Xs|x| M60H RI3Z, p. 229-243 (2024'4 9%) @ check for updates
J. Geol. Soc. Korea, v. 60, no. 3, p. 229-243 (September 2024)

X . ) ISSN 0435-4036 (Print)
DO http.7/ax.doi.org/10.14770/jgsk.2024.015 ISSN 2288-7377 (Onine)

") Check for updates

T

YR

SprREI AL

“ZE SN AT AT

History of volcanism and sedimentation in the Seonbau-Haseondae area,
Gyeongbuk Donghaean Geopark, Homi Peninsula Trail

Yongmun Jeon', Junghoon Kim?, Soojae Lee®, Yunsu Lee**

" Jeju National University, Jeju 63243, Republic of Korea
2Gyeongsangbuk-do Province, Andong 36759, Republic of Korea

JKorea Environment Institute, Sejong 30747, Republic of Korea
“Gyeongbuk Donghaean Geopark office, Daegu 41566, Republic of Korea

Received: May 24, 2024 / Revised: June 20, 2024 / Accepted: June 24, 2024
*Corresponding author: +82-53-950-7996 / E-mail: geopark@knu.ac.kr

2% 5 AN ALTUY ARE L I ToRtE Auke A2 Soite Aol S 9] dA S o weh B 7=
e M, 123 BEE o MEE RoFe SR ASolnh Aduke-shdd) 7712 SHEERH SRS, ddd
o Arke-zb o, Y7183, st E A o] £2skaL Qi o] Adlle 2 {2 ST 2ol sl SBlde B4
gt o|F A5t A A vtanr) S-39-S 1 BASHAA Ao Y E ST o] IAAA SR dTe] A
E0s ueh SAT 924 shaargol WASHEA S7A 02 A7iztEete] ASH FHE uheh FAHIU ol F dojof AR
o opoiote) R el ofs A =S (cryptodome)] RSO =9 YA whet 2 & WP} 5] T2 ¢3-St RF
(block and ash flows)7} &A5}o] 3| 4f @R Zr= ko] E 4 = Qirt. Skl A2 Bajof whE A|5he] o4 AR Q3f thA|
SHhESol YAsHAIL S 4 W =R (pyroclastic density currents)7} AF-S e} S 2 WA @R 543 58] Yol &
= Gt o] & QoA AT 2 SR SRR A SRARIH 720l HAE U sitFo] iF FEH ol F
sHgEdo] FAIE A Kk dEe] AEZ Ho Feiet ARsEl7E Eadt HAS(EHINE A S s Advke- 2 Lo
AT FRYAANA FEHE stdEe] 954 52 o|¢/d(bimodal) 8} (eruption sequence)E Bl = 4] g2 |
SH2] ARglolH, 19803 &3 v|=12] St. Helens SRR} AR E4& AL Qlet. wheha] Auke-shd o) #7102 553 A 2deh
7S A FARA, ol A2 7hx| 9 F e HAshal glo] I XA EH L ZAR BE5P|of At A G o= ket

FRO0|: 5 SoHt XZSH, S, HHIR, ARYUE shieds, XIZEY

ABSTRACT: The Homi Peninsula Trail in the Gyeongbuk Donghaean (East Coast) Geopark is part of an important geological site that
demonstrates structural movements, volcanic activities, and changes in depositional environments resulting from the pull-apart opening of
the East Sea in the Homi Peninsula. The Seonbau-Haseondae section is characterized by the distribution of various rock formations including
Nuldaeri Tuff, Yeonil Basalt, Seonbau Breccia, Hindegi Ignimbrite, and Haseondae Sedimentary Rocks. This region was formed by the initial
accumulation of volcanic ejecta that formed the Nuldaeri Tuff. Afterwards, intrusion of subterranean magma to form a basaltic tuff, and
subsequently a cryptodome through magma intrusion. Later expansion of the dome caused surface deformation and collapse of the dome,
leading to block and ash flows, which deposited the distinctive basaltic breccia. Reduction in subterranean pressure due to the collapse of

the volcano's flank led to renewed volcanic eruptions, and pyroclastic density currents flowed along the flank, depositing stratified basaltic
tuff breccia. Subsequent volcanic activity in the vicinity resulted in the accumulation of volcanic ejecta, forming the distinctive (Hindigi)

