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ABSTRACT

Morphological analysis of Columnar joints

at Hantangang river in Central Korean Peninsula

Kim, Tae Kwang

Advisor : Prof A Kun-sang,
PhD.

Departmant of Earth Science

Graduate School of Chosun University

The lava field of the Hantangang River extends over Yeoncheon-gun,
Gyeonggi—do, Pocheon-si and Cheorwon—gun, Gangwon-do, and extends
about 110 kilometers, in the central part of the Korean Peninsula. The
purpose of this study is to distinguish the units of magma flow observed
in the basalt columnar joint based on the morphological analysis study of
basalt distributed in the lava zone of the Hantangang River and to
interpret the seven columnar joints observed in the region. The research
area is Jik-tang Falls, Song-dae-so, Hwa-jeok-yeon, Gyodong Kamaso,
Guraigol, Tonghyeon-ri and Mung-uri in the lava zone of the Hantan
River. According to the TAS diagram of the principal components of rock
in the study area, SiO2 was 41.22 wt% to 49.93 wt%, and most of the
research areas were in the alkali family of the quaternary basalt. In
addition, basalt in the study area is mainly gray, with half a meter of
semen under the microscope, and half-phase and opitic tissue are
observed.

The flow units of magma observed in the columnar joints in the study
area were classified based on the presence of stomata between the
columnar joints, weathering soil and cavity, clinker, and pillow lava.

Columnar joints observed in seven study areas. Using cross sections, the
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observed columnar joint sections correspond to the structure of columnar
joint and their sizes were investigated. About 10~45 cm cross section of
the entablature observed in the Jik-tang fall, Section observed in
Song-dae-so is about 10~50 cm in size and robe, The cross section of the
robe observed in the Song-dae-so is about 10~50 cm, enteblature cross
section observed in Hwa-jeok-yeon is about 10~40 cm, The cross section
of colonnade observed at Gyo-dong-gamaso is about 40~105 cm, Cross
section of colonnade observed in the Guraigol 30~70 cm, The cross section
of the entablature observed in Tonghyeon-ri is about 15~40 cm, Observed
from the Mung-uri colonnade section is about 60 cm.

columnar joint consists of an upper and lower colonnade and an
entablature located in the middle. In this paper, investigate and interpret
the morphological differences between colonnade and entablature in
Song-dae-so, Tonghyeon-1i, and Mung-uri regions where the columnar
joint set is best observed. As a result, the colonnade showed a difference
of more than 20cm in width in each region, but the entablature was
observed to be about 40cm in all three areas. colonnade vary in cooling
speed due to direct magma flow from the external environment such as
the surface or air layer during the formation process, while entablature
cools at a similar rate with little impact from the scale factors.

This study is the Hantangang River observed in a columnar joints, and
define the standard of the structure of a magma flow mechanism to

establish the fundamental study on the formation of a will.
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Fig. 1. Location of columnar joints in South Korea(modified of Kim,
2020).
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Fig. 3. Schematic formation of cracks at cooling surface on thermal
contraction model(modified of Nishiwaki and Hirotishi, 2009).
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Fig. 5. Schematic drawing of the different geological contexts and
geometries of columnar joint(Hetenyi et al., 2012). (a)thin lava flow(low
viscosity<10m), (b)thin lava flow(high viscosity, <10m), (c)thick lava
flow(10-100m)
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Fig. 12. Photographs of Myeongseongsan Granite in Gwanin-myeon.

_24_

“/Collection @ chosun



fite)
B
g

m
q

_—o_o

_—o_o

ot

~3a0 M AL,

s))-gpsle] AGALG, ol R AEG, AYE T

"
e
ch]

-—

O
No
o

oF
ol

[~
0

fife)
;OH
24

()
2

X
o

ifl]
%

H

71olH, ¥
HAH(H3 G 2, 1995).

