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ABSTRACT: The Jubangcheon peperite, one of the geosites of the Cheongsong UNESCO Global Geopark, has
been interpreted as a mixture of basaltic lava flow and wet sediments, and is used for geo-education as a unique
example of synsedimentary volcanism. As a result of the field survey, the basalt cutting the underlying sedimentary
and volcanic rocks is interpreted as intrusive rock, and the peperitic texture within the rock shows a difference
from the typical peperite features at the boundaries between two rocks. As a result of SEM-EDS analysis, there
is no evidence of glassy rim along the margin of the basalt fragments and disturbance in the sediments composed
of quartz and clay minerals. This is not consistent with a typical feature of the peperite that the internal sedimentary
structures are destroyed by fluidization of the host sediment and glassy rim is formed along the margin of clasts
of magma origin. On the other hand, the characteristics of the basalt fragments with uneven margins and basalt
fragments in the sediments are interpreted that the fluid injected inside crushed the basalt in place and grown and
filled the gap with quartz that was carrying it. The sediments within the basalt, therefore, envisaged the veins
produced by the seconary fluid. These results represent that the Jubangcheon peperite is pesudo-peperitic texture
produced by secondary hydrofracture, rather than the synsedimentary volcanism.
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AH7IRDEYL 20179 Ao 0]o] FHatollA]
T HA R FUl AT QAR AT AR IFE A d
g i FolA AE fulaz AAXEETH A Ast
2 Aol tigt S| 1 2 A A uS/ 3] 24
3= 9JelAl= A AT 4x(geosite) ol THEt &
HA|go] dasitt.

S fulaZ AAXNE T LY AdE 4 F st
¢ T4 | w2to| E(peperite)= & F= 571 H
T2 54 E 98 dFAE (N HAFE R, Koh
et al., 2000)0] &8 E4o| ot2 F-A7F F4lo vhs
ozl Ao = 34 = ojgkom(Woo and Jang, 2014), ©]
HHzo|E= EZFAIA 3MdEE(syn-depositional
magmatism) ] F2 3 A2 A Du& L HFo
g1 Qi HHEto|Ex EEjd B (R A4
ol AR o2 A9 AEzRgo Qs =71 o
2ol 2 F fA19 AARE wt Yeh= Aol d
HEz)Ql EXJo]thSkilling ef al., 2002, and references
therein). Z|* o] X Sof| gt ofe| 2| A 2AL A} &
For2 FH 9 B AU MRS Tkt S50
A A2 AEShe WU R A EH, F A9
AR obd TAM(EF) S UFoll A==l 5=
A glmEto| Ex dRbERl HjuetolEe] B4
2|81A] o=t} gHH T W] 24 Alo| & A1
= EZE[HHE o] =] 29K Woo and Jang, 2014)]
2 X|3pol| A PA}A Q] B 2-go oJa F/gH Ao] of
I HWRE FYE oA A (fluid) o) ©ls)
FH9E AR o] o] =Fojlk= F(vein) 02
ggalar 7Sttt i ApARE -2 o 57 7h%).

2 Aolrs ARPEARY FAPAARER]| -0l U A
E537](SEM-EDS) 2} X-41 34 E47|(XRD)E ©]-&
ato] TRAM(EF) Wi FF 2= S} E2sHA
Aol A Fa o] 228 Tt o]F9] 4l
< 3fAstaL, Hito|EER Y] 7hadol thal At
Sk3it}. o] AqtdT= FF HS fulaE AARE
9 a0 tigt nSAtEet A Eo R &
82 it op gt Bk oheket XA sH sfj4 2] 713
7t 4 g Ao wekgh

