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ABSTRACT: The Yeongju Batholith, located in the Yeongnam Massif, is a plutonic complex composed of intrusive
phases such as the Buseok, Chunyang, and Jangsu plutons. The Buseok and Chunyang plutons are divided as
differentiated phases of hornblende biotite tonalite, biotite granodiorite, and biotite granite, and into the into
Chunyang granite stock and the fine-grained granite dikes depending on the intrusive forms, respectively. The
SHRIMP zircon U-Pb ages of the plutons show a decreasing age trend from tonalite (186.6+0.73 Ma) and
granodiorite (185.8+0.69 Ma), through biotie granite (185.8~177 Ma), to Chunyang granite (174.8+1.4 Ma), and
ring granite dikes (172.2+1.4 Ma). The Bonghwa cauldron, 6.0x12.8 km in diameter, is bounded by the ring faults
and ring dikes preserved as fine-grained granite dike. Early and late differentiated phases, tonalite/granodiorite
and biotite granite, respectively, occur along the inside and outside of the boundary, and might be emplaced in
the lower/middle and uppper parts of the chamber. Based on the geological map pattern, ring dike and fault
kinematics indicate that the biotite granite moved down relative to the surrounding metamorphic rocks, tonalite
and granodiorite, suggesting its subsidence into an underlying magma chamber. The structural and intrusive
relationships allow us to evaluate the subsidence by the models (1) retreat of magma in the magma chamber and
(2) sinking of the solidified granite in the roof into its magma chamber, and thus suggests the cauldron subsidence
regardless of volcano-plutonic system in the upper crust level. The cauldron shows the evolutionary sequence of
(1) differentiation and emplacements of the Buseok pluton, (2) development of subvertical ring faults in the middle
crust level, and (3) cauldron subsidence and injection of ring dikes.
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Lipman, 1992; Yanagi and Yamashita, 1994; Brown
and Rushmer, 1997). wh2ba] u}1o} v 2-4| A of) of
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Fig. 1. Geological map showing several lithofacies of the Buseok and Chunyang plutons in the Yeongju batholith,

and indicating two sample locations.



AR 23t B2

=—1T

et al., 1989; Lee, M.S. et al., 1989). 53} SEE22
FAe] B Rl Sske Saehu etk

TAEFAE o7 It ™ 1). o] BFdA= »
nA Za o] golshn, ZF BYA bt 123
¢l R 9] pol & HojErth whabA, 2= AARE
T2 A85E FRsL, o] WY AR} A7+
£ H7HE 4= Qltk GARke] EkA o gk ofA
8, A|3ket W A LA A Bl aE ZHA| S
== v} Qlch(Lee et al., 1998; Hwang ef al., 1999,
2000; Yoon et al., 2014). o] A|qlo]| A B3 F =22
ZF HEE g o 2 Sejatoln ZF BQAY A
7} 171458 HEP =7} A5HA vrebdtt

o] =ZollA $el= FFAE Yol AT 5
3} FEEY IYEIAES AL (2™ 1), F
KA Zo] up1n} vjA| Ao A 2] o] 5] HEE E
ol Bz} gich AA7ER] 9219 Ao ofshH
B3 FEENA SAFEHL o] Ao 7] E B2 9
oF7] S AAIt vl we off ol Eolsirt. -2
w2} W oty ik ofgf) o) ERbAlE nhanbrt AR A
Z} upnp A2 RE 2 E7HA] 2R o w
A=z AgEojgri(Hwang, 2012). 22
7] FEFA= GFA A ASoE EHEG
Aqt SHAZ ol A mian} o] 5-S UEtli= viA
AL @A F83] 1FEA Z3oh wEba] G54
Qo] FRAZF A EoA FAE SFELAY EA
= O 7hs S 1T Aotk (1) 34414 st
ARA FREAZ FEE AZ2E 7HsAd0] AL (2)
HFETA= SO TR 2 A A2
7Fs = Qo
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4 AsHA" Y] B 842 dPHolgk=T|, o] ¢
HEAQl Gole w2 EEel = At 1 o
o 3= vkArPEHE ZFslaL o] 5 AtoloflA
sl A Woky 5472 ERka o AR
seh, ST ofehe] SRR EHE AFRAIZH ol m}
Wuish A)F e} Afolo] 22 vl B2
3l =] o] rr}(ofl: Turner, 1963; Smith and Bailey,
1968; Walker, 1975; Oftedahl, 1978; Dodge, 1979;
Lipman, 1984).
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SIS et 45 B0 gEEY, ST EdE
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HriWilliams and McBirney, 1979; Komuro, 1987).
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Myers, 1975).
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AFR] gt g A2FEWE ZAF(Glen Coe)
oA S=2 FET} TSt Clough et al. (1909)
7} 2V E A 71 A st

A2 (cone sheet) AL, Al oA, &
& O1E 7 e FE2IE BYAlolH evtstA
52 7HEA YL FARE HERE 7HIh
o] ] FA= thgBHAIRE A m ol dE EA
d dA) gtk 432 1 oA FEE(E =)
U 5 UL 23] Y 23S Bttt X (ring
zone)= Y5 4/ 52 SIS Z3sh= 2
FERA FES etk

9] 2E §oj 9] ofuli= B4 FsHAIA Al
= e 724 #9e Yehicks gz 7|4
ik, 3] SR Lzt ofafel ol 414
A el gol= AoloHofl: Williams, 1941; Billings,
1945; Jacobson et al., 1958; Smith and Bailey, 1968;
Cobbing and Spencer, 1972; Bussell et al., 1976;
Oftedahl, 1978; Bonin, 1986). 12 A ZHA}E-3HA| 2}
£ &ole &3] v Zlo] FAH HsHAR HE
2|9t A2 SHA ol A B A & oA
BFAE 4= (9 Schirnick et al., 1999). o4 H,
o] Ao A A= e} $12] 7oA FEE==
A= RHA o g 289 o QU oE i 7H9
3 32 A3k 4= 9l (Lipman, 1984), oj® 4
TFA= A3t =8 FsHunderground cauldron
subsidence) @} oo Z3HE T FAJo] X%
spabhg glo] Aol 4 9lg2 FE3IE stk
(6l Myers, 1975). weba) )2 sfels deja 2
Y= 29 PAT AA7H e Bk ek 2

2 ojulgieh
3. X

FFANRE FEST] 5579 AARR] | =
Z= &= 2 A 59 shuoltt. o] ARk Ego =
FE I AHT 27K A= o] Qo (19 1),
Fe7] RE2AREFl Y3t Adigt TukanbA 9
AAAAZ 214 =3 Qlrk(Lee et al., 1998; Hwang
etal., 1999).

