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Sang Koo Hwang, 2014, Welding and textural evolution in the Juwangsan Tuff in Cheongsong, Korea. Journal
of the Geological Society of Korea. v. 50, no. 4, p. 475-488

ABSTRACT: The Juwangsan Tuff (350 m thick) is composed of crystal-rich vitric tuff (CVT; 15 m), lithic-rich
vitric tuff (LVT; 30 m) and pumice-rich vitric tuff (PVT; 310 m) accumulated from a series of rhyolitic
ignimbrites. The LVT and PVT, which make up a simple cooling unit, are zonated into nonwelding, partial welding
and dense welding zones. Dark gray fiammes in PVT have flame-like and lenticular shapes, and tubular and massive
internal textures. The flammes and shards, aligned parallel to bedding, define a distinct eutaxitic fabric, and have
upward decrease in flattening ratio. They have lighter colors by having commonly devitrifized as axiolites at the
borders, and/or spherulitic and mosaic crystals inside. However, green gray fiammes in the LVT have flame-like,
feathery, bow-tie and wedge shapes, and tubular, fibrous and styloltic internal textures. The fiammes, aligned
roughly parallel to bedding, perhaps have upward increase in flattening ratio, and define an anastomosing eutaxitic
fabric. They are altered into sericite or sericite+chlorite and connected into matrix with various secondary alteration
minerals. It is interpreted that the fiammes and eutaxitic fabrics in PVT resulted from flattening and stretching
of hot pumice clasts due to welding compaction associated with a lithostatic pressure of hot ignimbrite accumulation.
The welding had produced eutaxitic fabrics from fiammes and shards aligned parallel to bedding, then they
destroyed many glassy textures from their devitrification following the welding. However, it is interpreted that
the flammes in LVT resulted from alteration and diagenetic compaction of colder pumice clasts due to accumulation
of ignimbrites abundant in lithic clasts on the surface. During the diagenesis, pumice clasts had altered into sericite
and chlorite, and the fiammes and stylolites produced anastomosing bedding-parallel eutaxitic fabrics.

Key words: Fiamme, Shard, Flattening, Eutaxitic fabric, Welding compaction, Diagenetic compaction
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1. Mo

Tjo}|(fiamme) 2} LHl 4 4 2](eutaxitic fabric)
= spleksolA Z8] Uehhs wazHolt) o5&
2 47 shy A ZolA] AE D, dheba] v
o2 gAzZo|gka B AYTH|, Smith, l960a)
"o = &3] 82 =2 A2 ey, 84
28 5 SRSl =AL e dHe| A 2
gho] &4 HFAE HEsAkg-9| Autetar s
AickSmith, 1960a). P2t A2l BgsiE )
opH|e} [-2] Apol=rt S ot B B == A
6 2 A OHtHSmith, 1960a; Ross and Smith, 1961).
glop| e} SR A4 A2l 84 373l Smith,
1960b; Ross and Smith, 1961)%4t o} g}, &4 §}
A d7F315(ol|, Sparks and Wright, 1979), &
31-3-5]9H(al, Wolff, 1986; Hwang, 1995), 22
729, Sparks et al., 1993) | A= YR =
Hole). 2 Akt wofslel skl Mele =2
Al vg-2 9] W RAZR ZH9l(¢]) Fiske, 1969; Allen,
1988; Branney and Sparks, 1990; Gifkins et al.,
2005), 7748 82k (<ll, Allen, 1988) | Al = AF=Et}.
Hlojr|| o} R B ATl= 7|4 9 24 =2
WS 7137 Ao A RO ofE 547
B ofnlhs A& ohh. Holult deig 4
o= FEd 2 EuestE EEAA I=E T
5} (cf., McPhie et al., 1993), 2l G4} 4l 2]= b]o}
o] FHaguj o] o5 Y= FHE TITHCA,
Ross and Smith, 1961). AT A= AFZ o
2 o o2 M) slojuzt o] ghe Ae] 7] 7ke]
o2 Sl £0] A5 9 P ol
S B0l 3 52 T8 2
2> st mebA S22l
s;za L%ﬂu} dreb 2 szl e
R ‘]ﬁ‘rﬂ# S iAol Y= m|
U2 gk ® ERABE e
2 215} o] °H O]"C‘E” ?g‘“}??l AAA7EE 4=
o] =9 F2& F4HE-E U (Hwang, 2007) ]l
A §7 9 W82 229 6| 7)Afske Holct. o]
S9e5-E soj] L gk Helrt 2SI,

o159 Ul FWMEN Thel A Bt HAFE
JJrﬂél— ol A2 Th2 o] gick. web of
=go) Bale 29phgBI9ro) 2t oAl thal 24
2 A8 71 Rs 1 Qe Zol o] SEgte) =