2008).

bRo, A mekiel

)

uy o}
=

Sk

7]
el

1
fu

o) AAAT

S|
i

1
ﬁo

=
o

o

al

AR =5

=]
fLe

F 612 o]lF

A
pul

e

-
o

Zgol =7t

8) 5S¢

=
<

i

=T

o

N

ol
~

s
xr
1+
J)

=
No
~

ToR

o
..m,ﬂ_

mK

B

1+

o)
o

7

O

X
fit

T

ﬂu‘_

i)

Fuj g g7t dehdei(@A =F 2008).

A5 sUH=E 477

‘m,u_
oH

Xy
oF

1o

o
_ZE

ﬂu‘_

}=) 2 ohFig. 13).

=

o %

7

_25_

Collection @ chosun



Fig. 13. Photographs of tuff in Dongnaro-477.

_26_

{“/Collection @ chosun



9) AMZHL

EE ZRE A9 gatelolA

o)
s
T

N
_—

</

"

B

TR

£k 5o veh, oo asle A4 4 molAd &

[e)
T

o}
=0

ol

B

o= 7HAA

2008).

R e

EFoEL

H7g o]

H
fua

3
2715 BHF °F 5Smm Weloltt Arls F2 I3 AAom FAHEHH MY

10) 3}7wket

J

A
~

S92 27| BE 2mm Welo|A gt

—_
o

+

AT A7)s A4 Aol Al
- 27 -

B9 B

|

o 2Eu QEs} mAAR Hopd

4

&

Hog EEMAQ
AZZ 2008).

=
Collection @ chosun



obeh o

2t
of Folx EEaAT gere] Aau}e] oA

b T4 of

°

<
TE

4

=

=

I R

11) #H <)
12) AF<

i

+
]_

60 ~ 90cm FAZ #F

A

jang
N

F37kA] 60m A =

S

4R ARee 4B $2) R
oz Z4E grolaY. ok F2 84, 34 YR

)
A

<

3} 3 Th(Fig.

19191 (Fig,

)

=

°

)

=

PAS m 5% ol

o]-Z_:_l

2] 4-3014 =

g 307 FZolA B

al

o B9 A47]e] w

5
e

R

Ca

13) &3

16).

]
H
g

o)

ol
.z_o

Iy

3

i

< 2, 8, AE= FAHEY 74

_28_

al

%
s

- =
- [¢)

]_

S

opA]of) ek

%

=i
=

7+ A
Collection @ chosun



o 39
PR KRk
k™ Hantangang Rver Geopark

A

Ofr U [0 =

uohewuoy uinyseg

14. Photographs of Baek Ui-ri formation in Baek Ui-ri.

_29_

{“/Collection @ chosun



Fig. 15. Photographs of Basalt in Sindab-ri.

Fig. 16. Photographs of Basalt in Jangtan-ri.
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Fig. 17. Location of the Quaternary Hantangang River Volcanic

Field(modified of Kim, 2020).
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Fig. 18. Photographs and sketch of columnar joint in Auraji.
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Fig. 19. Photographs of vesicle layers, cave weathered in Hantangang River.
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Fig. 20. Photographs of clinker, pillow lava in Hantangang River.
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Table 1. Columnar joint site with names, geographical location in the study area.

Site name Latitude Longtitude Administrative district
Jangheung-ri,
JT-01 N38°20'99” E127°26'58”
Cheorwon-gun
Jangheung-ri,
JT-02 N38°20'97" E127°26'58”
Cheorwon-gun
Jangheung-ri,
JT-03 N38°20'95” E127°26'60"
Cheorwon-gun
Sangsa-ri,
SD-01 N38°20'02" E127°27'77"
Cheorwon-gun
Sangsa-ri,
SD-02 N38°20'05” E127°27'79”
Cheorwon-gun
Sangsa-ri,
SD-03 N38°20"00” E127°27'80”
Cheorwon-gun
Sangsa-ri,
SD-04 N38°19'99” E127°27'81"
Cheorwon-gun
Seil-ri,
HJ-01 N38°11'53" E127°26'37" .
Pocheon-si
Seil-ri,
HJ-02 N38°11'55" E127°26'40” .
Pocheon-si
Jung-1i,
GD-01 N38°09'91” E127°21°01”
Pocheon-si
Jung-ri,
GD-02 N38°09'89” E127°21°02”
Pocheon-si
Unsan-ri,
GR-01 N38°06'08" E127°20007”
Pocheon-si
Tonghyeon-ri,
TH-01 N38°0745” E127°06'86"
Yeoncheon-eup
* is measured columnar joint
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JT-01 Aol 442 tztg e F(N)= 5248 ] 71%, 62t3 o] 29% = 57}
o] Ak o] AAFTH(Fig. 24(a)). ©H Aol WZh9)L 61°~70°7F 3%,
71°~80°7} 5%, 81°~90°7} 11%, 91°~100°7} 22%, 101°~110°7} 13%, 111°~120°
7} 11%, 121°~130°7F 19%, 131°~140°7} 13%, 141°~150°7} 3%9] HIE= &2
91°~130°7} 65% = AR o] AA st Ut