FTFANY FE5He F5F ] WAARHURE
IS &Sl &5, ohafet o] Hnt
Aot HAFE FAE o] St} Ao SRt &

Ao A At WA BAlE vl antEo|Ed
Ao}, # 2uteto] EE w|dnteto| E, 374 H
Rty SAF Hupoto 2 LA tHShin and Choi,
1968; Yoon et al., 1988; Lee, J.H. et al., 1989). 1]
I oS GAEL R 7HA SR Huleky vt
AR Elel Sl Bk s Faaket. Al
AHRL gHfskElo] glov, e waae
3} 442§ $-2] Qolth(Chang, 1990).

o] AHHE A0 Ealol=olA] S7et wlo]
I(Lee et al., 1998; Hwang et al., 1999), J=7F =
HEoNA A-EE f A=A theFstr] diizol of2] A
o] HYAI HaMo= TRt (Hwang et al.,
1999, 2000). o] A9k A3tz okaehs], x| 3}st
A EAES EU=E T2 BEdTo|EY, P ES
2 9 3 2AS 71 6719 e 2 HiE
o, BYHESFY ZAo 93t Az aA et vk
g 4] Y WEFE oA A SR
EdTlolE, Wt S21 PIHEY, S 3
HAEY, S8 P, =FSA Y, 588 e
«2o2 AlEstginh 22 o] AWk T ERHA|
(intrusive complex)ZA] A o] whel B9,
AL FrIA R T2 5 e AN EEA
(plutonic complex)o|th(Hwang et al., 1999).
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Fog LAIR QEE 7HAE 24 wMiE FA5H
= gaideolth. o] AN H&E ARl A
J A= o] Al7]of dofitet. FAiH = 7l N30
~80°E, 50~70°NWolm Z¥te] J-55 WAool
Yeh= Aol thAl = 3 3sttHChang, 1990).
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0] WS TSt FRolA S22 3
AEY 9 S8 g A& a8ar o
A9 o] HEFolA Eded E AHE S
of s FPHHIH 2). ST HSFolA
7HE WAQ A HAEE 2= ot dRky
© 2 g A ) 7aE BA e A
AR 7HE gElE #F WEAZItiHwang et al.,
1999). o] gel= Edete|ES AME ZlrtoloA
HAd ] Hetol A gl Baggt A e
o] Qe & B 71 1EHE WEA7F 4 ol
QA5 B e ol 2ol 2] (magmatic
foliation)e} e 4= Qict giRF o2 vlanbA
Qe At AARE vt FAYAO R Yepy
(T 1), Az AA A= T 2edof| sy o
2 o5 o2 BoFEri(Hwang ef al.,
1999).

o] Edtzfo|E o] Auke] the haburt 1
2 FE o] gobd I Y] 3AE w
FARE WollA 7 MA7) =t s =1
2 YA SR A= FHEolth o] &4
< FE AP, A, g, SR, 24
= ot =94, AuS EEA 7HRITh 2414,
SR TY FAFES dA| = 15~25% A= T
Hr}

o] Ege}o]|E= MH-MY SJeioflA] SiO,7} 61.34
~64.37 wt.% YIS UEPAtH(Hwang et al., 2000).

412 S8 PHIEY

SEE PR o] AFY At §A &
Zstn] EERoA RS TUPeH(1H 2)
Z3to] ofsto] W2 L3 A9 HopE o|Eth BEY
2}o| EQ} npR7 LA 2 A 2 B5-dA T3l FA
WeFe 2 7HE AARE 7= Euig 485 vE
Ul7] % $tch(Hwang ef al., 1999). 0|52 E3] A+
A, S22 9 ZHHA AR wiE = B oE = vk
g QEls Uehdh o] el dAl= 9 29k
of tisl FHAYCE Bl 92 o] FHth= ¢
Aol AL AR q—EP;H_q-(Hwang etal, 1999).

o] IPHFLE I YA FIME i =9
A=A 7l T8EY YdE22AE UehfAe 1=
G A7) ofF EEA WM o= U=
X& Utk o] AL FE AP, A G, &R
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4, 3eRE PRelT 744, K4, AN =
A ZHeth SR Sof BB A 10-20%
A g

o] IFHHERE MH-MY Zkiof| A Si0,7} 66.70
~68.72 wt.% HHE UeEPAt(Hwang et al., 2000).

413 3¢m 379t

S 3JR2 o] AHke] SR uifos B
23} oF 85 km” WA 7HATh o] 33k Y
A skt STl o3| Eiutolw (1] 2),
SHAE ZA oA MAYS ZHA 2 el BY
gto| B} s SN FEHoA R0z A
2180 2 o= ol A Y T3 HES gt

o] T2 A= A2 FH oA Tk FEH
o2 ZYAQI o] Y EFHSAIT A Ex3}
Zretoll stk o] GAFS F2 AP, A, o
A, SRR TN 5P AT AP Lo &=F
A EE IgEAe 715 Bbgoz yehd
o} FAEEL 6~10% F= FHEV REF O E o
Eo] I E &d 725 ek

o] 372 MH-MY A o)A SiO,7} 68.65~
73.17 wt.% HYE Yerdth(Hwang ef al., 2000).

