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90k o] A7 HHE Rk 4ol A MAT RIS AEENEEA §7 Srel 8 3Igh)o) shiio] FAE Tho|xo}
TR B3172(Pipe-globule complex; PGC)2] A4, A2, B3k B4& BA5tm 47)24h shAistas gk oelz
Apell A PGC AZ53Ig 7145 oF 0-20 m 7gkol) AFH M, o 5 m £719) 2452 FA45ha, S0 2t thAE 20 m o]
oM @402 Wkt o] PR BT AARE A YA 2%, AW HET A SHak8] 7)ol Aste] Feigt o
= 3fo] & Bolu], meku} F3g A, Ao B, F3 24 ANT7L AL SEM-EDS EAe|A PGC X Uslet mo] &
Stahe, Qe eI U A9 24, 484 ABA 5] BAlskEo] SA4Holth XRD B4 Ak, ek} PGC BE 4
o APRA, Az Ao] F0 BBYL BeiFn], PGColAE AETHUeto| ok 51 4)7 YA EE Selsh XRF £
AolA, PGC 7188 mehth Si0,9k K0 ko] 3 ALO7k Wot 4k A=23h 14 wgo] AEIRe-S ATt 53
3h, &40 PGCE SR ee] A A2l 7k Ba/el paels ne), st B o % a4 gt §A9) 45 0%, fAeh
o] SRR X3 3A), Telm FAH ol B0 A gstel YT 24 PR AN 4 9k o] AP SR
70 41 PR Y AM, MRS, RS AT 8 Boln], WA gl &4e) AW gt AT 1A
Bgof T8 5 9 B B WAL AT

FR0|: SRIRY, HESSIR, LOIo TN HBTE, A4 W, B4

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

Copyright © The Geological Society of Korea 2026
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analyses indicate the PGC matrix is enriched in SiO, and K,O 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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SR Hignimbrite) & S 2312 BT S
A W=F(pyroclastic density current)”7} 0|5, E&, AX|
= ol A== A SHika ot (Branney
and Kokelaar, 2002). o] I} 0|l A St HE-2] E7}A5}
(degassing), W 3= A & W3}, YA Qe &
o) BAto] BP0 QlofubnA cleet 7k B F(gas-
escape structure)@} 2712 (segregation structure)7} FA
Eck(Brown and Andrews, 2015; Pacheco-Hoyos et al., 2020,
Scarpati et al., 2020; Pimentel et al., 2021; Walding et al.,
2025). 53], SRfFdolA BatE= gfo|Zof A A
2 5 4% e B 0d 3 5 AR AR
I} I EE YR FE5d EXOR A E gtom, F
o= ¥ 7, &of, B4 A US T AT A=
8] 8= QJth(Pacheco-Hoyos ef al., 2020; Walding
et al., 2025).

HH 3kt 1A E oA = mhamke] Feof 9
o 72 E FAZE A Rl 9RE a8kt 4
oche et §Ale) A2E WAL Buiat g
A7)y, moke] A 2438, B4, AE 5)
of| Halr} A7)= @Ato] 2FEITHBons ef al., 2022; Pereira
et al., 2024). 53], 33| ol SRt} 2ol F=o] &
et M EES A 93 fA JFH o3t FE AL
2 Qlsf o]z Y = 7] B WAt F4E &
RO (Self et al., 2022), TAA|(S]: FH) L 1 A
= 2AHoR g, T, WAS SEsle] 7 §4 58
9] ZEE AlFsh= Ao F elAE 74 B8
TE5h= A= gHeh(Kennedy er al., 2022).

oA SRS ) Tl Zof T TEE A2 HA
NF bl B el Yoz Ays] gout, 4
o]& Aol 9, &8k HH o2 Q3| FHAL FARE 12
7t 48 7HsAx viAIsk] ofF) -l YA 2
(B3 E G212} B0 = 1 5)9} o] 3} T2(F
A, AZA)E AW B mNzE 24, 4A-gE A4
Agste FEskes A7 85 BYHA gsken, &
8] go| = A JAFAF 29 B gt H]
2 A= AgEE o]t (Pacheco-Hoyos et al., 2020; Scarpati

et al., 2020; Walding et al., 2025). wehx] 29 FE)F
AR 2 AJolS sk Bk AV, 23], 4 A4
£ T3t FRl& sk A7 dasit

