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ABSTRACT: The purpose of this paper is to suggest a possibility of the geosites of national geopark in the Cretaceous
Wido Volcanics of Wi Island, Buan district. The volcanics consists of silicic to intermediated volcanic rocks and
sedimentary rocks. We evaluate four geosites, such as reddish mudstone including dinosaur egg and pepertie (Site
1), theomorphic lapilli tuff (Site 2), columnar joints in welded lapilli tuff (Site 3), and volcaniclastic rocks deposited
by hyperpycnal flows (Site 4). The geosites have rarity, typicality and diversity and provide an opportunity to
understand a variety of volcanic and sedimentary processes during pre-, syn- and post-volcanic activities,
suggesting that they have the educational and academic values and play an important role for a potential national
geopark in Gochang-Buan districts.
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AAFHOR T 913t xS SJar Qlri(National
Geoparks of Korea, 2016).
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Fig. 1. Distribution map of the Cretaceous sedimentary and volcanic-igneous rocks in the Korean Peninsula

(modified from Ko et al., 2015).
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A& 85 (continental arc volcanism)} $H7 34
91T B4} Tl F FELTORE B FL
EEE-99A HFY FFols d3AFTES
A, BF5A, 2718 95A)7 SresgrHChun
and Chough, 1995; Chough et al., 2000). 1 A3}
DRAS Uttt 27)9) mopel 4 HARA
(nonmarine sedimentary basin) ¥ T}=F9] 347}
9ok 17 BAH ST 1; Chough and
Sohn, 2010; Kim et al., 2012; Ryang, 2013). 3%
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1; Koh et al., 2013).
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29} 3), A o]¢hF A JASS FAStE A
oz 2= h(2d 4a). A2 FHA &2 2
A& Hr, 2 cm 1R APA R o] m] A A7)
(groundmass)f] EZ3HE Y2 AS Helr). tf=|t
A2 = o] EETEE FAE ] e, 244
it BE2DHE 1 m oA 4 m o FA = yE
doh B2 A sl Yehe e 7=
(flow banding) X -3t oA AEH e A7
(autobreccia layer)ol] &3 Q1A] & 4= 1o, o]A;
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2t &8 FAE Aoz 4 h(Cas and Wright,
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ot

FLY . (e}
& $E9P sl g aler U SBigrom Ty,
S o) 600 m= 2K 37} db~de). T
FE-53 A2 A 43| (medium ash)of A =
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&2 2 m Y ole] 55 T2 I dEst
= 349 B 3] 9to] AISHA etz B
(1 4b), 4912 242 (QHAREO 23] ©F 150 m
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Fig. 2. Geological map of the Wido Volcanics in Wido (modified from Koh et al., 2013). The Wido Volcanics is
composed of the Daeri Andesite, the Mangryeongbong Tuff, the Beolgeumri Formation, and the Ttandallae Tuff
in ascending order. The outcrop sites are composed of dinosaur egg-bearing homogeneous reddish mudstones with
peperites (Site 1), rheomorphic lapilli tuff (Site 2), columnar joints in welded lapilli tuff (Site 3), and hyperpycnal
flow deposits (Site 4).
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Lithostratigraphy Schematlclog Thickness Brief descriptions and interpretations
Ttandallae Tuff | '

50m Massive to bedded tuff and tuff breccias;
deposited by pyroclastic density currents

Beolgeumri ' : Laminated mudstones intercalated with normally
Formation , >100m graded sandstones and volcaniclastic deposits;
low- and high-density turbidity currents in a