Copyright © The Geological Society of Korea 2024


https://crossmark.crossref.org/dialog/?doi=10.14770/jgsk.2024.015&domain=https://jgsk.or.kr/&uri_scheme=http:&cm_version=v1.5

230 M2 2ys

-0l==TH - Olz=

ignimbrite. A fluvial environment persisted following the cessation of volcanic activity, resulting in the re-deposition of volcaniclastic sediments
and forming well-developed bedded and stratified sedimentary deposits. Such formations represent a rare geological example of volcanic
sequential differentiation or bimodal processes from basaltic to rhyolitic eruptions, bearing similarities to the 1980 eruption of Mount St. Helens
in the United States. Therefore, the Seonbau-Haseondae area is considered a distinctive heritage site with significant geological value that is
suitable for future use as a geological trail due to its outstanding ecological and scenic values.
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Fig. 1. The location and geology setting of the study area. (a) Location Map (b) Regional geological map of the study area modified

after Son (2014) and Kim et al. (2011, 2015).
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Fig. 2. The study area was divided into five sections by lithology, stratigraphy, and chronological sequencing.



232 HEE - 2¥= - 011 - 0l
= Zd oF 3 m o] Sz FA I/t At 3 w22 KIS S48 Yot o FAHE A= 5
o}o] AbHo|| = HRolE Zhel o] BEFITH 1Y 3a). 23 A=t Branney and Kokelaar, 2002). Y5 gZ2|7} i

YIS A ATl St S8l v EshH
A FE FA ey s s etk = E SRl
< G Ee g Uy 2] gk AEE st
3] 37] YAEE FAEI, o] dH2 A9 ZekHo] 9L
A gt} S22 diFE IS TAIRHTHE 3b) L 3
oek 47 EEst S uet e ' 2R =
EAS polth HEFoz O30k HEEWE YIS
] AUt PR YERtr] = s, Yitole 4 mm
49 St & dgsiy e AiRe 54
HATHIE 3¢). T3 H2 i it T3] 23f Fo
A7 017 FE7E o R ol A TR—ETHTE 3a).

3.1.2. oHA

AFA G BEE = s =&d M7t
2o 3 mo| =5t SAH AR 7Y Mol
ofH=ol ‘21‘:} 131‘/} gt =RA o2 kead S
S92 diFE e 5SS Holed ol SFUd

3 REe SN WERS) vhgh E Sujo] et
2= Buoyant co-ignimbrite ash cloud (or plume)o]] ]3|
H4E Aoz saEth B Siete nAYES Aol
AR WY WY B 9wy 5 wony 21e)

=4o] wiskel o= aAlgc
3.2, STk

3.2.1. Lk

ALAFA2 B7I2A Lol dFdd shitdse
2 34E SRARIS el AR ARIAS A, Y
FHIEQI kS| XobAIokS: S5} X &g W3tTH Tateiwa, 1924;

Yun et al., 1994). AL & FA(Hwang and Kim, 2012)2
oY@ FH(Yoon, 1992), F-5-3EQH4:S] LF(Yun et al.,
1994), &/ JAHA A d(Kim et al., 2011) 2} F LT A4
71AH EAT 2 NG Rol A2 el 15 5
719le] nhant2 e SoE BAI S o] e o
%3 9IeHKim, 2018). 2 ALYARLL vhIuke) 3

Fig. 3. (a) Boundary between underlain Nuldaeri Tuff and overlying basaltic breccia. (b) The Nuldaeri Tuff show yellowish color
and comprises fine-grained tuff, with developed horizontal cleavages. (c¢) High crystallinity and lamination within the Nuldaeri
Tuff.
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Fig. 4. (a) YB 1 Yeonil basalt showing radial joints in the upstream part of the valley. (b) A cross-section of YB 1 with massive
jointed basalt at the base overlain by auto-brecciated basalt. (c) Matrix-supported brecciated basalt at the top and basaltic clasts
with angular and irregular outlines. (d) YB 1 Yeonil basalt showing horizontal joints in the coastal area.
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Fig. 5. YB 2 Yeonil Basalt along the coast. (a, b) YB 2 basalt showing sheeting joints along the boundary with alluvium and basaltic
tuff. These sheeting joints are fragmented auto-brecciated basalt with large and small angular blocks along the boundary between
the basaltic tuff and alluivm. (c) Auto-brecciated basalt developed along the boundary with basaltic tuff. (d) The breccia developed

