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ABSTRACT: The volcanology of the silicic rocks called the Guam Welded Tuff, which is up to 220 m thick and widespread over the Dohwa
Andesite or Hado Formation in the southern part of Goheung Peninsula, is little known. This silicic rocks were emplaced as pyroclastic rocks,
which are very rare in lithics, rich in phenocrysts, but most of them exhibits a lava-like facies resembling the felsophyre due to its strong
rheomorphism and crystallization. We interpret that this silicic rocks are not lava flows, but high grade (theomorphic) to extremely high grade
(lava-like) pyroclastic flow rocks emplaced by the pyroclastic density currents. Evidences of this interpretation are as follows: (1) planar
contact with the lower Dohwa Andesite and the absence of the basal breccia zone, (2) a wide range of dense welding, (3) parataxitic fabrics
indicating a very high compacting ratios and welding grade, and (4) stretched lineations of prolate fiammes due to strong rheomorphism,
and (5) vitroclastic fabric showing prolate shards and fiammes wrapping the phenocrysts and lithics. In addition, most of these silicic rocks
are dominated by parataxitic fabric with dense welding, but the occurrence of vitroclastic and eutaxitic fabrics with non-welding and partial
welding in the basal part also supports that this silicic rocks are pyroclastic rocks.

Key words: Guam Welded Tuff, Goheung Peninsula, rheomorphism, dense welding, parataxitic fabrics
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Fig. 1. Geological map around Yujusan caldera (modified from Hwang et al., 2022), representing major place names as capital
letters. D, Dangho-ri; G, Gaindong; Gr, Guam Reservoir; H, Hado village; Hh, Hadong hill; S, Sangdong village; W, Wondodong

village.
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Fig. 2. Schematic generalized columnar section of the Guam
Welded Tuff, demonstrating field relationships and the internal
textures in a representative portion from the Hado village to
the Yujusan mount: the lithological zones and textures depicted
are only examples of features highlighted in other figures.
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Fig. 3. Features of major outcrops in the Hado Formation and Geomorphology. (a) Alternated tuffaceous sandstone, mudstone
and shale beds in the upper part of the Hado Formation, the quay of Hado village; (b) Clast- to matrix-supported, polymict tuffaceous
conglomerate with subrounded to subangular andesite clasts of various sizes, exposed between the Hado Formation and Guam
Welded Tuff, the northern coast of the Hado village; (c) Columnar joints on the cliff of the Guam Welded Tuff, the southern coast

of Jigukdo Island.
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Fig. 4. Features of major basal lithic-rich zone and basal eutaxitic zone. (a) Normal grading of lithics in basal lithic-rich zone,
northern coast of the Hado village; (b) Photomicrograph of a vitroclastic texture by poorly packed shards, some with tuning-fork
shapes, in the matrix of basal lithic-rich zone (open Nicol), the southwestern part of the Wondodong village; (c) An eutaxitic fabric
by aligned flattened fiammes in basal eutaxitic zone, the northern coast of the Hado village; (d) Photomicrograph showing an
eutaxitic fabric by deformed and flattened shards in the matrix of the basal eutaxitic zone (open Nicol), the northern coast of the

Hado village.
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Fig. 5. Features of the lower vitric zone. (a) A parataxitic fabric by dark brownish grey, highly stretched fiammes, which wrap
around rotated lithics (1), the southern part of Sudeoksan mount; (b) Photomicrograph showing a parataxitic fabric by highly
stretched shards, which are separated into upper and lower parts by an extremely stretched fiamme that are pseudomorphed by
clusters of microcrystalline crystals (2) owing to devitrification (open Nicol), the southern part of Sudeoksan Mount.
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Fig. 6. Features of the middle lithoidal zone. (a) Although it appears to be a felsophyre, a indistinct parataxitic fabric by extremely
stretched fiammes, roadside of Dangho-ri; (b) Although it appears to be a flow-banded rhyolite, a indistinct parataxitic fabric
resembling a flow-banding due to extremely stretched vesicles (3) in flammes, the western coast of Gain-dong; (c¢) Although it
appears to be a felsophyre, a indistinct parataxitic fabric by extremely stretched fiammes, which surround a roatated lithic (1),
the northern forest roadside of Hadong village; (d) subvertical columnar joints, the western coast of Gaindong; (¢) Photomicrograph
showing a relict parataxitic fabric due to crystallization with microcrystalline fiammes (2) and cryptocrystalline shards by
devitrification, The fiammes are pseudomorphed by clusters of microcrystalline crystals (open Nicol), Hadong hill; (f)
Photomicrograph showing an indistinct relict parataxitic fabric, which locally deflect around the rotated phenocrysts (4), because
of crystallization with cryptocrystalline shards by devitrification (open Nicol), the roadside of Guam Reservoir.