27 AL wel Aol

2. XN

e Apas
SHHo R el HRIOR FHTE SRS
AE 71k o] SASAL WP ok
He SAALAEE A of S 4
o B4H F2 $BAFL T} 0|5 $3
Ao AR, ¥ 9 AA3 3y ] eFdoll QlojA
222 F= HoiETh

it SR S AsHA 4E kA o)7]
g o SADYE =EA7|H, o] FollA] 43
SHA o] 7HE SAsH o8 So = FEE
o5 TaAe 24| th27] wEo] A&,
WAL 2, =AY, 5T, FEARSE
o, TSI T AP SATHE FREJAT
(Hwang, 2007; Hwang et al., 2007a, 2007b).

FoASBIGRE YA B ] 1) 31
Zherg) FolA A4Sl e mAe] BEse 2§
o] s 5et Wby % shtolth. & ol W4
SRAGA A37] 27]0 Lolxtd SEIA 5
AVE-E UERE iR SRl ch(Hwang ef
al., 2007a, 2007b).
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opo = HEYTh FYISELE 1 55 FA R
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A Wl 223t I IR F E2EZAREH o
S5l fAske A= &AL Qltk(Hwang
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et al., 2007a). 31 YEHEL mA[ESSILVT)
o] S3Y2 AAF o2 Aol 7MY FAE 5 311942 71A
(F 2 350 m) 2.2 A& (Hwang, 2007), S22} LVT-& 5 AlollA] 71 A1 510] F 25 m FA| = Ab
BAZO R 7HAA Tha gropRitt. 253 2o @ Y=Aro @ grobA FIHch o] ¢t

>

SRS B RS AbotE, HAH, WhA(<5%), 2 SHiE] 71} QfHo| FRSkAL FAo] Ak L
o= TR SR, FtHos fE R E AAo] uf$- H2 HoltH (1| 2a). YHE Z.*
& YebdichHwang et al.,, 2007a). o= &84+ A, E8A 2 3384 AR A R 9
Aol 2 H AR E 7HHA AFFRE A3 EA AET R o|dHE RITH 2b)
(15 m; CVT), rdFF 222330 m; LVT),  FAHI Apol== tha §A5HA HE 3= o] 7|4 73
REAE38 a2 2d-33]9H310 m; PVT) o2 FEHET ARE Aest w3 AHE vehdt 7552
(Hwang et al, 2007b). o] SRAFL2 st Tl o HFPHOR gk Aulelo|E uho 2 I |7 Aue}
9 E o] R FX|FH 02 s K rheology)  ©|E, BHAMFA O R Z A Qi LVTof|A BE1-2 4%,
=] Ytk (Hwang, 2007). o]5 Fofl CVI2 Uwz]  HAEE, =4, Wafilo] ojsf AJufgct. o] RAHE

S|k HAEHAQl Aol T2 gAY BT FEL ole0] AREEE $4 HEAYY 9
7HHE AL & 3|4 = 17| (Hwang et al., 2007b) j 2|1 & HhgRit 12jal w0 2 O HARRE-2
Fo 6]7] A =2]7] 2 it Ao A o] =3NS wl= Yo = Azt
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Fig. 1. Generalized geological map of the eastern Cheongsong area in the northeastern Gyeongsang basin. A,
Tachaengsan; B, Juwangsan; C, Muposan.
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312 2& 7|1A)

LVT9] 2322 wjojm| 2} B-3}HE (stylolite)S 1]
g 4= 9lom, o9 wid2 ZEloll AL HPsHA
epdtt.

(1) op]

LVTof|A] glopii= h=A-=3 S ww A =
Z ol BasHA vl E=A-g3A 71 d 99
o ZJHEUTHH 2a, 2c). Fjotd|= do|7F A
FA 02 3 mm-2 cm ©|X|9F 1 5 cmo|t} o]
< &5 dAAA] g2 Fd FA RS 2AY &
< 4 Atk o] 59 HF3H|= 15 o|st= thefstH,
ol M, AR, tH, Itk YR E
2| o] ¥3kE wrgeitt. 22 HEIH|E 7Hxl 74
HE 53] d Azl A2 REEHAY S22 &
Aoz thAZl 7]8-& 7HA 2L Qiek

S A Dotz EE2A, BeEol, M7

EGsto] thpat BOE ZHAIT 1Y 20). B9l
A slobl= Htkg A R B2 ARo] Qs
25 Uehin, o5 F9lelAl FolA Uk
2d). o obl 5L, AT G HU A+ ALY
4 $PE02 BUTHY 2d). WP 2L 2
& she] Tl BB 2A g B 74T, of
Sofdli A 0 = iAol f$ SBA 4]
o2 HYA 73S 7HAT o] slo|Se AL+

= (1A 2 A E o gleH (18 2c, 2d).