J u
FFAAL TR £ HAAARY EY
HA A FEHE o|ETHH 2).
Aoz gEj7t AT 1x2 cm
Hele] A Aol whg o &2 vt s RAS
Uehdltt
o] MF2 SHANA MFH Y] YIS HY
1 270 373 WA PHEEAE S vErd
tHHwang et al.,, 1999). t7f FAE W1 22 A
G, APEA, e, Senet wen 1AgH
o} AT AP e o] Ao ti5st g
T2 UetL o9 SR o= AP o] ek
o SABXIT LRF = STt e ET A
SABI AU SR E 7HHA WerTt o &
Alfidch 2ejA] o] MF2 AAHoR B 3t
7o)t & 4= gl
o] #8173t tigt SHRIMP U-Pb #o]=2] A
=174.8+1.4 Mao]thYoon et al., 2014).
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5. SHRIMP X0{Z U-Pb SiLCH

B3 FEE FHA BAETA = S G F
2 37 Aol A SHRIMP A o]= U-Pboj 9J3t &
EH7]- oju] ¥ 11H Hf Qlt}. ZHd 4 S Eda}o]

+=186.6+0.73 Ma©|1l Z-21 3P7Hd 292 185.8
£0.69 MaZ SA = o, 2F3173ore 174.8+1.4
MaZ SA = A cH(Yoon ef al., 2014). 2= A L%
S8 3P Al s ol s SHRIMP

177 Ma 181 Ma 185 Ma

(b) HY514

171 Ma 167 Ma

177 Ma

o7 - zelst- 0|28 - 01715

SR S AR HY545—4 AojZo 2R
ZAE|T A EEL Rl Aol Folx]
o AFAE AEET CL GAeIN AolEse 5
Ao AT WERTE RolAT 4o
71A1%) QF=TH(2 2a). 147] Ao}2e] Uz} Th 3
T= 247} 434~1122 ppmt 81~467 ppmo]iL, Th/U
H]E=0.15~0.579] F2 HZ Yepdth(E 1). U-Th
A=A £A4E Aol ES A= Th/U Hl7}
19 SAHE te} Ae] Yoz teteh(1dY
3). oS0 ofshR MolmSe ofd W rpzel
3 vk mtoll 4 ARG Mol Eo) 54 ehict
(Vavra et al., 1999; Hartman et al., 2000).

A AR LA ofs) Aele 713
e 242 1) 9 Uel] 137) B4-e M) A

7] Pb/*°U Zto] 185~177 Ma ¥ S 7k (&

1), 7F%4 *Pb/*U AdiE AAs7]7F Latst
THY 4a). I A0 HY545 A&7 9] AolE AA
el 4l 224usg gAF IR A = o] AA S0
uhn} @A) B A st 7l A9e AR
SRR, oF 8 Ma9] @141—3_‘ 7l wEZ A= ¢

175 Ma

Fig. 2. Representative Cathodoluminescence images of the analysed zircon grains, showing the location of analytical
spots and **Pb/*8U ages in Ma, separated from the biotite granite (HY545) and fine-grained granite dike (HY514).
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Table 1. Summary of SHRIMP U-Pb isotopic data of the analytical zircons from the biotite granite and fine-grained

granite dike.

206 232, 207 206 206 238 207 206
Spot no. ((Zl))c (p}l)Jm) (p?)}rln) 23;%1/ +% 20611);%/ +% 2358/ +% AgP;béMa]:)[ Ag:/(MI:;)

Sample HY 545

HY545 1.1 - 1005 238 024 170 0.049 09 0.028 05 177 09 158 +23
HY545 3.1 0.03 843 467 0.57 0.10 0.050 1.0 0.028 04 181 1.0 120 433
HYS545 41 0.12 905 306 035 050 0.051 28 0.029 1.6 185 +£3 180 +68
HY545 51 0.04 875 345 041 040 0.050 1.1 0.028 05 177 1 184 27
HY545 6.1 0.12 615 9% 0.16 211 0.051 13 0029 1.1 181 +£2 158 £39
HY545 8.1 0.06 621 226 038 034 0.050 22 0.028 06 177 £1 174 +54
HY545 9.1 0.06 881 125 0.15 0.17 0.050 1.0 0.029 0.5 183 1.0 223 426
HY545 11.1 0.07 434 81 0.19 0.85 0.050 14 0.028 0.7 179 1 394 458
HY545 12.1 - 515 189 038 095 0.049 13 0.028 1.1 179 +£2 262 +42
HY545 13.1 - 816 200 025 035 0050 1.1 0.029 0.6 184 +£1 225 430
HY545 141 0.05 941 280 031 122 0.050 1.0 0.028 06 177 =+l 163 +£26
HY545 151 0.10 809 223 028 0.86 0.050 1.1 0.027 1.1 172 +£2 203 =£26
HY545 16.1 0.04 700 280 0.41 0.15 0.050 1.2 0.028 1.1 180 £2 649 +47
HY545 17.1 0.01 1122 438 040 046 0.050 08 0029 05 182 1.0 155 =£23
Sample HY514

HY514 1.1 - 35 34 1.0l 0.76 0.047 95 0.028 2.7 172 +4 831 4429
HY514 2.1 - 60 79 1.34 0.53 0.050 4.6 0.029 23 188 +4

HY514 3.1 - 133 133 1.04 037 0.049 3.0 0.027 1.5 175 3 -475 4363
HY514 4.1 0.05 53 58 .15 0.51 0.050 4.3 0.027 34 168 +6 691 +256
HY514 5.1 - 155 178 1.19 033 0.048 2.7 0.027 2.1 171 +4 394 +142
HY514 6.1 0.21 74 120 1.68 0.44 0.051 4.0 0.027 1.7 171 43 -156 =348
HY514 7.1 0.56 68 54 082 056 0054 34 0.026 20 167 +£3 -636 =731
HY514 8.1 - 166 150 093 036 0.047 23 0.027 13 173 2 312 =+£140
HY514 9.1 0.02 126 140 1.15 040 0.050 4.5 0.027 14 171 £2 614 =+£165
HY514 10.1 0.03 160 212 136 1.05 0.050 1.8 0.027 12 171 £2 295 486
HY514 11.1 - 126 260 2.13 028 0.048 2.1 0.038 14 175 +2 615 =*155
HY514 _12.1 0.16 64 21 0.82 046 0.051 2.8 0027 1.6 171 +2 -409 %406
HY514 13.1 0.13 149 141 098 031 0.051 19 0027 12 174 2 165 <75

- UL A2o] Aol G4 T 1
ol% o YR WS WIGkS 71543 S ofujat).