A
oT

)
o

©% A%E mm 2] em £ soto] ofzt e
G4k Hel7} sjulsiA waee A% gtelst S43 3
7 AR Wtz sobe} 718 A4 ¥sK1 6a, 6b,
6c)7t B 2oltt. o] FauGAr Ml Fuiat 82 del
£ FASU(TY 6, 6b, 60), FRHOT FEI; 7122
2A5H QNS Ty Fel)9 Ao BashA 2= gl
7)1 AR ot} el uet ol 9L, A sl
Wl 7HE A7 Lhebih Soll 7135 9 41
Aol M Uehn(1Y 6b) AT ¢E F942
HEHTY 60). ol2] SHolA Helet deli s vl
Arjel] gz 23} 7 Hayste.

Aol Aot o E 3060 cm] Tk T4
Helg Aolshe ok Waree] o8] ArtEtaY
6d). A2t A% welddiol] o8] olxg, 1 A
Aol o] 1 w9 B 2 shet.

shlol ] 4t A% utelsiabgo s AR Ho}
wl u e AHekEI(TY 6e) 7129 Al &

FEE

9HyE - DBH

=

AR 23] QUTHIH 6e, 6f). 1A wjotrut
RpohEEe hito.z UehAIet sjulsiA) e 4
g5 B3, 3AE 24 TIN5 e e BoE
(2 6e, 6f).

HAvje 2o 28 Su4 sllRee] 570 2
Aa} 3pto] sfhEich ulE w2l a4 2xo] gAIT, 5
53 AR gt s A Fo|Hh Fold AA=
a2 Aol A7t SUe M DFolA FE
&S AAfel] Zgsiel ol e @ ol @ W of
2g wdaiet. 3 e SaRe) $7 RES X/}
7] o] AN Y IF 2= wA Y e
EUAY B =3 o 28 A&EEE Zolthe.g., Branny
etal., 1992). 71 9Fe] ThE Fol 4 23] TUYE SR
of thall Aue AAH, 2= FHANT e 2 24
S8 Eok 1344 mhel sy B AU e 2ao] A9lA
thal 23t (e.g., Branny ef al., 1992). Z¥HA Q1 2435}
Wzt 25 uelst S40) RAe drie] At

Fig. 7. Features of the upper vitric zone. (a) A parataxitic fabric by highly stretched fiammes with wispy termination (5), the northern
forest roadside of Hadong village; (b) Photomicrograph showing a parataxitic fabric by extremely stretched shards and devitrified
fiammes that are pseudomorphed by clusters of cryptocrystalline crystals (2), and vitroclastic fabrics by cuspate shards (6) at
the uncompressed zones of broken and rotated phenocrysts (open Nicol), the northern forest roadside around Hadong hill; (c)
Photomicrograph showing an eutaxitic fabric by deformed and flattened cuspate shards (6) and fiammes with wispy or ragged
termination (5) (open Nicol), the southern forest roadside of the Sangdong village; (d) Autoclastic breccia showing highly angular
clasts of vitrophyre of various sizes, the southern forest roadside of the Sangdong village.
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o XA SHE R7HA) TSR 7d).

