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ABSTRACT

Characteristics of Columnar Joints on Acidic Volcanic Rocks

in Byeonsanbando National Park

Cho, Min ho

Advisor : Prof. Ahn Kun-sang, Ph.D.
Department of Natural Science(Earth Science)
Graduate School of Chosun University

The columnar joints which had formulated during the Mesozoic era are mainly
related to Rhyolite or Andesitic. Particularly, it is expected to proceed several times
during the later cretaceous period that the volcanic activity which was composed of
tuffs created the columnar joints.

This study aims to provide the basic knowledge of the research for the columnar
joints in this area by analyzing the feature of the columnar joints which was
results of the volcanic activity throughout the Jeokbyeokgang and Jiksopokpo(Falls)
in Byeonsanbando National Park.

This study has measured and analyzed the morphological characteristics of the
section of the columnar joints. This study also has implemented a chemical and an
optical analysis after collecting the samples of rock from the thirteen different sites.
Then, it has researched the condition of the calculation of rocks in order to seize
the relation with the surrounding rocks.

Columnar joints of Jeokbyeokgang is distributed throughout six hundred meters
long along the seashore. Mainly, almost of columnar joints is seen as vertical
direction which is called colonnade structure and the maximum height would be ten
meters. And Gyeokpori Fomation is founded underneath of the columnar joints in
this area which is comprised Gomso Rhyolite. 125 cases of the length of a polygon

side and 139 cases of the angle between the adjacent edges were measured in the
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Jeokbyveokgang. As a result of this investigation, it is discovered that the number
of a polygon(N) is pentagon possesses almost half of it. The length of a polygon
side(L) is 24.8% for 10cm excess less than 1bcm. In addition, the angle between
the adjacent edges(6) is 19.42% for 120° less than 130°. In comparison with the
general formula of columnar joints, the unique feature was revealed that the lower
part of lava flow has small colonnade and the upper part of it has big colonnade.
Furthermore, in the case of BS-25, the entablature serves to the lower cooling
surface. The upper cooling surface interaction the joint can be developed as
similar to the onionskin shape.

Study area of Jiksopokpo(Falls) has calculated the various polygon of columnar
joints, 136 cases of the length of a polygon side, and 97 cases of the angle
between the adjacent edges from the downstream of Jiksopokpo(Falls). As a result
of this research, it is discovered that the number of a polygon(N) is 4545 9 for
hexagon. The length of polygon side(L) is 26.47% for 20cm excess less than 35cm.
In addition, the angle between the adjacent edges(f) is 24.74% for 100° less than
110°. It could be inferred to these following reasons that only the outcrop of
columnar joints were shown to in the area from the Misunnamu bridge in
Jiksocheon(Stream). First, due to the greater cooling rate the lower, Byeonsan Tuff
could not solidify and the upper and Byeonsan Tuff above Jiksopokpo(Falls) also
was affected by the greater cooling rate to solidify enough. Second, the columnar
joints that had already formed could be disappeared by the corrosion of flowing
water.

This study aimed to differentiate from the existing research which mainly
focused on the cooling process of the Balsaltic lava rather than exploring the
columnar joints which were formed by Rhyolitic lava and volcanic clasts during the
cooling process. In addition, both the results of this study and suggestion
throughout the research will be wuseful for understanding the formulation of
columnar joints which were formed by acidic rock or Rhyolitic lava. It also will
contribute to inform the various geographical structure that exists in the area of

Byeonsanbando National Park.
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Fig. 1. Location of columnar joints in South Korea(modified of Son, 2016).
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Table. 1. The main columnar joints of the world(Wikipedia: List_of places_with_
columnar_jointed_volcanics)

Continent Country Area
Rwanda Bugarama in Rusizi
Africa
Namibia "Organ Pipes” near Twyfelfontein,

