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ABSTRACT
Morphological analysis of Columnar joints on

Andesite at Gurye, Suncheon, Yeosu in Jeollanam-do

Jung, Hyeongeun
Advisor : Prof. Ahn Kunsang, Ph D
Departmant of Earth Science

Graduate School of Chosun University

Columnar joints are developed and observed in Muncheok-myeon
(Gurye-gun), Haeryong-myeon (Suncheon-si), Hyangiram and Gubong-san
(Yeosu-si) at eastern Jeollanam-do. Muncheok-myeon (Gurye-gun) has
columnar joints of hexagonal shape with average length of polygon side
30cm and angle of between adjacent edges of 111° ~ 120°. Haeryong-myeon
(Suncheon-si) has columnar joints of hexagonal shape with average length
of polygon side 30 ~40cm and angle of between adjacent edges of 111° ~
130°. Mt. Gubong-san (Yeosu-si) has columnar joints of pentagonal shape
with average length of polygon side 30~40cm and angle of between
adjacent edges of 111° ~ 130°. Hyangiram (Yeosu-si) has columnar joints of
pentagonal shape with average length of polygon side 31~50cm and angle
of between adjacent edges of 101°~130°.

Principal component analysis of rocks composing columnar joints showed
SiO, contents of 55.02 wt% ~ 60.90 wt%. As shown in TAS, all the rocks in
the study area correspond to the andesite area, and most of them are
Sub-Alkali series.

The Gurye area is formed by the intrusion of andesite between the

sedimentary layers. Columnar joints show a narrower width from the

= Vil -
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bottom to the top. The Suncheon area has a columnar joint shape with a
considerable height and constant direction. This is believed to be due to
the intrusion of large magma at the time of creation and to present the
current columnar joints through sequential cooling without any other
factors. The Hyangiram (Yeosu-si) area has a lower SiO, content but a
larger length of polygon side than other sites in the study area. Compared
to other columnar joints in the study area, it seems that the cooling has
progressed slowly. As additional cooling progressed, contraction continued
within the columnar joints and small columnar joints would have formed
inside the larger columnar joints.

Most of the regions where active researches on the columnar joint are
mostly mafic volcanic rocks. There is almost no research andesite columnar
joint in Korea.

The purpose of this study is to investigate the columnar joint developed
in intermediate rock, to help the accumulation of data, and to promote

scientific research and tourism industry.
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Fig. 1. Location of columnar joint in South Korea(Son, 2016).
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(a)

Fig. 3. Schematic formation of cracks at cooling surface on thermal
contraction model(modified of Nishiwaki and Hirotishi, 2009).
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Fig. 4. Drying cracks in a mixture of corn starch and water(height: 5 cm)
(Nishimoto et al., 2011).
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(a)

Xx1-x10 ...

(b)
(c)

Fig. 5. Schematic drawing of the different geological contexts and
geometries of columnar joint(Hetényi 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. 6. Symbols of columnar joint(modified Hetényi et al., 2012).

(A: the area of the column in cross section, L: length of a polygon
side, #: angle between the adjacent edges, N: the order of the polygon,
H: thickness of the magma body , D2 and D3: the apparent distance

between two or three edges of the column in side view)
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Fig. 8. Location of the study area in Jeollanam-do(modified http://map.daumnet/).
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Fig. 10. Location of the study area in Gurye(modified http://map.daum.net/).

Quatemary
Alluvium

Cretaceous
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Cretaceous
Acidic tuff

Cretaceous
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Cretaceous
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Study Area : =

Fig. 11. The geology map of study area in Gurye(modified Lee et al., 2007).
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Fig. 12. Photographs of Gurye area(GR-1).

(a) outcrop of conglomerate (b) rocks in outcrop
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AT A A BEEE MY F2 SIS o, AP AR o] ®E
Aoz ety (Fig. 13, 14), & ¥¥(rock fragment)o] @Alel] 1% 3

__Er
Hol lFo] #HEHT(Fig. 15). FHEU A F37F Bol olFoA #
Al FAAZ F3HEerr g8 50l A= ATh(Fig. 16, 17, 18).

Fig. 13.-i’hotographs of Gurye area(GR-2).

(a) outcrop of columnar joint (b) morphology of columnar joint
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Fig. 14. Photographs of Gurye area(GR-3).

(a) outcrop of andesite (b) rocks in outcrop
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Fig. 15. Photographs of Gurye area(GR-4).

(a) outcrop of columnar joint (b) rock fragment of columnar joint
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Fig. 16. Photographs of Gurye area(GR-5).

(a) outcrop of columnar joint (b) rocks in outcrop
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Fig. 17. Photographs of Gurye area(GR-6).

