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ABSTRACT: This study focuses on the lithological characteristics and origin of fractured glassy breccias
interlayered with thick lava-flow units from boreholes in the Woljeong-Haengwon coastal area, NNE Jeju Island,
Borehole cores and optical televiewer (OTV) logs were analyzed in terms of mineralogy, lithology, and texture
to characterize the stratigrphy and lithofacies. Major lithological units of the borehole cores are divided into basaltic
lava flows, sedimentary deposits, paleosoil, and glassy breccias. The glassy breccia units consist of unsorted
breccias with low pore contents. The color of breccias is mostly black owing to high proportion of volcanic glass,
except for the outer light brown rim covered by palagonite. In OTV log images, glassy breccia units are composed
not only of glassy breccias, but of matrix which is mixture of palagonite and volcanic glass. These lithologic features
are interpreted as hyaloclastites which were formed by quench fragmentation along the contact between the lava
flow and the seawater. Based on the size, shape, color, and developmental proportion of glassy fragments over
the matrix, 3 types of lithofacies (i.e. semi-fractured basalt (SFB), clast-supported breccia (CSB) and
matrix-supported breccia (MSB)) are classified in the boreholes, and are interpreted as the topset, foreset, and
bottomset of the lava-fed delta, respectively. The paleo-coastline of the lava-fed delta has moved seaward from
1.0~1.5 km inland to the current location by progradation of the lava-fed delta.
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(Chang-Seong Koh and Seok-Hoon Yoon, Department of Earth and Marine Sciences, Jeju National University,
Jeju 63243, Republic of Korea; Seho Hwang and Jehyun Shin, Groundwater Research Center, Geological
Environment Division, Korea Institute of Geoscience and Mineral Resources, Daejeon 34132, Republic of Korea)
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AT oF 180 Tha ARE EZ2A7IA] A&
shitehsol os FHE Aoz dHA YA, A
o] =FF A 2 100 ka oo #2
AYLS HEolth(Tamanyu, 1990; Koh et al., 2008;
Koh and Park, 2010; Brenna et al., 2015). w}2kA
ATz s o iy P4E shhEsEy o
R FA7) B A HAS0) BhREL A3}
EAE glol ARZAE FHAT Belo] 7Hsst
o} AlFEo XY A FFAR= 1970~197271R] gE
FipolEF Al ] FAF oz $3(15074)
o] aho] 42\ HEAre) Sol chet AWk
HuSo] 2 E7] AlZakelc

Ao ARl HolA = ahae Feo F22
Zreqto] A0} Ao 2 T AHE ), Parket
al. (1998)f|41= o5 frejdldg AEgter Ba
sigoLt, ol ojo} g3kRe] FA 2 i At
o2 woteh F 2ol 33E A= (Koh, GW. et al,
2013; Koh, CS. et al., 2019) M= o] 72 F2&
2Zheote] ZA42 Belskgont 127 AlZBe)
2 Al23olE tie s A7) 2gElo] o] 59
Qrafehe B, 5 i), WA 9 94
2 5= Ast ol ES &SI