JT-02 A 9o 448 g F(N)= 428 20%, 573°] 60%, 77
o] 20%= 57tgo] Hulk o] AA|GTh(Fig. 24(b)). W Akl WZH(h)
71°~80°7} 4%, 81°~90°7} 8%, 91°~100°7} 26%, 101°~110°7} 20%, 111°~120°
7F 26%, 121°~130°7} 8%, 131°~140°7} 4%, 141°~150°7} 4%2] WE=&=
91°~120°7} 72% 2 AR oS AA S Ut
o] T (L)L tFE 30~60cmulol EE3IT}(Fig. 25(d)).
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Fig. 21. Microphotographs of rock in JT-01 on Basalt.

(A): open nicol (B): cross nicol.
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Fig. 23. Photograph of columnar joint in Jik-Tang Fall.
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Fig. 24. Photograph and sketch of measured columnar joint in

Jik-Tang Fall. (a): JT-01, (b): JT-02
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Fig. 24. Continued.
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Fig. 25. Photograph and sketch of measured columnar joint in

Jik-Tang Fall. (a), (b), (c): JT-02, (d): JT-03
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Fig. 25. Continued.
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Fig. 25. Continued.
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Fig. 25. Continued.

(*ICollection @ chosun
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Fig. 26. Percentage(%) of measurement to columnar joint Jik-Tang Fall.
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o] Ao FHAAe= AGEILNA WHE I 2715 wE &F9
WA Exdth FAEYE FAse $AS A dRGeE JAEH
ow ZIWrke AU R o]FojA Qth Fohik YuhollA AHI A Hr
HARSE BA 5 74 BES AP, 34, A Solr ABRengzxs
< #ET = AT(Fig. 27). APEAL dntolE o] & #FHTG

T3 FAEYE S wet A ZAES o|Ra W2 Hof Ao F
A 5o FEEo] ExIdth(I=AdALdATY, AI=E (DB, Y
S, 2007). Fig. 282 Ftha FWolA 7IRkekel s4ehes A &8ste 4
o dEFxE Z Hod £ e e AT Aot FulidlA BEEHE=
=2d FAEYUE Eo| o 30melH, £4F doe FAEY FHE FH
sHAl FREE RES I HE Hi JdE FHEY AER 2709 §E4FE
HHEth(Fig. 29). shollA #EHE BHHE e ZBEE Eo] of 15mE F4
HAe7t ol FHo 8 Badsts He A4S W e3P o Tl +3
WeFo g Azl wdEe glon, dAeE AdEU fo A Ago=m
Z Utk geloltt. 2H 92 #AFEE FAEYE oF 7molth R A
Hol=9l 7lF FAE ¢ 120ecmeolH, dEEHHY 7ls FAE ¢F 30cmo|
3, A Aedle|l=Rt sttt oldd 7L APFAJ] e FAHEE

AEe] 97 ¢t AoR Hop 2Ho
FEG Y7ol AAE F BT 89 8ol AT EG BH 2w
o) T2He wEe] e fhRE 30em U)elolT