52 HER stz ofr
Al 332 A= HY5149) Aoj2o 2R
B S E A AoZES AFolHA 4ol
%‘JPE oH, SR FlA THL T A
FUFEE 7PN AL HolA) gt H

)~ #ol2e| U Th &=+ 22} 35~166 ppmt

21~260 ppmo| 1, Th/U ] 0.82~2.139] ¥] ]
92 HHE vehlie] SAA 134 2 ApofoflAf tha
Abgksiuy A AARS BojZErh(1| 3). o|& 94| 9]
B 20 oA B4 Qe vrehdth
AU @Eﬁi AlE A sPdeel A 166 ppm
osto] AWt S5 Sp7Fetol A 434 ppm o FelH,
Th/U ¥l Aﬂ%*‘ St 0.82 ol ol A|gt
S5 sdetollA] 0.57 o3t A] &3] ohE A
= O|Et ol HE EXIH2 F ol b
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17] 2Pb/PU Zho] 167~175 Ma2] M S 7HxIc}
(F1). 127 B4 71287 Pb/™U ) 172.2
+1.4 Ma (MSWD=0.90)2 23}l #3502 A9
FHrH(1Y 4b). 7F¢ @ajE BA%] 188 Makx 34}
ARG TE ATt AolE 2o 29E B¢
E7ho] E3HEA 0 FF A2 st

6. EEE 712

BRI oA BAEA = F2 ST Ed, &
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Fig. 3. Correlation diagram showing the proportions of
Th to U concentrations (ppm) of the zircons analyzed
by SHRIMP.
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9 W Ao 2 Jare MY, ST 4
AZAo] ofs) BEES BUT 5 Ik & BEE
© TR Yehot 2ol B 7Iokoby WA
o #2504 glek

B3 SEEe HR2 ST 95e oet
T2 AAZ 7Y 4 Gk 2N BEE G
© ST AT FS oo AAgoR
W olEiT BEEL Seu shhtol AX|siH 9
A2 uhet Faferto] FHA B} g 1
o] WHUR, 484 Zen Edeels 9
S9m B Sefo] Lttt

6.1 Etatetafa EEF SEY

B8 EEEL S99 F 2ol 40.7 kmofl 2%t
CHE 1). o] Eel= T57e ASHA st g
YO 2 ADE A, BERoF FEF oA &t
B hfjo] gA 0 2 AZH L dE 2 Tdd)
2 fAEe 3™ 1). gL AP AR giE
& A 7P, 2150 2 65~85°2 AT

5 I ES0M EF5SE AA T5L
2120kmo| W Hfo 2 dAH YEL B
oA oF 1.6 kmz 7P} FAAR, 55T 552
455 thh FoMAT7E 10 m o]st2 gFopitt. m
2hA] o] Egerile Bt SRR FAE P ofsETt

XS YL FEE ASFoA EASeR T
Ao 2 ARE 6.7 kmol| FRieh. o] A SRl A]
WEo] o oF 1.4 kmo]d o] NI5°E o=
AFHTE FAS O 2 7HHA NAOW FFo 2 3§
|23 HH FobA 10 m2 gFopxich.

0

010 298Pb corrected data-point error ellipses are 68.3% conf.
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Fig. 4. Concordia diagrams for SHRIMP U-Pb ages of zircons separated from samples (a) HY 545 and (b) HY514.
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Table 2. Ring dikes and faults defining a boundary of the Bonghwa cauldron.

Length of ring dikes and faults

(total 40.7 km) Cauldron
Structures Eastern side ~ Western side Northern side Southern side dl?l?:s ;er
E dike W dike N dike Faults S dikes Faults
Measuring 12.0 6.7 3.8 1.042.3  12+1.8 1.842.8+73  6.0x12.8
values

55 2 E504 A e gt
7FEA S04 N30°E o2 $jojAq e s o
7 E]m 3.8 kmo]] @gteh. BE-2 2| 200 m o]5t=
FI FEHL= 10 m o]st= A gFotA ©F &=
TG A€ok

TS 2 A S0l A N30E H3Fe &2 1.2 km
2 AR E T FZ oA N65°E Hako 2 1.8 kmoj &
A o] 52 WZo| Hff 250 m o]st2 FaL 2zt
FEOo = 7hHA AL ghotA TET = A H

wEbA B3 SEES S A 255
kmo} @352 TgH) 9 A% 152 km= 18
Bl AY HheAY 7S WIITHE 2). o] 9 el
A 7P 8- 21742 NNW-SSE W3k o 2 6.0 kmo]
a1 o]of) A7t ko] 2172 2F 12.8 kmo|t}.

o] IS FAAFEE BEHA AN &
JHESF7 Al 4] 2 YSHALE oleth =
EE2S AR WHY e o4 S 3Pete
2 HAY ZIAE 7RI 2% vhE, R ¢F
A WA, A SR EYTo|EY S8R
PHEEe R thefsith2d 1). o]2f3t A=
Hofl &J5h, o] I HES X|stolA FEE A
SHcauldron subsidence)Z A7l &l &l Xulj=]
RS GAE) 28 o] PHMEL 7|E AAof
ofu] FAT Bze] FUE 5184 P (permissive
intrusion)of] J&t A Y-S AAEITE & FEE 5}
2 Z7leke ool vkt ghelg F7h12 o o}
b Aake 47 Y 5L Heh 3l
A7) vk BYS AR

6.2 O|7x ¥ O|=% M3}

R E R EES LR PR
BERE YRR gsto] dojuct. o] Ylel A
Bo|N Egeo|=n} s7-SolA AH B}
Tk 42 (magmatic foliation)7} % &