FZ AFEEARR| =S Jeju Province Develop-
ment Corporation)7} FERER O] A HEAF A
TAE Y dgto 2 f3F AT TR 44 -3
A A 770 AR ANF2RARE st f24 7}
eore] A2olE vl Al gl tie Aetaar
% (optical televiewer log; ©]3} OTV)o| o]Fo]
A Akl AU seret 4 Qe ARt A5
E ik o] Aol EAT-FUT X F AlFF
oA BT fr2)d TR ARl AS
& OTV 7% A=} wlmale] 2 zfo|go] o
F1gel%i). obg e OTV 7% A28 Balil: of
S0 A% QST ) TR WS B
shol 37| at e ol el a4l skt
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Koh et al. (2013)9)| A= AlF= SHA9 9] sid
200 m o]l FEZ3}AL = AlFF o] A1E F5l
A9 9| A|5}A| AL SHRZRE UZ, AHAEZF, 3t
U502 o] FojA S-S st} v E AR
2% US(Koh, 1997)2 A= 3Hikgs o] o] ¥
St 5 A B2l ST o2 dEA Qo
(Yoon et al., 2004; Jeong et al., 2016). UZ AH=
188~40 ThAof| H3jg slof] Lo sMtdFo =
5E 39E HHAEED FA7)0 S EHHER
TAE e AAEZS] TEE ] UArk(Yi et al,
1995; Kim and Lee, 2000; Sohn and Park, 2004).
AAZZY ARe S 477 83t gle,
o|& AR IAiHHEE oF 3 7 7R o]oj R
Aoz & A 9Jo}(Koh et al., 2013), FAHEHE 2
AR T Tz S W3l IR H R 3]
A} B4 28-S A A LR Alolols LES
23 HEo] EZFo] A= Utk(Son and Lee
1998; Brenna et al., 2015; Koh, G.W. et al., 2013;
Koh, CS. et al,, 2019). Q& AFFEoA= &<
T nhanbh 2ate] AA 8- B BAEE &
23 Zhejgre] wase] gt Ao Helsglct
(Koh et al., 2013).
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71E0] A9 Gli= BT AFE o|FL rh(Park
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Fig. 1. Location map of study area and boreholes.
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Table 1. General information of boreholes.

Borehole name KIGAM Wil W2 HWI1 HW2 HW3 HW4

Location X 1809353 181009.9 180889.7 182554.8 1826129 183484.8 183378.9
(GRS30) Y 106913.5 106403.6 106277.8 107166.7 106666.5 106653.8 105589.5

Elevation (m) 5.0 19.7 25.2 4.5 7.4 11.8 15.5
Caliber (mm) 70.0 200.0 200.0 70.0 200.0 200.0 200.0
Casing (mm) 59.0 200.0 200.0 59.0 200.0 200.0 200.0
Total vertical depth (m) ~ 130.5 130.0 131.3 130.0 117.4 122.0 150.0
. i . (+)6.2~ (-)58.5~ v (3.2~ o
OTV logging (m) 0~(-)96.9 (1943 (9903 0~(-)90.6 (191.8 0~(-)55.7

Borchole floor Sedimentary Sedimentary Sedimentary Sedimentary Sedimentary Sedimentary Volcanic

rock rock rock rock rock rock rock
Basaltic lava flow unit Il I Paleosoil unit
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Fig. 2. Simplified lithologic core logs for the boreholes in the study area. For borehole locations, see Fig. 1.
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AlFFolo] digk A8 ASH OTV 45 A=RE
Sl e 2R A IFAH Ashkes St
FS, HAS, LEGSLE o] RojH glon o] &
Shigee 7 SRS fEd AYYS
o2 FREAHIH 2). o] AT EARAI 78
A2 A AlF5olA s 8} (-)35~78 m
ZHEEA =)o) 15.6~37.7 m FAE U
SHA|RE, HWAS 39| 7% s~ 3} (-)77.5~1345
mo] g FZHFE A= AS o] 7712 wEEn
(T3 2). eI AT = MEef AR WS35
WJ12Z-KIGAMFA = S 245 +

21

A7} AR} 7H4(25.2~17.0 m)dhs AL Holu, 5
Z HW4S Z-HW23 Z-HWIS ZA L= b2 &=
A7} Z7H16.8~27.5 m)gict. T HW4 S 3-HW3
3F-HW1E39] 79ois, HWASZ-HW3S 32
16.8 moj|A] 44.6 mZ 31} 7}7to] Z7)51A|9E HW1
SEAE275mB 2 Zo 2 ZHAETHIY 2).
42 R2E Ao AIFT0] Ay