lacustrine setting

Stratified to bedded lapilli tuff and tuff; sediment

Site 4 gravity flows in a lake
| Site3 Columnar joints

n
L
c " i :
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M F C Play,

Fig. 3. Schematic log and brief descriptions and interpretations of the Wido Volcanics (modified from Gihm and
Hwang (2014).
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Fig. 4. Outcrop photographs of the Wido Volcanics. (a) Andesite in the Daeri Andesite. (b) Stratified (lapilli) tuff
in the lower part of the Mangryeongbong Tuff. (c) Middle part of the Mangryeongbong Tuff. (d) A welded texture
within the Mangryeongbong Tuff. (e) Well bedded lapilli tuff and tuff in the upper part of the Mangryeongbong
Tuff. (f) Alternating layers of the laminated mudstones and normally graded sandstones in the Beolgeumri
Formation. (g) Bedded tuff breccias (TB) and lapilli tuff (LT) in the Ttandallae Tuff.
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Fig. 5. Outcrop photographs of the Site 1-1 (a to d) and 1-2 (e and f). (a) Reddish mudstones with scattered calcrete
nodules. (b) Normally graded gravelly sandstones within the reddish mudstones showing flat and sightly erosive
basal contact. (c) and (d) Dinosaur eggs in the reddish mudstones. (e) Irregular margin between the reddish mudstones
and intermediate dike with peperite texture. Note pod of the reddish mudstones within the intermediate dike
(indicated by arrow). (f) Mixture of reddish mudstones and dike fragments, representing dispersed peperite texture.
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411 A 1-1: 38Y 3 Z3k= ZA ok

714 o] AHL FTY A A3t E Z9t
SHIL Yl A o|o-E AT 4= ik A4 o]¢t9]
FA= 10 m ojo|w, o= oF 200 m A%EH
ok 2 A o]t AE W HEZ A E|IL 149 E
S Holm YRoll= A3t 7} EF25HA £
ZZH(LE 5a). AA o]¢F Yofli= FA 1 m m]The]
G2 AfFat Aleto] EAE o] lem, o]F sHE 7
Al FRtaL HBAY JAAFAE el E=gh
A o)Se7F BEE7| &= Seh(1™ 5b). 9& AR
= 4FolA ot B Y FEIE Hol= FE oA %t
Az 2719 3et, WY, Hukeh 12| QRARHH
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0t
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=0 AR7| Ao AA|= o] it A4 ojgh W]
Y 2 ZA Y BEg o AAede, Ha
1074 olde] T8¢ oh4& BEE 4= (2™ 5c
©}5d). A=9] dol= 2F 10 cm oyfelr, £E =7
U dEs FAR R YERdT o] T8 3
<= AR AN o]e Hiof] 2, A o= B3
SHA| e, 574 S04 370 o) ddste] v
Eh7] = 3t

34 A goln] N HE g HERZ 74 2
Al o] o2 ME e oM T Holl EX 2= o]
St AR HHEo] TR F50] iRl
ol A wh=A Hdste] HAdE Aoz st
(Kim et al., 2009). 24 o]e} vjo] A3ty = F4
oA B ztgo] skA] 2 717k %
ESSEEE W9k, BE FAI o] A Yo A=

lateral changes in dip angle of the boundary (high (left) to low (right)). (b) Close-up view of rheomorphic lapilli
tuff. Note flow structure parallel to the lower boundary (dashed line). (c) Bended vitric matrix around the lithic
fragment. (d) Warped or convoluted flow structures in the upper part of the rheomorphic lapilli tuff.
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A, WY, wupgh)om AE AL A o¢to]
shitghgo] EHsty] o Ee SHHEE 27)00 ¥
A BAANA BAHUEE A T A
ol¢t ol AE = T Y 342 FHH AU B4
H 3% A W gEol 7] 1 utEo] EHE
Ao A=, o|H3t 349 FA= o7 &
Al o] A drjjof F-F=5°] AARE B2
F4A gt

412 AA 1-2: ALY A4 ol A9
HolE

71A: o] A AA o)kt F/d e o] #Y A
Alet 1 FARE et AR v HEto|EE
T4 ik FAUWE Z 2 mujghow, ojgre] 3
2% ok WA 4408 A2AZD St 54
QFue] ujoliz %7401 02 m mlgke] olghHo]
S A7) SeH(aY Se). 3L A
A o|te] ARl FAtulTo] 2 ofeta} 5|
Ao} wHgo17] wmato| =7} ). sAte) 2]
of gy 743 WA ofztols], o] ghuize] 4}
oA Eazel whet U3 (packed) 1 E4F(dispersed)
9] f|meto|ER LEHTH I 569} 5f; Hanson and
Wilson, 1993; Skilling et al., 2002).
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Fig. 7. (a) Planar (Site 3-1) and (b) vertical (Site 3-2) views of the columnar joints in the Mangryeongbong Tuff.