S5l A= BAYSHA A=A, H2 HTE o
Fo8 25 3uls|A 2= A YEhA gt
(Hwang et al., 2000). wj2pr] 4 ARl 521
S ouiAo] a1 ) 9] Ado) o Ht. st
H AR el A FERE FAEE0] o2 Tt
HA gt daEA o] STFES RN HaE
ol FEle FA4T B BE 55 4dA &
A S0 LA WIS HhgRit). of2et
A= A9 2o Ay S ARIH HAIZ o] ¢
9] oS STl PRI PO = oFfR|= AH
Z 2 gAY ZHAl oln] HEH AHS0] 5
ol wet s A= sA AR EEEelE
o gE Aol FEH o= A3k Fol o
2lo]| ofsf BHskArg-o 23l A o= s =it

I BEGEO|ES M 0]9 HESolA F5-
WA R o FEE A g EE o
(Hwang et al., 1999). o] @]+ nt1ukd |l A
o] B FHH7| 2ol o AgsiAnt F= 4
2 E FE|= A3 oEh

QPO QI AR 2ol o] o
Ao) A3 2AGN FYULo| T o714 Qo
2= grE 29U S50 R0 Seu
Sl A oAl SHE R Fagtth(Hwang et al,
2000). A dHE P 4 BR_E
Egzto|EoA EEA YEAIRE, S5 A
ElA A=t ko] SR g d=Tt
A 718kl S8 gt 717te] o] S5 3
AEeolM 2L 27 1 cme] 24 o= "t o] 4
AdA 9] ARFoA H Alb Sl A2 vkt
ZH(magma chilling)o]] Wz} == AWAACRE
AT 2 QIE L] AYShE nhnhE e A
oA 2=7t o B oA HEL 2549
FEUERE 2 7|4 v A wWE Yzt
2 Yol SHHAIL o] 50] =HAR FAEIA
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244 T8hEo] A
A &S5 er"ﬂ*i v%x Sen 32}7&%‘% ?
Aot Ao® AzkEr. 121 24HL 1
B7F diA Age 7HA=H, ol=i't A3 ??Mh
ant Ao WE Yoz A4sEses
3tt}(Presnall and Bateman, 1973).
S5 3P o9 HROA HAY A E
£7) gpahsd), olefe EeAE At opw
APgollA] THs el G shIeHle QA e
2 QA M 9] oy Sl EAshH=
B3R 223519 7] ol (Hwang ef al., 2000) 23}
7t doluolat stk % 2vet HE FL B
£ ok yRigkololar 4520} Bgto) s
of A=Y BEdEto|Eo 22 Al Y
ek

7. E 9

ZANke] B RN BABAL F5
1174 oA o] Aot HatAle] Bew Bot 2
EEE =E AT o] BEAE Ak telA 2749)
ThE Al7lol AAEE-2 A AR E Lehi
o A7) RHAHHAE 186.6~177 Ma AAAHE
Zobo] FPAE|QT 7] A 174.8~172.2
Ma 4424 Soto] FAEATHE 3). oln = 4
R Feb] vhantae) 27ad sl
ASRYA T FARIA ) ATBAL 927 FR
A7t o] BE2} BRAEE vIo} BAA
£ ZE3=s gt
7.1 gafotalol X|E A
B ol At e 243 248 7}
A ZFAARS) AU et gk,

BRI 244 Bew BdelolE, S w 3

[o
(]
OII

MBS 3o seke sk AthaH 1)
weha o] Mg A Shpgtule Yslohe Sem 57
o Flol] gHetuo 2 TIRE Aoz ket

(T 5).
Ty A FAE A SR Seel AlY
A A S SRS tholoty (diapin) 2 #A

TE2E °‘E}(England 1990, 1992). o] 2|3+ T4
= thojolule] BRI Sem e oA
[ R e oA i OME'Jr Edio| B} 34
2918 SAYAe FelshElololet ZbsalThe)
Mirriam, 1941). 283 S22 3171¢to] A x]ﬁl- )
3Pgetdo] 1t Ar o WEES ZHHtHH, £4 ]
B2 L5 =2F|ojojof S ¢ Paterson and Vernon,
1995). oleig Tl AA: Sighlol Ao uhu}
A gt gAlskar 7] ZIRI(AA YR BTt
o| E&} 3P ES) oA Y T dElete 9
sfouk gtk TEiu EyEo|E W st
&R B3y Qej7F BRE R gom, o] wjiZe]
ORI 75 olfie] S22 S ol 47
HAAY S22 541719 E3Hdo]ofoftt gt

7.2 StAtol oryx|e} &5t
B3l FEE SR AJEGA = 5 A F
of| 4] 371 eMgo] SHRIMP U-Pb A o]&of 25t &
g oju] S vl gick N ELm Edelo]
EL 186.6 Mao]J_ 39w 37 =E9e 1858 Ma
2 Z2AE 9o, 2987}k 1748 Mag 2 A E
‘,‘d\:]-(Yoon et al., 2014).
5 ¢ 3ol SHRIMP A o]& U-Pbe] Al
7} 185 177 Ma9] ¥9|2 A= k1Y 4a). ©]
Sy @%L ol A o] 7teto] Fx|E wff upx|dt
T (T2 Q)R FHREE olu] o] B
240 FYEUE AL T = ik AlF
2 3}7tehm o SHRIMP #|o]& U-Pb Atj7} 172.2

Table 3. SHRIMP U-Pb zircon ages of the lithofaces in the Bonghwa cauldron.