pa |
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B 27O 2T FUAT Aol

o .
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MES

oo™

Hol7] BAAEA st ER YR f-31
SHiteERoll 242 thiH] = B ot} SHibketo] £
Sk SItH1e 1), SMAIRE Bholel Uehurs Baet
© ZAPSuih A2 Th2 23 Ho] ALEE g,
Woo and Jang (2014)2 753522, Hwang et
al. (2015)2 =A5Z o2 Wyt 2 ALY
9] BlA 42 Y= Z(Kim and Park, 1970) EZo|
BZ5l= EAESO G delEH=de AR =
ATSLE PYSIATE ZA AL FAIZ B
St EASSS T2 A ojde g FAFH IS
o, Al S21E ALY, A ARE R o] EAE
UERITH | 2). 2AS Y] S4Fet FH| £
Sh= 3HRRE I Wi FAE A (HTES)
of oJaf FF 2ol 7FeshH, SHelo AR E kAt
2, UES 28| FEARS 3o 7 SR
(Hwang et al., 2007)(138 1, 2). o] 7] ¢F 350 m
O] TSI UL T2 Tl a1t ol
7S THH 2). ©] S8 U=2> 2 HU(A
o} ), RAE 2] ghto] 43 7] )
A5lo] glon] AL A%A A%E o] gt
(23 2). Hwang et al. (2007)2 ZA®, ¢4 12|21
2w Jria) PAulo] tek S BlerS
234 TH 792 53 Y(crystal-rich vitric tuff),
4 FH fE1d -$-3]H(lithic-rich vitric tuff) 1]
I 7Y F5 584 53] (pumice-rich vitric tuff)
© 2 A A& Tlste] FLARSE ol 4hE

= g8229] %0 uje} B8 nonwelding
zone), F-2-8-Ad)(partial welding zone), X|'H-8-ZA|
(dense welding zone) 2] 3t 2 FLE5}IHTHHwang
et al., 2007; Hwang, 2014). Hwang and Kim (2009)
2 RSB A DA ol R Y
Ao of3f] theFet dAThol(7] Tel), B2 9 5
2 22 AP EAI dH o] FAAE AR 34
gk B} Qlok. 2 F4ARS3| ool A EeE Aol
LA-ICP-MS U-Pb 52 ¢F 72 Ma® ZA =i}
(Kwon et al., 2017)(23 2).

FYPARG ol FEASTRL Alolo] HEalE
TEFZ ARG A %= 500 m o] 49| 31|
3L JTHIE 1). Y73 2AR IS Hlo]
@ ERAF2 dejg] Y5 ool WA Exsta
e, o FA71 200 mo]] @etiHwang, 1998).
o] Zo] GE o= oA AEE o AR Fol=2F30 m
- 50 m BAZ Uehu, 22 olekzt AE chert) =
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=] lom 53 Algho] AR ] JUTHTHE 2).

AP o] BED} Fao] REHE RIS
2 ZANSA B FE 9| T4 SR ol A 7
WA Rkl glow, o FA7E 9F 500 mE 5
A cHHwang and Kim, 2006). o] -§-3&-2 3+
O] ARl vl A g AR Ho| AY Yl G
A gy o] SAISHA| Uehubs, 2 13 WX 84x
% molk shtel SBgrom FAE|o] Yrk(Y
2). A|gFst £A2 vz AlE Foll 234 A

29| FEdAlEE WA F-E0E Yol =AE
tHHwang and Kim, 2006). o] -§-3]¢t2] Rb-Sr %
e Hes AP ELEAINE 63.6+3.4 Ma (Hwang
and Kim, 2006), LA-ICP-MS zircon U-Pb &2
¢F 71 Ma (Kwon et al., 2017)2 ZH =1t} Ahn
and Hwang (2007)& -$-3|¢ ] B4R ujd= 1
B T2 (flow lineation) 8] &4-& B3l FEAH
LY AMEE FFA7E TS FEFel
A8k A ol2kar s &gt v Qict.
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Fig. 1. Geological map of the study area with sample locations. The basalt cutting the underlying sedimentary and

volcanic rocks is interpreted as intrusive rock.
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o]l A T/l AFH(HHAFAFSL; Koh et al,
2000) & EAF 5T 7G4 3ok Ajolo] EE3}T
S1omi(9 1), the] ARekA §3t0] S0} 3
e Aoz BE|3 QJriKoh et al., 2000; Woo and
Jang, 2014). 215 o]t ool e gkl

Aske (), §7E, WETE YA 57t
BRI gk 7, Telm EAES FYARSIY A
olo] m@ o] et 54 5
7hobd BIgro = ShHEHIY 1,
Holl AL AR o