sheeting joints and is fragmented into large and small pieces.
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Fig. 6. Sedimentary logs in the Seonbau-Haseondae area. Based on the type and size of the angular blocks and depositional structure,
they are categorized as Massive basaltic breccia (mBB) in the lower part and Stratified basaltic tuff breccia (sBTB) in the upper
part. Hindigi ignimbrite and Haseondae sediment are distributed above these.

ks

Fig. 7. (a) The facies mBB in contact with the Nuldaeri Tuff in the lower part. An erosion surface develops along the boundary,
and a fault line penetrates the two strata. (b, ¢) The facies mBB is massive and comprises either matrix or clast-supported basaltic
angular blocks ranging from 1 m to multiple cm in size. Some basalt clasts show sheeting joints. The white circle represents a
10 cm scale bar. (d) Volcanic bomb with rapid cooling zones and wrinkled structures on the surface.
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Fig. 8. (a) The facies sSBTB composed of massive and stratified lapilli tuff and locally found breccia blocks. (b) The facies sBTB
has a high proportion of breccia in the lower part and the proportion of stratified lapilli tuff increases towards the upper part. (c)
The facies sSBTB comprises crudely stratified tuff, thinly stratified lapilli tuff, or undulatory-bedded lapilli tuff. The clasts mainly
comprise black basalt, red scoria, and small amounts of Nuldaeri Tuff. (d) Fluidal-shaped Nuldaeri Tuff clasts show rip-up structures
(e) Undulatory-bedded lapilli tuff layers in the upper part of the facies sBTB. (f) Basaltic blocks found along the boundary with

Hindigi Ignimbrite at the top of the facies sBTB.
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& 5%7)akanky ShEEe R YA SN A
H(PDC: pyroclastic density current)2] E4Jo] w}&} 315
of T4 22 RO S RS BT A= 5
X% 4= 9Jth(Charbonnier and Gertisser 2008; Park ef al.,
2022).

TR 2 BTB 4ol Ar7)STietelat AR
£ ot ARE 48352 27| Mo R FA4E &
=0 A7} $57)-mk by B3 oll A Ao
Z BojA U} AX|(surge)H B4 YK ballistic fall)o|
ol5] B A Ao 2 A= thSohn and Chough, 1989).

A=)
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3.4.311DIS21
3.4.1. &

A7) Auke- siok S el YAXIs) sloH, s
i e AHS dAE Aotk AukeZ Rt
T ESH Qe V7SI U2 555 et YRg shA
o) Auf7bx] oF 250 m HE] o] YepdTHE 2, 8e). 3T
71-83]¢ke] FAE o oF 15 mo|H, Anky- o2 Zh4
5 FA7L gForAth HaEe S ERItH2d %a). T
4] 71832 thge] FAHES vES AlFelA 5
o 3 3719 3 T 3N AR HIL A9
HAHE Z3H6taL It E 9b). Y7183 Wiell=
2] Y7] of4=7] "] mho|x LrFo] B52e 1E
PR Vb, Wil Sk 2719 ARl B4,
MEoz A ATHTH o).
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3 A7) A% Aol A7 7o) 5-6 mol 2t
£ oA 5o 23 HEsta, 7] SEgre) o 2
222 BEY FESE 2 U otk

3.4.2. oilA

Y7183 W itofl Seldgo] glar vhae] FAH}
ojd ¢HS T SO R & uf F4o] FHZHpumice-
rich) Mg Dol o8l E2E SplFHignimbrite)
© 2 S ch(Sparks et al., 1973; Branney and Kokelaar,
2002; Jeong et al., 2022). S}y 5 SHiLof| mlo] i mako]
FaEE SR G4 G4 A ALk 2 Al
o Y EEo] AU YrkA FR(gas escape pipe)
FZ2 S Hch(Walker, 1985).