Chi Heiyuhe Columnar Joints,
ina
Longchuan River & Black Fish River, Tengchong

Hong Kong  Basalt Island

Asia India St. Mary’s Island in Malpe
Japan Takachiho—kyo gorge, Takachiho, Miyazaki
Taiwan The Whale Cave, on the seashore, in Penghu County
France Saint-Flour, Cantal
Germany Linz am Rhein, Mendig, Mayen, Rhineland-Palatinate
Greenland Qegertarsuaqg, Disko Island
Italy Alcantara River Gorges, Sicily
Europe Spain Punta ?aja, Cabo de Gata—Nijar Natural Park,
Andalusia
U.K Giant’s Causeway, Northern Ireland
Canada North Mountain, Nova Scotia
US.A Devils Tower National Monument, Wyoming
Mexico Prismas Basalticos in Huasca de Ocampo, Hidalgo
Australia Glass House Mountains, Queensland
Oceania
New Zealand Blackhead and nearby Second Beach, Dunedin
South Chile Ancud Volcanic Complex
America Argentina Pino Hachado Caldera, Neuquén Province
-4 -
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Fig. 2. Photographs of columnar joints on Giant’'s Causeway(A)https://www.flickr.
com/photos/) and Fingal’'s Cave(B)(https://www.flickr.com/photos/).

Fig. 3. Columnar joints found on Mars(https://marsed.asu.edu/mep/volcanoes/floo
d_basalts).
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Fig. 4. Location of the study area in Byeonsanbando National Park. (@:
Jeokbyeokgang, - Jiksopokpo(Falls))
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Fig. 5. Symbols of columnar joints(A)(modified of Hetényi et al., 2012)(A: the area
of the column in cross section, L: length of a polygon side, 6: angle
between the adjacent edges, N: number of a polygon) and a schematic

illustration of colonnade and entablature(B).
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Fig. 7. Experiment of used to corn crash. (A) Drying setup, (B) Starch counterpart
left on glass dish, (C) Cross section of partially dissected starch sample.
(http://www .lgoehring.com/M.Sc._{files/Goehring_MSc.pdf)

3. 849 o 71A FH

FgAee 29l A AU AAY vhavk B SUF, 2% N5F U 4%

7
o] Wzt $A-SEHs BYlA FET FAele Fyol v
=

Z z} = 2908
T EAela, A 815 s AL 3 WHEH JFHY EAo] AAHAT. F
AdeE YA vA= 7B & 89 F JFAo|tH(Hetényi et al., 2012).
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1) 3349 34 & g
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|l o] dAE FAAE = ASAEET oty 4R A4 mEpM =
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FAZE ¢ 10m ol @Y &4F+= Fig. 9(A) 2ol WzHoA 2z} Wgo=
T4 A9 FA F 10mE 2Hs= §U4FY A5 ek ot WA
FE 47 T4 HFoE JZ4o] I rr FAHYE §¢4F WH-E Fa IA
At ojwf 2749 WzHeA RE WZtEo IAHE FAEHIE &7 SR
Y Fig. 9(B)¢ 2 FHE wx, 35 wet Aot a7 Fade e w3 =2
717F & deE4#E7F JElY Y= 39 (Long and Wood, 1986).
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(A) (B) ©

L= =
NG —
chevron fan rosette basin

Fig. 8. Patterns of columnar joints(modified of Nishiwaki and Hirotishi, 2009).

(A)

~x1—=x10m
~x10—100m

~x10—100m \_

(D) heat

Ci= Iy

heat/

f/low]

F

Fig. 9. Schematic drawing of the different geological contexts and geometries of
columnar joints(modified of Hetényi et al., 2012). (A) thin lava flow(<10m),
(B) thick lava flow(10~100m), (C) lava lake, (D) lava dome, (E) dike or sill
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Fig. 10. Schematic geometry of columnar joints for thick lava flow(high
viscosity)(modified of Ahn, 2014b)
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Fig. 11. Geology map of study area. (@: Jeokbyeokgang, €
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Fig. 16. Microphotographs of rock in BS-27-1 on Gomso Rhyolite. (RF: rock

fragment, pl: plagiocase) (A) open nicol, (B) cross nicol.
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?

Fig. 18. Photographs of Byeonsan Tuff(BT) and Seokpo Tuff(ST)(modified of

KIGAM, 2013). (A: Outcrop of BT and ST , B: Boundaries of BT and

ST)
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Fig. 19. Photographs of characterizing Byeonsan Tuff(modified of KIGAM, 2013).

