough et al., 2000
Ryu et al., 2006). #A& S8 SEH 32 FdT
I dSAR R SHRERY A3, SIS,
HEToR BREN, AR 248 317U B ¢
20| 4%} %7Fkeh Chang, 1975).

o] Z H}9) 229 AFETL 125-100 Ma (FEZ-
AutA) 5<9H(Lee et al., 2023 and references therein) 52
9 9 554 BolH HREen], BA) W] uy
oA it SFo] dojutr] o] 9| EHER sfjAHt Al
Y BA 27|ole YEdS Y 559} S|4 3Hit
g5o] dojuton, 45579 B4 $7]-37|0e Y=
9] FRe} FHo A SHiF E-go] WAYSIITHLee et al.,
2010). AlE3w9 a7 W3Fol| ZASE A5 EE
9 7|¥A]= BAR| £E5t= YL 2 dHA ok
(Chang and Kim, 1968; Kim, 1994). T3 Al'5-2+2] At
AL SH 2 A 2EAHH0| HBE ol vl
Foz A BT PAT AFST 81 A s
o] 2184 AA7} =E2H AU A= 4= UcKLim
et al., 2019; Lee and Lim, 2022). 3}%F&+2 100-95 Ma
(A =ns4) S<9H(Lee et al., 2023 and references therein)
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sto/g SHolA B E o g MY B A
T EZGeIAL glom, slke EE] 7|I7kest g ow
SHAE 50 WIS TH Chang, 1975; Won ef al., 1978,
Kim et al., 2000). 1153 ¥-EK Chough and Sohn, 2010 and
references therein), G U | E 9] WFALE u|3}4(Choi,

1999; Kamata et al., 2000; Mitsugi et al., 2001) 5 Tkt
2718 viwto 2 SIFTE AdST} Qo] rlEg
A2EE HHES FFES 202 342 (Chang,
1988; Chough and Sohn, 2010; Lee et al., 2023), 3}%Z
< W AEY 2FHAH Y e HaHA @tk A
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Fig. 1. Geologic map of the southeastern part of the Gyeongsang Basin, where the Cretaceous Icheonri Formation is distributed
(Son et al., 1978). The red dashed lines indicate the strike-slip shear zone (after Lee and Lim, 2022; Lee et al., 2023). YM: Yeongnam

Massif; GB: Gyeongsang Basin.
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ot AR S-S 94-60 Ma (R2Uold-117
7] 27]) B2t FAE S H(Lee et al., 2023 and references
therein), 2 3t 7| 222 FAAE K Chang, 1975).

o|HEFE A FHE, 53] FA 71 4F
& Aol YA &azshe, Q7 F8A T} wFLE Aofjof 4
TR BEZ3cKSon e al., 1978) (LH 1). o]A & EF
o 7] Wopr] By B 5 7Y YA LR STty
Rom, 37| s LEo gt THASKKim ef al., 2022),
9 gegat Fapde-50) Wdo] SRIETH(Ha et al., 2016).
ATFA G FA 713 4B aFd Aol k=EE o]H g
T =79 B 24 Ao 514 7199 28 E oA EE
S T4 FHPA EHE NP A EHFo| T
Sl SHHEAN EAA NN 5E Xt EF S0
TSt RE Aoz sS4 = ATHKIm er al., 2022). ]3]
Z0] AL 1:250,000 BAZ AEZ(Kim ef al., 1998)0]
A FASE T EFol == AR oAX ge
22 Ao A A4 U-Pb A A4S 53 o|HF 29
A EZA]7]= 9F 95 MaZ BT EITHKIm et al., 2024).
o= AlSAI A SR 93-98 MaZ HiE {3 T =3
I - == Al710](Chae et al., 2023), tEFSE ZFF
O] X&3} Aol FAMIol =2 A= 4= IrHKim
et al., 2024). 12 L o|H S AMFS v 2 g
|22 1 118H siA]of] gt Aol Al o] MBSt sk
T AT A5 B3 A7) ¢t g5l 9
g IR o] JFe g THAZL o Gl W, ST
trfjz3olAs A Y o] FARt= W A9E
AR o|HEFo] 31T AETol AISAZHLE tiH|
g 7Aoo AN EATHKIm ef al., 2022). E=3F Joo et al.
(2023)2 o] 2 F AtFe] A sHY EAo| sttet A
AT AR Bash g5Ad o2 sttt tiH
H 7FsS HAsGlt) olF TS o|d Y2 AlS
AAH o2 SIS FAST FHE= AlZIE HolA|
Tk AFA Y 71E0] He ST EAL st AE
S FARBHA Uehdth o|HeS9 7] ¥A|eF st
Kim et al. (2024)Z o|H 2|5 W Wits AE S| 4h&t
g Ao} U-Pb At 25 HIFOZ o]HF9
TH 719A 2 Yot Yo BEshs v|le-HHE
2}7] 71234 (Mino-Tamba Jurassic accretionary com-
plex)E A ¢tstlct