24T ZAL 3xAA F 57700 BEL 13l W FeE 28R
o,

SD-01 AHe| F4de aA4d Y F(N)= 5430 33%, 62430l 67%= 6
Zrgo] Ayt o] A THFig. 30(a)). T Abo]l ulZh(9)S 71°~80°7} 5%,
81°~90°7F 12%, 91°~100°7F 5%, 101°~110°7} 24%, 111°~120°7} 12%,
121°~130°7} 25%, 131°~140°7} 12%, 141°~150°7} 5%2] HI=&=Z 91°~130°7}
61%= ARk o] g At Ut

SD-02 A He] F4de] thztde FH(N)= 4743 12%, 52+ o] 40%, 67t
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ol 12%, 72-8 o] 12%, 878 o] 12%, 97t&E o] 12% = 5Z+& o] 40% ©14 =t
A @chFig. 30(b)). ©H  Aro]l Wz (9) 41°~50°7F 2%, 71°~80°7F 4%,
81°~90°7} 6%, 91°~100°7} 13%, 101°~110°7} 15%, 111°~120°7} 16%,
121°~130°7} 4%, 131°~140°7} 13%, 141°~150°7} 13%, 161°~170°7} 2%,
181°~190°7} 2% M= L& E 91°~140°7} 61% = AWt o] A& xA|sla ¢lth

SD-03 Ao F3He Ay F(N)= 5438 43%, 624& o] 57%= 6
Z+go] Ank o) A ThFig. 30(c)). @™ Abe] Wzh(9) 71°~80°7} 8%,
81°~90°7} 8%, 91°~100°7} 16%, 101°~110°7F 22%, 111°~120°7} 8%,
121°~130°7} 14%, 131°~140°7} 16%, 141°~150°7} 8%<] WI=&=Z 91°~130°7}
60% = Ank o]dS AAS Ut

==7

sDA e ZR@e FRHoR YehY g4de SN 64dol T
U
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Fig. 27. Microphotographs of rock in SD-01 on Basalt.

(A): open nicol (B): cross nicol.
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Fig. 29. Photograph of columnar joint in Song-da-so.
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Fig. 30. Photograph and sketch of measured columnar joint in

Song-da-so. (a): SD-01, (b): SD-02 (c): SD-03 (d): SD-04
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Fig. 30. Continued
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Fig. 30. Continued
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Fig. 30. Continued
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Fig. 31. Photograph and sketch of measured columnar joint in SD-02.
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Fig. 32. Percentage(%) of measurement to columnar joint Song-da-so.
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ol 27%, 74¥°] 17%, 97Hﬂ°l 3% = 5719, 67# o] Ank 01AL x}le&
ChFig. 36(a)). @9 Abo]l U1 ZH(9)& 41°~60°7F 4%, 61°~70°7} 4%, 71°~80°7}
10%, 81°~90°7} 11%, 91°~100°7} 9%, 101°~110°7} 9%, 111°~120°7} 17%,
121°~130°7} 12%, 131°~140°7} 8%, 141°~150°7} 8%, 151° ©]’do] 8% <] HI=
&2 81°~130°7} 58% = AWk oS AA|stal Yt

HJ-02 X499l 344 48] FN)= 4748 7%, 52t8°] 31%, 62t30]
39%, 72t8ol B% = 5719, 62tgo] Aul oS X FTHFig 36(b)). THE Ake]
Wzhe)> 41°~50°7F 2%, 71°~80°7F 7%, 81°~90°7F 11%, 91°~100°7F 11%,
101°~110°7} 7%, 111°~120°7} 27%, 121°~130°7} 10%, 131°~140°7} 14%, 141°~150°
ool 11%9] HIE=&=E 91°~130°7} 55% = Axt oS xAstar Qo
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Fig. 33. Microphotographs of rock in HJ-01 on Basalt.

(A): open nicol (B): cross nicol.
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Fig. 34. Geology map of the Hwa-jeok-yeon showing sample

location.

