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47 ¥ 217-2(Pipe-globule complex; PGO)2| A4, w1422, E0H S48 RA5T BA/12E S| 4s ) ik opel
Aol PG HZ53Igk 7145 oF 0-20 m gkol) AFH ™, o5 m £719) 2452 WA4sha, S0zt thAl 20 m o]

o4 Q4H0 2 skl o] Fal melat A T AR 240, 2UE S AR ) 7|0l SAste] S
= 3fo] & Bolu], meku F3 A, AT B, 3 24 A7 WAL SEM-EDS EAoA] PGCE X Uslet mzo] &
Stahe, Ghelabs] BEa U A9 24, 484 ABA 5o YArskgEo] S4Ho|th XRD B4 2k, 1ok} PGC BE 4
o, AP, Q0] F8 BEAE BolFu, PECOIAE FETB(etol =0t m)4) 7} BASEE Sholsh XRF B
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ABSTRACT: This study aims to characterize and interpret the occurrence, microtextures, and mineralogical/geochemical features of a
pipe-globule complex (PGC) developed in the lower Seokpo Tuff of the Buan Volcanics, exposed on Solseom Island, Buan-gun, Korea. Field
observations show the PGC is concentrated within the bottom 0-20 m of the Seokpo Tuff, forming a -5 m thick clustered horizon that extends
less than 20 m laterally. While containing clasts similar to those in the host deposit, it is marked by fewer lithic clasts and more fine ash matrix,
creating a clear grain-size contrast with the host. The structures often have sharp boundaries relative to the host, exhibit cross-cutting
relationships, and are surrounded by reddish alteration. SEM-EDS analyses reveal that the PGC is dense, cemented, with alkali feldspar films,
internal quartz infill textures, and abundant Fe-oxide minerals like magnetite and hematite. X-ray diffraction indicates that both the host and
the PGC are mainly quartz, plagioclase, and alkali feldspar; the PGC also contains clay minerals (illite and chlorite) and Fe oxides. XRF
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analyses indicate the PGC matrix is enriched in SiO, and KO and depleted in Al,O; compared to the host, implying localized silicate reorganization
and cementation. Overall, these findings suggest the Sol Island PGC is a secondary structure formed by post-emplacement hydrothermal
processes, involving fluid ascent, fluid-rock interactions (precipitation, replacement, cementation), and localized deformation, rather than a
primary gas-escape or segregation feature in ignimbrites. This research emphasizes the importance of combining field observations,
microtextures, and mineralogical data to identify the origins of similar structures in ignimbrites, and offers practical criteria for geoheritage
interpretation and geoscience education at Sol Island, a designated Natural Monument.

Key words: ignimbrite, Seokpo Tuff, pipe-globule complex (PGC), hydrothermal alteration, Solseom Island
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SHaf R (ignimbrite)> FH2) 2otz FAJE M)A
A W=F(pyroclastic density current)7} o], E&, A%
== ol A== A SHikad ot Branney
and Kokelaar, 2002). o] Zpgof| A sHitaf dE9] D7t
(degassing), W7 3= 54 49 W3k A&Fe] AujEnt £
2] @/do] E3FH o2 Yo Tkl 7k BE AL (gas-
escape structure)®} 2= (segregation structure)7} A
FciBrown and Andrews, 2015; Pacheco-Hoyos et al., 2020,
Scarpati et al., 2020; Pimentel et al., 2021; Walding et al.,
2025). 53], SR FetolA waEEs gpo|Zof A A
Zv 53 A% e 71 2 3 F FA- AR AR
3 shRAE Y 559 302 FlaE o] ghon, X
oll= TR I, 8o, B4 HIAHUS B3t A e
Fts] Z13Y%] 32 9Jri{Pacheco-Hoyos et al., 2020; Walding
etal., 2025).