(a) outcrop of columnar joint (b) rocks in outcrop
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Fig. 18. Photographs of Gurye area(GR-7).
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. Microphotographs of andesite on the Gurye area

19

Fig.

cross nicol

b):

(

4

open nicol

(a):

_24_

{“ICollection @ chosun



3).

Fig. 20. Microphotographs of andesite on the Gurye area(GR

, (b): cross nicol

(a): open nicol
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o i! A 3 SR 'Q._!__. =

Fig. 21. Microphotographs of andesite on the Gurye area(GR-4).

(a): open nicol, (b): cross nicol
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Fig. 22. Microphotographs of andesite on the Gurye area(GR-5).

(a): open nicol, (b): cross nicol
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/ /map.daum.net/).

Fig. 23. Location of the study area in Suncheon(modified http:
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Fig. 24. The geology map of study area in Suncheon(modified Choi et al., 2002).
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Fig. 25. Photographs of Suncheon area.

(a) outcrop of columnar joint (b) rocks in outcrop
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Fig. 26. Photographs of Suncheon area(SC-1).

(a) outcrop of columnar joint (b) rocks in outcrop

_31_

“ICollection @ chosun



Fig. 27. Photographs of Suncheon area(SC-2).

(a) outcrop of columnar joint (b) rocks in outcrop
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Fig. 28. Photographs of Suncheon area(SC-3, SC-4).

(a) outcrop of columnar joint (b) rocks in outcrop
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Fig. 29. Photographs of Suncheon area(SC-5).

(a) outcrop of columnar joint (b) rocks in outcrop
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Fig. 30. Microphotographs of andesite on the Suncheon(SC-1).

(a): open nicol, (b): cross nicol
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Fig. 31. Microphotographs of andesite on the Suncheon(SC-2).

(a): open nicol, (b): cross nicol
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Fig. 32. Microphotographs of andesite on the Suncheon
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Fig. 33. Microphotographs of andesite on the Suncheon(SC-4).

(a): open nicol, (b): cross nicol
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Fig. 34. Microphotographs of andesite on the Suncheon(SC-5).

(a): open nicol, (b): cross nicol
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Fig. 35. Location of the study area in Yeosu

(YS1 : Mt. gubong, YS2 : Hyangilam, modified http://map.daum.net/).
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Fig. 36. The geology map of study area in Yeosu
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Fig. 37. Photographs of Yeosu area(YS-1).

(a) outcrop of columnar joint (b) rocks in outcrop
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Fig. 38. Photographs of Yeosu area(YS-2).

(a) outcrop of columnar joint (b) columnar join in outcrop
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Fig. 39. Microphotographs of andesite on the Yeosu(YS-1).

(a): open nicol, (b): cross nicol
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Fig. 40. Microphotographs of andesite on the Yeosu(YS-2).

(a): open nicol, (b): cross nicol
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Table 1. Columnar joint site with names, geographical location in the

study area.
Site name Latitude Longtitude Administrative district
Muncheok-myeon,
GR-01 N35°38'12” E126°27'42"
Gurye-gun
Muncheok-myeon,
GR-02* N35°38'12” E126°27'42"
Gurye-gun
Muncheok-myeon,
GR-03 N35°10'57" E127°31705"
Gurye-gun
Muncheok-myeon,
GR-04 N35°10'58” E127°31706"
Gurye-gun
Muncheok-myeon,
GR-05 N35°10'58” E127°31708"
Gurye-gun
Muncheok-myeon,
GR-06* N35°10'59” E127°31709"
Gurye-gun
Muncheok-myeon,
GR-07 N35°11'00” E127°31708"
Gurye-gun
Haeryong-myeon,
SC-01* N34°5323" E127°33720"
Suncheon-si
Haeryong-myeon,
SC-02* N34°5325" E127°33720"
Suncheon-si
Haeryong-myeon,
SC-03* N34°53'26” E127°33720"
Suncheon-si
Haeryong-myeon,
SC-04* N34°5327" E127°33720"
Suncheon-si
Haeryong-myeon,
SC-05* N34°5327" E127°33720"
Suncheon-si
YS-01* N34°4330" E127°42'18" Shinwoldong, Yeosu-si
YS-02*¢ N34°35"29" E127°48"13" Hwayang-myeon, Yeosu-si
* is measured columnar joint
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Collection @ chosun



1. TEAY F3-

o] AH¢ FHdee T &YW 54 L84 EE 238 E s 0
g SHUHEA B 7 Atk F A 42 M 3 ik E S g e 2
o] Folx UThFig. 41). F4de FHL 23 (GR-2. GR-6)A F 30719 &
HS AR