Fort HARH =g sfitell AIg S42 ks
o &dh= A Z3IURHA &4 Aol & =
25 o] QIthKwon et al., 2017). £49] A x5 oF
60 m FA =, SHE(7]| A5 A oF 0-20 m)ofl= T}o| ot
TAA F27F 78] AFEETHCho et al., 2016). &4
S AP aE SEEIT 20259 HAVEER AR EILS
™, =2 9 WS 7EA)7}F w9 =0t o]HEt 29| §
Q713 fFste A2 AP Atk ofye} g
= $3F AR n gl v Fasith FHH &40 mfo|z
OF A 2= RN & 5 e 7k HlE E
OF FALS Ho|R|9h AME S R S e HE 4
S 18T o Dt ks 9EE AYsh] olgh HE
of, nA2A I FE FA(A: 71ERY WY 223 At
3 FE A 5 3 A9 Zgol MRS 7H =
ARRgCE,

o] Qo] Bt &40 FEoHz A U] o]
o} Ab) Fxol(1) A 9 VIstEH SRR, B
F2)2 714510, () ekt 20 GAsE G R
S48 ulmelol, () 7| SRS b gE PR E
= gel7x mune] dRE Wi, () B4}
S50k S 9] Tl ofs) WAH ola T2 154
I 3 AFEA ou|E AAsh=T] At EEE, & A
S AHIE B8l SRS W FAF 27 LR B
o|Z}) RIAE FEsk= Ul AT AV oAEHE wdt 71&
= Albetarat gt

2. XIZHR

soly] ok SIS WIEF Fobalol e §et
ot o} AP QISHE ol Be] Gako.2 s
3t 2| ZF Mg o] Aot om(Klimetz, 1983; Engebretson et
al., 1984; Watson et al., 1987), 71 A1} thoFslt 2719 =
A& A FHRAEY sHH-Eol et ke W
o}7] BAEA Y A A= et 4, HEE, A
Ao, SAFY, 2, shHEE H EAXS | digt A=
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& wiol] gk 9 FRobole) A adslet 2rx W Belek EgHol SAISHE AR Lol A4 HAS

95 E49 ofsleis Ul Fa8 AR BHEHD Ak o BAH) MA 37H 1 km o]4de] o]2i Hom BT

(Chough and Sohn, 2010; Chough, 2013 and references therein). HH(Koh et al., 2013; Kwon et al., 2017). FI3HAEA] 2]
H.015}AkA|(Buan Volcanics)= #ot7] SHARSIAE| RO A= QRRKAAA T sARAA), B3} °W(£H‘Z-1

@ee] SRR, SR EE UUROR RESHAY  EE RS, IR TALE LYW 24 5271E

27 9F20 km)(19 la), GEQA SUYS GEUEY 97} 34 GRS Tsh= TRH0), sHololA A9l 2
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Fig. 1. (a) Distribution of Cretaceous rocks on the southwestern Korean Peninsula. The Buan Volcanics occur along a NE-SW
trending fault system. (b, c¢) 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.



238

d

M2l A2l +EASRld HESIY, 4=

23, T A, HAR I, AdleE
oto 2 WHETKKoh ef al., 2013; Kwon et al., 2017)(Z1

2 1b, 1c). Kwon et al. (2017)& ZF 24 @97} ZH|2 3
4 BEA89 =R st e, Thkdt AT =2
ke FRESHEAIE A% ZE 27t B3et hibxlst 2t
AL AYLS Ho|ZrHGottsmann and Marti, 2011; Cas
and Wright, 2012; Self, 2025). 3}, 433304 £
¥ A o}Z2] SHRIMP U-Pb A7 2F 88.7 MaZ HIilg]
of, FRISAIY £& A7l $7] WY AXRTH
(Kwon et al., 2017).