3. o1

FAE 713 1] S Aol lesE o]z Sol

A 15719] Aretat 35719 o] A b2 A FHSHATE Akt & o]
Ao mFrd4 A2 7yt ALS Geochemistryofl A

Y= At v]"FA2x(Se, V, Cr, Th, Y) 9 =F 242 Al
55 fF E24HE(Li:B.Oy) 2 & F(fusion)3t & 2Hd &
g5t S =AgrEet=u) A4 7] (Inductively Coupled
Plasma-Mass Spectrometer; ICP-MS)Z E4]5} %t} Ni2
THF2 A S FAHHCL), FAHHNO;), B4HHF), Zhg4a
4AHHCIO,)9] E34te 2 obd Jaflsh & fedgEa=
u}l BEE537)(Inductively Coupled Plasma Atomic Emission
Spectroscopy; ICP-AES)E o]&3}o] A5t E&E
Aol izt 24 A}, 2leg2 tA 2 0.2-8% W= et
Son, Hao REEES vk BT Ak, o) oA
9= Al #EZFHaH(Relative Standard Deviation)Z 7%
0% 213% 4202 FAYTHE 1), ZAHZE A
S SFFS Y A B A AP AtolA] B
1H ARE FTESE, A5F AR R o]ddY =
A2 Lee and Lee (2003)3} Lim et al. (2019), 3}FS- 9|
Z19t9] 2A]L Lee and Lee (2003) AR E 0|83}t

4, A1 Zit

olHel% AT % o] Are] 1AW uleFe] T
ubE o2 Bajuo] glon], S5 The SAHel wske 7
ZE7] o=t AR AR 9w 2402 Bt Sc = 183
ppm, V =79.7 ppm, Cr = 77.9 ppm, Ni = 32.3 ppm, Th =
8.25 ppm, Y = 21.6 ppmo|H, o] A|R+= FHF Sc=17.9
ppm, V = 113 ppm, Cr = 97.3 ppm, Ni = 54.1 ppm, Th=11.2
ppm, Y =26.7 ppm2] 24 HIITHIE 1). o] -] F ARt
I} o] A} B Ft A thEAZH 24 (UCC: upper con-
tinental crust; Taylor and McLennan, 1985)%.t} Sc, V, Cr
3} Nio] o] atulo] Qlthad 2). 5 Ak oA
o ARE 717 B4 sl B B 24(AMsand:
active continental margin sand; McLennan, 2001), g+ ™
= ZX(AMmud: active continental margin mud; McLennan,
2001)3} H| WS o, Vi B4 ST BAER
o GG AR RS Bolu S $ARIAL EE B
ZF, Crit Niz =2 s el 3, A5572] A
-2 UCCe} w5t Scé} Vi= @2 s, Crif Nix
9 E2 AFS Helth ASS2 =Y o|de
< UCCo] H]3}oq Sc, V, Crt Ni 8] gHefo] mis R3He A
o= yehdth A557 S A R oY
2 A E Y HAEY Bl aste] Sci} Vol H|Ss}1A
U 2=l len, Ni2 23he E45 2t Cre 7
T AT AR " oldolA e B4 diEHHRY F
AZEo o Rt Aoz yehhd, stekg<t o] de
9] Cr2 B4 iR HAEHY WAY FARE &
Fe Btk stSt oAU AlES ol E el H]sl
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Table 1. Concentrations of trace elements (in ppm) of Icheonri sandstone and mudrocks samples. Average concentrations of trace
elements in Icheonri, Sindong, Hayang samples, UCC, and active margin sediments are also shown for comparison.