7] S2golA vehthe S99 FA #dk= $3]
o] EAH o]F shde o] FAIHHEA Ao o3t 2
T2 |4

A7) 3] sigtel] e uTro R 29 BT
AAE FF5H7 1= ok 2=y F2 37]%A S8
A SIYE(ExYAY, A5ES W Y, d=E
AY 3 5 £A] YFofA 71U Aoz A=
ek wEbA SutES HES 5 E Ao St A
AZHAE AFstet ol A3E 39 RE A9t

-0l==TH - Olz=

P, FHYA7) S0 2719 2A7} Bash

3.5. ORMIHEI X2t

3.5.1. 2i4

ShAElAeke A7 S3IgtolA] Buke- Aei7iA) of
QHS wel 12 ©F 400 m W glo] BEainl, 2o] e 7
7 o 12 molch. shtEeke 22 (AhZelsh kg
2 Aot} elgfo] sk 44 HActe) 54E R
t(1d 2, 10a).

AR JR=Z7)17L SN GRH 270w, E52
HEoA g2t EAS HRlrh Al 337t &
2ol 7t A =, JARSE (trough cross- bedding),
37t = ARE ARS8 (high-angle dune cross-bedding), J&
A= (ripple cross-lamination) 59 E|&ZFEz7} & 9
3 UATHZE 10a, 10b). AFYS o] FEA = 4em
A9 dS7F EE3t o|gho] FAE= BSE Utk
9 10a).

A2 T2 ozt F~o Y o] XA} (pebble)ol| Al A
2719 &= FAH Jon o 242 AR, 24,
FHEC QR B4 Sor AR Agko] BV
YHEE Z3E| ok HU2 Y=o w2k
27|17k SAIRE S GAZNA A" 2717 AR 2

Fig. 9. (a) Hindi Tuff in the upper part of the facies sSBTB. (b) The Hindi Tuff is massive and contains abundant pumice fragments,
including minor basaltic fragments. (c) Gas escape pipes in vertical or pipe-like forms. (d) A sea cave in the Hindi Tuff.
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WA 2719 AAEe 72 AR BB PP
woliu), Aol e Ugeln of B 714 AXE &
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% 100). AR A 2719 o
2% Boju, 2 Qe Barshn AL AAHE 2
B 3}=(chute) e 2 YENY7]) = e 23 10c).

FAZANA A 2719] JAFL Egol 55 71d
of & £ 714 A A E o] 3ot 99 Yute= ol o),
9| FF+= I B thd Y AR 4] g2
= AR5k F3 o] F27HEEgtH1E 10d).

=
o

3.5.2. oM

St Y= 2 A gt s AR 329
ddo] £55ka 472 o] & Uadt EHoR £
Sl A Bl e EPS‘I%T—E A} 53] /\}%f"ﬂ
Al Bole= 38, AKSE], 4E A, A AR Y] 52 5
Fe7 9] 51 SOl A BiR(sheet flood) R FE T4F
(hyperconcentrated flood flow)ol &3] EjXe Aoz =
A= h(Middleton, 1970; Pierson and Scott, 1985; Sohn
et al., 1999). ¥Hd 3|u|3t Z-215 Hol= T4} ot} o3
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ol Hol lgiEe shustdelA ] BHeHon wis
LUE, DEE F45 B 18H 40 o8] 5ol
2 A 0.2 A E K Fisher, 1983).

S| ore] A5 R ARek B4, Rk
My oz TAEe] g, oldd SHe shalrEA
o Aluk$-0} 71T)7] SHAHES o] o] EHE gL XA
o}, weta shAlT) 77k A7) SAHES F7 Fpost-
eruptive)©] SFAEACIA A= 2t go] ofs) B =7
202 sj4gr

4. E 9|
4.1. MHI-GRAMH F2F XI& "MLt

Aufoof| A shAT At oF 22.7-20.5 Ma (Kim et al.,
1986; Lee ef al., 1988) = 22.8-22.4 Ma (Kim ef dal.,
2023) 7|7bEet AH3E SHk-Eo] st =T E]3-3
o] A=A A% 28] sfigtol FRH o2 wEH =)
23392 F2 FAT A Ystol| < FAH shat
3] S oZ St o] SIYL 7| HE FeHd
5& AANUA HIEYO|EY @B 502 HAEQT 72
o 2= TwE2Fo] TS