Fig. 35. Photograph of columnar joint in Hwa-jeok-yeon.
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CHOSUN UNIVERSITY

Fig. 36. Photograph and sketch of measured columnar joint in

Hwa-jeok-yeon. (a): HJ-01, (b): HJ-02
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Fig. 36. Continued.
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Fig. 37. Percentage(%) of measurement to columnar joint Hwa-jeok-yeon.
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o] g7y 99 9] H -2 EH i 40~105cmo] T},

GD-01 A9e F44de 438 F(N)= 4243 °] 33%, 523 °] 34%, 67+
ol 33%=E 47F, 57tg o] Hut o] & AA|Zth(Fig. 41(a)). W Akl Wzt
(0) 41°~50°7F 7%, 71°~80°7F 13%, 81°~90°7F 7%, 91°~100°7F 13%,
101°~110°7} 13%, 111°~120°7} 13%, 121°~130°7} 27%, 141°~150°7} 7%=
101°~130°7} 53% = ARt o]& A8k Ut

GD-02 A 99| F44de ttdde F(N)= 4743o] 60%, 52tF°] 40%= 4
Zrgdo]l Ant o]d-g A S}(Fig. 41(b)). ©H Ako] WZH(9)2 51°~60°7} 4%,
61°~70°7} 10%, 71°~80°7} 14%, 81°~90°7} 28%, 91°~100°7} 18%, 101°~110°
7F 4%, 111°~120°7}F 4%, 121°~130°7F 10%, 131°~140°7F 4%, 141°~150°7F 4%
2 o]io] 71°~100°7F 60% 2 HRE oS AkABAL Utk 1 L= GD-02
Ao A F7HH o7 #FE F4AE dHe o3 Zrh(Fig. 42).

GDAIY Y ZARS TFHoE Ut g3 FN)= 4430l 7H
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H It (Fig. 43).
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Fig. 38. Microphotographs of rock in GD-01 on Basalt.

(A): open nicol (B): cross nicol.
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Fig. 39. Geology map of the Kyo-dong-gamaso showing sample

location.

Fig. 40. Photograph of columnar joint in Kyo-dong-gamaso.
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Fig. 41. Photograph and sketch of measured columnar joint in

Kyo-dong-gamaso. (a): GD-01, (b): GD-02
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Fig. 41. Continued.
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Fig. 42. Photograph and sketch of measured columnar joint in

Kyo-dong-gamaso.
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Fig. 43. Percentage(%) of measurement to columnar joint Kyo-dong-gamaso.
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111°~120°7} 6%, 141°~150°7F 1% 2 81°~100°7F 66%= 2
3 9THFig. 49). 1 YJol= FEtolE R AeA FrtHoz
@S oS3 Zth(Fig. 48).
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Fig. 44. Microphotographs of rock in GR-01 on Basalt.

(A): open nicol (B): cross nicol.
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Fig. 45. Geology map of the Guraigol showing sample

location.
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Fig. 46. Photograph of columnar joint in Guraigol.

_79_

Collection @ chosun



Fig. 47. Photograph and sketch of measured columnar joint in

Guraigol. (a): GR-01
- 80 -

{“/Collection @ chosun



O
S

Fig. 48. Photograph and sketch of measured columnar joint in

Guraigol.
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Fig. 49. Percentage(%) of measurement to columnar joint Guraigol.

_82_

{“/Collection @ chosun



6. @ FAE

of Ao FAAYE AW ALY AA G Yo s2t ARG A
F7b f9EE AGolA BEAG. Ty %ugs}%

[z
A
o
=2 4
N
R
2
kl
(o
ox
) o
e
fo off &
N o2
o b 3
Ao e
o £ }-o )
OlN‘ r—?l" >~
NN P—‘ =
R jgb o & ue
N -{]I N 1%
K3 - 1l
e ™
rir o XL
E =N
S E a
!
T4

M,
)
Mz J\% o
ol
ox,
>
Lo
ol
12
o
re
o
0[)11
M
Lo
A
0[)11
(il
o
o
i
Tn
a3
o

brt
e
D
i)
fr
k2l
=
N
(e
R
ot r
N
(e}
o
(o)

