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A ol AR LA FRols SAEEL) ZHiRPE Hebr] AR Wl EAR. o] 2Rk
| ShitghRot AvkEs et 39 shuEA Zueket shiktd S Ao d& = e HollA Hie-
ot 2|2t FHA SR oS AtdT, AR 39, ARt 7Et G o2
ZIPHESAE g2 YA ARS3de R AR e S 9 ] dAet
| ofsh SH QM S3Y H &, S R S, S3YH, A Ak ok AR
Sloh Bl ZHE S, A S99 Y £ o2 AlRErth ol tidt SHRIMP Ao} U-Pb ¢
AT BE 2 U7 SABAE A sliet. 54 ke L2EA 9] 5t
A S350l A 64.3+0.5 Ma, -S3|Hof| A 64.7+0.5 Ma, AH 244 23]l A 63.940.5 Ma2]
E 52 0 9B, Aol 63.6+0.6 Ma2] Y APE 7T webA o] BE ARIS 1Y) &
g oA thyoldel dojgth. o]E A2 S3 Yol AR tit i 3F F&0l e s e S
o2 Qlato] TR S TS Tl WAL, I FEd T HEo 221 di+t R 3 F 2E
o W AF fFEdE SAUT AEdE Fuet TR US ST EdE S EUE v BAde
A At} St Aol A WS ST ddiE 7] ZuiEt Yol SHYdeR 4" 3719 #2 ZuEkE
ofmgte}. I e Pt Zvehs &S 4 S 28] 2 SR 2 UEhdth
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ABSTRACT: Around the Gunwi Dam in the eastern Gunwi area, the Hwasan caldera appears within Cretaceous
sedimentary rocks. The caldera is associated with felsic volcanic rocks, and is important for unraveling the genetic
relationship between the caldera and volcanic processes. Igneous rocks around the caldera include Eobongsan
Stock, Seonamsan Tuff, Goro Volcanic Complex and other plutonic rocks in stratigraphic order. The Goro Volcanic
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Complex is almost composed of ash-flow tuffs, but is subdivided into lower andesitic tuffs and lavas, lower rhyolitic
tuffs, tuff dikes, upper andesitic lavas, upper rhyolitic tuffs and breccias, breccia plug and rhyolite dikes on the
basis of the intercalation and occurrence mode of andesitic tuffs and/or lavas. Their eruption or intrusion timing
and stratigraphic relationship can be confirmed by the SHRIMP zircon U-Pb dating. The dating yielded the eruption
or intrusion ages of 64.3+0.5 Ma for the lower rhyolitic tuffs, 64.7+0.5 Ma for the tuff dikes and 63.9+0.5 Ma for
the upper rhyolitic tuffs and breccias in the Goro Volcanic Complex, and an intrusion age of 63.6+0.6 Ma for granitic
dykes. All of the igneous activities occurred in the Danian of the Paleocene, Paleogene. These data suggest that
the tuff dikes were intruded along the outer ring faults in association with subsidence of the lower rhyolitic tuffs
that formed from primary voluminous ash-flow eruptions, and further indicate that the rhyolite and granite dikes
were finally intruded through the inner ring fractures that resulted from secondary large eruptions of the upper
rhyolitic tuffs and breccias. The inner ring fracture zone in the Hwasan caldera thus represents a small caldera
developing concentrically in the preexisting one. Therefore, the Hwasan caldera is a nested caldera with two cycles

of pyroclastic flow-caldera collapse-ring intrusion.
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FHREE=o A ¥iot7] 9 317 SRl M
AA|(ring complex)Z o2 ZT] EAst=t] &7
SHikEol oFt e H(ring dike)S ZEFIL Q1
on, o]F F=AIR JPH 9= 23(Cha and Yun,
1988) &> Z gtz £ 2= Uk gk=o|
A == SHE FHEA ZHztel gt B4 Yl
ol Bafjx= A7F oF2 mXIgE Holtk. ik
oA P == A F2F5 shel SERA= 3
A4 s &k A= Zd2ke} uiawt
e Atolof] At stz FAH e AFEHE 4

A5 Woh= Zlo|th(Shannon, 1988). 7|ofl= 2
tl2te} upmp H Abo]of Sy A, S,
EEE, FAE0] g e.g., Turner, 1963; Smith
and Bailey, 1968; Walker, 1975; Oftedahl, 1978; Dodge,
1979; Lipman, 1984).