Pluton Lithofacies SHRIMP U-Pb zircon age Reference
Hornblende biotite tonalite 186.6+0.73 Ma Yoon et al. (2014)
Bplflslfgrlf Biotite granodiorite 185.8+0.69 Ma Yoon et al. (2014)
Biotite granite 177~185 Ma this study
Chunyang Chunyang granite 174.8+1.4 Ma Yoon et al. (2014)
pluton  Fine-grained granite dike 172.2+1.4 Ma this study
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Ma= SAEUTHTH 4b). o] A= ©] FHol
Tdste] X3 A7 = A .

a2 ug BANYEA A EdEto] E(186.6
Ma)2} 31714 291(185.8 Ma)2 T-2-1t 373¢H(185~
177 Ma) e 417]9] 25}2olek shaiaiel Z(Hwang
et al., 2000) X|Agtct. 2|1 3¢ (172.2 Ma)
& FPUHPANA F719] BokRRA FFa
Q1748 Ma) QZETH Lol BARIH O R 1)
=9 Aok whb Shiehul i Ro] K] 24
AR e ue FALAOR Ha vt
by Gelvh ) ghereS olaid 4 gl

g Aol AT SR Aere
@7 5o 4 Edto|Eet SIS
I FLE 22 YR ol EASHA H A=A 7E & 20l
t}. o2t FHA HEWA = AFFl BAE A
59 SR 3FYo| sHE-RE AA off o ukwt
A 2 g gtotolx|ut 7kttt i AYE 3t
e JoE Yol SR 3] AWK
£ mEt e o= IRIRE Ao 2 St
d 5). T S QoA ML YA |7} 4k
S5 A nkanby g7t Qe AL o] Y
o] AE-¢rolgt= At §A st skE (A=
A ] st

sleF sttAl= FRE=Y] wiely] SAk-44d J
sA ol A E51A TET 4= TH(Yun, 1988; Hwang,
1998; Hwang et al., 2017). SA-AA ZsHAIE Y
Bt E4 XA E g2 gubE o 2 7 AskA|
Woll A a2l /1215 Uehli= A Y #olx], &
Al eEAHEE U= A &= ofyth o7]A
Zte}, SdERA 2 A AlE dutd ez sk

| Op20F BHEER[A 2 EISE |7 303

A4 WSAS B AR © 2L g
Ebditk(Johnson et al., 2002). o] ©H2 71AF ¢k
oA ZHtE, o 722 gEdolA oL 33
A AdAA TG F3F oA F Ate]¢] mhamt
TEY ZE A E SLEYAE =S A &
A A oA o]2fgt 37) miambd 247 BEET]
Z o] HAA L, 0|5 947} 3x}Y o R AR x| ztat
od “HjTAA" = AZEHA=AE ERIT 73E
Al-s2ret

7.3 Jtsst &5+

old 31747} o] TAA| Q] YA =SS A uliF
=7 o] 50| T8 T2 AR 29| ul 1t v A A
o o F S 7HH=A] BT S
TS 9 FE o didof 93] 3= (Johnson
et al., 1999), 0|24 $-2l= B3 TAEFA| A &
ARAA HotA ] SRAZ G oA S 34
9] 27|9AIE Yepditt AZFSE 4= Qi ohakA
et o] ST E S whal B e WA
EHd 5 TUHSES BojErt o] A
SEE Xote} st wWEA Wl 3ol 9
3 AT = FAHES GEdE gt FREHIS
A|AFgtct.

ol HYUAIZ} -4 A Q] FEo] 2 5=
QAN 3 AR =235ty Aol o B2 Akt
g gsitt 9, sifetio] Y3ttt x3d g
Ataolatd, I8 A 742 2|2z} Yo A AEE =
dH-E 7| A Skl AREE FHol gl o5 F4
of tfgt HE T2 SHAF ot mhaukdy oA
A o] AbgFelatat 2 AR 2|2 3 3} I | of

Fig. 5. Block diagram showing the three-dimensional geometry. The central plug of biotite granite subsides, allowing
intrusion of the ring-shaped fine-grained granite dike around it.
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AcH(oll: Anderson, 1936; Phillips, 1974; Walker
1975; Komuro, 1987; Schirnick et al., 1999). o} 10}
A= At =Estd, 22 dA oA = FE
gk F& 718l A9 A2 GEA7|aL ZojRA| g
o} o]23 GEE2 vhAntE AR W= 2]
o] YA FAsfoet gtk 28y o]E2 A
HE27HA] vtttk 913 F25 AlSsteAl
NHRE U 5 U= TAE A TS 5= gk o
ZhA] o] SIS APt BE 7Hs/do) A
o Ql= Aoz Azt
a2 tiAlell, stetdo] et hE 23E &
Feraolzt, o] ohuf o] &R ol 25382 XAzt
E3A1Y] WE7} ol = Yslaiths A 9ol
2|7t gl HojFojopgt gt Zd| et P49
1A Asfol oJstH, Zd|et vpe-2 npnt
FEol &=8-5te] A& 2 mfanpPiH = 7het
Ae AR ARAZHe] 5 E L o] &
sl W 2 RE vponh EAo] WE o] &)%)
tod, mbamb S A7 A9 5
= T2t AF §ES 94 =3
AE o] mt A FEd=E A
T nkanks A shel S4
dos P4 Aol oldf o]5o] FAE =7t
FolAAEtE, $E& ol dHS A=t el
Ot Msl7| L2 B0 o7l o] HE Y
2 R34 o]of] A H 3Hibete] FAE whdsiar
ARA 2] ufo} A A o sl o]E0] ojH F
f24d0] Aol w3t ESFAHAGS wrggitt k=
ol A 9] Hetr] AAUAlE tite Aol = &5}
o] o]of TeAH shateto] WAEX] Fotar of
FE AN R =57 oL 2o
d2EE o] S A RE AAEA| Y= F
2 stof| ozt A o= 28 ptof| glok o] $&
AEAAZE g oz 42 ET ZdE} a0
=278 27 athd 94 BEg o 15s
o27] WEo|tHSmith and Bailey, 1968). FH-X]
2be] pae ohobu e dtee) o) &
¥ho 2 3t o AL s o] Zake
Al 57e) gabarde vt A% WsE A %
Eaih olufe] SRR AR F71l Tieh 34
Moz wglel yulel ool Wel A4 LEU
NI, 223 TSk BAeke vl R
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Azt ApoAe] FHEPAL nhante 2
£ A0 479 Syt g vlant E2E A
TR A, § e A2 delA Ao 2He) o
g2 42T itk olgfat "B S F2 o
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we UEe] morg Ea $i%o2 Blsl] 99
g @2 o)A niant 275k B mha
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o Zdletel AZE shankAe| Rt ek 2
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=
AEdAoIh A4
A= AN S2E BEdEtolE, SR SIS
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7] 23R S Yo 2 o] Foj Xt