e gshib TAY folAE oo Agle] o
3 71 GAE SR URet RS sosi Zdun
TS uhet gAY ARE FASAY B Ao
b, mote] WA BA(FIE, T4, BT 5)
of| Halr} A7) = dAto] = THBons et al., 2022; Pereira
etal., 2024). 53], g3 ¢olvt S 7T} Zo] F=ol &
23t SMHHEES A9A {4 JE5T o3} FE AL
2 Qlsf o]z B = 7] B WAt F4E &
Aom(Self et al., 2022), TAA|(o: L) 2 1 GHA]
= IAZ ez g3, uhf, HEAS festo] o2 f:A 25
9] ZEE AlFsh= Aol 5 elAE A4 T8
TE5t= A= gtrh(Kennedy et al., 2022).

o| A Y SHfF W wo]| T} YA FE2= T2 EHE
2% 7kA0) viE) 2 o s AiEo] ftoh, A
o]& Aol 9], &8t HH oz Q3| FHAL FARE 1=
7t B4E 7= wiAlsl] ook Ol A =
(B1A £= BA¢ A0 B 259 o3} L2(E5 ¥
3, ) E AW B mAzE 24, 4A-3E A4
Agste] fEsHs A7 85 FYHA ggken, &
8] wpo]x E= A} A 29 FAT ol et v
2 A= AgHA o]t Pacheco-Hoyos et al., 2020; Scarpati

et al., 2020; Walding et al., 2025). wahx] F£29] FE)F
AT = S TS| ks 4, 23, A 4

£ st 4ele st A7 Zasith

Fobat BAF =4 sidoll PRI SAS FtSHHA|
o &bz AZIIW(FRA &4 33 H)o] &
Z 5 o] JtHKwon et al., 2017). &4 HEF3|F2 oF
60 m FA=E, SHE(7]1A oA oF 0-20 m)ofl= who]z o}
TAA F27F st AFEETHCho et al., 2016). &4
S XY 2R SEEI 20259 HAZIEER AR EHAU L
o, 3l 9 LA FRE WS etk olaidt 7o)
4 712he st Ae A ATmet ohe} oiE
2 9 N ATZ = vf> Fasich E &4 so]z
oF A FRE SRl B 5 9k T E P2
OF AR Ho| Rt Abs S Wi S TEa WA o
A 1T o St vtA gEE AEE] ol HE
of, M 22 FE BA(o: 7147 HY 223 ik
3 FE 4SS HA & fA19 28] MUBE 7Fe S
A\ ing

o] A9 FF =S40l EEsh= AEZFIU W ool
T} A F22(1) A B 718t EA(FH, 22,
T2 71EshL, (2) By F259 FASHA-FETHA
545 vlusty, (3) 71& SfRYe ta EE IR E
= 272 a3 AWdS Brlsta, (4) 28
&8 Ee 7 Aol s A= oA +x29 74
I 1 AFsHy oulE A= ok £ 2 A=
&4 AHIE F8l SRS W A 27 (R B
o|ah) QA& FEsh= H At At A w7
= A|QrstaLz} gt

2. XIZHR

wjoby] ok FbES ujEY Solrlol Age et
ol ofg2 AlZHSIEHE ol ALl Eke) ko2 9]
3t X|ZF Mg o] Aoyt om(Klimetz, 1983; Engebretson et
al., 1984; Watson et al., 1987), 71 A1} t}ofFst 3719} =
A& Ad FHHEAES ShtdFol et k= W
o7] HAEA Y A= Tt &, HHeE, A1
Ao, SASFY, T2, MRS H EXAS | tiet A=
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2 wloby] ghikE 9 ol o} Rz aste} 272
5 B4= oldiste ol $8% A== FEEHI o
(Chough and Sohn, 2010; Chough, 2013 and references therein).