W XIFH0| 7HR| Hot 631

A 2 A oot} F/d A o] A o WSk 1)
HEto| Ex e FAl, S-S F43 vkt
n| 0 3tE 3 B ZFRE A A o]t AHEHA vk
5322 ofrlgtth YA Huto| Ex F e
AR A FAT A af utantrt Sy
11 7R A (quenching fragmentation) FA =S
& A|AJ81H(Kokelaar, 1986; Busby-Spera and White,
1987; Hanson and Wilson, 1993; McPhie et al.,
1993; Skilling et al., 2002; Martin and Németh, 2007),
2419 sjmjefo| B ohuu o] whA el uju}
SO R oo a3lE uianir} A oA oERlel
w2} FAH Aoz sEciGoto and McPhie, 1996).
EFARE SO AA H RO Yeh= 3
HE A o] Y FA m|astE HMoleks
TAske AEY HE 9 HETF {AI3E Hol o
= P nfante} F4 o FHE A= A HH
(Kokelaar, 1982).

42 XIH 2: 7HM 5HA=2{Z3|2N(rheomorphic lapilli
tuff)

717 o] A& o Akt i8-8 9e] 2]
AAARE, F ] AAR EAT FE8-82
& Fohrol AR = FHA SIS B
S o= QIth(2E 6a). thE|qHAkee] o FAJE A
PR 715 o) F P 1 BAE SYeE 17t
oA AZte g o] Wl S HolH, 53] 1L
Z+] BARE whet Hg-5-3-3 ¢ skl A =
(X FA 2F 4 m)o] & THHETH(LH 6a). FH

RS S
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g 2o] LT fHY SIS Y
+2 Qo) 27 % Yol FolEH
of gago] AL B7hoke] WA Bk
(welded pumiceous lapilli tuff) 2.
WskETH 6a).

TR S-S A Sl ¢
719 FHU(FE haterd) 5 2 ()0l Al
Ho| shite] 71"of AR H glon, 252 &
SPTHL 6b). 52 TAFolLt oo Exg ko
AE Ze7t BAHE sh, Zgoz PEshs
P BAATHI 6b). 71 WS o F A ST
8= QrAl o] AR-5HRol A 3ol LeRdeh(H 6o).
Y SRl sh= AR e] SHiEe] 7] o)
SH A2 B AsHA vl Bk f-5=(flow struc-
ture)E o] &= WHH(IH 6b), ARZ A4E
A St oAl ¥ fer2E B
(¥ 6d).

=

1T

S gug 24E Kol se gl =
A% A AEsol o) B LS A4

5} (Branney and Kokelaar, 2002), IA}o|H B4
o] Baket B S sl g slokg BlNg 3
448 AEge] B go] Ul EHSS ofnlat
h(Druitt, 1995). -2 E|A & o3l Stk E2
g2 HEE 5 Q%00 129 fed sk =
e 7182 A43E YA =itk Branney and Kokelaar,
2002; Andrew and Branney, 2011). o]% 3}4d )4
2o Bjzo] A&o| w2} 1 T} BA 715
Al =1L oju] EJAH SHYAEE sHol 7HsiA] = ot
T2 A 57V "ok I A AR S
AEQ] sH A= AD7 = (shear stress)7} 3
= (yield stress)E golAdol uhal HAPH S what
o] 5 4= A Ho](Branney and Kokelaar, 1994),
sk Aok Hshl Wapg S wi] g o v

= Fe 27 -SE Gl wdE AR s
tH(Brown and Bell, 2013).