gy Ao gjaa Helzel 4a Aek A%
A7 @ AU YA S AL AR Tk
97k M2 BZEE W 25 go] Suteletag 3 2
ohag-2 ke g ShR Y WhE NS ekl
AR T EE gl 4atrt ngse Fa Y
29| Aol i, o] kel At f2Hel(Ty) L of
el FHAEL ARLS ANk T A PhelA
B WR LE 9 FUAEe BAAY Helo AR X
A, o] sl ehel A B2 Wzio] ofs) Bau
QA Mol AY T REYY o= AHTk

ot
=
e
o
of
12
lor
Hu
M,
ro
&
I
o
N

AIE Yebdth 23504 A G992 SRiIFEY 455
A gt} o] SRR -2 L>S -2 U(tectonite) >
2, A 39 i gt e AR Aqxrt A dd
=of itk FEl(So-1)= B Fotrof o3t Hyu B
A2 (So)E Y= &2 dEloln A9 A5AA 44 4
2k & o= ok A AL gl solH, of
4 4 g8 wet B2 8= 7 ST 2 WA
ARRE o) Tlotslo] oJs) F2 Boleich o)) 2
o): ul7} <80:1 olafolch. FU(LY 2)ollA, Pz
23 NW-SE Hho| 1 W&oz ~10° 275h (plunge),
M 29 9 o g 2Ee AL At
(top-to-south) © 2 0] JHA} o] 55 Urepditt. 3)F4
FHEE el A WERd2 SW-NE ®HEFo 2 oF [5°NW
27dsiH, F AR A= EEA|E AT FAES
29 o]F WS HojErt

2= ST gl 2 AAdoAe izt
7ot HlsE A4 AT FHESHA w2l AU-&AH A
FAE L FE31 714 g oA 9] A
(Sool2HaL BhH= wtef A H Aol A o] FaPuf gt A
22 WY A Fol=7| W&o, el A BT
7} (D)) Bt AE 8A gl So (wehA
G4 A& Spolgtar wRhehal FE3It) o] Fj4l
71 8] A SRl A o Zet A4 Aol tigt
8[43} Y] $FcH(Sumner and Branney, 2002; Branney et
al, 2004). 4 Aehe S, FRu B Hele) 2
ApRloh Ly A1 A0 A4 o2 Wt AHTH=10%)
of Sfa) A A= vlek o] A2] 5ol 7,

22l WERT} 912 i) Aoz 2 o =
A% 20| $AH O R R Elolhe A A4 AeE
Q&0 7 Al o] 5Lk sj4I8H(Branney and Kokelaar,
1992). wEbA| B SR} HlsS WA Y] BA1R(diachronous)
oz HAgErka 23t) o3 WAle g, A4
ol A9 E4 wolof 715d HE A=es HEE £
g £ Sl A Woll EAsh= =7t 7179
2411748 Lrehs g4t
4.2, SARST} MY HHKIS

A% selee] e gold FRHos EAjsk 2t
7154 el 0 Aiztelshs Are ERlo] WztE s
7} Aol whek 7] e St AY WEE ARSE A
ARt} Zhet AEg4e] neddie s3de R
AR 3 E49] 955 IStk o]AL2 727}
AA == o2t} 1 ol o] o At -3k 7+ At
EdAA fEg Aolch SFY Aol 71AA 7
L9 7htE s GA| g g AR
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oA Argdt g FHR A9 A SAEH=
ChFSHE U TEE 3 BEs Qe 3-7). olel o
g S83 o2 o] A £ &=l s AAH
|URE UeheA] ofH 4 £l 9o FAHE
SRS iAo oiole). o] £& Tk A
2 £ 9 oL A7t Ucke.g., Henry and Wolff,
1992; Hwang and Kim, 1995; Manley, 1995, 1996). o]&]
2 AN Tl AL A2, A% AR, S
TZ(Sp1)¢t o] 59 FARETS A A 844 4
FerolA vehs A3 221 EAo|th(e.g., Branny e al.,
2004, 2008; Andrews and Branny, 2011). 124} o|&]st
595e, AP SN BIHolAe, 74
BokROIME Eal7] ulEo] Mgk jEe2A Hojzjolzt
3 g 4 gltK(e.g., Seaman et al., 2009; Bullock ef al.,
2018).