Zehs 939 st AR =, 39 S o)
A%< 7M1 AL, 1 of nfanpPiHE X|g =
o8] FAE AL WSt Lipman, 2000; Cole ef al,
2005). the] vkt £E2 I8 vianpyE o] &
Zo] wolxv S7E A0 47 BATATE
uel QA BEo] HEHT, PATAYS T}
whamir} el egerae] Y= Sk 2
EE(cauldron)2 ooy Qofx & HFoF
27 E5o] W W29 3ot Atz FH4E A
o]t Williams and McBirney, 1979; Komuro, 1987).
ol2ig B8] st vhan} Eo] ohirehE A
ShollAf phtnke) Hzkom Qlofd 4 glekBillings,

1972; Myers, 1975). uf1ute] Aa=¢to] =te] A
Qe AT, oju= 3ol d BErt ol
& mopo FAue] o] BEo| vt Loz 1
Plorn gHE vkt AAYO A B
o] s FA= K Clough et al., 1909; Anderson, 1936;
Billings, 1972; Myers, 1975). A2 sHH of A]
P, A, T2 &2 2AY 5 e R 23
WAAe|H A2 Ao 7PEA YSHAE UEH
= JASHEE 7RIt 4 A= ggsiu 2 kmzt
A 9 = St} P2 dRbE e g Aol
W7t 2= BRoFA get) a9
“&(cone sheet) Z-2/9 SIS ook T
EAE 71tz AREEE g Rl gofolX]
9k, o] gol= FHE=oA YA, AT, T &
2 T WAAIE 7= ol | AYEJAAE 71A s
7] S8l =&5HA ARE S vk SERA=
Zd|g} ot of] ol AAUA floll AXIZHe.g.,
Williams, 1941; Billings, 1945; Smith and Bailey,
1968; Bussell ef al., 1976; Oftedahl, 1978; Bonin,
1986).

wo}7] FAAEA 5 sl g A o= o)A
FE 6719 SHIAIE SHoE sHto] xg
H HFERA L FEAS TR SIS £/
7} B =|QJtiChang, 1978; Won et al., 1980; Cha and
Yun, 1988; Hwang and Kim, 1999; Hwang, 2002).
o|% o] FEAE gt A ATt oJtA T=
A= 1 YRlo] et g-E(caldera collapse)of 91
thal 248 AN I =S $lofd Bl Qlti(Cha
and Yun, 1988). weba] o] EA| F4 o]
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ZE 2 F3Kcauldron subsidence)o] &Js}7| Hc} Z-
dlg}t gl itk gregintd dEAlE FEr|E
o A2 st o] ¥ $& Ago|x a7
gt

BAEE 9T TRl YRS 2oE T
o= SHiHEEL) Zdbrt wely] B Ae ASE A
oo A3ttt o] Zt|gh= AHaEAY 2
SR EE3 dotEo] glow, ¥FFcylin-
drical), &}3FAHF%(down-sagging), 732 (trap-
door)2} 52| F(nested) ZH2t 59 24 FH<t
I FANES BESHA Fe 5 e HellA v
Fasith s Addgte 29T LE2EHS FHeE
sto] A 9] AP o a2 E UEhU I S5l
7% 3762 Y(ash-flow tuff)d} BlEo] o2 &
9] sHerR7E 228k ek 1). 3 A
o] Azt FEZ <15t ThEold theFet A Az
< olu] 7= AAIRH(Yun, 1988), AlF-2Q] Sits:
A g A5 A= olFAA Zetadh o
kA 2003 99 B3 RARE SHHA o] A
Shitel disl S8 2 o= AR 23 HE3t 3t

Fig. 1. Geological map around the Hwasan caldera, showing locality of samples for the SHRIMP U-Pb zircon dating.
Index map shows the range of Yeongyang (Y), Uiseong (U) and Yucheon (YC) sub-basins in the Kyeongsang Basin.
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2. AL

shat el QAR St G Afolo]
A QA= 349 Zejet FolH 71 dEE 9)
X)3kek. o] Zdlek Wepy] Wrlo] FAHH sHr
 okdle] WFol FXE AHLA 91l 9 2
o= spgECkYun, 1988). Zelet 74 Aehl A
AL Meb)Y SIET HAAT, SHAF, 18]
T AARFE THE SYF T BALTE AR
2R $B5E AR RS, FAESAL 2
AB(ES WOFE )T AFEHEL B0 R
FAHT S A ASE FolAE BT
oK1 1)