43 N 3. YEESY U FaRa
BARISHERE T 32X/ H SRl )]
71 BRI TR A ay
QIT(-17 ) 2 B2 S (324 ) ol 4 T2E
2R 7). FAE RS M7 02 m Wele] 9.2kgol

N %239 Gefolm He 7 AL g Frh

T

g 7a). Y= 5o M= FAE B 9] s
£ iz ai7t gEstar glo] =4 ARAdS gl
F gloy, ERaRPEH A= FH 02 5 m ol
A= ZAH|o| = (colonnade) FEIE HIITHL

2 7b; Spry, 1962).

B4 583 ool st e 34
g drfFol o Y EdEC] BHEHL, 1
A8 SR 0| AZko] BEo uke} Wkt 5
Sof oz FAE 22 AT 4= Arh(Hwang,
2007). =22 Q% A& Ztao]| osf Wz A
£ t2go) et BN, o] 27k Wk
of =2 g2 A%l et Aejdol= FHE WA
H AL 2 H_lth(Budkewitsch and Robin, 1994).

44 NF 4 YPESA0| HEF EFY

(hyperpycnal flow deposits)

71A: A1 4ol M= HEE-S 2T Al S31d
HHYs #EE o (3 H 8a). o] HHSZ F

A7} ¢F 3.5 mE, 349 33A EHU(FA <0.25
m)o| FE1kal HF 3 SHEAFA S Kol FH = o
vehdth 2221 =zt s Ty o] 334
E| Aot SHROA AHE GHol- Aol E
Hol=Zlo] EAo|th (1 8b%}8c). HFol57
ZHFA: 2~15 cm)> SAIHAL A A|HALS] H 3
FHYE o|F=33E HHER AAEY, FAI"HAL
oA APAZ Y=7t 571kt FAlo B39
A E3E SRR o|2Rt Y e ARE Z
5 Ho|F o T2 YHAAHS| W 3 3
0|8 FIHFA: 1~10 cm) 0.2 H3FscH( 13 8b
9} 8c). FolFe] #1+Y FotR= w0l EFSkL
Q1 ZYALA G 279 o 9 FA o]
3719 33 E-E o A A= ik
(L9 8d). FH 2 s g 9 FA9 o] &
o5 YAFS] Z717F FHANA AEA S A
Y2 sl Bt A BRETHaE so).
Sha: eol-AHol 22, 4, sk 77bo] vieh
U g2 yaaaEe of 9311 Higol A
S (hyperpycnal flow)ofl &Jf =4 = 352 A Al
SttHMulder ef al., 2003; Gihm and Hwang, 2016).
CREEEEE MO T O PLESE
Ql SHHEE olF, m|astH SHEES RS
HEsHA "ok W2 FARLEE 2= &850l &