Qe (Buan Volcanics)= W o7] SHit-S1AHE 2] oF
AEA Y SR, BHYE e HEFoR EESH(H
27 of 20 km)(1¥ 1a), SEUD $HUT HEMEY

=235t

=l T

T A BE/EdIE0 237

2 TG ERo] SAISHL AR TRl AN HHS
o] FRj=jo] A 571 km o Ao} o] 2k Ao BT
FHth(Koh et al., 2013; Kwon et al., 2017). FI3IiEA] 9
SHE ALY B S, B3 FHEFEA
Ee 284 9= T FE L YU 2 S VIEeR
O SA SA(EE F=E FEEHH, skl A= A

Fig. 1. (a) Distribution of Cretaceous rocks on the southwestern Korean Peninsula. The Buan Volcanics occur along a NE-SW
trending fault system. (b, ¢) Geological map of the Buan Volcanics (modified from Kwon et al., 2017), subdivided into nine lithos-
tratigraphic units (formations). Solseom is located in the southwestern part of the Buan Volcanics.
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2 1b, 1c). Kwon et al. (2017)& ZF 24 &7} ZH|2 3
2 BERg0) AHER Ssigon, bt gt BE
SR HlSlAIE YT 2elebh Barer shabst ot
AL AR HoFHGottsmann and Marti, 2011; Cas
and Wright, 2012; Self, 2025). 3}, 433304 2]
] xioiﬂq SHRIMP U-Pb <12 ¢} 88.7 MaZ H11E]
o], oMol B Al7le $7] Wolr|dS AAgt
(Kwon et al., 2017).
°lm A el S HAFE =4 1
FASHHA Aol f1x]5hH, *di—ﬂ% FE
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ool 2 =2 H thE:A Q] Fao|tH (2 H 1, 2). S4A=
HES3te] Bl 7k sho|zet A} WEH o=
TFstol(2E 3a), SRR W gt 2ok B4 A
& PSR 71257 st
£49] sfo| ol TYH| TRE ARl SYH 7
Z2 Ho|A|gt, ofofA= A2 AAE ALK Lo} -
AR, ol T F2E T 1Y TRt A 2HL
o|ZtH1H 3a). o¥ dFtollA= ol T +S AU(Y
o)} SAl Tt TEsL7] S5 o) et LA Hgz
(pipe-globule complex; PGC)’&r= &0 & AR5} 1A} 3
ok PGCE Rt 74 YAHYIH, R4, 239 357
7t HA 2 FAFSHAIRE, ofjollA= Al 2Hitel7} o g
29 QFHo] FA et 57o) gtk & AR A&
o= T2 FH O A HAY, B3tk 2 A, 22aL
Hof Aok Aol TEHh

3.1. B(MEZ S et

&4 83190 F Fle 2F 60 mo|w(1¥ 2a), PGC
7hatdshe 7ke] ke A 44 sk gsge s
gt 2ok Aol REH R Sug 34 12
£ Bol, 33 shljoll A 57 shate(dR 29 shite

Fig. 2. Overview of Solseom and the occurrence of the pipe-globule complex (PGC) in the Seokpo Tuff. (a) The Seokpo Tuff
exposed on Solseom is -60 m thick; the PGC is concentrated in the lower part of the tuff, 0-20 m above the basal contact. (b) Outcrop
view showing the PGC horizon. A lithologic boundary (white dotted line) within the Seokpo Tuff is visible, and the PGC is developed