[63.55 Ma]

- Rhyolite dikes —

Breccia plug g‘)
o
Upper rhyolitic tuffs and breccias(br) <
oo obr [63.93 Ma] :’:"_)
Upper andesitic lavas 3_
(2]
. O
- Tuff dikes [64.74 Ma] g
T
l:| Lower rhyolitic tuffs [64.32 Ma] 2
‘Lower andesitic lavas and tuffs(t) —
i Seonamsan Tuff
- Eobongsan Stock [76.92 Ma]
- Sinyangdong Formation —
- Chunsan Formation -
e E
— Gusandong Tuff aﬂg’
I:l Sagok Formation g)
S
i - Jeomgok Formation
- Hupyeongdong Formation -
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SHhHR= ARSI L2 ERA =
T2t 223l R EeE S
ISR FAEET, o] FEYE S HF
= 35782 H(ash-flow tuff) 22 4= 31 71 ALo]
o a2l H(fallout tuff)a SHAFFE S-3]%F A
|4o] A Ech et 2 SAEE A= o
25 s M S 2 84 S 2
2 33, S, AF i & AR
E9E S ¢ 7= Y S99 A2
W o2 AEETHIY 1). SIYHY gy
< Z2t Gt E wet A A3 TAA| = A wpwt
A2 AdE = s Rejo|n e Y= F
& S ST S 2REo |t

ARYT= Aol wet o sk, w3t
FUE FEE o 54T E FAFE = A A
FEZYS PHEES, PSRN 9 okl
oFo & 7|Z8}41(Chang ef al., 1977), AP EZ]
A E21 st o 2 7|ASHHTHWon ef al., 1980).
a2 o] o= 2 SR e A
o, A2P] 1 Hd v} SEfAl(mafic microgranular
enclave)5°] 3tol AHAste] mhz] &9 2
A 22 3K mingling) Y= HEPATHIH 2a).
o|% -2 IFE =R E 5 SHRIMP A|oj&
U-Pb 93(76.9£0.9 Ma)o] &} ¢l =H 9]
E| A7 EHA7)e SRR EEA17] Atole T
A Bz Ao =2 HEt(Hwang et al., 2017).
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20 AT 4 Zeet Ao BEshs
SRR 27 AgHRSElen TR EHAIEIA
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HePAFS BIoe Zejet o Bl oy v
B3 o= AR BEshe HEES K
oz Hustn Jeh2d 1) o] Sagke e
SR OIET BRIl n HRE SN §
Awsk AT §AGe Be] 44 wEET
(2 2b).
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o918 Y= 2 Ho|rf Fohe FH2 M4
AxZE & Bojgrh 2 S¢S A 44, 7]
A, o2 g itk g F2 s
UER L 712 &9 W2 S9dS w4
= o] FE olFaL 11 9o oA} det
A= AR P2 AP, Hga
Aol ZJtET o] H2 oA A AR
22U M YA SEAE de Bl FHE
3l AF vHgo] AEEAR M U] =3
= 735ol 49 vl Ade] Moo= IRt
B57F HiFRolt). 292 sholA 2 F=I7H e
GEA] GANE ARA HgskE F4(flamme) 2]
ulj ol ofet ehul B4 4 2] (eutaxitic fabric)E LE}
W o]=5E SAHE AXT 4= UKL 2b).

32 nEsHtetE

DESAFEGAL el el H AR
o Slo] HYHO R Ik o BPAL PHE £
B9 BRSAGo R PSR Sl uf
ehi ARAoRE S Qhiiehd I L 8k
S1R SR SE SHU, AR U
o AR RSP S3I9 W Aok AR Bea

of et o2 FEY 4 gtk

3.2.1 5 QRAIHE & R 33

o] YT i Azt FRol T4 2 5
For BEHM, ALY ol BdH ez 5
o|i SH 3|FSI el s Aoz HeA
(" 1). 2 QHd e 8o s A EY st
Fof eF2 S3l¢to] FAHEh o= 27]o FLA
Bzl 89S (lava effusion)7} BHEE|TH} 37
o £EF Y52 A= S vEhdth