0|5 o] Urfjollx] R mianpr} 33 Fa B

Fig. 10. (a) Crudely stratified and cross-bedded sandstone. (b) There are alternations between well-stratified sandstone and normal
graded conglomerate. (c) The conglomerate layer is eroding the sandstone layer in a chute-like channel. (d) Stratified sandstone
is distributed in the upper part, and normal graded massive conglomerate is distributed in the lower part.
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sl ofefae] WzbdelE FASUTH I 1a; Kokelaar
1986; Jeon et al., 2022; Go et al., 2023). o] T4 &
siotate] WEWE weh AT W2 vjanty Fjae)
B3 Fol Uol} Hele] shfwrt Frhstel FRAoR
A7k o] F = Jth(Park et al., 2022). @A) o] 29
SHe QIeF 12 32kl 10 m 3ol o] X P o2 dolgln
ol wheh WAL, 4, 43 0) Welvh wEe Bl
It 22) AT PR} st REa

s vh1nte) s} A B2 gla) A A}
20| &2 AYEF(cryptodome)©] FHEHUTHLH 11b).
2% A3} vpante] AdE B A5 8 AE
of waat Boryst Bol FAAHe Azt dojt
R -3k E T WSkt (Fisher and Heiken 1982;
Ui, 1983; Charbonnier and Gertisser, 2008; Burchardt et
al., 2019; Park et al., 2022). o] &3-S 2 Q3] A
HRS Qo] HALe] BEeHY Zeieke] Bz Aol

UTHZHE 11c). &-3HI] 72 QIFE A& 4o 4

= Z(decompression)> X|&} HHo| Ix|g THE
Fo) Bk FuAZT o] IO SHEY AT
7haAste] 34 AR ZEetel EAH I 11d;
Donnadieu and Merle, 1998; Donnadieu et al., 2001; Németh
and Martin, 2007; Sulpizio et al., 2014). o]& Q< E=
A & Fof| A FHitehgo] WAste] o] Udfjof 31t 7]-3-3]
U oA | A= A ETHTH 1le; Bahk and Chough,
1996).

ZE= 01T - 012

o|& SRS 22 E 11 sHAEF o] SR EHA 12
of 24l a7 o #EE ﬂiﬂ@gﬂ A #2-g-o
ofaf 28 A A EA A S 9 ARS-7HEER sk
A 4] EH35S PP AR —Hé#ElE} aear o] 3
FolA FEH o2 WA B4 ol s Y AYS
o] S5 EAlE Ao FHHEHH 116).
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4.2. MHIL-oHMIH 2210 T2 SRy

Aupp-of| A st Aol x| FA= EoiE]-S-3] ol
EE3 o|F o] AN EES siEEe] AR SS
HoEh WA dddReto] A5t ARE FYstar ¥zt
E|HA thekgt ko 2 dejrt gt @R Ak
2 AFAE FAstech 1 Auke- Aol vk
ol Rl o 2 IYEFC] P L Bt X ] HETt
=90 32 AT A F-shaks|Fof| oJa) Aduke- TAF |
T Z-=gko] A= 183 A BIE A E
o] o1 7h49) 7Ito 2 ool A 2AF ARt ZhEeto]
EAE ) agn OJ—:L EL EA LR A E T2 AH
2 SRS s B 9t

Auke- ddjo] ZHEotolMe fre 28-S A ABhe
4], Aol A YeptA] gx JAReL AR
°o]Z2l A Bols 542 Uuha <l sk B3 oA
£ 5 S E4olth o] A AU (S diato| ER)o
A RS sigEos ASEHE SKREEES AlEle
1980'd St. Helens $Hit 123} A] 2R4EA| 9] 737050 B Ao

ascending magma
and cooling joint

ascending magma
and swelling dome

dome collapsed and
block and ash flow

dome collapsed-and
pyroclastic density current

pumice-rich, dacitic
pyroclastic density current

Fig. 11. Illustration of the volcanic history of the Seonbau and Haseondae area.
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Fink et al., 1990; Swanson and Holcomb, 1990; Druitt, 1992;
Clynne et al., 2005; Burchardt et al., 2019).
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