Sample code Location Sc v Cr Ni Th Y
Sandstone 35.29281°N, 129.26048°E
1C220924-1 15.6 52 91 24 8.06 15.1
1C220924-2 14 50 38 20 5.23 14.7
1C220924-3 16.6 66 71 23 5.22 14.6
1C220924-4 20.3 78 126 29 8.01 19
1C220924-5 15.4 53 55 56 10.1 19.2
1C220924-6 14 61 56 29 6.79 18.4
1C220924-7 20.5 94 80 36 8.58 27
1C220924-8 17.9 79 81 26 6.46 15.6
1C220924-9 18.3 92 91 23 10.5 28.7
1C220924-10 27.1 134 104 47 15.1 30.6
1C220924-11 19.1 91 80 41 7.92 22.9
1C220924-12 15.6 64 48 21 5.74 22.6
1C220924-13 19.8 88 84 34 8.32 21.7
1C220924-14 21.5 102 88 36 9.33 272
1C220924-15 18.4 91 76 39 8.45 272
Mudrock 35.29283°N, 129.26051°E
1C240318-2 16 100 87 57 11.6 273
1C240318-9 18 115 98 73 10.5 27
1C240318-10 134 89 81 39 8.38 19.3
1C240318-13 16 105 90 51 9.56 24.1
1C240318-14 17.4 116 106 50 11.1 25.7
1C240318-15 20.5 123 110 58 11.5 28.4
1C240318-17 20.9 137 115 53 12.6 24.6
1C240318-21 15.9 103 99 51 10.1 24.7
1C240318-23 17.2 95 89 55 11.6 222
1C240318-27 16.6 103 84 46 11.3 244
1C240318-28 20 111 84 44 11.9 26.6
1C240318-29 20.7 121 103 48 11.5 27.2
1C240318-30 21.4 154 119 84 13.6 29.6
1C240318-31 15.7 87 86 73 8.82 28.1
1C240318-32 19.8 122 108 49 11.6 29.4
1C240318-34 233 143 108 75 12.1 28.8
1C240318-36 22.1 125 101 49 11.5 27.6
1C240318-38 16.3 103 105 50 10.7 272
1C240318-39 18.9 115 110 51 1.1 25.1
1C240318-41 17.1 110 96 52 10.9 21.3
1C240318-43 20.9 144 110 69 12.2 31.1
1C240318-45 14.2 97 86 42 9.71 244
1C240318-46 14.8 100 87 44 10.3 26
1C240318-47 21.5 160 113 56 15.1 36.7

1C240318-48 14.2 93 75 41 9.77 254
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Table 1. continued.

Sample code Location Sc A% Cr Ni Th Y
1C240318-49 19.7 143 113 93 12.8 29.4
1C240318-51 14.9 103 97 53 9.36 25.5
1C240318-52 16.5 117 104 50 11.4 20.8
1C240318-53 20.2 119 114 56 11.7 26.2
1C240318-54 14.3 91 85 42 8.26 22.4
1C240318-56 16.4 92 86 40 9.48 25.7
1C240318-57 21.1 135 103 59 12.3 31.8
1C240318-58 23.6 142 120 70 12.8 353
1C240318-60 20.6 119 106 55 11.6 353
1C240318-62 15 97 77 42 11.6 28.6
Average composition
Icheonri sandstones 18.3 79.7 71.9 323 8.3 21.6
Icheonri mudrocks 17.9 113 973 54.1 11.2 26.7
Sindong sandstones® 5.5 40.7 63.8 28.6 9.4 14.6
Sindong mudrocks® 13.4 103 91.3 51.8 17.0 27.3
Hayang mudrocks” 12.3 - 54.8 36.3 11.5 20.8
ucCce 11 60 35 20 10.7 22
AMsand* 14.4 98 43 16 9.2 194
AMmud* 17.2 122 57 25 13.8 253
Maximum analytical error 13 6 4 ) 2 3

(Relative Standard Deviation, %)

*Lim et al. (2019)