= O
o




ot SAAR L 7 A] B1B0] el 2uiE7)
BTk XA S et 527 Hol o) sa
2 XIPetes 1 TRE 44 wEA €9
(Smith, 1991; Manville et al., 2009). ©|2|3t 1% =
T 4R FYEE 22 UEof o) 5409
7|1 AHE wet o] F5HA Eo| ASH7H A, 33
A HAdS 34T = UUTHGihm and Hwang,
2014). o]t A FFe Al W2 T4FY =
F(discharge) H3}to] wzt W8 5= Ql= YA
73S op7|s @Y F(bed)Hol HAHol- A
o5 7 rgde 4= A =itk (Zavala et al., 2006).
EZE f&o] FYl Al oA oAl B H 3]
2 A Eo| A bt 2SR EHHAY R
A& P4 A0 2 st thMulder et al., 2003;
Gihm and Hwang, 2016).
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do= ANAYLE AP oz SRlskl Prbsh=
710l Basitt 2T A ete] ot d=ehE
AP AR Bhe 9 wLEE, 9
2 FpE, T HEAY, BAHE AP PL
o] 8 B7} 7]& 22 A|ASHHtHSagong and Lee,
2014). 8+ 9l B HoR ThA TEA, B4, o
A, AGHE 202 Brse, AP U UL
oF= Sol4, A4, AANS HiFoR, LERE
A e R AME, g BelEg 4
THE 27 71 Z0R dtof BrRkE (25 1 3E),
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Fig. 8. (a) Outcrop photograph of the hyperpycnal flow deposits (Site 4). (b) Internal erosional surface within the
bed of the hyperpycnal flow deposits. (c) Vertical changes in grain size and sedimentary structures [plane laminated
sandstone (Sh) — massive sandstone (Sm) — plane laminated sandstone (Sh)] within the bed of the hyperpycnal
flow deposits. (d) Large amounts of coarse ash to lapilli sized pumices in the bed of the hyperpycnal flow deposits.
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A7 2 ARG (Sagong and Lee, 2014). o] 23t
712& v o2 AdiEE Huxdoa BE7EA]
7h e AWF 7R A Bl F371E 1
ttH(Sagong and Lee, 2014). & =5 9] JZof gt
AL EEoA= e @ S Fofof tistoiut 3
P shuf, ArhH 0 2 B Fo] FTA A
4 9D AR Y ATAFOR BEHE rw
Zae) 9 Blrelo] et ok 28 10] 2okl
i

| AT w2, ShhE FAR 299
= 5] jelr| ek ke SRS ola) B4T
$E97 SAIAE 4 B2 9leHChoi and
Hwang, 2013; Koh et al., 2013; Kwon et al., 2015).
o] 2|3t SHEHA| F sl Y= 3hAkeS ¢H4keHAl-
S8 shikiget AR EHe R F4Eol
A=, ol Ft A AeHA B4 fx=stiteto] $7]
o}y SHbE o) A R0 e Sk-5| 2 X A
o XAk BHS H wolZ 4 S ACE W7
o % 9lek. AR A 1-19] 449 olg} 9l ofo}
NS 5h= 92 AR S E Y dE9dd 3 F
o =4 9 WHo] §ire] WFo] me} HHEo] 3
AEGlon, o]l B3l E|FE 58 F(sedimentary
gravity flow) 2] S48 B1sah7 e 4= 9l o
Ao A AWt 7RIS AU Ao 3
E ok AA o¢h o] A3 dje} FEY
ShAL T SR £} 283} wlo}r] 3
F50] AL HAVHE BTN HET 4 AL
Aoz HeEh oA 9] Huzlo|Ex HANE
o] HotslAkok(Choi et al., 2001; Cho et al., 2016),
AE Kot A3le]Z(Noh et al., 2009), FL4F A
(Woo and Jang, 2014) 181 HAFEA] 1S
o] A she-@FY(Jeon and Sohn, 2008) 5]
AR A efol etk wnH 5 9o 8440 717} 9)
o}, weba] 2 A4 12 A9 ssjefoEx 1 A}
FwozE WS AL S8 B ok,
whanie} vl s BRge) AHsago] Be nh
u}o] w28 (fragmentation processes) 2 &€ojl 9]
g mjaste EAES 224 AT #Hikeg, A
S118) 8 skl BRE & ek AL A
2+ 320 A2 HAE SPdHEEe] LA FY
7150 o ATte& ol PAH FHA IS
slote] FA7I2HS Sheet BaE 5 Gl e

I
k>
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Jal

7HE BAET SA0l, o3t A s8-8
W2 9] ST FFAEs eI (Hwang et al., 2007)
et HiE3 glo] S22 IS Heloh AF
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@ 7S Hg FERE wEEa aad = 3l
A QA 0 2 7M1 E 7RI AF 4= AR EA
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o FANTE 78 L BUANIAR A28 75
(GP2016-006) 9] AFHO 2 Sahgick. & =Fo
A 2 A o] A Bt A
Sh AES AR ATO) QALE Eeu, ofe)
AAEA ] E2E F $AS ol AE A=Y
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Appendix 1. An evaluation form for the geosites in the Wido Volcanics.
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