ol2fgt A= L 7N FstA WolA vk
nhg @aE0] 3R Ho R ojmEt “HiTEA A= 4
A2t AZE YA E A 7135 Al
upeba] TS 5 SR 3eto] Y
WA, EEEelE 9 SPHdEH] Hg| o=
o] FHTh= 2L UeEhH, ol= o nfampiy
2 e Ae GAIgTh HEd 224 9 Bl
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Ao ofate, $els BEE Yok 22T 5 9
on] AgT 4 G BB (1) ok hantyHo]
A ukamtke] szko. 910 Mg ete] Fakshe Aol
5, (2) X1%5-2] TASHE 32 si7jeto] 1 ot
$7] mhambE 2 sheekths Aoltt.

e BB BEES ARAZ o)A Shik
A4 AstAeh FRE BEE ASAS ek
o] BEEE (1) RAMAAY Baiel 33, ) F
222k Aol ok o) SES e, Jeln
() SSE A3t % Baere 74 ABEAE B

&t
ZAe| 2

o R ok WA Pold ARE uF
02 27} AT QojAl ATpolr). S E B
7238 Y AT ) MEAR] o] §AHILE T
9J%}t SHRIMP U-Pb 2402 3= ict 18
QFETheta QrAst Al BslUel Ego] it

REFERENCES

Anderson, EM., 1936, Dynamics of formation of cone-sheets,
ring-dikes, and cauldron subsidences. Royal Society of
Edinburgh Proceedings, 56, 128-157.

Billings, M.P., 1945, Mechanisms of igneous intrusion in
New Hampshire. American Journal of Sciences, 243-A,
41-68.

Billings, M.P., 1972, Structural geology: Prentice-Hall,
Inc., 3rd ed., 314-360.

Bonin, B., 1986, Ring complex granites and anorogenic
magmatism. Studies in geology: New York, Elsevier,
188 p.

Brown, M. and Rushmer, T., 1997, The role of deformation
in the movement of granitic melt: Views from the labo-
ratory and the field. in Holness, M.B., ed., Deformation
enhanced fluid transport in the earth’s crust and mantle,
Chapman and Hall, London, 111-144.

Bussell, M.A., Pitcher, W.S. and Wilson, P.A., 1976, Ring
complexes of the Peruvian Coastal Batholith: a long-
standing subvolcanic regime. Canadian Journal of Earth
Sciences, 13, 1020-1030.

Chang, T.W., 1990, Relative timing of shear zone for-
mation and granite emplacement in the Yechon shear
zone, Korea. Economic and Environmental Geology,
23, 453-463 (in Korean with English abstract).

Clough, C.T., Maufe, H.B. and Bailey, E.B., 1909, The

| Op20F BHEER[A 2 EISE |7

305

cauldron-subsidence of Glen Coe and the associated ig-
neous phenomena. Quarterly Journal of the Geological
Society, 65, 611-678.

Cobbing, E.J. and Spencer, W.P., 1972, The Coastal Batholith
of central Peru. Journal of the Geological Society, 128,
421-454.

Cole, J.W., Milner, D.M. and Spinks, K.D., 2005, Calderas
and caldera structures : a review. Earth-Science Reviews,
69, 1-26.

Dodge, F.C.W., 1979, The Uyaijah ring structure, Kingdom
of Saudi Arabia. US Geolological Survey Professional
Paper, 774-E, 17 p.

England, R.W., 1990, The identification of granitic diapirs.
Journal of Geological Society, London, 147,931-933.

England, R.W., 1992, The genesis, ascent, and emplace-
ment of the northern Arran Granite, Scotland-implications
for granitic diapirism. Geological Society of America
Bulletin, 104, 606-614.

Hamilton, W.B., 1989, Crustal geological processes of the
United States. In: Pakiser, L.C. and Mooney, W.D., (Eds.),
Geophysical framework of the continental United States.
Geological Society of America Memoir, 172, 743-781.

Hartman, L.A., Leite, J.A.D., Silva, L.C., Remus, M.V.D.,
McNaughton, N.J., Groves, D.I., Fletcher, I.R., Santos,
J.0.S. and Vasconcellos, M.A.Z., 2000, Advances in
SHRIMP geochronology and their impact on under-
standing the tectonic and metallogenic evolution of
southern Brazil. Australian Journal of Earth Sciences,
47, 829-844.

Hwang, S.K., 1998, Evolution and type of the Wondong
caldera, western Yangsan. Journal of Geological Society
of Korea, 34, 20-32 (in Korean with English abstract).

Hwang, S.K., 2012, Tectonic Setting and Arc Volcanisms
of the Gyeongsang Arc in the Southeastern Korean
Peninsula. Journal of Petrological Society of Korea, 21,
367-383 (in Korean with English abstract).

Hwang, S.K., An, U.S. and Kim, S.W., 2000, Spatial com-
positional variations and their origins in th Buseok plu-
ton, Yeongju batholith. Economic and Environmental
Geology, 33, 147-163 (in Korean with English abstract).

Hwang, S.K., Jo, LH. and Yi, K., 2017, SHRIMP U-Pb dat-
ings and igneous processes of the igneous rocks around
the Myeonbongsan caldera, Cheongsong, Korea. Journal
of Geological Society of Korea, 53, 781-796 (in Korean
with English abstract).

Hwang, S.K., Kim, S.W., Chang, T.W., Kim, J.M. and Lee,
S.K., 1999, Intrusive phases and igneous processes in
the Yeongju batholith. Economic and Environmental
Geology, 32, 669-688 (in Korean with English abstract).