°Lee and Lee (2003)

“Taylor and McLennan (1985)
‘McLennan (2001)

1AW v o] wet.
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A8 ol AetolH Cre F2 2BUHA Yol Nie
2ol A 02 haslo] 92 Buk ohfekHiscott,
1984), o] 59 F3t= A HE4 A L HE o=
Z3HEIth(Bhatia and Crook, 1986). Goles (1967)°] 2]}
H, 23783 44 9] Cri} NiQ) $F(Cr = 2400 ppm, Ni =
1500 ppm)S th2 E&/TAAH T FA 3] =t Garver
et al. (1996)+= Y Z XL X|(Taconic Foreland Basin)
o FAE 2ulZefo]E 7|H HEES otk MY Cr
TN HS o R 277 o RE 7| A
U9 7]%S Cr F&=+= 150 ppm, Ni2] 79~ 100 ppm=Z 4

33tH, Cr/Ni Bl 1.3-1.5 HY =2 AQtat it ¥hd &4
SHHE oA e 1dd St e E 7Y
E A& A9 Crat Nid] g2 @om Cr/Ni Hl= 2 9]
Ayo|th(Garver and Scott, 1995). o]+= 2E 3}AMS o A Ni
we} Cr 557} o 7] g2eld), 7 Av 208 7]
HY wjE} Sk 719 A9 EA-E W Co/Ni H|7L 5
Z7F3HH(Gill, 1981). AA] McLennan (2001)0] £33t &4
gEAHE 27 HAE9 ¢ Bt A Cr/Ni Hl=
2.7 o, Pt o] At 9 2.3 oS EIE &= Uk
o|HEF EFEL UCCH &4 diEAHF S EZE
H|sto] 1184 n]gFdart 53kE 4o Yeha g 719
Ao o]F HaE THT 1HE/20EE Ao UCCH
Y dEAH R AR JF o2 2 HFS
AR5 2= AARIEH ™ 2). E3F stgF5oll vl o]
ST A3 EFEONA o Ze 1@d vgda
F3 A= oY BF gA| ndd/20dE 714
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Fig. 2. UCC- and active margin sediment-normalized Sc, V, Cr, and Ni in Icheonri and Sindong sandstones (A, C) and in Icheonri,
Sindong, and Hayang mudrocks (B, D). Sindong and Hayang sediment compositions are from Lee and Lee (2003) and Lim et
al. (2019). UCC composition is from Taylor and McLennan (1985), and active margin sediment (AMsand and AMmud) composi-

tions are from McLennan (2001).
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(2019).



582 OUBIM - LN - U -
F AR 23 FASTL, NI ot 23hslo) Qlnt. sk

?E

o)A &S] Cr/Ni H|7} Garver et al. (1996)0] AA|gt
209 719 HAB CoNi ek GAST, SHF
ge] Craf Nie} whe gk slabad ARIIAE
H94e) AFo] Bug vt ek B nefshy
Z1HE AA 9 FFE wif- n|oFsiglen, st L
24 ojepelae] ofgh Rl ulels] o) ZAREA) Q12
o BESIE i FFe s wdHnh £ o|HY
Z3} 1522 CoNi ] Eat o] 50| 2 SAtEe] 4
Stolla] BHEAS Aoleh WL A et o5
A ERlollM= HEAY ZF3HPA 0 Ak, 2nEd
A9 71 Y= A|A8k= Crit Nio] UCCH &4 ti&A
Wl Bz nt v 2E S| Yehez o5
L LEPSEEES PPN T PR
oItk

M
o M

W
ol

5.1.2. JHZA G X HA FMO| HTHE J[04

aEE RFAd2(Se, V, Cr, N9 3H=F 9 n|gda 7h
O] H|= 7| hA] oA 249 AAAZ 08T 4= YUK Taylor
and McLennan, 1985; Floyd and Leveridge, 1987). &Ht
Hog nEA-2uHE A= Sc, V, Cr, Nixgh 22 1]
Fela REE, 4 a9 29 Th Bl &t
(Wronkiesicz and Condie, 1987; McLennan, 1989; Cullers,
1994). whebA] Th/Se, Y/Ni H]7} BH&422, Cr/Th, Cr/V H]
7V 2548 1EE 7| AU ERE Y] 7|97 RS 9
u)ScH(Hofimann et al., 2003). ©|& vlEL2 2 Cr/Th - Th/Sc
ER(2Y 4a)9F YN - Cr/V 2T 4b)ol| 4] 42 o
qa 30 W 2087 el gAR 24 Aol B8