T gAY FN)= 4430l 6%, 57r3 ol 60%, 628 ] 28%, 779
o] 6% = 573 o] Ayl oS AAEH, 7|FH F(L) 10 ~ 20cm”} 28%,
21 ~ 30cm”} 39%, 31 ~40cm”} 23%, 41 ~50cm7F 10%2] ¥I=&= 10~ 30cm
7F 67% %2 At o]}S AA|sta Utk Z1FW ARole] ZH() 70° ~ 80°7}
7%, 81°~90°7} 8%, 91° ~ 100°7} 13%, 101° ~ 110°7} 34%, 111° ~ 120°7} 12%,
121° ~ 130°7} 10%, 131° ~ 140°7} 8%, 141° ~150°7} 8% 2] WI=& = 91° ~ 120°
7} 59% 2 AWk o] F& AA|SkaL Jlth(Table 2, Fig. 42, 43).

Table 2. Measurement of columnar joint in Gurye site.

4 5 6 7
6% 60% 28% 6%
10 ~ 20cm 21 ~ 30cm 31 ~ 40cm 41 ~ 50cm
14% 39% 32% 15%
70°~ 81°~ 91°~ 101°~ 111°~ 121°~ 131°~ 141°~
80° 90° 100° 110° 120° 130° 140° 150°
7% 8% 13% 34% 12% 10% 8% 8%
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Fig. 41. Photographs of Columnar joint in Gurye area.

(a) outcrop of columnar joint (b) columnar join in outcrop
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Fig. 42. Photograph and sketch of measured columnar joint in Gurye area.

(@), (b) morphology sketch of columnar joint
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(a) -
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(b)

35%

30%

25%

20%

15%

10%

3%

0%

70"~ 81"~ 91"~ 07 1Mt - 13- -
80" 70" 100 ny' 120 130° 140° 150°

Fig. 43. Frequency(%) of measurement to columnar joint in Gurye.

(@) Length of a polygon side, (b) Angle between the adjacent edges
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=

F4AE g4y FN)= 42+l 7%, 52+ ol 30%, 628 ] 51%, 77
Yol 12%= 6ztF o]l ARk o]iFs AAEH, 7FWY F(L)> 10 ~ 20cm7}
28%, 21~ 30cm7} 39%, 31 ~40cm”} 23%, 41 ~50cm7} 10%2] HI=&=Z 10 ~
30cm7} 67% = Hul o] AA A Aot 71FH Arele] ZH(h) 70° ~ 80°
7F 11%, 81°~90°7F 11%, 91° ~100°7F 4%, 101° ~ 110°7} 11%, 111° ~ 120°7}
35%, 121°~130°7F 12%, 131°~140°7} 8%, 141°~150°7} 8%<] HI=&=
101°~130°7} 58% & Axt o] & 2FA| skl Ath(Table 3, Fig. 45, 46).

Table 3. Measurement of columnar joint in Suncheon site.

4 5 6 7
N
7% 30% 51% 12%
10 ~ 20cm 21 ~ 30cm 31 ~ 40cm 41 ~ 50cm
L
28% 39% 23% 10%
70°~ 81°~ 91°~ 101°~ 111°~ 121°~ 131°~ 141°~
9 80° 90° 100° 110° 120° 130° 140° 150°
11% 11% 4% 11% 35% 12% 8% 8%
— 53 —
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Fig. 44. Photographs of Columnar joint in Suncheon area.

columnar join in outcrop

)

b

(

outcrop of columnar joint

)

a

(
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Fig. 45. Photograph and sketch of measured columnar joint in Suncheon area.

(@), (b), (c), (d), (e), (f) morphology sketch of columnar joint
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Fig. 45. Continued.
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(a)
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(b) |
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" | |

70"~ 81"~ 91"~ AL R A N A A R K R P
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Fig. 46. Frequency(%) of measurement to columnar joint in Suncheon.

(@) Length of a polygon side, (b) Angle between the adjacent edges
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3. AR F3-T

1) 754 A9

o] Ao FddE=

A 715l dolgl A 4

SR A e TRAS GO
NS0l glov, QAT ABIY I, HYUNG A Y, BAAE T
S UthFig. 47). FAAY 24 SARE me LebEA F 3579

F4AdE] 4489 F(N)= 47430] 1%, 5743 ] 38%, 62t ol 61%, 723
o] 1%% 6ztd ol Axk o] & A, 7|FH| F(L)2 10~ 20cm7}F 10%,
21 ~ 30cm”} 16%, 31 ~40cm7} 45%, 41 ~50cm7F 29% 2] ¥I=&= 31 ~50cm
7 74% % tRES AASEAL vk 71e™H Abele] ZH(h)2 81°~90°7F 11%,
91° ~ 100°7} 4%, 101° ~110°7} 11%, 111° ~120°7} 40%, 121° ~130°7} 27%,
131° ~ 140°7} 7%2] HI=&2 111°~130°7} 67%% thREES A Jot
(Table 4, Fig. 49, 50).