PFE AFY 4 Uth(Fig. 52). 3k HUlol=+ Eo] ¢F 3molH, dHE

HHE oF 17mE F4Ee AAY of 70%E AAZT AE Ao+

°F 10meo]™ thF-E 2ol o3k F37t P o] Ut o]HT} FAHLS A

ol ety FAHE MEoH, Edds 8948 ©o= AHodlr] 9

S HEEHA GFRoEE 149 &U4FE MHEH. FEHEeE A

227H«l 9GS AT E=3 7%‘% el H e g2y @9
£ 15~40cme] =7]o|t},

TH-01 Xl‘f‘«l A gad e F(N)e 54& 0] 11%, 6243l 83%, 7%
ol 6%= 673 o] Ayt o]FS A FTH(Fig. 53(a)). T Akl WZH(6)
71°~80°7} 1%, 81°~90°7} 8%, 91°~100°7} 16%, 101°~110°7} 16%, 111°~120°
7F 20%, 121°~130°7F 21%, 131°~140°7} 8%, 141°~150°7} 8%, 151°~160°7}

2%,% 101°~130°7} 57% = HAxt o]FES A Skl U Th(Fig. 54).

@ fo N @

o

flo ol HN

_83_

Collection @ chosun



0l

a— 1] 1Y

Ol

S 200um

Fig. 50. Microphotographs of rock in TH-01 on Basalt.

(A): open nicol (B): cross nicol.
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&
Fig. 51. Geology map of the Tonghyeon-ri showing sample location.

Fig. 52. Photograph of columnar joint in Tonghyeon-ri.
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Fig. 53. Photograph and sketch of measured columnar joint in

Tonghyeon-ri. (a): TH-01
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Fig. 54. Percentage(%) of measurement to columnar joint Tonghyeon-ri.
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Fig. 55. Geology map of the Mung-woo-ri showing

sample location.

Fig. 56. Photograph of columnar joint in Mung-woori.
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Fig. 57. Photograph of measured columnar joint in Mung-woori.

(2): MW-01 (b): MW-02
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Fig. 58. Photograph of measured columnar joint in Mung-woori.

(@): MW-03 (b): MW-04

_91_

Collection @ chosun



Fig. 59. Photograph of measured columnar joint in Mung-woori.

(2): MW-05
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F4(SD), wWE7HFA(GD), FetelE(GR), SdE(TH), H-9-8(MW-01)
298 Si029] Frol 46.89wt% ~48.13wt%, A& ZX(T), 32 AH]), B2
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Table 2. Major elemental analyses(wt%) of columnar joints in study area.

Sample JT-01 SD-01 HJ-01 GD-01 GR-01 TH-01 MW-01 MW-04
510, 41.22 48.13 42.86 47.74 46.89 47.98 4791 42.92
TiO, 1.83 1.86 1.91 1.71 215 1.92 1.90 1.81
Al,Os 14.48 15.15 14.39 14.88 16.21 15.06 15.33 13.90

Fe,Os 20.02 11.41 19.99 12.29 11.87 11.84 11.96 20.19
MgO 8.02 9.05 8.16 9.87 9.09 9.02 8.93 8.13
CaO 8.66 8.50 7.07 8.27 8.22 8.28 8.40 7.36
Na,O 2.49 291 2.70 2.67 2.76 2.73 2.99 2.90
KO 1.56 1.65 1.91 1.51 1.55 1.70 1.63 1.63
P,Os 0.36 017 0.31 0.18 017 0.18 0.18 0.32

JT: Jik-Tang, SD: Song-da-so, H]: Hwa-jeok-yeon, GD: Kyo-dong-gamaso, GR: Guraigol,
TH: Tonghyeon-ri, MW: Mung-woo-ri
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Table 3.

Major elemental analyses(wt%) of columnar joints in study area(Won, 1990).

Samp 0818- 0818-
e J-1-1 J1-2 J1-3 J2-1 J22 )23 J24 J-3-1 J3-2 ]33 ]34 1 )
SiO, 4732 4627 4523 4712 4724 4743 4690 4763 4757 4701 4751 47.05 48.69
TiO, 200 202 216 194 18 166 165 204 197 193 175 18 215
ALO; 1541 1616 1574 15,63 1591 1523 1535 1540 1566 15.69 1594 1564 15.77
Fe,O; 1052 1075 109 10.82 1091 1043 1099 11.07 1125 1059 1098 11.06 10.56
MgO 956 938 9.06 853 924 1016 1038 840 918 909 9.05 922 686
CaO 817 804 718 797 825 833 810 7.88 799 830 830 808 828
Na, O 352 28 239 301 308 273 399 309 338 312 335 403 448
KO 192 180 193 158 160 150 168 176 169 191 1.64 190 214
P,Os 039 041 040 034 033 027 028 035 034 036 030 033 039
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Table 3. Continued(Wee, 1996).