(A: Narrow gap joints, B: Columnar joints)

_24_

Collection @ chosun



ﬂn_

ko

ok
5

kAl o] Ho|XA]

k3L, fhHe] WA EF W

[e2Xe)
s

R R

SHA HY

o] 974

qE
W, §283 YellA

)

oF
==

Y

e

3 WelM &2 Aol AL gl WEes BHlv

Kol
(]

1999

X

Z

)

AL

|

=t o

o}
5

a8

7o) vebd ApEA o] 2~3mm A= A

1
1

o]F1 d BS-129 I A Z A

k=1

[e=]
o2

A9l Holx &tt(Fig. 20).

A&

&
BS-13¢] d¥AEAAE EH|

= A,

=

o

=

3

kY

o] #do] o1, 05mm o°|

Hoh.(Fig. 21).

Ay

%

)
,_AO

=

FH=Z &

]

RS

]

=T

o

A

B

AR &

ki3

A4

3l

_(H

T

B!

B Qo (F=Adadd+4, 2013) &

™

w
.7E

)

o] = BS-09, BS-12, BS-13, BS-19¢14 A

=
=

o F3e

deAoz Wikssd

o

ol

A
oF
o

Hl, el

st

olvt B HEz A

[e]

At #

FRiAl TRt e,

A EAS

ol

o}
=]

ks

F A

oA

o 7199 whavh EE= §U4F W]

= AR

°|

F EA o]

227 A&

ol

()

o
_—AE

ﬂn_

_25_

Collection @ chosun



e - » :‘i
V. Yy i
‘A YD 4 54
(A) =
7y ¢ . a
4 [ ¢/
. Q

' S x

{ :
; & Gk kw g
| 8% 9 k ol ~
i T ﬂ o

Ny ’

¥ =y
K
o
o
Al(» .
> ,‘
Y
LW
S
© . S
! N R ‘9

Fig. 20. Microphotographs of rock in BS-12 on Byeonsan Tuff. (pl: plagiocase) (A)

open nicol, (B) cross nicol.
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Fig. 21. Microphotographs of rock in BS-13 on Byeonsan Tuff. (RF: rock fragment,

pl: plagiocase) (A) open nicol, (B) cross nicol.
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Fig. 22. Microphotographs of rock in BS-01 on Samyebong Rhyolite. (bt: biotite)

(A) open nicol, (B) cross nicol.
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Table. 2. Columnar joints sites with geographical location in study area.

Site

Active on site

Latitude

Longtitude

Geological setting

BS-01
BS-02
BS-03
BS-04
BS-05
BS-06
BS-07
BS-08
BS-09
BS-10
BS-11
BS-12
BS-13
BS-14
BS-15
BS-16
BS-17
BS-18
BS-19
BS-20
BS-21
BS-24
BS-25
BS-26

BS-27-1
BS-27-2
BS-27-3

BS-28
BS-29
BS-30
BS-31

* A

EEED}}DDDD

* A
* AL]

* A
* A
* A
* A
* A
* A
* A

35°38 " 18"
35°39 " 13"
35°39 00~
35°38 " 57"
35°38 " 597
35°38 " 07
35°38 " 06~
35°37 " 60 ”
35°37 " 56”7
35°37 " 507
35°37 " 45"
35°37 " 43"
35°37 " 417
35°37 " 32"
35°37 " 23"
35°37 714"
35°37 709~
35°36 " 58 ”
35°38 " 57"
35°39 " 24"
35°38 " 127
35°38 " 127
35°38 " 15”7
35°38 " 14"
35°38 " 13"
35°38 " 127
35°38 " 10
35°38 " 14"
35°38 " 14"
35°38 " 14"
35°38 " 14"

126°37 " 48"~
126°36 " 29”7
126°35 " 39"
126°35 " 21"
126°34 " 60 ”
126°34 " 27"
126°34 " 25”7
126°34 " 24”7
126°34 " 23”7
126°34 " 21"
126°34 " 24"
126°34 " 21"
126°34 " 19"
126°34 " 07”7
126°34 " 14”7
126°34 " 19"
126°34 " 21"
126°34 " 39~
126°34 " 07”7
126°33 " 27”7
126°27 " 41"
126°27 " 34"
126°27 " 32"
126°27 " 29"~
126°27 " 45"
126°27 " 44"
126°27 " 40~
126°27 " 30~
126°27 " 30~
126°27 " 30~
126°27 " 30 ”