| e 4= YA =4S du A9
APEA BH S oh g ke RHF R A UEhd ol
EAo|t}. o]5 WYL HF 2x3 mm<l Ao 71
Eslal(H ] 5 mm) o] EX T 2R 1x2 mmQl A=
T TEHEHH 20). o] 1 mm o] 34
52 A Y = T 89R(lava flow) 2
A AR A <l(amygdule) Tt A2 o 2 A5}
H Xz AE o] 42 A 55 AA R
A ®917HEW, 60~80°S A =olH, FAl= F&ollA
1 9F 350 m AE0| T AZESZ 7HEA 20 m ©]
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Fig. 2. Outcrop photographs showing representative lithology of igneous rocks in the study area. (a) Mingling part
in the Eobongsan Stock; (b) Welding foliation in ash-flow tuff of the Seonamsan Tuff; (c) Porphyritic texture in
the lower andesitic lavas; (d) Fallout tuff in the lower rhyolitic tuffs; (e) Ash-flow tuff in the lower rhyolitic tuffs;
(f) Ash-flow tuff in the upper rhyolitic tuffs and breccias; (g) Fallback breccia in the central breccia plug; (h)
Subvertical flow foliation in the ring rhyolite dike intruding along the inner ring fractures.
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o] 3L F= Zdt R AFe FAR
of ZEZstH(ZH 1), sH9 §F ek dt 4
o] 3733 e 2 AHT: Aehe-3 o A
2 W7o Bio| &R 2 LeSEw, BF 515
AP &4 floll Folar 3733l o]
o} =A= 2~10 mZA] gt} o] 75238
S Y IYe® A I 52
Moz A FE7t 2 UdEL FAHEARA
ol FEstth 14 2d).

o783 e} Y] SAF WA £
sh, SHE AR 8oF T2 A1gES ol E0l
IR QA &4, AR R Sl 9
Helok. 28 shketo] elskar itk 2™ 1).
o] 3L o2 AFHH=E FAHEHH = m F
79 Zsk3-2] S = A AR FAE 2
oF 500 m F=o| A9t BFE 0= 7PHA gFolA|=
33|t

ol 7332 B YA FEME T F2
A Gt AP BT o] A v o
St 1E 2e). WYL 3717} 2~4 mmo] il 9~20
%E AR5 wiZel, o] SIS ARHEo| =
2 "8 Z-8-3](crystal-rich vitric tuff) 22, SiO,
Fol 67~73 wt%=2 w9 E7] fwol F2dE
SIgeE BFE o Qrk(Yun, 1988). 13U &
Qb ¥Rl A o] HAE Ego] Bt iR
A= Uetlm A g APgA] B o] dAstER A
BRI = 2Q1517] 4t} 0|52 Xof wet A=
ooz HYStE A5 4SSt maba] x| 8)s}
A, ShE A e BES 28ste T
Zow wos| B o] 4F2 fA4d0] AL 3R
o o3 FH4E 2 SIY R wdr}
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SIS TS whet of 2] LoflA LF Y
MY IRAA 2 =S5 S| Ete] S FAR
£ Ol23 Sltk. 7IE ATASE oFe) e 27
2 37K (Chang, 1978) E+= A FWIeKWon ef al.,
1980)0.2 7|, wEY olo] skt 2w
= Tt MY 2AS Uil 7] el 2
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o] FHG HEUD S3ekS ekch. S
o = FRE SME Zeje diolA waAkEY
AHZZAOR olojx| Hrf Zo] oF 500 mo]o]
2 o] oF 16 ke 2.

o guje @R Hgo] B G St
ol Ak, F4A 02 QHIbE TSt A 53]
PHS SBA ek FARE T HAY
] P2 HEEL IPTFOR 3] LA AY
Ho B 32 THE 432 Yehiy|= S,
Saloruol Eakel QAISHES 3 Qhalerd £9)
oRRE JURE Ao Btk R AE
7o) wheba Z4lR o} dlso] wet ko) 24
] xfo|7} A3 Wolck.