8-S Uehd 4= QItk(Perri ef al., 2012). A1 B, 74

(a) 3.0
o
O Icheonri mudrocks
25 | Felsic endmember O Sindong mudrocks
€ AMmud
2.0 _
o Ultramafic
A endmember
=15
=
1.0
0.5 Mafic endmember
0.0 +
0 5 10 15 20 25 30
Cr/Th

AT 1dd oA o) &3 T4 Aol 10% A 2
A5o] Qirkel A ARo] 0%, 18 Aol 10%2
A UES vl

o223 ol WSt AlRE A ShHT A A A}
o]} g TAIGA 40-50% Apolol] EXITo] T b4
0 28 94 719 7)ot S AR Sl on, 3
2 F (%)X 2dA FH o 2RE FH =20
SE ACR HAATHIHY 4). 1L oS EH =
Th/Sc v]7} Rrh= A3} Joo ef al. (2023)0] Ba1gk o] g
T At miAdstt 24e sk 71hAoA &3E
HHE9| 7|o= A o2 Aol E AR Bl
AEET oldY Eak A AT DAY A Kool
EAE=), oSt vlast 1 A9l Z]oq(oF
60-90%)7} Alet HoITH T da). A AEZZ oAk
NRE 238E B 290 A} 2787 Q4e)
Qe ol SR iR 298 o)
719 3% mjgke 2 Vehdth( ¥ 4b). AMmude} 8|2
SIS o oA, ol e) 3T A E B DA o)
Fol 2 o2 Ueht 71 9A0] 2082 A =2
A5 AR ASSwe] A w2 Th gFe =z <l
3to] AMmudo] ¥]ate] T8 94 9] 7|47t e o s
27 hepdt, ol A3 ATl AT A5 ET B
go] 31 7|29 A - R T QP 2] 3
278 R 7]0] - o ek Azolc(Lee and
Lee, 2003; Lim ez al., 2019). 134b2] Y/Ni H]&= F3|E
% 940) QAL 7P Yol vlste] 2HH njgkgio)
&S 7= Nio] op £2t=] 91=A], Cr/V Bl= o
£ 184 v)Fdao] wlsA Cro] duput Ret=o] 3=
7F& AAIZFcHMcLennan et al., 1993). o]& 2|53t Al

(b) 4
O Icheonri mudrocks
Ultramafic O sind drock
endmember Indong mudrocks
9 AMmud
3
22
O
1 o Felsic
° 195 © © endmember
% o
Mafi®®® 30% aa%
0 endmember | . 10% ) 5%
0 1 2 3 4
YINi

Fig. 4. (a) Plot of Cr/Th versus Th/Sc and (b) Y/Ni versus Cr/V in Icheonri and Sindong mudrocks. Two mixing curves were
calculated between felsic and mafic/ultramafic end members. Element contents of the felsic and mafic end members are from
Turekian and Wedepohl (1961), and the ultramafic end member (forearc peridotite) is from Parkinson and Pearce (1998). Sindong
sediment compositions are from Lee and Lee (2003) and Lim et al. (2019).
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= 7 A @RlolA F31gE Aol 7 yrehbR] AR,
A S XX sk Thet 1388 &S A A8k= Sc E
Cr9] kS vlwst= 19 4adA= old e St Als3
+ EH =AM FEE 2ol Kol AL R FjAdnt. ot
A AFZTolA Rt o] H el A ZetA el 1L
HE/ZHANO GFL o|H T AT 7I9A
RE A AT Afr o] nd2/Z20EE o] &
Z3IY o, AES 719} vl aste] o] H el 7] Ee
o] 134 w|gkda o] EUAY =2 A9 ot
AH 2 1& 73S vhg it