(2) 3gE

TYEL HAE A GA E5HA UErdt
= 832 o|tH(Gifkins and Allen, 2001; Gifkins
et al., 2005). o] 52 7|& A=(Hd T2 FED)
O] 7|AA chlZH-g-t ol a-g-o a2 U2 5%
Al F-8-4]Z%(solution seam)©]™(Merino et al.,
1983; Fisher and Schmincke, 1984; Gifkins et al.,

Fig. 2. Typical exposures and photomicrographs of lithic-rich vitric tuff in the Juwangsan Tuff. (a) Lithic-rich vitric
tuff containing sparse greenish gray flammes (arrows); (b) Lithic-rich vitric tuff consisting of angular pumice clasts
and various volcanic lithics; (¢) Darker flame-like chlorite+sericite flammes (F) in paler feldspars, quartz and sericite
matrix, and plagioclase crystals (P) are dusted with sericite. Open nicol; (d) chlorite+calcite flamme (F) with a feath-
ery termination, which connects with wispy chlorite+sericite (+hematite) stylolite (arrow), defines the eutaxitic

fabric. Open nicol.
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2005), A28 FEA] ofat 2 mojabg-L 4t
3 $E gtk o SEE UM+ ALRIH LA
ko] ot o] AT 71382 wet ejo] B
st 714 W= AAETH 24).

32 RMER I A2 2@PVT)

3.2.1 92 717

PVT= A} g2 =0 whet 714 A 9 A
A B8, o] B} o =2 SHE SAY 9l AR
MY RELAYE At A FAE S5t 5
53N Egddg= A= (Hwang, 2007).
Iy ShE SN = FEE 02 H o Akl
o3 FAAE Uehjz 57 Y82 = BAF
Aol A FiEA o2 G i

PVI= A& ez yifoli vl FAL So=2
ArEETh 53] 98 2di= W2 et HEEe
WZrpsol ot A E WEA7I 4 AHe
B3t (2 3a), F2-& 2= A-H(lithophysae)
E WA ZItH Y 3b). AFPH o R G222 Fuy

Axign TAE A3 479

WA 39| vl 8 A E Al Qotd thii gRe B2
"ot & T3-S 11 3c). PHE2 7| A olA tha
FH5517] wiZel 3nlsiA| gt EE5T|(flow unit) &
AA gty dYd SEHHES dHFE 71A
A, o] AHolE= RAZFRE FHE AUA, #
A o] 3udt Jo|E= RAFHE ARE oy
= S UEhdth

PVTE= E5°] vlad EsFslar 7|&A| A= glck
(723 30). o= HubEe] BAH(15-30 vol%, 0.3-15
cm), ARF=(30-60 vol%, <0.3 mm), FAoz =
27 AFH(LS5 vol%, <1 mm), HITHEAL sHakern
(3-10 vol%, <20 cm)o. 2 A Fth HAH e ujg-Z
oA &3] A A|A] P2 FHE BEHAY T2
FRZA 2 oA 7|52 7ML it} RAJHE H]
BAdollA ZH) F-2 SAEACIA, SAtolA &
2, d=sgolm o] T Kk tiA| 2 15v) ©f =ok
(E0]:40]=1:5-1:25, 11 1:40). o] FXHE9]
I FEL oS0 AREEE -8 AU Y YXof ek o=
o} §Atol|A 7352 LA = A A

Fig. 3. Typical exposures of pumice-rich vitric tuff in the Juwangsan Tuff. (a) Columnar cooling joints in vertical
cliff of the dense welding zone; (b) Lithophysaes have a central cavity that is lined by quartz band rimmed by spher-
ulitic crust in the partial welding zone; (c) Dark flame-like lenses (fiamme) define the eutaxitic fabric in the dense
welding zone; (d) A big tubular fiamme in the dense welding zone on plan view.
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U &2/ 285 Hg5e] BAYO R HAUA