mainly above this boundary.
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Ak, 2okl u]a) SAreol A SHabT) 379 o] A,
A% Sk} At A o 2 Exsto] ofelolA] Eaid G
gl g Bt E3, PR motnT §AE/AUET}
Ao ok Fse} Yalo] digt A HolE ®l
T2 2b). YR F7HAIE PGC 1 more] 4l wal
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3.2.2. HEfE I EN
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Fig. 3. Field occurrence and lithofacies of the Seokpo Tuff on Solseom. (a) Occurrence of the PGC, where pipes and globules
are interconnected, forming clustered assemblages. (b) Host rock: pumiceous welded lapilli tuff (Seokpo Tuff). (c) Elongated
pumice clasts are laterally stretched, subparallel to bedding, and commonly chloritized, producing dark- and pale-green colors.
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eHH 4b). YR = Bk EE S Bke 370
QFEe FhgArele] AlY sharelvt wl =l shirelarmored
lapilliy& itk AR Wi @x7lo] Aol 24
3 2w AR TPl ele] FRET FARE
148 owe] 27]eh fao] washe Aol Lt
(3 40). Y FAA ) FHE 2YQ share 379
R B, WP Bl AHEE7|E s,
ol ehle w43 o] Wash 4guoz
Z05) A= SH1EITH Y 4d).

4. 0IH=x 3 2=54

4.1, 1= A % HH2

&4 ANEZBCHE)T} PGC TARY AT X U
Ao] 2 Holi Fol X % 39 AlmE Atk ARt
TAR| ] Xk 2, Ak HSHe AR Aol
(mey), el 5804 A 82 SRS Bl (RS
2 77} FAE ARE XA SFEA(XRD), X-4 3
FEA(XRF), 123 FAPAAFATA(SEM) B2 913
o 9wkl A 5 WA e 79 AR

=
27 P} B2 BAL AT AR

Fig. 4. Representative field characteristics of the PGC. (a) Globules connected to a pipe; the pipe cuts bedding (white arrow) at
a high angle. Areddish discoloration/alternation is present on the right side of the pipe. (b) Contact between the host rock and
a globule. The elongation direction of pumice clasts within the globule is nearly identical to that in the host (white arrow). (c)
Clast size and abundance decrease from the globule margin toward the center (white arrow). (d) Quartz vein infilling a linear

void within a globule.
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Fig. 5. Backscattered election (BSE) images of the host rocks (a,b) and a globule (c, d) from Solseom. Quartz crystal fragments
in the host rock show embayed/corroded textures, and pumice clasts are commonly altered to clay minerals (illite). In the globule,
the matrix exhibits an irregularly deformed microtexture; Alkali fedlspar occurs as thin films along fiamme margins, and Fe-oxide
minerals are also present. Abbreviations: K-f, Alkali feldspar; Qz, quartx; Mag, mganetite; Hem, hematite; Ilt, illite; Fi, fiamme.
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© FdE HAHTH 5¢, 5d). A9 7Rl = St
A3t Y 2] Yehue, 4= AlojlM = ¥ nm 2719 A
AlegEE BT (E 5¢, 5d). 5= e 2
S0 H YA v B BEe Sl 1| 5d).

4.3. XRD ¥ XRF 2A
XRD 24 A3} motul P B Ao, ARA], o
g3 o] 9 FATERZ FRIFHHIHY 6a). TAA Q] A}

Fig. 6. X-ray diffraction (XRD) patterns of samples from Solseom. (a) XRD patterns of bulk samples: Sample 1, host rock; Sample
2, globule; Sample 3, pale-purple transition zone. (b) XRD pattern of the magnetic fraction seperated from Sample 2.
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Table 1. Major element oxides (wt.%) of the Solseom.

Sample 1 2 3

SiO, 70.88 76.28 72.62
TiO; 0.14 0.14 0.12
AlO; 16.03 12.32 15.67
Fe:0s3 1.38 1.23 1.25
MnO 0.05 0.05 0.05
MgO 0.34 0.18 0.49
CaO 0.30 0.27 0.36
Na,O 7.11 3.10 4.22
K,0 3.30 6.09 4.47
P,0s 0.04 0.04 0.03
SO 0.03 0.02 0.10
Cl 0.17 0.04 0.42
BaO 0.09 0.13 0.09
SrO 0.02 0.01 0.02
WO; 0.03 0.04 0.02
Rb,O 0.01 0.02 0.02
ZrO, 0.01 0.01 0.01
Cry03 0.02 0.02 0.01
ZnO 0.01 0.00 0.01
CeO, 0.04 0.00 0.00

A W ABolA= el Hldl] HEFE(Yeto|EL
HUA) I FARREFE(RFEA] 24, AE A a0l ERF
o]t ¥ 6b).