PR 71 Al 2-4 cmolAITE B HER
oML 1-2 em Fohch. Teit MY Zehe
BAT AR A 5-15 cm= B H AX 230
em o)Al &5k A= ik, GHe) 577} A
o4 BolH| L RL o 1 ufet o] ALEAL
< ojnjgitt. ghHe] make AUwo] 24 A of
Zhapol 3 BlokHa QbalelEo] oh AL X YA
< Urehdich. 718 mlARE shaksleh A, Apak,
e, Fem W o FAuN, vy S
© o 25% A= we Holck,

o galerule] WAaTPge Theat go] HEd
2 itk MEBHAIEY TS F|o] ey HaY
2 Q3] BYTHLRE wret A2k o] Y
o, ol o] FBA} nnbH o] G Tao
24 up1upr o] Bate] YTAL uhet BEE
of Hrao] PA = oic.
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o] U= A= e FEF A5l &
TFER LSt 1). o] 432 b FEY
4S9k ol Folm AR FEI 2t ol
ol Rk o] UL 3 ) QPG [T AR
EHolME S i A glon g 3t
o2 A wgo] WAHA k=t 1Y B4
Tkl $ 2H2 AR o] o] BakEL 2w ik

32545 AEYA SY L 4
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220] ofa) BYEKI 1). o152 sh2e] 212
QA Abe) B8 slgrom FAE

SHELO) Zb ok =2 Zt|eke] SR oA AR
o 5HE 2 UE SIY Abelo] AARE Wt =
SHHTH 1). FA= dAY SLFolA 100 m
oPgom EAG HEE 7HA oF 30 m2 gl
A3 2% % m ofst gtk = wie] T
W2 dA Y FAFNA A= WA S48
of| iR, 7HAE| = 25 2Hh 83 ¢
A 3oz A3ttt ol2fet Y= HIk= T
H3le} HlEo] AR F29E 33U A AT
= Y 7 2t SRS gt
= A I I e e i i e =g
£a0] Fostn o7 FEA A2 FHHEYE
Sheteh 2HE e S3eh RS St noketal 4
FAHS = HolgE Y FE7E Yehd . wEhA
7 RS sHfR7E ol 5 o AR Y Eol
St ZA o st FAE A7 S U (lag-
fall tuff breccia)of] <ok

RO 3RS Aret FYFolA ZEY
E27F Bk lon, BRoA U] &
UL JATHH 1). o] 32 A Fol| whzh H 9
o] gEtbA o7 IR E FAHE Ao R Hol
L 35 o] Alololl A o3 E o Sl AFeSE
< WAER] Gtk FAs dAY FFA oF
400 m FE=o] ATk A Zof| A 300 m o]st= gFobx
t}. o] 37332 @A A 3AE dok vy
< 3= N Qu g o] Xt YR A4 v
= #EE B8 27 3~5 mmo|al 3R]
34~39% AXo]7] whizol] 27 E-8-3]HHcrystal tuff)
o2 B2t 4 It 21¥ 2f; Yun, 1988). 3F8F2A
T SiOy7} 67~73 wt.% o &31EE G529t
43tcH(Yun, 1988). o] 2788392 Skl A
87t Y= YAtol7] wiZel PRt A | Hol7)
= gt =571 SHA|NE HEIE FAjo] W)
2ol E2E U= AT & Aok dEHC R,
o] S22 FAIA ol vl A2 3ol osf B4

H82 gz &t

326 Y &g
Ao E8 e 39 S4EYeE A

Jom, o]z 2 FYF 712 Pz FxH

[e)

3zt o}
o ola

au

™ 51919 AFETH AR SRS
Fo g vehdth E3F XA {2
A= ATHH™ D).

o] HY 1+ tFE FEYE Ve +
Q= o] Ao fE, AR, Aldat 239t
A Eo] Z3E ] itk o] YTELS FHo] B
10~30 cm©®]3l 7k 2 m o4l A= uck Y=o
2 A 2ot WA S ol &3tkar Fol
Ao #tge)-g3eto R ety iAo o
EPAIHA EA = o] UTHIH 2g). 7122 WM
WA 29 stz A E T G E ALl 7
Aol e 2hEe el $AIsH 52 Sol
AL etk o] RS SO A%l
FA QT FHORE 4 FAe Azl
olggt T Aol= A X FH AR A T3]
FAA JA =L AR A G A B A FAF= UEE
Wt o] E819 57 BAEE A Ao 7}
7he-m BAH FHol= MYHo R AE 29t
o] #m FO2 FAEOQ o] FHI= A 7
Hlghe] SRl RISk 7] WiZol SYE A
HOo2 & 4= vk webA, St FAj o] St 9
2 59 1-2 m Yoo g2 ¢gFEo] e o|F
SHA] Z5taL s E Yot o] 4t 238 A
g AR 2B of Zeigte 53] 24
ok(fall-back breccia)o]] &3l= Ao 2 HLtEIth