o A Akl SA(F HAME =38 2 s
= FRISHHA FAFol fiAstH, A3 =7 4
A FEE 5= JAHIH 1), e, 2). SO HEZIH2
o] A HS otk T 84 sMElSRlge s,
97 23tz FAE A Rl s 2xtE
Mk Eo] B4R o] BdH AchKwon et al., 2017).
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ool & =2 thE A2 Aaolt(a| 1, 2). EAoA=
A 3Z-33| o s F7tol| wpo|z et A7 FSE o=
stol(2d 3a), SAFS W ozt 29 34 1A
= TSk 71E517] 9 A7dsiet

£49] mo]Z o} A 2= AEV)le SHAYN
Z2 Ho|A|ut, ofejoA= A2 AAE ALKz} A
A, gol F2E Bl Y 72 ddEY 8
O]ETHH 3a). o] AFollAl= ol2et +4& AdU(E
A/o) 2} s it HE s ] 3l upo] o} A Btz
(pipe-globule complex; PGC) 2= £-o|& A3l 1A} §F
ok PGC= 29U 744 JAKH, FAH, 2789) 9 S5
7t A= FAFSERIRE, oFeJol A= Al™ 3H4HE7E o wWar
z2Y gHo] AA vehts §40] At E dF7 4REAR
oNME T2 Y AA HA, Fig 2 A, 28
2o Ak ol ek

3.1. BY(MESBIOY) ot

£4 MZ3394e) F T oF 60 moJoi(1 2a), PGC
ZhEEst 709 Bk g §2 g sgo s
QEst 2ok ol REA O Suigt Y T2
2 wolu], 3 SHIBlolA FY SAL(LY 2 B

Upper bu“u-na:;rglI :

Noexistenceo

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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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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SIH 1™ 4b). 43 29 M B Y 3HHE 3719
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5] A J4A 73Rl gEe] SRSk FARE
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4. OIM=x X 2=E4

4.1, 1= 3 % MKz

&4 AZ 3ok Eeh I} PGC TARIY) AATH XU
Ao] 2 Holi Fol X % 390 Al 22 At ARt
TAA] Vo] X|uak A, Ak SHe B Aol
(meh, T2l3 Sl A 82 SHkel S BN men.
2 77} FAE ARE XA SEEH(XRD), X-4 3
FEA(XRF), 123 FAPAAFATASEM) B2 913
£ 9 v A2 5 AR B AR
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Hostrock

Globule structuress

Host rbck

Fig. 4. Representative field characteristics of the PGC. (a) Globules connected to a pipe; the pipe cuts bedding (white arrow) at
a high angle. A reddish 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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4.2.1. DH(ME S|
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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 flamme 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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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,0s 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 3.10 422
K,O 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
Zr0O, 0.01 0.01 0.01
Cr05 0.02 0.02 0.01
ZnO 0.01 0.00 0.01
CeO, 0.04 0.00 0.00

A WHRE Al RofAE mede] Bl HEFE(Lo|ES}
YA AieRgE(RHE A A, 224 A7)0 534
O|THLH 6b).

XRF 42 "} A1 9] 2448 vastr] 8 4
FSIATHE 1). 24 23}, B9 7] 9] Si0, g2 70.88
ol A 72.62 wt.%o|m, A 71 --L 76.28 wt.% o]t} E
g e el wlsl ALOy7E A SR WAl K0
7 ARHCE £ A HAh®E ). ol2d =4 *}
ol= SEMOf|A HEE = A A BEEE EZEEA
25 % 49 T 22T 2315 o|F0, A HF-lA]
AR Y] Az d wEo] PGS THeAdE AAT
SHH®E 1; 19 5d).

5.E9

5.1. S4 PGC &4 J|&t

St o) 72 B2 W BelTal sHA U
7 BAE T A s B 5F shneh BHA At
o= S5 %A (flow-boundary zone)oll A EZ <
I g7pAste) o8] T FAIZE A siEEHA 42
4> Qlth(Branney and Kokelaar, 2002). £3] -4 @&
A& Q1 EF-ZA RN = BH 2ol A viAlE 7= &
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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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