l‘—‘-O

=1 =)
EAES FYASHY 2ol T REASIIS T Bro Wsklch
- == =] = L [e]
Tt SO A= YL Sl A, SUFE # AR AR A= AR LA oA
Unit name Schematic column Brief description
Kfs-rich (lapilli) tuff with partial welding
Massive to crudely stratified
Muposan LA-ICP-MS zircon U-Pb age: ca. 71 Ma
Tuff
Acidic dike
Tuffaceous sandstone
/ Dominated by dark gray mudstones and yellowish
, chert with tuffaceous sandstone interbeds;
Neogudong ff
Formation ~abundant ripple mark and ripple-cross-bedding;
partial soft-sediment deformations
Lack of lithic fragments
Massive to stratifed
¢ Crystal fragment
4 Lithic fragment
’ Pumice fragment
Columnar joint Welded pumice fragment
Juwangsan
Tuff Qtz- & Kfs-rich (lapilli) tuff with strong welding
ense and massive with columnar joints
u D d ive with col joi
LA-ICP-MS zircon U-Pb age: ca. 72 Ma
Basalt/
Qtz- & Kfs-rich (lapilli) tuff with partial welding,
Stratified
200~ LA-ICP-MS zircon U-Pb age: ca. 72 Ma
(m) 1
Brecciated basalts
Calcrete nodules
Channelized conglomerates and sandstones
intercalated in mostly purple mudstones with
100+ Dogyedong abundant calcrete nodules
Formation -
5
50 )
Channelized conglomerate
/Channelized sandstone
o -

Basement

Fig. 2. Schematic diagram of the study area with brief descriptions and inferred thickness of the lithological units.
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AR Atolofl YA|RE FARE AT of FEH ]
AA 223 AT SArR e Aok HE YA
sHdubeol A 2 e 4= It 3a, 3b). BF
Qhe AL B2 27 ZATe) BA B 22
PR} Qov], 1 ol HFEST B
o ol WA e pEahti(2Y 1) WReke A
Aoz GBME m, ofefo A St = AR
HHgol T E = MR A] B Whgo] BEEA] &
€ WA 23& Bk F2 73] glo] XL3}
ATHLE 3c), o2 b 24 Helh
2|3 o] 7|52 e, Y, oHAI0IE, 5HY T
g2 oA FEE PUA BT FREE
QIthWoo and Jang, 2014)(Z% 3d). tjHA B
FRA vie g A7 2 Holl= FFee] 23t Hof

Dogyedong
Formation

- - 2 ¥ A

g S A w2 e S

- o - . - o
T i

UL ZHEE Aol & A9 Ffo] FkaL JITH L
g 3e). Woo and Jang (2014)+= o] 2|3t 24 S #|1
ZHo|ER s A5 vl Qlok. @nl stof|l A AR
0784 Y APEA 2 A(lath) 7] 8ol APEA T} A
ubgo] TAETH Y 4a, 4b). A wHgS Al
3 ket HAAG-2 ol efj o] 222 wasl|
ojt} ¥ Ei= ofuF BoRS Hol= AR 7]
T oAl A F sfA o= AA JATHTHE
4c, 4d, 4e, 4f).

39T ey

Zeistel BRI 1 RS AT Qs A
o) 23] 1)1 o] 5] 4L selstunt AAMA

Fig. 3. Outcrop photographs of the basalt. (a-b) The outcrops show the subvertical to vertical contacts between the
underlying sedimentary and volcanic rocks and the basalt. (c) Close-up view of the basalt with dense and aphanitic
texture. (d) Vesicles of the basalt are filled by secondary minerals, showing an amygdaloidal texture. (¢) Close-up
view of the brecciated basalt. The basalt fragments are surrounded by purple vein.
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oF X-41 SURAZ|(XRD)E ol8sto] THBE W SEM L 9ol AHS At vl 9 Ankw
222 PASIG ARE A8 Pulo] & ek 2 ARSigon, AATRE FEARAT] B
A F(Cs03-L, Cs04-2, Cs37-1) T12)ar 2p Byt 824 JeolAH2] JSM-7610F 2elo] MA AN ZA}
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Fig. 4. Microphotograph of the basalt under crossed nicols (a,c,e) and open nicols (b,d,e). The basalt consisting
of plagioclase (P1) and olivine (Ol) phenocrysts, showing porphyritic texture. The irregualr- to oval-shaped vesicles
are filled by secondary quartz (Qz) and calcite (Cal).
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ol gato] 2ABAT BATHE AN, 71
A 15 kV, 715347 1 nA, 28 AE 156 mm 24
of| A S sk o™, aulE(>10,000 o)) ¥
G Aol 7EEAL 10 kV, 7547 05 nA, =
H712) 45 mm 22404 BT