PVT= &5°] wi-¢ &3k, K7 A3
O FHE, 7k SEEY HolA detd e oF
HEol] ¢ vlefdt FHolE 7HA| L, FHHEC]
uil-- vl ofet A o] T2 EtA HolE YERdt F
MEE2 At HEskE gotE F4ge o
motr| &2 AR =7} obd A YFo= wjE
=31 g A ABE UeEPHE(TH 3c). ARotEE
WP oE| Al SAESHA HP H AL vjotr| e} A
B3 = o] Sl B M2 E =tk ol Y
wzze slEdToly 2od ssete] 543}
A X|gk}(cf., Sparks et al., 1973; Sparks, 1976).

322 23 7]4)
PVTol Zeloll ayst sjoful, Apots, 470}
$4Z0) MG S DY HelE HelETh(aY ).

(1) o

PVTelA] slotlt o3j)-ehalag ujm o3| 2
S0l BaYsHA s B 23 -3 71d g
o FHEAYHLH ). Tolul HPHoR 5
mm-15 cm Zo]E 7} A9k Fojf 40 cmo]t}. o]&
° 53] A e Hr) RuEnE A &
2t At} o] wopro] W] o] MR 1:2-1:25
o, YR ATAHTH 3d)ollA HA7tR] <]
WSHE ol vloul Hyshu]o] Z71o] uket
oA BRAHTY SoolAY B2 ghe A=A
< Uehdich. sjobu|e] e 5] At Al
£ YEH (3™ 3c) sHiolM= FPu B4 A=
(parataxitic fabric) & WEFHATE

oA wobls B4, A=Y S o7 2
F= 7HAH, oA HiA B E e vYeRde(a
% 3d). Tolw| o] MBBpulE ZA4H YX]of wret 7
EBAE 7P Y-S s 2 HEse
£ 7, & B2 T8 E Hogrh 8459
710l wret WysimE S vtk oA
%) gkot 79| $HARS Lhehic.

APSEL A T SEUS] oAl A1 9]
o] whet ozbo] 2ol S AT = Gho] ER
7IAE OE AAED WS HEs=E 7 O
2L o] TAl= LA YT} o34 MAFE
chopet Ao A vl w2 5 AASHA g

FAHO YREAL tifE vide|d, Hl-82
ol AA-S5A 7182 7HITHLE 4a). L2 o]
"o} o] YR= w2t UE stoll A k2 o, iz Al
2 g dedA o] 2A3HE wtaEo] qick A
Ao g o Y2 BEL2 A= 243 RES U
Epdit}. mjopH] S22 11 AR A gt
9] enjAd ZFAF FZ(axiolitic structure)o 2]
3 A= & B2 0] QlOom(TI7 4b, 4, 4d, 4e, 4f),
1 = mA A e At A o2 AAshE]o] ¢l
THLE 4b, 4c, 4e, 4f). o]= FAHo] ot 3574
3l &= 7H7] wizol| o A 2 Ae HolE
t}. §3] o] F4H= 3= ol A& U" 72
R o 229 marelt AR sf AsiHA =
Eo] ITHLH 4d, 4e, 4f). 0|59 2] HE2H A
T QAT S YobE = gl AR ohE A=
Eslrt Igo= Eekal Sm|E Y AR At
71249] fe|dof| e} nr A 2 F4235] 4= o] 9]
THZL® 4b, 4d, 4e). BHH<|| o] Fjopr|= 1 UjFof| Ak
3Hd ATt gle Fia) Qs Faio] HagsHA g
Hojglow, F4lFoll= EqtAsHA Ak Mart
A9 gli= FEE UTHLH 4e, 4f). 4131 M 4-0]
Pl E-2> 23} o|H e MY 229 EAE A

FTH 4d).

(2) Aot

Astold W g AT o] AtEEe 44 WARE
(diagenetic alteration)2.2 I3t AHELO]= 9] of
T2 (dark film) o2 ZERte] HAE F315HA
FTHIY 4a). S21 A= 7] ekzhe] ol
& 5 QI At=] A £4& ek gk
Ao Y} 2S 7H ot g d A E vEhd
CHIL® 4a). et 27128 feld 2] g3
AofLpx] itk o5 HEH o2 2uly H
A Fzo] o8t 27] gutE| 2 (devitrification) &
UERfAE, olgh fzde R o ojRg Hre
A= sk 9L ekt o] 2] 3457} 82
2 v =AY ok st ojS we
YztE| o] 22 3tE A ek dAlRT