AJF=0] Aol feld ZFEke 2Rk (granule)
o A58 A (boulder)o] o] 2= thFet 27|19 &
2 FeE g o s FAE] jlon 7] de vE
UA] 9H=th( ¥ 3a). ZHoll A= 5 mm o|5ke] ¢
3 71850] 2 UehhARL I FRE2 20% ofs)
2 o JYe 22& Btk FERIL vy
22 1 mm o) WP A71E ZH= 2V (acicular
feldspar) 277t E5g3H 27842 Sk (volcanic

Fig. 3. (a) Photos for comparison between OTV (optical televiewer) log and drilling core from the same interval
of'the fractured glassy basalt. (b)~(d) Photos of exterior, scanned thin-section, and microscopic thin-section from
a glassy fragment shown in (a).
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Fe AR|E o]9h Z2 A EAJ2 Koh et al.
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A d 5t (acicular feldspar basalt) 22 £
s

7 A0 2 AN o2 o] 3| U
A ARA LY M-S AT, g A= 7R}

22 248 o A o F YA = EAE Hltk(
g 3b). Ui ZHE9] mHdE= v 2 YA ¥

EA AR o] oA wlEEof =, vhE A
M= AP shibkre|et Aol FA R yEhd
th2d 3¢, 3d). 71&2] AF(Koh, G.W. et al., 2017;
Koh, CS. et al., 2019)9]| A= o]} Z-2 MY E2&
siLg el HaElo] FAE Bekmjo]E (palagonite)
2 Tsiglch 10| §9 B vlanke] Felo] o
3 B=le shkReEle dAHR T B EFET A
S o, 2= FYsHA et )= i McPhie
et al., 1993). SPHFE171 &3t HSHA| HH 38
(hydration)& E3F o] 2w gto] SytElo], ZmdZu}
O] E(montmorillonite) 2} AatolE(illite) 22 HEG

BT o
20| B39 Wehajol=g WA 4 YchKawachi
et al., 1983).

43 722 2}3go oTV §AY

OTV A3 A=ollA FEE= F22 24U Al
F3ojol| A BEE m&T= g ZEEnt ohyet
HEA o2 7435yt AP R4S vR3 A
HE YAEE oFoA 71 (matrix) &= A 3
ato] Uehdth Mt o g wikE ] ¢ A% &
A& 2AHA FA8EAL SlolAl, e (gE) L 71
TFRES 27, B, AL HIRT 4= 7149
2 Hlg 9 o]59 HiEddE F8 v F
Az 55 A BT 5= Qirk. o] AtelAl
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4.3.1 vl &59H(SFB: semi-fracutred basalt)
Hrota] #FHSFB)2 Wad glo] weEdE B4t
25 delS 2 ols) BEA 0T BAidHel Ty
7F Yette E4S B3| 4). @FEAE 7]
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SAl T 40% o] v =&, 20% 1)
o] A9l 2F 02 FEETH Y 5a). E A2
e RS ZE E95ES FAZ 1 m YY)
of 73t A thad-AUd-th5de o= =
ARBEE 2= FFAAT) 352 F5E ol Rl
Ak T2Y WIlEE9 ool tad =39
FFARE T E T, 2% e = dEd dE
He 7SR 73S SRR TS 7TY 2
717F i S7Fhe FEE Btk A2 34
A A AEALY AZdE w A= el =
#o) AN o oA et epke melt
(39 5a).

ARRe] W Wt B4 YA glol 2
5P A3 P Holx, BjFE 7= 9
£ 0g o T3 glom, A 1 m7bY ARl
U= Stk A2 the delrh dase] gl
FolAE A7t AR SR Bejuel glou, trE

Zro] WA ghobd] Aaw S e WARS B
Q. 242 diFE 10 em o2 F71E 7HAIH,
oh$ choret FelR ek, AR k)N 5
YHoz BejE 2o 5ol Be 249 wetitol
Eo} BAE] e Bas Hol7|k Ah(1H 4,
5a).