XRF £41& 2ota} A14A4| 9] 245 vlwsty] ¢fs) 4
YEIFCHIE 1). &4 A}, 2o 7|89 Sio, -2 70.88
o] ] 72.62 wt.%o|H, A 7182 76.28 wt.% o]t} E
gt Al meoll Hlgl AlLOs7t AiE o2 2 K0
7 AR o2 22 IS BHATHE 1). ojdd 24 &}
o= SEMOJ A I E] = A of| A TR E = g e A
45 9 A4 Q 34 223 2345 o] T, A FolA
T4t Y 22 9 wZo] IYPEHUS 7= AlAE
SHCH(E 1; 19 5d).

5.E9

5.1. 24 PGC &4 JI&

SRR W kA B W Rel TRl sy wE
F7h BAE D P Bok 55 shRe HAH AR
o= S5 A (flow-boundary zone)oll A &2
I g@7pAste) o8] 7 FAIZE AR siEEHA 482
4= Qlti(Branney and Kokelaar, 2002). £3] {-A] &&0]
A& 9l EF-ZA RN = BA 2ol A viAlE 7= &
Al(dusty gas)9] aF S8 271 FAIEL, {4 wiEe] =

FLH THOIZQE ST Hl =

X A BE/EdAX0 8 B A oA 243

Moz Adskd A9 APLo] AAY solzg 72
5 thokst 9A4)-gE 1tz Wdst 4= 9)ck(Branney and
Kokelaar, 2002; Pacheco-Hoyos et al., 2020)(Z23 7). ©]
23t Y2} 2= A2 HA- A Ao D7k 9 A3t
A - oz AgEr, 20 Wi 4 545
HAA o wd/4d 9 RA) o]F 232 vk
gcH(Brown and Andrews, 2015; Pacheco-Hoyos et al.,
2020).

S A3 ol EeEshes PGC= A 34
T 7t "E T2 FABR, 2 A7 A AR
2] o k= B3 A2 o] F (I E4oll 2h
oI5tk 7)) gt FAl-EA whgol AdE B4
e ARG Kk dEo] HA - wddH o] Y4 Y =
7] 4-148 oA A& Zpo], YA EwtUT &
Z, 58, uAl FE 5ol Y3l F/do] FXHH o= o] W5t
2 5 9lom, o] 212 AV B ke s HSH
L E2E A2 4 9t} (Cavazos-Alvarez et al., 2020;
Heled et al., 2022; Kennedy et al., 2022; Pereira et al.,
2024). 39, PGC W77} E¢fof| vs] ¢Ho] a1 shits]
7|8o] 5 o|F= 23 EAL, AR ol FAY 35
ol Al AR}, B3] AlHA L AeA ool Aufz| et 2
2 7|A1A H-2](segregation) 7} Y7 AT 4= SlaS Al
ARGt T2y @A) et A, 83 SEM-EDS
A FERoA = RS2 F3E ool A E A HoF
< oAk B F2(): HolF=l, Wi 52 5)7FPGC Y
ol FestA UehA] gheth ol E5(FA)ell &gt
714 &2 A-go] EAFE=E, 270] AA R 4ol
U 7R AEAE dod vk A Aol S-S 2]
st 23|28 FAH oIS 7Fe S AR 3 2|
2 oA = mianhd Ee WQIA|9 Zhdo] Eeos
255t 214t <82 =g o 1A, ofuf Sk A
=9 ol B, S AA(EE S AA), 2t
22 23 2950 74 =28 Aofsto A &5l
£ 154 ke 2 Adshd 7hsgo] Zch(Andersen
and Weis, 2020; Tescione et al., 2021; Dambly et al., 2024;
Pereira et al., 2024). ¢ PGC7} A x-$-3]¢F 3}1(0-20
m) £ S0 235z AFH= H2 FA7t 5L 5
= WollA vteAoz JF-dsRas AAsks A4
SR ST 4= AT ™ 7). EZF PGCT} E<e3] A
A A FAL AR SFE WA T ste
AMLE FAIZE St BAE Wt ol 5% FH SAZ o= A
dstelo] shiajdE WiRE fURE 7heAS AXR
(™ 7). tA1 9] Aso] AIR7HA] &3] FESHA| Kokl
SHE S0l HFEs P2 IS FEEo] el =