19 49 =4 Uehd ZAAE o]H S AlEEo|
A AT v E A o2 RE vg Hle R 7Yk
< 4= QAT 9FA AF3E Garver et al. (1996)2] 21132
o 7199 E A= 7|&) v wshd o] WS AlF S
EHES 208 AA Y 7197} v F2 Holt} E3H
o| AP FE sk WA A Eo] - SA nEE
Ao 2 RE H|3 BIEE 7| HSITHE o] "S5 AR
el et o] ndAet 7199 YA ZFE ] §lo]
of 1A A3 Aol A Barg vlof| =, o] H 2| A
&S FAske FH dA s AFH A, gl 283
AAE 23t 138 FELS R o g AE3itH(Joo et
al., 2023). ¥k of g} SHA AM E|ZET}9] oA o]
S A5 Crt Nio] £33} J =7} fASHA o
BB R o]H 2| F E|FEo] A5l Hla| 282t
FEFol ZA Yeht= AL oA EH =0 FE T4
Aol A 7143 A 7Fs/do] qlof olof gt ezt

(a) v

¢ UCC

Ultramafic

Ni Th*10

O Icheonri sandstone

@ Icheonri mudrocks

O Sindong Formation

O Jurassic Granite

@ Cretaceous basaltic volcanics
@ Forearc peridotite
% Felsic rock

Y Mafic rock

% Ultramafic rock

Yt wheb g 4ol ek 23t ol ol @l A
A 2] 50%7h 18 PR =R 7 Asteek 1)
L oA 7194 BEsES nAY A SHS
Brshe e B

5.1.3. THH J|& 20| Hek

o] T FHE 7€YY 24HS Tofstr] sk 4
Aot w1 AR, 20 dAYe FHo| FESHA FEE
+= V-Ni-Th*10 A =R E o] L3R THIH 5). o] =39
o §H AR A2 FAEA] Qe AR Bxdls, &
<RIl e g|et BZtER= Y 2L ol &Stk A
Ao IR AL STl Exsl= F2p] S
9] Z/J(Kim et al., 2005), IHHLO| D& 242 B
2o F3zsk= wWetr] AR 4R O 2A(Kim et al.,
2000)2 o|-&3lgct 22 2A-L Hisada ef al.
(2008)0] Al5F<2] 71 €A Aol A (suprasubduction
zone) 2T AR B E [ee and Lim (2022)0] AlsZt
28342 7)1 U5d0] A3 23] 2l foreare peridotite)
o] AL HUs1H-2-S sk Ao A (suprasubduction
zone)ol| E3Z3}= A5 7He(forearc peridotite) Q] A
(Parkinson and Pearson, 1998)2 o]-&5}4ch £ H| s
215} Turekian and Wedepohl (1961)0] AJA|SF HH#Z 21
A A, 22U 243 S}
AR UCCS] ZA(Taylor and McLennan, 1985) &7
=Sk

AR 719 A= v gt A3, obA =27t viet

ol o Hel% HABe) 7| geke FAA 18 Aol

(b) v

Ultramafic

Ni Th*10

Fig. 5. V-Ni-Th*10 plots of (a) sandstones and (b) mudrocks. Shaded areas represent the compositions of the felsic end member
(Jurassic granite; Kim et al., 2005) and mafic end member (Cretaceous basaltic volcanics; Kim et al., 2000). Ultramafic end member
(Forearc peridotite) is from Parkinson and Pearce, (1998). Average compositions of felsic, mafic, and ultramafic rocks (Turekian
and Wedepohl, 1961) are plotted for comparison. Sindong sediment compositions are from Lee and Lee (2003) and Lim et al.

(2019).
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2o, AR A B o] AP AlRoflA 21EE 7] HY
o] Fgo| FAATHLH Sa, 5b). 53] AT} o] 7
S 2400 7748 UCC Bobe 183 24 7}
7to] A E o] o]z 52] 71 ex| o T2 o] 7H
WA, 2 E/ 20 HAYL SRR ZESIUE AoR
FET ATSToA HA| o] ET At 1 7]
Ae] o] e, tiF-22 AlRSe] Bt A o
SAAT FARIAY Bt S Aol 7k 2=
HQITHILH 5a, 5b). AMFe] 49 AR Almrt 20dd =
OR ASAA EAHER 20 H A HHEo] ot =2
o AR et oA AlBo A e 2 EEYY 5
ol & ESUA] F=tHIH 5). 8ofsh o] WSt 4l
S5 FH 7199 Aol tha Aot IANE F
A B B 2088 gAY e T2 AeE ad
"t E3F o] eS| FE 7Idd e Bk HEs] 3
A7) Hsire F7HA dAsH] 9 xsteha A7t
Zag Aot