Samyebong Rhyolite

Byeonsan Tuff
Byeonsan Tuff
Byeonsan Tuff
Byeonsan Tuff
Byeonsan Tuff
Byeonsan Tuff
Byeonsan Tuff
Byeonsan Tuff
Byeonsan Tuff
Byeonsan Tuff
Byeonsan Tuff
Byeonsan Tuff
Byeonsan Tuff
Byeonsan Tuff
Byeonsan Tuff
Byeonsan Tuff
Seokpo Tuff
Byeonsan Tuff
Byeonsan Tuff
Gomso Rhyolite
Gomso Rhyolite
Gomso Rhyolite
Gomso Rhyolite
Gomso Rhyolite
Gomso Rhyolite
Gomso Rhyolite
Gomso Rhyolite
Gomso Rhyolite
Gomso Rhyolite
Gomso Rhyolite

* . sampling site, A: site of columnar joints observe,

A site of another outcrop observe, [1: site of columnar joints measure.
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1. 49 F349

1) BS-21, BS-259] F44+]

497 Aol REE FHRAE AMHL wek o 600me] Uvlelm, Belvlo]
S7h 24 ggow $As] BEAAL, ol Hu 10m AxEe|Th o X Fau
1= :ﬂ.i

g
EHFo
oo
=13

TEYLR o] FolHH 7] Hﬂ%‘loftl T A DAL AT, 2013), ot A
EA g rh(Fig. 23). 181 Fig. 245 AW7Z dudA FAHELN} YA A

\BS -27-1

A

BS-29, BS-27-3 'BS-27-2
BS-30,
BS-31

. 200m |

Fig. 24. Map of researched sites in study area. ("= columnar joints area)
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Aol ZFAF AH F dWe FzE Z o
BS-25(Fig. 25B)ell A sl oz =&y sj2thx| e FA4F
Hel yn|e 139709 7159 Abeole] Z+E SA A

rlr

"

(3
i)

BS-21(Fig. 25A)¢}

< 12571 715 4

Fig. 25. Photographs of measured columnar joints in BS-21(A) and BS-25(B).
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o] X9 F4AE tAFPe F(N)E 5480 4286%, 643 o] 2857%, 7430l
2857%% 54%o] Ayt HALE AAH, 7leH %2 bem 23 10cm ©]3d7}
46.4%, 10cm %3 156cm ol3H7F 24.8%, 1ocm 2 20cm ©|8b7}F 3.2%, 20cm =3}
3Bem ol a7t FAA 48%A. 2L 7)1FH Aol Z+E 80° o] a7t 2.88%, 80° %
I 90° o]37t 5.76%, 90° =3I 100° ©]3trt 10.79%, 100° =3 110° ©]3t7F 15.11%,
110° =3 120° o]sk7} 18.71%, 120° =3} 130° ©]3k7}F 19.42%, 130° =3} 140° ©]&}7}
17.27%, 140° =3} 150° °]3}7} 6.47%, 150° =271 3.60% A tH(Fig. 26).

Number of a polygon(N) Length of a polygon side(L)
45 0
40 45
35 40
30 35
25 30
25
20
20
15
15
10
10
5 5
a 0
4 5 6 7 %5 =10 =15 =20 =25 =30 s=3s(cm)

25
Angle between the adjacent edges(6)
20

15

10

=70 <80 <90 =100 =110 =120 =130 =140 =150 150< (o)
Fig. 26. Frequency(%) of measurement to columnar joints in BS-21 and BS-25.
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BS-21 A99] 38 (Fig. 2= 7159 277 A FUsth oA F4A
7 BAHE 2o §UFY Sewel AXWIH PN, AT FAA o}
Fig. @)st 2 Jes F4Y7 FYSIY] WBo2 FPA v, 7 ALY
F3 gge PRAN FPAYY /T mgo] P gx, #do] HY AR

A7} vebd(Fig. 27).