o] SHARIRE 1 yrel ek SR Q1AEE
Z(Ekren et al., 1984; Henry et al., 1988; Branney et al.,
1992; Sumner and Branney, 2002)3} Z-& t}& EX S 7}
Ktk (1) 7131 A7hzkeistol ik (2) skl spks] Afo
=7 FR8b BEsle] 9k 6a): (3) Solulzt 71
AR 2 ZAHFTHLE 6b); (4) Hobd| 7} {2 H ol 24
e FIIE 2tk (5) BEolA Fet gl FAL
|4UE FA4%T ol T A o] IRl
e WIS AR (Smith, 1960). wabA o
219 AL BEFERE EAEHUAT, S5
ZBAZF fARgol 93 BE XA A¥FEE FAE

2 gl

$ o

5.1. AS LY

T2 89T g fHAd SIRUE Es] 9
3 12 Ak 7)&0] Aokt Branny et al., 1992; Henry
and Wolff, 1992; Knott et al., 2016b). B4 % a}HA} A
I} o], o] 23l 7| Y Aub= A 7S 024 ALY 4
2T 4= QIATE o3 = 7HA] 4] 7] okjoll A S8t

o M

|

LELY

HI8E - IBH

ok (1) 29 olA 714 A7H= 42 &5 Uk
UR]TKBonnichsen and Kauffman, 1987; Ellis ef al., 2013),
Ex7oz gopt SRSl Aa Uehix gt
(Henry and Wolff, 1992). (2) 243 8¢ A Hof A
sWRo2 sl T, Zegro 2 Seiucl 2ua flgn
2 B A5, Wil u|F Agjol27) BUAA B 4 I
o] $ BHIRAL 71 RS BomA Aol 2
Y AEE HA} grolRItBranney and Kokelaar, 2002;
Knott et al., 2016a, 2016b).

DR gRolq 7AE Ealehieh BL RS
P ARSI FALL 832 Ma B F4lH

= ZbA|o|c(Hwang ef al., 2024). o] 22 AR
of ZmRL el PalEo] U T 24T AR
TPl it ARE BE 4 gk FEROR ke
BEZS 7okeiE YEoE 10° olafe] 3 AAS 7}
A3 WEE ek sje ofgf RAIHLY 1b; Hwang
et al., 2022). o] TAZ o] FAY Y WA ¥
YRRk =S E ok Az o A2 AL ol2gt -
o] F&EollA I FA sz HY oz Qs 1 gt
AE AgsHA dA Eittk= Aotk wabA ol7gt 3
ool e 71skets 25 S = e AR A
= 9 floh 22y o] A skl o ek B2 5t
=309 714 AERE SR S UEhie, 12
o &Y 4 71A A4S 7HAA| gtk 2 g4,
B Aol AE HAA gobl= o] 3 3k
Fooll REE FA9 AY HutoA Uehdtt £2= o]
23t AY A pEhS go] ofdet nUR=(EAY E
W) WA U= iR A= siAlRich

o] 748 S FUL 1 A7 A} it 47
oRlS B RE MAEHUL SHRT sfjute] SJsf =7
A= o Y &AS & 4= jlok Y, o] &2 ofrk=
o] FAGA Ftl) 220 m FA|(Hwang ef al., 2022)5 7}
Rth= Z2S I, 9 A9t 84 7HE RS
2 FRE o] {AYE Yt 1UHE WA 9y
T 9] SRR B4 e, =x1(>850C) Ax3t
“SR-53” S-HA} st 79 (Branney et al., 2008) 2 2 A
w2 5 ik el olie gl shpRetoln, ek
EAE sfictolA vl SHFAEY FE TEAL,
HA] St=rks sfQtoll A B4 22(2 ™ 3o)= 7ML A
FAQ FEE&E SRS Rt o] A2 QT &
AR 9 B5 G A vl Adjo] 27t FHe E o
TAMEE 7423 2vjo|27 BHolA TS F=
73t 4§40 wet A 9 s HolEe, B
Al FELAT) v L2 = o) QItHEllis et al., 2015). 23}
A TEY =] SFEE o] 2FE FE&EAT}HE

o
ko



DSHHT U DX s ESsot| Bl U QUXig 1

2 55o] gotolebr| e Aeke) A4 248 7
2§ SRl gtoleh 3RS 7323 ZCHManley, 1995,
1996).