5.2. 01H2IZ JI¥X|Q XN&EEQ L= J|%}

o|H}F A W M EY ZFHAA Y S/ 71¥A
gk 20 AA A et SAH0)ATHJoo ef al., 2023),
Aetat o] Aol A mlgkda(Se, V, Cr, Ni) gt 4
A v &S B o R 7| A8 1 d¥F s = 5
Agt Ax 7)Ao =E2H 2084 AAY Z7)= vl
Zgkom, g E 52 F4E dAoA FFENS
7hs/dol =t 53] 1A v|gdad B A& 1y
o, o] FY 7| Ao £Z5IHE HE A= A
3ol AFHAAE FFT 1EAUT FARE FRE
BA FH =E2EHUS AR Helot

wiol7] FRt AEA] 1ol 4lseael EdEE &
a3 A8 o] Zret(Lee and Lim, 2022)7F Y& 47
ol EEshe wWioly| A5X(Sanchu Group)ol| =53
A FF5E A58 o] AMEN(forearc serpentinite; Hisada
and Arai, 1993)0] X|3 F-of] B AUH A2 o AZITH
Ho}7] A9 X|Gt2 et A2 AQl Y|XIE AEsHH o]
AT FA FARE oA B A2 AT FF=
LS 7hsAdol 2 Ao ® Holu, o] & Elsl|
A olHES L3RR et =24 T 57 A7t 2
a3}

AddiolA = &3] FFolsdTHE et Aol =
Z%|=td|(Saumur ef al., 2010), A5 WEZT S (forearc
mantle peridotite)= A Ytholl A FAlof 8l AHEEE =
o, AREe] o] o) Aol AT Zhete] F3elE
SdSHE w2t AH R ASste] A =29 5 3
th(Saumur ef al., 2010; Guillot et al., 2015). o]u] AHEY

He

Qi - FX]

HO

2 BEUA e &2 A7 2o AR E 5= len AA
)= A Z ol AMetE g otA T=A|(Irwin and Barnes,
1975; Coleman, 2000; Moore and Rymer, 2007; Kirby et
al., 2014), L2 Harlow ef al., 2004), =Y 7} 33}
=(Lewis et al., 2006; Saumur et al., 2010) X F 2] 2]
oljE 2o} T&(Karabacak et al., 2011)0]|4 o]¢} &
Aol TEET 29 4Fo dF A8 27H
AAE a3 ALE AAA = AREH GA| FEFolsTT
& et =259 9lth(Hisada and Arai, 1993). St &
A= FoldA] FAT AlsFtol Z3HPAE 33T A
T A 94 YIS AR T E et = E
Hom, o] oA F2pr]-27] Wely] tiE 2ARR-F
B AEEFY FFOl AW Ao w FAHrK(Lee and
Lim, 2022).

e F2hr]-27] Wopr] St oS &5, F71 W
o17)oll= e g R AU FEZ-&(slab-rollback)o]]
O I EE= FAULEE ojHF TR 2uEHA
A7} A2} Aol AR == AT 2o it 2 71A]
7HWde 1S 4= Qltk. £ Lim et al. (2019)0] A|¢Hgt vf
o o] 28 dAI7} F2hr]-27] #Wotr] dhE 24
T 5 EE BHNA EE A Y dFHE W A
215 o] % AR ¢FAo] 2|&A 072 ARtbE|o] o] HE o] §
A=A A7)0 Aol =EE U 7FsAdol itk S2 9]
AgSol FAEY] A F2 B} FA7| o =&F U
A, &2 27 =20 " 2084 A7 AR X g
2l =250l st g715t =2EHUAY, GA £
FHof| FFols ol WIstes B oA 2HE-sh=
ol 9faf| a1 0] Zeto] Asste] &5 S o AUk