R BS-21 A ME 4 dHoM= do ozl F4dEE sAd 7t
+ WY 7x AYrt tEAEE BEgo] AFHEH, olRAL FaARE Y F4EY
7b @48 olFe dl A7z ¥ ol A AdE Aes HA(Fig.
28).

=
o FEFEG WAAE BFE dme] FgaSe] vhx o] B AEUo] W
A% wEsd, FHEY QRS FH0 Agn, AT F) LSS o A

A Bl Fig. 20). olee P27 Foa= 00e ADEZE AT Y ok gAL
YA BZAAALLTY, 0IDNNE &5 WRe) ¢33 Agoz Yehle §
T T Z&(flow filiation) & ol#tal 33+ H(Fig. 30).

R/

" _entablat

Fig. 27. Photograph of lower columnar joints in BS-21.
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Fig. 28. Photograph of columnar joints in BS-27-3. (- . Line of columnar joint,

—: Line of joint)

Fig. 29. Photograph of columnar joints in BS-25. (Line is joints)
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- 9¢ -

(B)

Fig. 30. Panorama photograph of BS-25(A) and assumed process sketch of flow foliation patterns(B)(Modified of

Cas and Wright, 1987). (> e« e»: compressional flow, ===p . extensional flow, box: BS-25 area)
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2) BS-249 F44=%

Aol A AH F BS-24+= A
AAEEZE & ozl ska, ALY =7
tH(Fig. 31). o] XA & F4EE 7159 F& SA3AH(Fig. 32).

BS-24 X ¥e FAAE e V|5He L& i 10.84cmA e, HEE 10cm W<
BX3 1, 5em 23 10cm ©]3F W oA 5556%< HE=&S B (Fig. 33).

AN
rr

W73 ®e] 5= 32 duo|n BS-21HTh= F
[e]

Atelo FRAAY7E EAste FdE B

Fig. 32. Photograph of measured columnar joints in BS-24.
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Fig. 33. Frequency(%) of measurement to columnar joints in BS-24.

Fig. 34. Photograph of columnar joints in BS-26.

3) BS-26¢ F4A4+
BS-26 99 F427(Fig. 3+ 2

o] F3dE Ar B2 Fe #44dE] Arlan A UrEWrﬂr :RM °] A4
o F¥dY e 28ld Agwel st xS W FAEA} A FA e
Ui, 71 Fol fzjste] WAHAE FRolA A AA dEdE AL B
T Ak oA A dud BEshe FFAAM Yehte il Bl
Axas g5stel 3248 fodd 479 ay Fo A& A7)9 S B
ofA At
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pas
F F44ee BEe BB S dE TN FEY 9437
13671¢] 715@e] F(L), 97719 715 W Abole] 2H(0)E ZA 5 ATHFig. 40-44).

BS-19 BS-04

BS-03 BS-02
Chunglimje(Lake)

BS-20

Junggye Tunnel Local Road #736
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BS-07 Babeujae(Ridge)

Study area
BS-12
BS-13
BS-17 — o Jaebaekigogae(Ridge)
¢ BS-18
Jiksocheon(Stream)
Byeonsan(MLt.)

Fig. 35. Map of researched sites in study area. (&' Jiksopokpo(Falls),

columnar joints area)
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Fig. 38. Photograph of columnar joints in BS-08.
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1) AZ2A sFaAA AALZEIA L F44+

AL ddo FA4Ee ey A4S @ A3(Fig. 39), 448 489
F(N)E 47F3 0] 13.64%, 5713 0| 22.73%, 67t o] 45.45%, 7713 o] 18.18% = 6713 o
Akl 71 A AR, 71T He (L)L 10cm °l3H7t 2.94%, 10cm %% 20cm ©]
371 11.76%, 20cm Z3} 30cm ©]3}7}F 26.47%, 30cm %3 40cm ©] 37} 24.26%, 40cm
%3 50cm ©l3H7F 19.85%, 50cm =3 60cm ©]3H7}F 3.68%, 60cm %3 70cm ©]3}7}
441%, 70cm Z3 80cm ©l3H7F 2.20%, 80cm Z# 90cm ©]3dH7F 0%, 90cm =
100cm °l3l7F 2.20%, 100cm %37} 220% 2 YElS=H, 20cm~40cme] kel Axk
AEE AAPT. 2= 7]5H Abold Z4(0)2 70° ©]8t7} 2.06%, 70° =3 80° ©] 3}
7F 3.09%, 80° =3 90° o]sl7t 5.15%, 90° Z3 100° °]3st7F 11.34%, 100° =3 110°
o 87} 24.74%, 110° =3} 120° ©]3}7) 18.56%, 120° ==} 130° ©]3}7} 9.28%, 130° %
I 140° o387t 12.37%, 140° =3 150° ©]3}7}t 6.19%, 150° =37t 7.2% = VEFEET)
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Fig. 39. Frequency(%) of measurement to columnar joints in Jiksopokpo(falls) area.
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Fig. 42. Photograph of measured columnar joints in BS-11.
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Fig. 44. Photograph of measured columnar joints in BS-14.