Quixte
FEY SR} SR 7H) T Ego] B
T THE 0% FAL 8248, SUAET 2Yoae
o Sfgt 4714 2 olct.
8§24 TAL FYHUEC) 53 % YFoln, 1
29 FAL SARY NE WA B 4% B A7 B
T}

<l

71%= Ao A== Fetoll B2 FAVS SHAEEY] A
o] &7HAQ1 2ol o] 27]7HA] theFsttiMahood, 1984;
Branney and Kokelaar, 1992). 7%-82-33]%of| A 3k
FHE 714 GHIZHH Y v]-& 24T 7| A S Edio] #
8244S A9t iR 27 F580°] AY §le= A
&2 vetdl=t, ol 78 f-2l ) oi-¢-
= &A= Aok & 4= Qlok

RS A4 S5, Bl A 2 AR A
o] EA= AAIE 4= Utk &2 SfFAelH = AA|7}
SHARS Ve A 9F31(Ross and Smith, 1961), B4 &
At} o] TR YRt F A H o =nt {4dS Uit
(e.g., Streck and Grunder, 1995; Hwang, 2013). 181} tj
2Rl SR-gae) SRS Taels B 47 SR
o2 A9 & 7st 5 HAdS YeldtHe.g., Branney et
al., 1992).

SRLEE FAo] W Qloke SR of3) 4
Al Gojub, o= that 22 2N AR (1) &
< AR & (F2 Ao] o]/F; Freundt, 1998); (2) A &
¢ ¥7E FAaskes 22 FAd, =2 AFRE I
371 U= e 22 A £3), 293 wE FE
(Ekren et al., 1984; Branny et al., 1992; Bachmann et al.,
2000); (3) B4 Alof MM HE WO & S22 =9 &
2 Zbek(Henry et al., 1988); (4) 73t A= 24
(Mahood, 1984); 12|11 (5) A A APH Solth
HARG-2 Aute] 7ol A EjZ2HE Fof| Wh=A] DojubA|
THBranney and Kokelaar, 1992), 7|E} A-$-ol= &7] ©
Al] 3Z3Y(creep) 2= F2 Lol FTHWolff and Wright, 1981).

T2 G4 ST AT A HEE A o 8
AH FHA o2 AS3lH(e.g., Schmincke and Swanson,
1967; Wolff and Wright, 1981; Hwang and Kim, 1995;
Andrews and Branney, 2011), 0|83t HEZ-2-2 A9
ey 225 el d4 A EE dol B S A=
2 HEAD A2 SE| FEE 5= glon, ojnf o &
2ot BYP G A E A AR Ao|E oo s

5] & =04 2A3NZ = ok 2E B 0]
TEYS &S G2 T Rl ol ¢
ThHBranney and Kokelaar, 2002).

QoA o] W A7IAA T} o] 7125,
7P 83, o] AU 71AR B} HEHT 7] A]
5 Y] 84, 2ea 4] AHF o 2 w4
A 22 T2 7t o] HFAYE SHHEA =Rl
o3| EH=UA FHY SRR 7H61A FlthRoss
and Smith, 1961; Branney and Kokelaar, 2002). o] 3}
F oA AW B TEY] gike AL £5 9
¢ A= w=A kel AL ShibAel BAS EF A
78N FHAACE HES A2 YUY HE BERE
e HHEJSS AAgh HA9AF 48 9 2] ARot
e A 355 steoz Qs gAE A, vl 4lst
Al A RS AR