S AolEEe BAR oA A=
Aroz MHSE T QatElol FANAL WA
o Y 32 QP F912 A 2TEE )
A 41212 LrehitH 8 4b, de, 4d). ApotEELS



shrelAl B e m A7 Aol U Bk
Hobe 5 g2 F=2 Agslol FAuIY H2S
LR GeH1E de, 4). 3tell Al Abob= ) A
3 o] o) Uef ool S| AHAL o
$E o] AYHAT 7] £ 72 SBAT
BEST Qo] ARG FAS & 5 ek

HngT TAH Hat a1

olofgro] Apotego] Wxmopo s Alak gob
A3 By A3, A1) 919 ohE-g
A E5w)s gy Aol 3o gy Hee
el 22 57 FRSHAA AfotEEe] 5
Fol ols) A Asea A Az gehts

7Rt -8A28o] Ase= AT

ks 3%

Fig. 4. Photomicrographs of pumice-rich vitric tuft in the Juwangsan Tuff. (a) Vitroclastic fabric recognized from
shard structures in the nonweling zone. Open nicol; (b) Slightly flattened vitric shards defined by cryptocrystalline
axiolitic intergrowth along their borders in the partial welding zone, and pumice clast (light areas) destroyed by
spherulitic crystallization (S), from which quartz-filled solution seam (arrow) passes away. Open nicol; (¢) The
same field as in (b) under crossed nicols; (d) Eutaxitic fabric from highly flattened shards and some fiammes (F)
molded against crystals in the dense welding zone, and devitrified along the border into axiolitic crystallization.
Open nicol; (¢) Parataxitic fabric from very highly flattened shards and fiammes that are devitrified into microcrystal-
line axiolites in the dense welding zone; the fiammes (F) are crystallized by spherulitic and mozaic intergrowth
of coarser-grained quartz and alkali feldspar. Open nicol; (f) The same field as in (e) under crossed nicols.
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ApotEt wlofuls GARSHA vlukel (stony or
lithoidal) 43 2je]) SJ} B vie} 2ol MFA A
ot e o] AR o) BtelstElo] ik
Aot 71 AR Hzko 2 AslE deAA
3} 4939] Lu g ZGA Tl 3 QA1
2), 8 AplEE 1 WL E o 2 gz 255
Hol QK da). ofeigh FE-e AR Esleln %
Sfsch g AEShAR o} ulAE o] AsH
W27} Boag) Bol HEHTHIY 4a, 4b, 4d, de).
olefat A= 2ot Ql3l AT A el
wSIE o] th R TEAS wA B R0 Bl

3) 4+

ATs 5280] 5 AR AR R EE AT Y
sholl A 2L oF 20 m FA R ArEH) Ao &
Ee 71 ol A @ AR S 47
chpstch. A7) 274£ 510 om Y9l thersol
H7o] Bolgt el o2 ) 47 15 o AE
Itk 7o) BeFE YA Bgoln o5
o] 43 0.2 2|o] BasiA L He.

47EL BE ARER B AAY ZE 9L 2
HE2 Sijsn REHoR Su Az Ede
(2% 2b). o] FESL =B Fohe WY 4
A7 o2 SijE T 9o ufel hol Welaa &
A 24E Tea

o] 475 87 Fol Uneate B nEy
g Ro 2yE Z)AR 2HEEl ofg Rol.
o] 7|A1 AAZ-E-S STl A FEE el B2
A ES IR ARt AE ueitt
(Ross and Smith, 1961). o] A EL 224 Fof
2|2k Fetoll WA U2 Aol m WzhEet Sk
F7F FEAom AA3EHA HFe AA3NR
o, Wzt gof WAt ZUAS JHAZ T &
o22hg Fetoll el 2RE HAUR 7tAES
At Yol S =1 GgS dog g SEsH o
g5 718 % Stk

58 (stress) T} Tt =7]4& 4
o) galo W) AT £42E FF W4
2 8 EAEA FE-F4 S(seam)o]
th(Merino et al., 1983). FFAHS-3]QF2] PVTA,

oFe A G+HHA A5 1HF gopr] W] =
Y AHLERE AplE-FF V1A £08 WA
UITHE 4b). 0] 4132 T2 A goz 745
Ak HHA o2 ZEEE FLE Ut o5 &
FHI A= Sl BHsH, e o= A
ANATE= A= Slok vl F2lo] B3ystA|
@Il "op|el 7t2 A Y ARlE-SR 7|1 £o0=
W= A= Ak