_43_

{“/Collection @ chosun



2) ALEE olFe] wF B2

BS-14 A4 olF A2 47 A&d Lehd BS-17 A4(Fig. 4)9 Aol o
AR E wFrh Ao wolA grom, kst BaAsHelE FHAYS HEA g,
Eg, Aol vhelel A Aol 1) Fae] AwA wFolA AP seke] A
Aol UERRn(Fig. 46A), AMol 7] WRo R AWHA hE wmFolA FBe %

o

o]

P52 259 A7t aFH AN Fig. 46B). Aol nAE dof ¢ BFe= 7

W BS-18 A AN WASdE sAe HESIde B2 5 UvH(Fig. 47).

Fig. 45. Photograph of outcrop in BS-17.

Fig. 46. Photographs of outcrop in direction toward Jaebaekigogae(Ridge). (A) First

outcrop, (B) Second outcrop.
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Fig. 47. Photograph of outcrop in BS-18.

Fig. 48. Photograph of columnar joints in BS-02.
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Fig. 51. Photograph of columnar joints in BS-05.
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e

Fig. 53. Photograph of columnar joints in BS-20.
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o
wn
N
N
w0
o
¢
[NY]
e
o
w2
o
i
o
w2
w
S
o

a2z RSt oFE tE gBel A vag Sl geusEel

BS-OLIAE FHASLE Aol BARAY ARG FYARY FARAL A

Ay ge] FAHEE o)FE AR FARIE FHE SIOE 69.3~76.69wt%,
AlLOs= 14.725~16929wt%, Fe0s= 1.39~234wt%, MnO: ¢F 0.08wt%, MgO:
0.077~1.06wt%, CaO: 0.171~0.839wt%, Na O 3.074~6.17wt%, KO 3.34~
6.755wt%, TiOzE 0.348~0.435wt%, P05 0.002~0.126wt%e] H91& A,

ALZX AU FAEYE olFv dHANEEY FAHELLE TFL SiOE 736~
TA4wt%, AlOs= 14.2~146wt%, Fe:0s%= 1.16~1.87wt%, MnO= 0.016~0.109wt%,
MgOE 0.128~0.248wt%, CaO: 0.317~0.864wt%, NaO: 3.62~4.32wt%, KO
4.87~554wt%, TiOsE 0.094~0.19wt%, P:0sE 0.014~0.044wt%S] S B}

el BgEd GAA R FARLL FFL SIOE 758wt%, ALO;E 1350wt%,
Fe,0s=  1.18wt%, MnO: 0.04wt%, MgO: 0.15wt%, CaO: 0.10wt%, Na,0=
2.77wt%, K:0% 596wt%, TiOz= 0.07wt%, P:0s= 0.02wt%o Ktk Abd2-f2 4t
FARAL FFe 2o FEAAA FAFEST AASF g HEA KO0E B2
o)L, TiOz, ALOs; FexOs MnO, MgO, CaO, Na:Ox H-& A4S Bl SiO, PO
= 5Ee AgS HolX gyt
ole} o] AAG XA R FAHAELL TFF A4S T3 Si09] FHS Ve o

% 2t
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Table. 3. Major elemental analyses(wt%) of rocks in study area.