Jacobson, R.R.E., MacLeod, W.N. and Black, R., 1958,
Ring-complexes in the Younger Granite province of



bt - =013t 0|23 - 07|15

olor

306
Presnall, D.C. and Bateman, P.C., 1973, Fusion relation-
ships in the system NaAlSiz;Os - CaA1:Si,0z - KAISi305
- Si0; - H,O and generation of granitic magmas in the
Sierra Navada batholith. Geological Socirty of America

northern Nigeria. Geological Society of London Memoir
Bulletin, 84, 3181-3202.
Schirnick, C., van den Bogaard, P. and Schmincke, H.-U.,
1999, Cone sheet formation and intrusive growth of an
ocean island-the Miocene Tejeda complex on Gran

1,72 p.
and emplacement history of a multiple-center, cone-sheet-
bearing ring complex: the Zarza Intrusive Complex,
Canaria (Canary Islands). Geology, 27, 207-210.
Shin, B.W. and Choi, S.I., 1968, Explanatory Text of the

Baja California, Mexico. Geolological Society of America
Geological Map of Sanggumgok Sheet (1:50,000). Geological

Survey of Korea, 28 p.
Smith, R.L. and Bailey, R.A., 1968, Resurgent cauldrons.
Memoir of the Geological Society of America, 116,

Johnson, S.E., Paterson, S.R. and Tate, M.C., 1999, Structure

Bulletin, 111, 607-619.
Johnson, S.E., Schmidt, K.L. and Tate, M.C., 2002, Ring
complexes in the Peninsular Ranges Batholith, Mexico
and the USA: magma plumbing systems in the middle
and upper crust. Lithos, 61, 187-208.
Komuro, H., 1987, Experiments on cauldron formation:
a polygonal cauldron and ring fractures. Journal of
613-662.
Turner, D.C., 1963, Ring-structures in the Sara-Fier Younger
Granite complex, northern Nigeria. Geological Society
of London Quarterly Journal, 119, 345-366.
Vavra, G., Schmid, R. and Gebauer, D., 1999, Internal mor-
phology, habit and U-Th-Pb microanalysis of amphib-
olite-to-granulite facies zircons: Geochronology of the

Volcanology and Geothermal Research, 31, 139-149.
Ivrea Zone (Southern Alps). Contributions to Mineralogy

Lee, J.H., Lee, S.H. and Chang, T.W., 1989, Geological
Report of the Punggi Sheet (1:50,000). Korea Institute
of Energy and Resources, 33 p.
Lee, J.1., Jwa, Y.-J., Park, J.-H., Lee, M.J. and Moute, J.,
1998, Petrology and geochemistry of the Youngju and
Andong granites in the northeastern Yeongnam massif,
Korea. Geosciences Journal, 2, 1-14.
Lee, M.S., Park, B.S. and Kim, J.H., 1998, Geological
Report of the Yongju Sheet (1:50,000). Korea Institute and Petrology, 134, 380-404.
of Energy and Resources, 41 p. Walker, G.P.L., 1975, A new concept of the evolution of
Lipman, P.W., 1984, The roots of ash-flow calderas in the British Tertiary intrusive centres. Journal of the

western North America: Windows into the tops of gran-

Geological Society, 131, 121-141.
itic batholiths. Journal of Geophysical Research, 89, Williams, H., 1941, Calderas and their origin: University

of California Publications. Bulletin of the Department

of Geological Sciences, 25, 239-346.
Williams, H. and McBirney, A.R., 1979, Volcanology. Freeman,

San Francisco, 207 p.
Yanagi,T. and Yamashita, K., 1994, Genesis of continental
crust under island arc conditions. Lithos, 33, 209-223.
Yoon, R., Song, Y.-S. and Yi, K., 2014, SHRIMP U-Pb zir-
con ages of the Yeongju and Andong granites, Korea and

8801-8841.
Lipman, P.W., 1992, Magmatism in the Cordilleran United
their implications. Journal of Petrological Society of

States: Progress and problems, In: Burchfiel, B.C., Lipman,
P.W. and Zoback, M.L. (Eds.), The Cordilleran orogen:
Conterminous U.S.: Boulder, Colorado, The Geology

of North America, G-3, 481-514.

Lipman, P.W., 2000, Calderas. In: Sigurdsson, H., Houghton,
B.F,, McNutt, S.R., Rymer, H., Stix, J. (Eds.), Encyclopedia
Korea, 23, 209-220.
Yoon, S.K., Cha, M.S., Kim, J.J. and Lee, J.T., 1988,
Geological Report of the Yecheon Sheet (1:50,000).
Korea Institute of Energy and Resources, 27 p.

Yun, S.H., 1988, Development and the structure of its caul-

dron of the Hwasan ring igneous complex, northern

Kyeongsang Basin, Korea. Journal of Geological Society

of Volcanoes. Academic Press, San Diego, CA, 1417 p.
of Korea, 24, 267-288 (in Korean with English ab-

Mirriam, R.H., 1941, A southern California ring-dike.
American Journal of Sciences, 239, 365-371.
Myers, J.S., 1975, Cauldron subsidence and fluidization:
mechanisms of intrusion of the coastal batholith of Peru
into its own volcanic ejecta. Bulletin of geological Society
stract).

of America, 86, 1209-1220.
Oftedahl, C., 1978, Cauldrons of the Permian Oslo rift.
Journal of Volcanology and Geothermal Research, 3,
343-371.
Paterson, S.R. and Vernon, R.H., 1995, Bursting the bubble
of ballooning plutons: A return to nested diapirs em-
placed by multiple processes. Geological Society of
Received : April 16, 2021
Revised : June 3, 2021
Accepted : June 18, 2021

America Bulletin, 107, 1356-1380.
Phillips, W.J., 1974, The dynamic emplacement of cone

sheets. Tectonophysics, 24, 69-84.



	영주저반에서 봉화 콜드론의 마그마 배관체계와 침하기구
	요약
	ABSTRACT
	1. 서언
	2. 용어 정의
	3. 지질배경
	4. 봉화 콜드론의 지질과 암상기재
	5. SHRIMP 저어콘 U-Pb 연대
	6. 콜드론 규모
	7. 토의
	8. 결론
	REFERENCES