Sample (B10 B2 BV B2A BB BHY B3I G G2 GB3 G4 G@©1 @©2 @3 @6 @7

Si0, 48.67 47.73 4780 4855 4782 4847 4799 4799 4799 4732 4821 4684 4853 4820 4813 48.15
TiO, 192 190 200 187 19 183 183 213 18 178 160 206 191 191 159 179
ALO; 15,68 1550 1583 1535 1578 1555 15,51 1537 1556 14.80 1545 1647 1562 1544 1512 16.66
Fe,O; 1146 11.07 1140 1158 1161 11.18 1055 11.11 1114 11.75 1140 11.72 1121 11.18 11.65 10.89
MgO 873 963 879 915 913 879 993 637 959 1043 968 831 931 924 10.67 7.82
CaO 814 830 776 800 799 835 843 841 88 833 840 743 799 808 8.05 823
Na,O 265 235 249 282 226 257 263 259 207 231 249 215 283 291 237 225

KO 171 174 1% 171 150 170 188 193 125 167 143 194 188 184 146 155

P05 054 054 061 051 053 052 057 071 054 052 041 060 057 056 043 0.63
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Table 3. Continued(Hwang, 2010).

4 5
Sample Yeeut (Yang, 1992) (Yang, 1992)

5iO, 49.89 48.80 48.96
TiO, 1.12 1.06 1.29
ALO; 16.78 19.57 19.22
Fe)O3 10.78 4.46 3.85
MgO 6.05 5.87 8.29
CaO 3.32 6.63 6.51
Na,O 422 4.68 2.59
KO 1.66 1.18 1.84
P,0s 0.14 0.01 0.19
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Table 3. Continued(Choi, 1996).

Sam 03-1- 03-1- 03-1- 03-1- 0818-
u-1-2 u-2-2 u32 u42 k-2-3 k52 12 22 5-1-2
ple In 2n 3n 4n 2

S5i0, 4957 4884 48.16 4819 4915 4791 47.09 4748 4993 4835 48.81 4871 48.64 48.69
Ti0, 170 179 178 171 165 163 183 172 168 162 166 164 181 215
AlLO; 1563 1529 1490 1488 1561 1467 1514 15.06 1620 1514 1529 1542 1555 15.77
Fe,O; 1073 1131 11.08 11.64 1121 1168 1199 11.75 11.02 1151 1143 11.02 1048 10.56
MgO 9.08 1000 923 963 875 1034 9.03 968 1087 962 831 976 935 6.86
CaO 803 773 771 780 811 761 707 757 838 772 791 799 8.00 828
Na,O 341 316 293 273 290 272 259 28 301 288 290 312 300 448
KO 18 177 175 157 152 150 161 15 159 151 15 154 163 214

pPOs 037 039 038 036 033 034 039 03 035 036 034 034 038 039
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Fig. 60. Total alkali vs. SiOy((wt%) diagram(TAS) with analyses of rocks in
study area.

(A: This study, O: Wee, <: Choi, [J: Hwang, A: Won)
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Table 4. Columnar joint locations with lava flow unit, structure

and polygon cross section colomnar joints in the study area.

AT A &4 35 T g 7= 23 e A7)
XEFE 1) AdH EH oF 10-45cm

ESTPN 20 28 °F 10-50cm

SEaks] 1w e &2 °F 10-40cm
ESIRE N 1) Agyol= ¢F 40-105cm
Talo] = 20 Aol = ¢k 30-70cm

=4 1w E =2 °F 15-40cm

w0 1w Aol = ¢F 60cm

4 B4s f& FEEEE 735
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