e

e
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S L2SHEEA oA 2] 44
ott. o] L Adete] FRoA o 7o &
Aol P = EH, YT 2R A
A SPAZ FESRL JTHIH 1). X AR 3
glof| = M2 WEE SEdAola S A=
FTUYHUA = F2H

o] F2¢2 T4 WA T3S Hu fjH=
SArgE](flow foliation)7} WM 2E 2h). A
F LR A T2 HEE iR
A QAP o] =& A UEhH A7]= m g u
A fedolot. ofelollA gt AAEtE S 5
100 m o] Wjof|x] A7} SL20] Zpo] & Hol= At
IS UEhdT

Zitet 5o X3 S-S il feid

SEek(flow-banded rhyolite)o]t}. o] ¢l wiAH
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of Alerom wol Tt e BAel) o]
HA FEL & ok BAFEFIN ARl
7Ha HIHR f-3s=(flow fold)& B33} 0|59
ol FHFE A F71= FTHH 2h). EAF
AAR = EF] o153} uff 21zt Zk&(autobrecciation)
of 9Jsf F-9€ 752 U(flow breccia)= &3] ¥
et

TEEWA= W FAE rEde=A
FUNE FHOR WY 5L BT mofo R U
Hol E250°] it o1 2AR, T e
& M Zeept B F FEpEde] 4xE
5 ol anl} el AS IR B v 2
sh 2ojel o2 HhEc

Al r
u .
W SR e 2 FEET(™E ).

4.1 dkg{ et

BHElORe FRolA 2 km B ZHs AL oA
o gz =EEm 245 BT S o
s TYHHY 1). Bgekate] HERo|AL 5
7ere] ZEgro 2w WAL, o ghAle] 43|
A AR Ao JEetos Yol st Ao
HoIFT FE Y] 37]of QlolAt o 2=
wiakch Boke kel 4] 34 wn xYdz
A SYMOIT F FARZE APA, A, 314
o], Bem, ZMA Fo| Subech

. o
7k A= ol st shdehd
Z RS P 29 FReA 7
= et BESEL, spdetdle Zdet FEFolA
A2IIGEFA S| FSFE weh FEITHIH
1). ol52 &4, AYESH AL=sbekSat vt
s AT SFAA| FR9| HA A2 i
HBYHEZF2EE 5 km Q7] JE5H2H8S
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s 2t o] SRolA 2 km F=
o F& 7MY BA-EE HEeR VIRAEE ¢
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o= 7R F RREoE EejEo] vt et
2 A2 AFESH s EdE S ede
BARE wet BdstR e, A= Aol I FH
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Fig. 3. Representative cathodoluminescence images of the analyzed zircon grains, showing the location of analytical

spots and ***Pb/?*U ages in Ma.
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Table 1. Summary of SHRIMP U-Pb isotope data of the analyzed zircons from igneous rocks in the Hwasan caldera.

S 206Pbc U Th 232Th/ Y 207Pb/ 206Pb/ 206Pb/238U** 207Pb/206Pb*
pot no. 238 %o 206 % 238