Table 4. Measurement of columnar joint in Yeosu(YS-1).

4 5 6 7
N
1% 38% 60% 1%
10 ~ 20cm 21 ~ 30cm 31 ~ 40cm 41 ~ 50cm
L
10% 16% 45% 29%
81°~ 91°~ 101°~ 111°~ 121°~ 131°~
9 90° 100° 110° 120° 130° 140°
11% 4% 11% 40% 27% 7%
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Fig. 47. Photographs of Columnar joint in Yeosu area(YS-1).

(@), (b), (c), (d) pieces of columnar joint in Gubong-san(Mt.)
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Fig. 47. Continued.
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Fig. 48. Photograph and sketch of measured columnar joint in Yeosu
area(YS-1).
(@), (b), (c) morphology sketch of columnar joint
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(a)
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0’ 100° e 1200 1300 1400

Fig. 49. Frequency(%) of measurement to columnar joint in Yeosu(YS-1).

(@) Length of a polygon side, (b) Angle between the adjacent edges
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2) FIL AY

47vgo] 3%, 57+ o] 52%, 628 <] 32%, 77+
£ A5k, 7]F5He] Z(L)2 10~ 20cm7} 5%,
21 ~ 30cm7} 10%, 31~ 40cm7} 20%, 41 ~50cm7} 43%, 51 ~ 60cm7} 12%, 61
~70cm7} 5%, 71~80cm7t 4%, 81 ~90cm7} 1%°9] WELZ 31 ~50cm7}
63% %2 Ant o4& AAst Ytk 71FH Arole] ZHe) 70°~80°7F 5%,
81° ~90°7} 4%, 91° ~ 100°7} 7%, 101° ~ 110°7} 13%, 111° ~ 120°7} 37%, 121°
~130°7} 20%, 131° ~ 140°7} 7%, 141° ~150°7}F 7% <] HIE=&S Ho|w 101° ~
130°7} 70% % thF-2<= AHA Skl A tH(Table 5, Fig. 51, 52).

%)
b

Table 5. Measurement of columnar joint in Yeosu(YS-2).

4 5 6 7
N
3% 52% 32% 13%
10~ 21~ 31~ 41~ 51~ 61~ 71~ 81~
L 20cm 30cm 40cm 50cm 60cm 70cm 80cm 90cm
5% 10% 20% 43% 12% 5% 4% 1%
70°~ 81°~ 91°~ 101°~ 111°~ 121°~ 131°~ 141°~
9 80° 90° 100° 110° 120° 130° 140° 150°
5% 4% 7% 13% 37% 20% 7% 7%
— 63 —
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(a)

Fig. 50. Photographs of Columnar joint in Yeosu area(YS-2).

(a) outcrop of columnar joint (b) columnar join in outcrop
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Fig. 51. Photograph and sketch of measured columnar joint in Yeosu
area(YS-2).
(@), (b), (c) morphology sketch of columnar joint
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Fig. 52. Frequency(%) of measurement to columnar joint in Yeosu(YS-2).

(@) Length of a polygon side (b) Angle between the adjacent edges
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Table 6. Major elemental analyses(wt%) of columnar joints in study area.

Sample GR-2 GR-5 GR-7 SC-1 SC-2 SC-3 SC4 SC-5 YS-1
SiO; 59.0 60.9 58.4 56.5 58.0 59.3 57.2 56.6 55.02
TiO; 0.452 0.555 0.486 0.78 0.78 0.65 0.74 0.88 1.19
ALOs 16.0 16.4 17.2 16.59 16.09 16.26 16.25 16.06 17.57
Fe)O3 5.89 6.04 6.41 8.58 8.27 8.57 8.18 9.69 9.28
MnO 0.149 0.133 0.131 0.19 0.15 0.16 0.14 0.17 0.14
MgO 1.23 1.51 1.36 3.33 3.57 3.78 2.96 3.41 293
CaO 4.00 4.08 1.78 6.04 6.45 5.67 5.88 5.92 6.90
Na,O 4.61 491 4.22 2.56 2.63 3.32 2.24 291 2.81
KO 1.95 1.42 2.6 1.76 1.59 1.15 341 1.66 2.24
P>0s 0.211 0.274 0.281 0.16 0.16 0.16 0.16 0.16 0.24

GR: Gurye, SC: Suncheon, YS: Yeosu
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Fig. 53. Total alkali vs. SiOx(wt%) diagram(TAS) with analyses of rocks in
study area. (@=GR; []=SC; A=YS)
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