shuba @ ek HWAZ ol A= 3 m& 714 gF
1, WRE33 HW3S 32 9F 10 me] FA = 71
FRA TEEo glo, sjg 77tk OTV 350
o]FZoj2]2] 2 KIGAMZF, HW1Z3-2 A%t
YA AlFgElMe 4 m A= FAE 2= A
o2 SIETHIY 4). s BRG] AR
He)7zx E o} e o AReh)
eEo] it o] AFAA= Wik A-Fd &
el T e AW 248 WA, St
o= PEEL elpaih B Uehix g
oh ob&] @FUAS FAF= F24 A B
S wo] whuta) BFTHE T A Aol 2
HQIT) ShE, vk ARGRL SRR 24E A%
sk HE7} 27 PERA 2712 ZHtolt 74
7 Zkeigko 2 ol HQl QPHSlE HelTH1d 4).

4.3.2 GR|#] ZF219HCSB: clast-supported breccia)
7 2] ZHSHCSB)S WA o] olael
279} 6ol tebe mokg 2 ZRlEE 74
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Fig. 4. Columnar sections of fractured glassy basalt intervals from OTV logs. For locations, see Figs. 1 and 2.
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Sh= H]&0] 50% o)Fo= At Z4EE2 7|E
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F20) 7] B GAISE X7 Zgeld B2
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TF-25 o2t 4, 5¢).

718A|A) e W2EE, HWAE BN & 2
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2-4me] F72 Weshs 54L& BolAg, 1 47
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Fig. 5. Imagies of OTV logs showing the characteristics of 3 lithologic facies.
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ARG AlFFol A QA== Fad ZHere]
HEA AL AanE Fejo] el 94
s Wl $eld 240 24 W 2jdo] W
4 byl 714 E Zaeehe Zolth o
o 214 e e A SR TR F
2 F9 Z2-8(quench fragmentation)o]| 23
A THMcPhie et al., 1993). §3 hz-8-2 ¢
whe o2 goksel Whe Wzt net walsl o
& (thermal stress) 2.2 <13 w7} dojut= &
o2A, 72 3t Yook BE fAske] W] o
3] dojdth(Rittmann, 1962; Pichler, 1965). &2,
AikHI9) 84 BUFAINE dvlote) oz 2
o1 mzto] A& Uit $-5l J8) o] 2
7 (clinker) 2ta1 3= thoFst 37)9) ®oko] 7t
2ol FAE7|= AT, ti7] So20] F&Hol A
1502 dojupy] fie] f21 ol 21
|- A|H4 & 2 YrebdtH(McPhie ef al., 1993).

SN EET §oo] S sidolv 4R &
2j50] 7he 7o) gekRol AkiolAs ETto)
4779 1%l A& Ao $AHAA FAT &
ERgle| e a5 9 H3 59 S A R
ol S5 31 BokRol g pEo] BEHes 2t
231 FE|21494d ZH(hyaloclastite) 0 2 E2]= &
He| e 2 7| o dri(Rittman, 1962; Silvestri,
1963; Pichler, 1965; Honnorez and Kirst, 1975; McPhie
et al,, 1993). 2184 Zteio] WhSolA|E AL
uhe w2 RE, 94 2710 SeHad 2
GES heE AL AT iAo MBS JamZ
W22 FAH(EYH) B E 25 BATIH 3b,
5b)(Yamagish, 1979). 94 AA|E vle} 2o, A+
A AFFolA BEEE e 4 A4
< A2 4 L7 75 Fol W& A
44 Zregre) 54T A8, §3Fe] 45550
O3t H| A& (pillow lava)olit g 1| 1131E| 25
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Fig. 6. Schematic illustration of the lava-fed delta and associated hyaloclastite breccias formed by inflow of pahoehoe
lava flows in coastal area. SFB: semi-fractured basalt, CSB: clast-supported breccia, MSB: matrix-supported
breccia. Modified from McPhie et al. (1993) and Abdelmalak et al. (2016).
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Fig. 7. Location of coastline during the progradation of the lava-fed delta in the study area.
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