4. E 9

4.1 LVTOAM motH|el &4

LVT= EEA "o &} ehij E4) A 2)& vehd
o} o] dof|A|, TopH| &2 dl2)g AP £ 7
Qe HEHog w2y thga U AT Y
FxZAo] HPstE RAHo |z 4 A A&
ot B4 HE 279 &L 7|5 = (vesicularity)S 7}
A7) g2oll, mjEd} e §ARE 53l A
& S FoNA B ol 23 71A1A o
28] o5 4dA =3 Ft}(Peterson, 1979; Allen,
1988; Branney and Sparks, 1990).

Tojulc BRsh|7} ek o XA ke
wAguch 25 £3) 1 Zo)7} 8 Atk LVTOIA
"o}|= 0.5 mm-5 cm Y2 AEEH, o] 59 =
3} 7ol B850} 2 go) Ao,

Bgsiulo] Wsl A%, WA BE 9 7o
7] wEe] glek (1) TG FEo] W
22 e oA, Bl Quho 2 sl
3} sl AFHOR Wizl Tyelw ghe
B 71AI0] 71E BakEo] etk () 34 B8 4
o] HAFER AEE = HollA], HEIH|= B2
olt}, sjojuliz AR o2 YRz o] Heol
BBz o2 thgAtolr Q#moFo] L&Ak brush-like)
& 71 (3) Bk o2 el MY e
HBso| ZAS wolFx) et Jejnz B
< YRxA o] ¥l Al A 0 2 RE thA 7l Al
& Holl & AX 4 ol 7R o] S 7HA]=
d], o]= HEIH| Y] F7to HET A= W=
Bt A% ol AE, AR 52 =44 2
B2 7AR SR ot FERE HAEE AT 74
HE HEIA A 4= Qlrkar dgict

AT HAAE-S Y o] SR, HBIH]



|

oF

o

< °] 99 71AET SRR A 7 ek Az
ok fufstd, ARt S8 ot FAR 3=
4 259 sHollA ZA shgell SJal o AskA
oL}7] (|, Branney and Sparks, 1990) wj&o]c}. 1
2|3 wjopu| o] TheFRt ekt RS U3t
2 A ek WAz, Aagt aA|(9E, %)l
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Table 1. Textural variations and possible affinities of fiammes and shards in the Juwangsan Tuff.
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Textures of fiammes and shards Possible affinities
Stratigraphy Description Fabrics Fl?tt_ Welding |Diagenesis
ening
upper Randomly oriented equant pumice clasts ! ! N
N enclosed in a matrix of uncompacted bubble-wall, ! | ! \
on- . I
. |cuspate and crescendo shards; vesicular and| . ,. . \ \ ‘
welding . . . | Vitroclastic
Zone tubular internal textures in pumice cilasts, ‘ |
some locally devitrified into axiolites in the
borders. ‘
Slightly flattened flame-like fiammes and = g
PVT | Partial |shards; containing aphyric and massive o é
(310 m) | welding |internal textures; aligned parallel to bedding;| Eutaxitic E‘ 8
zone |some devitrified into axiolites in the borders os g' > | &
and spherulites in the interior of the flammes § _§
Highly flattened lenticular fiammes and shards; % §_
Dense |some containing aphyric and massive internal| Eutaxitic = S
welding |textures; aligned parallel to bedding; devitrified and
zone |into axiolites in the borders and spherulites in| parataxitic \
of the interior the flammes \
Abundant in volcanic lithic clasts; flame-like, 7\ ANA
Almost |feathery, bowtie and wedge fiammes with Anastomo- | | ! '
LVT Non- |fibrous and stylolitic internal textures, enclosed . |
(25 m) | welding |in matrix of randomly oriented cuspate shards SINg
zone |and volcanic ashes, altered into sericite and eutaxitic |
chlorite, and aligned roughly parallel to bedding. !
lower |CVT (15 m) Excluded because it chemically shows different variation trends with the above sequences

Arrows represent the increase in degree of flattening or each possible affinity toward them.
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Table 2. Timing of textural evolution relative to the cooling processes of the Juwangsan Tuff.

Magma

Supercooled liquid

‘ Glass

Tl'ﬂ

T Temperature
& decrease

Welding

Welding compaction

Vapor-phase crystallization

Devitrification

Diagenetic compaction

Diagenetic alteration

Tm: magma temperature; T,: glass transition temperature
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