B2 AR A Ee A e AETel
K833 Q)= BrukerAle] D8 Advance A25 RElS
o1 gatel X-41 1AL ANSITE. HSH XA
84 42 EVA V3.1 (BAEA) Z2 78S o) &
sto] FE 2AEAS st E4242 U2 ZH
2 olg3t T2 T X-ALS ol 8ke] 40 KV, 40
mA, 4~90° 2-theta F7to)| A 0.02%=/57 322 B4
& Axsck
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An|Fstol] EAFEE A ofehe R 4
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o ARo] gl ol FAT Fele RAthaY

FHPAIRPHARJA(BED A A4 o]}
© 49 L seno AYYe} B v, 2
2 g2 wigo) ekt efa FYs) HeleH1d
6a, 6b). ARGFL 2 AP g Wy 19
T ARG 2 78R o] FolA QI APgAS FR
3 B2 e L /PR S Holh, T e R
BHoR eugue] HEFER A@so| 9o
7 AT AN O R WA A e AeeltHa
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Fig. 5. Microphotograph of the purple siltstone of the Dogyeodong Formation (a) and the purple vein (b) under

£ Holil JI=HI(ZH 6, 6d), ©] B o= B+
ol EA U2 AP jE o] g Elo] Yehtr]
T 3t 6d). @ FG} FH | FA= Bt
o, AFAE] 7R o= A 3] AlojA] THE0]A]
= 792 FEHY E2& ZokE 4 floh( 3 6c,
6d). FHE AFAT Ee] Arkt 2HHLS UEhd
A gfom, 2 2nyA o] it YEFE il
&Fe] Ad Aoz FAdE o] JUTHTH 6e, 6f). A
< R 1 umo)ste] YRSl A4S ol R Yl
o, Y¥HAQl Ay} Z-2 F31F ARFHE Hol
A et TR A GUAR Alelof] Aol HEFEO]
A1 e FEHE ERITHH 6f).

X-A -84 Ay}, 2 o|H(Cs1A, Cs1B)z &
Lo 1ff ZpAY W (Cs04-2, Cs37-1, Cs03-L)2 2%
Ao g XY, AHElolE-EolE E31F, AHA 5
O] FEEE A H e, A o|tollah AP
W H| A AR =TS Yepo| EVF E3E ] ik
(2™ 7). 53], AN FHE A tf i Aozt
o] F0o|A Qlof A o]¢tof| H]sf H| A T3t 31
S Hol= Zlo] EAolr}. YR A Fa)(Cs37-1)
Wolle 272 APgA o] Z3tE o] Q17| &= Fheh (2™
7). ol2gt S AN o)t R W A4 P
o] X2 thE FFAolA 71 Lt H 2 A AT

5. E9|: Al HIH2}0|E M 7|&

TAE §9 B ASARE BT vianp} 2
3l S

A= m|ast B ES WA HY, F

P J

crossed nicols. The siltstone consisting mostly of fragments of quartz (Qz) and plagioclase (P1) crystals, whereas the
vein showing lack of fragments of crystals. No glassy rim appears at the boundary between the basalt and vein.
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A& &9 o] 43| Joje=a §u|7t BAst = AFanks %5714 F(steam explosion) T}
WA EHE9 f-s(fluidization)o] dojufal 8¢+ Y- 1328 (quenching fragmentation)o]] <]
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Hematite ®

Clay

Fig. 6. BEI image of purple siltstone of the Dogyedong Formation and the vein. (a) The siltstone containing fragments
of quartz (Qz) and biotite (Bi) crystals, showing hetrogeneous feature. (b) The vein consisting of cryptocrystallined
quartz, showing homogeneous feature. (c-d) The irregular contact between the basalt fragments and the vein without
glassy rim along the contact. The vein including plagioclase (P1) fragments, which were derived from the basalt.
(e-f) Close-up view of the vein, consisting of quartz (Qz), clay minerals and hematite. The sheet-shaped clay minerals
are mainly distributed between quartz particles.
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[l

3| |7 2to] E7} A Hoh(Skilling ef al., 2002, and
references therein). ©]2|3t HBeto|EQ] &) o
59l AR 9A)= vhanke] R (SURF B
) 23 A FAIY] A& D A5} 2 o)
skaL skt St oJu|E X dck(Byerly and
Swanson, 1978; Beresford et al., 2000; Waichel et
al., 2006). oFe]of| x| S d-E} B HEo] o34
Q1 B2 &-gof ol FA o)A HH Hw o] =9 &
ARE FEIE THE7)% st o] E HuEto|EY 7t
Het E= AL B 2t E (pesudo-peperite or pe-
perite-like)2kaL $tt}(Jerram and Stollhofen, 2002;
Skilling et al., 2002; Petry et al., 2007; Waichel et
al,, 2008). TfetA] sl £} GARG 2% W T
25 Holz A9 tisf Y|P A o=nt wed ¢
FEE A T 4= 7] diZell Aol Tt siAol
HIEA] AgJE]ejo} $lthe.g., Branney and Suthren,
1988; Jerram and Stollhofen, 2002; Petry et al., 2007;
Waichel et al., 2008).