BRI G = Q=] AY F=E0] @l
= AEEZE A EUS Bk o2k, ek R B
o= Ao HHE S-S AY A HFTE 223 FHY
Hj G4t G99l Aol A= def SRt dold o
o] gulg|3latgat -2 AAZE o2 Q| AL S
= Hghg o 2N ubt fEY S NI FARRE &
o A E YeEbdith. mebA o] Y S '
WA Sk ool et dtsttt

do o

5.3. Xl 01

|4 ST AA o]ge th3a 2ol 249k (1)
20 f-ZHE nhanke) b B2 Ao B4
3ike] ZpetE A7 | = e 4 RS BT
o, o] TEL FF4ke 1, E3] GEEE MR HY
o] 3ol 23HE A= okt (2) F4F Zlete
TSN F2 SAdHE EH O 2 9] HF(Branney and
Kokelaar, 2002)= -9 =2 11 A& Q] 34 H=F
E Ao, o] HERE T2 54 @R o2 st
3k 3) WA FAE SPIHEES BEFY AF RE
o| A o}7] WZ(e.g., Branney and Kokelaar, 2002)9]] ]3]
A&} A7 HE 4] AH ] HE o= Pz EHA S g
A A2E AT 1A ). U] s A
B2 QA Al F453] = e A {2 9L 3l(Branney
and Kokelaar, 1992; Freundt, 1998) AX| &= Sk 27|
A4 BES Fon FYPuEN s FASHATHEH:
a2 dd], S5 A2 2 F a2 dd). (4) 5HF 222
off ol A, el DA Th(So) =58 H 3y B4 2 A (S,
DE ol osf 7|55 ukel 2o, Alztel| whet |y
3l AeEgol S7HE Sl BAFAl FHAED)S 4
Sk A AFRE ER O 2 sk S43 o] A4 Addd
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N UEF-EE 34w 29olA AEET S 2
ERRnE o g R sad o] HaEn 41
of we}, Arkeh AR $E02 o5k o] 4]
o=, xzbo] Aol wef, g Bloke] tlrEe B
Elof et o o A4 A9 WYES wten], 4
o) Byt Hevt A wER 5) spRstel 4
R yzio 2w gesA|n A 02 RAH 27t
Zhelore ARk (6) Wrkol WaTol weh, Sa)Rer
o Yl AgstE] ARgon], 1 % FUsista A
3 ARER ) FENIATe] A ojoizich. $¥
g Fuate 9 gukelsiatg o] At ofs) FekEl
o (7) WZHERE 3] WAle) 4 el 41 WrbEe)
ol ofa warElgict. Zeet TEw o] AP At
o] u]:82 SISl AR wel A 9 S5 Ay Qe

37 Zk o] e WA= Ak gl

U

6.2 2

IZREE ROl =3RHIF &2 SH=F 9ol

|23 Yol Zt oF 220 m FAZ FHLI5HA Hokith
o] FALL T2 3, E3] Snake River HY(cf., Andrews
and Branny, 2011; Ellis et al., 2013; Knott et al., 20164,
2016b)9] AT} & dEfXl AL EofA SLEHEY
spjRgte] AST GARE wF 720} 248 SPS ®
ofzrt.
o] FALE o] vh$ =T Ybgo] FHste X2
24 U= 3oz FAHJAATE, HEE
T FHAZE I A0 2 S B S
Hojgth $g& o] 2] 84F7H ozt 34y
A Bl osf AAE 1Y =(HFHD) WA S22
FA=(LS) 2 shaflFeolzhar sfAgiet

ol M9 FAE S & F Utk (1) 3199 =
Bl Te] A HET 7| A Ao 74, (2) F
R Y84, 3) Wi =2 G2E E 2= AA
st BT A, (4) A FHzgo wE WP
o & A A2, (5) WY H o H =95 A= 3
& Apor=9} vlohH| S HojF= w4k 24| Foloth

SHH o] 1S thFE A U-EZ0l ot FaPuj L
A27F AuistAet, 7| AR M e B8 9 F2gZe
o2 S H g 229 AR GA] SR
olgte AS XA sl

flo o3 ofo

A =

o] =2 AFAEAL ALY 7| A =7

LELY

9HyE - DBH

=

= AAFAE DADATHDX)T 71T B §3-53)
A A7) (GP2025-020) o] X it WAl
202210 93] WEHOR ST D2NY @ o]
LA IFEA 02 §74F A 92 S Fok o] ol He
w], 5ok Sheho} A 9L 4 ofelel ) Ak o] =
£ AE7be] Aol whet ok 2R OM, £ £ A}
919le] AMAe H)E A 2 ofee Wl
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