(%) (ppm)  (ppm) U Pb U Age (Ma) Age (Ma)
Sample GG17 (Lower rhyolitic tuff)
GG17_1.1 0.13 251 301 1.2373 +0.4 0.0483 +5.2 0.0218 +1.5 628 £1.0 -290 701
GG17_3.1 0.34 530 326 0.6361 +0.4 0.0500 +2.5 0.0226 +24 624 0.5 193 +69
GG17_4.1 0.17 724 420 0.5987 +0.4 0.0486 +2.0 0.0201 +28 654 £0.5 944 456
GG17_5.1 0.22 534 333 0.6441 +0.4 0.0491 +2.1 0.0210 +1.5 645 +0.5 134 +80
GG17_6.1 0.12 248 140 0.5815 +0.4 0.0483 +3.2 0.0207 +1.0 640 £1.2 -129 +105
GG17_7.1 0.49 360 220 0.6315 +0.4 0.0511 +2.7 0.0185 +4.5 623  £0.5 -193  £147
GG17_8.1 0.21 714 467 0.6756 +0.4 0.0489 +6.3 0.0193 +7.8 604 £3.5 579 172
GG17_9.1 -0.02 909 645 0.7326 +0.3 0.0471 +1.8 0.0210 +0.6 659 0.5 -18 +65
GG17_10.1 0.29 1240 821 0.6840 +0.3 0.0496 +1.4 0.0205 +1.5 652 +0.8 214 +46
GG17_11.1 -0.12 605 376 0.6408 +0.3 0.0464 +2.0 0.0199 +2.6 644 +1.0 -17 +67
GG17_13.1 0.10 561 379 0.6979 +0.3 0.0481 +2.2 0.0220 +0.7 649 +0.5 8.0  +£I119
GG17_14.1 0.03 925 860 0.9597 +0.3 0.0475 +1.7 0.0200 +3.7 647 +0.5 242 +85
GG17_15.1 0.13 239 143 0.6160 +0.4 0.0483 +3.3 0.0194 +1.0 635 +0.7 143 +90
GGl17_16.1 -0.27 466 303 0.6717 +0.4 0.0452 +2.6 0.0191 +2.8 635 £05 -298  +99
GG17_17.1 0.54 1460 738 0.5222 +0.6 0.0518 +7.2 0.0097 +4.6 759 +0.9 -287 £240
GG17_18.1 0.14 501 333 0.6874 +0.4 0.0484 +2.3 0.0230 +0.7 641 +0.8 240 +67
GG17_19.1 0.27 276 127 0.4766 +0.4 0.0494 +3.2 0.0205 +1.0 632 405 355 483
Sample GG60 (Tuff dike)
GG60_2.1 0.09 312 188 0.6204 +0.4 0.0481 +2.8 0.0204 +1.8 650 0.5 134 +76
GG60_3.1 0.27 277 164 0.6120 +0.4 0.0494 +3.2 0.0191 +2.7 618 0.5 -86  *101
GG60_4.1 0.49 345 323 0.9657 +0.4 0.0512 +2.7 0.0194 +1.0 654  +0.5 375  +£129
GG60_5.1 -0.07 487 664 1.4095 +0.3 0.0467 +2.5 0.0209 +0.8  62.0 +2.6 -228 +456
GG60_6.1 0.43 396 324 0.8439 +0.4 0.0507 +4.7 0.0201 +1.9 640 £0.5 43 £157
GG60_7.1 0.52 310 181 0.6054 +0.4 0.0514 +2.7 0.0212 +0.9 646 +0.7 -64 +90
GG60_8.1 0.12 407 274 0.6956 +0.4 0.0482 +2.5 0.0202 +1.9 628 +£1.1 829 485
GG60_9.1 -0.09 285 314 1.1405 +0.4 0.0466 +3.1 0.0198 +0.9 635 +0.8 243  £327
GG60_10.1 0.09 345 321 0.9597 +0.4 0.0480 +2.7 0.0196 +0.9 643 +0.5 -122 178
GG60_11.1 -0.01 422 253 0.6200 +0.4 0.0472 +2.3 0.0206 +0.7 650 0.5 106 +64
GG60_12.1 -0.05 550 293 0.5512 +0.4 0.0469 +2.1 0.0207 +13 645 £0.5 480  +57
GG60_13.1 0.05 721 405 0.5808 +0.3 0.0477 +1.9 0.0206 +1.6 652  £0.5 108 +50
GG60_14.1 -0.04 371 283 0.7881 +0.4 0.0470 +2.6 0.0216 +0.8 660 +0.5 975  £95
GG60_15.1 0.13 513 222 0.4471 +0.4 0.0483 +2.2 0.0206 +14 642 0.5 -37 +59
Sample GGI91 (Upper rhyolitic tuff)
GGI1_1.1 -0.01 222 158 0.7357 0.4 0.0472 3.4 0.0216 22 64.0 0.5 -39 £123