Sanple SiOg A1203 Fe203 Ml’lo MgO CaO NaQO KzO TiOQ P205 Total

BS01 7580 1350 118 004 015 010 277 59 007 002 9959

BS-09 7440 1430 119 002 014 037 416 504 009 002 99.73

BS-12 7420 1460 121 0.07 014 032 362 554 009 001 99.80

BS-13 7420 1440 116 009 013 046 432 494 010 003 99.83

BS-19 7360 1420 187 011 025 08 371 487 019 004 9970

BS-% 6930 1600 212 0.08 106 077 617 334 038 013 9935

BS-2i-1 70.87 1693 1.39 - 008 026 37 676 04 - 100.49
BS-2i-2 7669 1473 1.19 - 013 017 307 409 039 - 100.46
BS-2i-3 7398 1458 203 - 042 033 322 524 035 001 10016
BS-28 7419 14776 1.92 - 039 049 326 480 038 - 100.19
BS-29 7315 1506 1.90 - 052 084 333 65 035 001 10070
BS-30 7388 1522 2.06 - 061 072 329 38 035 - 100.02
BS-31 7261 1549 234 - 052 039 35 463 039 001 9994
- 49 -
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_50_

{“/Collection @ chosun



Phonolite

Tephriphonolite

Trachyte

A

tholi

| |

) ©
H A

Trachyandesite

Phonotephrite

Basaltic
Trachy-

Basanite

/

Dacite

. Andesite
Basaltic

andesite

Basalt

Pirco-
2 basalt

0

Fig. 55. TAS diagram with analyses of rocks in study area. (O: Samyebong
Rhyolite(BS-01), @: Byeonsan Tuff of Jiksopokpo(Falls)(BS-09, 12, 13,
19), A Gomso Rhyolite of Jeokbyeokgang(BS-27-1, 27-2, 27-3), I
Lower Gomso Rhyolite of Sajabawi(Rock)(BS-26, 29, 30, 31), [I: Upper
Gomso Rhyolite of Sajabawi(Rock)(BS-28))
F(Fe203)
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Fig. 56. AFM diagram of rocks in study area(Irvine and Baragar, 1971). (Symbols

are shown in Fig. 55)
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47

= ]
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56)ell =AlSHH A(NaO+Ke0) #£o% st 4FE HolB=E calk-alkali AlEelH.
a3 HAREE Y] dAAR F Agder "HolA e BS-199 71dgS wHE vt
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Table. 39 &4 2#E vG o= Si09] ol WE Ur A FHEALY =F W
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Belg aga Si0 & Skl mWet AlLOs9k NaOE Z4stes 3ol YA R
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Fig. 57. Harker's variation diagram of rocks in study area. (All width axises are

value of SiOx(wt%), Symbols are shown in Fig. 55)
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A 7E e AAE W] A8 g AAgAIE d7E JW FolH,

I Ay Felle & Ave 2ol F4EY dHY SAS A AR 24

st =8k ¥ HEY. Hetényi et al(2012)= EWrE oz A &4FolA &R

TRAZEY 4714 SdFolAM ezl F3-e st ¥ AH, viavke b AErt

TR A7) A & e rIHx 3}351"/}.

a8 ke AEe 4R s 2ALS FAEEY dHE dAse W Ws T

LA AAE wE S8R o 7}/"] e wasa, dg ey 2

= AT AGelM= &d e FdERt yEhA] @3 Fig. 99

A 34 g0l e/ uEhdt mEty Z FelMe= FAdE e JHE AT
o 44 e ¥4 dAUEe FAE 2ux o

Aoz AT P AL BRI, YR 19 Rt ;g
oA Yol APHm Fhol BN, Ayt HY-o WG SEst AA Bg 4
$ SU4F FARIA AMEAAT FAAG. 2Yn AP Dot} R
Adelol=sh 27] o] @uslel YA FEE ABh AAW G A

_ﬂ
N
5o
lo,
qmop
o,
o
L
A
=
v

FAEL Gt ol ek
1 BS-219 ¥4 WAYZ

T 2
ol E%ﬂ‘ﬂ A= —’Fﬁ | o] &4F 4 GFHAARY s W4
Y FA43 Wao] ojFoixm FAHUY. ol w 73 |
del e Aedlol=e] LEY AR Hedlo]=9 Lo| o ¥AY A7 a479 Lo
A dEA & 5AE BYuFig 14). 28 FAEY A olFd oIF &
o 7= A7t FAEYE NMEA2A oW, AXYFTH F4EE AboldlA
o #HH ol E7F HA e oh(Fig. 15).
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Fig. 58. Photograph of columnar joints in BS-25.