M SRR SE(RESE)T By 2AS 32

=z 1:13‘7__‘__1:
-




244 AR . 012X -

st7lol= A o] AAY S AA A B4 div|=
s A7 A A BA|- HAFEH A= AR
ol gt §A|9 Aot M2 Ted] T XA &
o, A Rb} 2% 4kek 2kl 2 I I oA
T2 YR FEo] JA- 2= o] Q22 == 2
= 2 4= Yi(Self et al., 2022; Pereira et al., 2024).
AA| 2 PGC-THA ol A= FjotH] 7Rl o] ezhe| g4
5 UWF A9 4, 283 ZAERERFE A2 EA)
9] 4h&o] ERIEH, o] T2 WRol|l A f-A-9H4] ¥kt
A o] o223 AJAFSHHBons et al., 2022; Pereira et
al.,, 2024). A8 3Hite] 718 o] AR A7 nlAldt 3=
I G2 H|FAHA o] fA7F 50 o) 82 g3 A
A, ado] FF o= ¢ golstA WAL 4= JlrH(Pereira
et al., 2024). w=2tA AlEdo] H& F2= AgF e A
UslE & ndEo] 225 o|& 7FsAdol = 4 %Q, €&
A 9 iSRS JA/A S 2R 71AE A
SHA| Rl AFAA BYET o Axnd B4 AT

=

o glon, Y7o F=5¢t Hstel 3 ez Wygo] £
H o Utk g7 A A T EE 359 A9 24
2 A o5 o] F2 WRoA AA = RIS
OJu|gtcH(Park and Kwon, 2014). wjgkx 44 PGCE= 3}
A AE HH-97) HFe] Beld Relvro? AgErn
ok A% o|F A% AR A WFT FE WA 0, 1
27 2% Wgo] At FAW oz T2 45}
= o] eFgsieh(a 7).

5.2. PGCQ} JtA E= X /2|3
8 2110 XHolX

£4 PGCLE u7]oli 7k ©& sfolmet FAH &
g % glov), PGCr} BolFe Y, 27, BB 54
2 AFPHR] 7L EE AR B YR 2da FQ3%1
AtolE Helok SR FetoA 7t gE 29 832
£ 2% B2 Y2 Q5o Brtasie A7 A L 2F
o2 A& (Brown and Andrews, 2015; Pacheco-

Z & HIH2H0IE 72

Fig. 7. Schematic diagram comparing primary ignimbrite structures (gas-escape/segregation structures; left) and secondary struc-
tures formed by hydrothermal processes (PGC; right). Primary structures develop during the deposition and emplacement of sus-
tained pyroclastic density currents in the flow-boundary zone, where compaction-driven degassing induces upward escape of
pore fluids, resulting pipes are typically subvertical, commonly enriched in coarse or denser components, and may occur at various
stratigraphic levels. In contrast, the PGC on Solseom is concentrated in the lower part of the ignimbrite, where fluids are repeatedly
focused and ascend along a basal horizon; fluid transport and subsequent mineral precipitation/replacement reorganize and cement
the matrix. As a result, the PGC becomes denser and more strongly welded/cemented than the host rock, producing greater resistance
to weathering and erosion and leaving distinct morphological features.
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