et vke} Zo], AUt oA FIFolsdTHE
w2t AT 7HEete] 2 Ee A2 4ES X33 o
vietol|l A 2T Wioh7) FoF e ko] AR Sl
95ty FotXof HEAHRE wat G2 X Fo 24 tf
So] ZgholErao] WeksigE W] $7(Okada, 2000
and references therein)a} o] Th=A|9] dH 2 SHile JH
o= oy FFFolF o] WEstR o™ Wotr|of g
3} = 9ich= A(Lee, 1999; Lee and Lim, 2022), QE2] At
Fowo A 8PS FFTARELY =22 F
21} A 9] FA] F-2 AHof WAsHITh= A+ 27K Hisada
and Arai, 1993)E S 0 & 1121, oSl A
4 AN E 3T 21EE YAl= olHHFY EH
I FARE A7) 9] F3Fol s Tgo] sk T4 A8
gk QU oo At AT ZEete] kEH AY 7}
0] 7Y =2 AR wokH o|9F IAg FAF QL
A HeliA e BAEAG A2 F2F FAl thgt
Hop AAIRE A7 3 Eojop & A e 2 AZHE
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5.3. Z&EX &2 GLAHHQl 29l

olH e F FHEA A&l A 2EFYLT 1
A v|FELY 22 TS AT AT A
g SAolch. T2y Sl tiHE ol o]H 3
) B4 A|7]7} 95 Ma (Kim et al., 2024) Q& 1 23HH
T 34 D7E SA17100 HAE AT 2] of e, o]
£ Y] AT AN o] HES Y A FA] AES
T FARE $Ho] FAE AR B Aol B Ao
o} BHE, O 27 ol S AL Al 7)ol EAE A
o2 AR = slgFolM HEE TFHA L 21
A 719 Al HgEa: 50] BAstE R o)™
25 9 A3 Te 34 0] Aolsiid e 1
At} stekstollA FEEE Nig] ot 325 EH WE
719 20EAY Hohs £4) 29 ke 9ol
U Aoz FHr.

olHYZH AFZE HAHAZY AR AR F F
A ©9lo] F7HH BEZ wejshd o|HESe] HAES

(a)
Aptian-Albian (125-100 Ma)
Sindong Group deposition

Tat 21EAYLS A5 V99T Al e
2 EAY gA = FPE. A StFSell A 21
BALY dF2 A5l AFHRAE 3T I
7o 218E A7} stFZY] EF o]Hof mF A}
HAE 7S AT AA FdgIo] BEsiid
2134 A= A3 HF 5 3R es 29
She Pou FohE Y53ol HHE FAlol o 2 =
Ie AoR A= YrHLim ef al., 2019). TS o] HE]Z
o] 21384 7| ho] BAAEA ARl =EE JUrtH EH
A717F BA = st Aol e T E oo & 21
A 7199 184 s Bkt A 25740
SIE]R] gh=th whebA oW A gl nHE A
€ o|dESo] BAHIA HA S4 A, AYEA TH
ol 23S 7Fs/dol =t ole BARST HA T
ARE M A S FaL FHH 02 BAEA] SR AR, o
T T 2o EE g3 S et 218 GAV =5
= 7S AATHH 6).

Ultramafic rock in Yeongnam Massif and Japan

Yeongnam
Massif

Forearc
mantle

(b)
Cenomanian (100-95 Ma)

Hayang Group and Icheonri Formation deposition
Ultramafic rock in eastern part of Gyeongsang Basin and Japan

Yeongnam
Massif

Forearc
mantle

Sanchu
Group Accretionary
complex

Sanchu X
Ic Group Accretionary
S complex

Fig. 6. Reconstruction of the evolution of the forearc peridotite exposure in the Gyeongsang Basin during the Cretaceous. (a)
Deposition of the Sindong Group with forearc peridotite to the west of the Gyeongsang Basin. (b) Late stage of deposition of
the Hayang Group and Icheonri Formation with forearc peridotite to the east of the Gyeongsang Basin. IC: Icheonri Formation.
Symbols © and & indicate the general directions of the postulated strike-slip faults. The symbol © means a vector pointing

out of the page, and X means a vector pointing into it.
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