GGI1_2.1 0.31 218 143 0.6778 0.4 0.0497 3.5 0.0196 1.2 62.1 1.1 -54 123
GGI1_3.1 -0.11 307 202 0.6786 0.6 0.0464 3.1 0.0192 1.8 64.4 0.8 118 +95
GGI1_4.1 0.19 820 1435 1.8069 0.3 0.0488 1.8 0.0198 23 63.7 0.5 501 +431
GG91_5.1 0.03 336 362 1.1121 0.4 0.0475 2.9 0.0198 2.6 63.8 0.5 292 +201
GGI1_6.1 -0.03 370 274 0.7667 0.4 0.0471 2.7 0.0204 1.8 66.7 0.8 -193 117
GG91_7.1 0.20 419 359 0.8853 0.4 0.0489 2.5 0.0198 1.5 63.8 0.5 281  +103
GGI1_8.1 0.21 339 311 0.9492 0.4 0.0489 2.7 0.0201 1.6 63.5 0.5 91.1  *150
GG91_9.1 0.14 198 187 0.9798 0.4 0.0484 6.0 0.0213 1.2 61.1 3.2 317 £219
GG91_10.1 0.60 513 587 1.1806 0.4 0.0520 2.1 0.0220 0.7 64.0 0.5 343 £173
GGI1_11.1 -0.10 719 819 1.1775 0.4 0.0465 2.2 0.0205 0.6 64.8 0.8 -208 +222
GG91_12.1 0.08 716 1050 1.5141 0.3 0.0479 1.9 0.0202 1.6 64.9 1.0 -48 395
GGI1_13.1 0.26 229 181 0.8190 0.4 0.0494 35 0.0195 1.1 63.1 0.5 313 =121
GGI91_14.1 0.08 257 249 1.0042 0.4 0.0479 3.4 0.0194 1.1 65.5 0.6 -156  +249
Sample GG99 (Granites)
GG99_1.1 091 134 146 1.13 +1.00 0.0545 +5.4 0.0303 +12 617 £1.0 619 +0.7
GG99_2.1 - 92 108 1.21 +0.80 0.0469 +4.2 0.0296 +4.0 617 +1.0 625 +£0.7
GG99 3.1 0.65 287 486 1.75 +1.62 0.0524 +2.2 0.0314 +3.5 638 £0.7 633 +0.6
GG99_4.1 - 85 55 0.68 +0.43 0.0495 +2.0 0.1304 +2.6 283 +3 283 +3
GG99 5.1 - 139 185 1.38 +0.27 0.0468 +5.9 0.0296 +35 644 £1.0 641 0.7
GG99 6.1 0.42 84 81 1.00 +0.38 0.0506 +4.2 0.0284 +2.6 625 £1.0 631 08
GG99_7.1 0.57 92 59 0.66 +0.42 0.0519 +4.0 0.0301 +13 662 £1.0 654 08
GG99_8.1 0.14 108 126 1.21 +0.81 0.0484 +3.8 0.0290 +4.7 648 £1.0 638 £1.0
GG99 9.1 - 193 252 1.34 +0.22 0.0468 +2.8 0.0316 +2.8 647 +1.0 645 +£0.8
GG99_10.1 0.12 108 120 1.15 +0.90 0.0483 +3.8 0.0301 +3.5 654 £2.0 639 +2.0
GG99_11.1 - 177 253 1.47 +0.41 0.0457 +3.0 0.0298 +32  63.0 +08 627 0.6
GG99_12.1 0.12 241 189 0.81 +0.23 0.0483 +2.4 0.0315 +3.0 634 £07 632 +0.6
GG99_13.1 - 244 277 1.18 +0.38 0.0457 +2.4 0.0339 +34 621 £1.0 636 *1.0
GG99_14.1 0.63 105 115 1.13 +0.83 0.0523 +3.6 0.0280 +33 642 +09 621 +£0.7
GG99_15.1 - 153 147 0.99 +0.28 0.0470 +3.2 0.0304 +39 642 £09 645 0.7
GG99_16.1 0.15 333 269 0.84 +0.20 0.0485 +2.0 0.0323 +33 654 +0.8 650 +0.8
GG99 17.1 0.09 498 504 1.04 +0.15 0.0481 +1.7 0.0301 +32 645  +07 645 407




22F S5 D25HrESH|o] SHRIMP X012 U-Pb Hat 22t ¥4ty

10000 — T ™
E O Lower rhyolitic tuff :
[ & Tuff dike |
I @ Upper rhyolitic tuff .- Thiu=t
[ A Granite dike o i
e}
s e |-
1000 g . .8 % B E
E A i 8 ]
. »'.I'h/U=v10 and \ % :v_Th/U>=0_1
E [ .- A :
o . .
Q 100 | } —
= F A
- [
[ ThU=001
10 :' =
10 100 1000 10000

U (ppm)
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