Seelold ATE Hmieiolsi AR HolE
287K Kim, 2000; Choi et al., 2001; Ghim and Kwon,
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2017) 7} 23423 (Kwon and Ghim, 2017), ti++
Ao E3z8t= sha AR 2 g} FHA|
Hof| E3Edk= FBAFATFIOIA EarE §lck(jeon,
2009). o} Ao} GoFF(H, SHBARG, B
AF@Tehe} B} Ei 54 Qhulah SR
Fafa) o] AARE weh F Aol F4le] v
ERLtar §lo] ofejofl Al LA #|Heto] ER QIX|HTt.
53] A7t} makel8d-2 AEAS|H = 7HA]
13-4 A2 A= o] duilSolA Hlwte]
o] 4712t s A A nS D WFgAd o= &
8532 ik hA|9E AR 9 9] A9 W Hw2to]
E ZZ](Woo and Jang, 2014)2 d 53} 214 o]t
O] A7} obd ERHUY) ol AREE|AL §log,
5 449 AARE wet A= Hoge|E o
Qb 9l EXJ(SKilling et al., 2002, and references
therein) 2} Ch2c}. The} AR oto] elahs $4t o
$19) A4 o|gFE EIoko 2 Eo o oj5o] L4t
S BAol A S4l] A B eo) = 22L B
= 2o Q)ek 3|5 22 White ef al. (2000, 2006)
& AEeolES vanl} B8 BEe HHET A

g
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Quartz
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Fig. 7. XRD results of the purple siltstones (Cs1A, 1B) and the vein (Cs04-2, Cs37-1, Cs03-L), consisting of quartz,
smectite-illite and hematite. The siltstones, consisting mostly quartz, showing a relatively simple diffraction pattern
compared to the purple vein.
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A2 (in situ)ol| A ZE3FE| AL F4 o] ghso] 2
o2 AoJstar Qlrt. kA A4 ogto] d et
oflA ZZAAH EA A Hmeto]l E A S g
T Uk st et 13E R g2 AdEolA F4E
Ao] ofar 24317 o] Hueo|ER Tt
o= ik

Woo and Jang (2014)-2 #jHeto| E7} &Rt
= 7jote] 27l A R0 ek gk Ao of
o R4 BAFY FA7] wf ST Abolof &
% B ZET} o] F EAFVF FIA o Hweto| =7 vt
S0l ALz sAF} ek sHAITE AR oF
QoA A #HE BE SUFE AT 27 UE
WA 931, A71E Bt BA S T4t
o= FAlo A= Qlo] o) o FAE AL
2 Ao B3 AR ST T Abelof #lH
| EE Tt S HE EA Y] R &
AstA] kot AT TE A FAE EHEL
4ol A gmEto] B A= YirkaL 34 (Woo and
Jang, 2014)3}7] 9= §-2)7F $ich

dutA o g HuolE FA4 A, EHES A
3Hkgo 2 Qe Wi F27t gt =AY wekE 1
nko1mk 7)€ FEES 7P o 21 S
E= gHAG7E & Yehdoh(Skilling et al., 2002,
and references therein). 3}A|FF ZAFR| S & 7o)
HRElol §21 B B Qe 4ol
93 A4 Fug TAsE Gk Lnlgd 49 2
HERZ] obpel AT trehix) oka 24

i 2

5L QA wsietol= Feokt v S ohE
=42 melth W Bek o] Yuje uhnt
of Q3491 32kl Jf Wl A7 ofF o]
#4502 WhEol 7 TS FEE] ST A
2 A o] WReHE SFREN
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2 A7 AFshaA Z4=-eia7)aL, o] oA
e 2 E Sl B YRE EAA o5 A
02 HQlnk EJF ARAe MR 7 e E3t
I =S FEle o™ 71 Y] eut e A
T 82 T2 Bfole o159 FH7E HEHA
7] miell, o=t 7R 5442 ARl 2
SIAIA E2F7HE TR T ALl S Aol &5t
e FES0| wEA YRS AR Tk 3
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