2) BS-25¢] ¥4 WAUF

e 7 BS-25004 F4EE 3449 AAL 7
U A5 Heygdlel=ro sty Ayol=e] Lo &
2 BS-219] A% ZAFyol=¢ LET 3~5u) AX Yo} =3I FAA
o] #Ql dAxdlo] oA X wadt=d, F4EYY AHELS F4d
off ZW7+&5E v ASA XA (Fig. 58). old s F+x=7F &
W9 453 AFer yYEuyE #erZ(flow filiation)
AAALAT4, 2014).

3) BS-26° ¥4 "WAYUS

A7 BS-269 F4AEE BS-21, BS-25¢ Aol F2E 7 A5 Azl
ol=& A, 79 AYol=& Fow, F Aol AboloM dHEH M= E4
A ged. A F Aol AAA F4EE Y YaHds F2 2iHE of
T AL A7)e] Aol =g Y 23 o] HAT(Fig. 59).
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Fig. 59. Photograph of columnar joints structure in BS-26. (A) Upper colonnade
from first flow, (B) Lower colonnade from second flow, (C) Shale of

Gyveokpori Formation.

First flow(a)

—>

il

Geokpori Formation(c)

Fig. 60. Assumed creation process sketch of columnar joints in BS-26.

o] AL BS-2691M = AXxZF(Fig. 59C) A& FEd2 SdFAEHF FEd3)(Fig
50A)7F HH 2 Ha. o 4RI ¥4H F3EHE AT Ao wEEE &

1

Foh Axelzo Aol G F AoE ARE FEAA SAF Ex wamEE &
o5 (Fig. 59B)9] #4lo] Lolwr] WFolth. Lejm F £HFel Tl o) Ax
B0 BEF27 QAU Coh B Alol, BSh A Abole] GEuolA 7o) Wol
AojuA 4887 DAY, Fig. 60& o HAL Y mAxeld,

i)
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Fig. 61. Photograph of columnar joints in Jiksopokpo(Falls).
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FgAeE 7Y ¥ 3 gl wet =71 Yt A Py
CE) &ﬂv dsl F4AeE 8 2% F4As Fu Aol BAL B A

ICL LR U4 S0 Uk AT HA Fol w1
F AREE Qe FPEIE gy F

= Aolsith, 244 @w} 7)o

o olebs SAA U, 54 Yo
3, S AxFel e AV =L4E 277 FelAA
a

o 2
&
N
o=
>,

TE U e
HA7 wgsiy, Axg oM dAdgelErl #2EH. o] FEHE gRE &U4F
o | FEEe vzt & & vk AR Si0; Tl =2 OE FEY
d FAAYE A8 FAEY IS HY Fo i £ 3y st Ao JE AT
o] ZAie} Aolsitt. o] AW FAArt FAdE W AxYFH Je &Y
Fo FE9 A7l 22 Y48 /A diEes FHEY. 53] PGS o
F= F44dE F BS-259 FAE 4 FAFe A F71A<Q A Zestd
71& drelM e BS-2590A4 s $ojFo]l yEbd FAEE e te) {5 7Fed ¢
3 ZAolgtx AAIFATETFAARGLATY, 2014). 28y E dFdA = BS-25 A

>

doll A vet= FAEe o] dede] fetxe A% ARG dAS BFo=rt y
Btum, defEed Fee] WA FEEE7 vebE(Fig. 63A)9 F53te] o3t
2 HAE AA G

A== Yetd Fig. 63(B)¢t2ol &477F ¥aH= 5 2 FM(fracture)7t &9
29 Yoz &AFY FAFAA sF B4 wgow HfA= A=A
FAE ths, §4F WFe ¥4E e Wi 93 3 dHEHAS AR

g Aol 2 3t 4A Fele) FIA: At 4B AoE AuAd
ALEL AUe WALILE ol FE FANE A HARYoH, FAEFA
28 B SRS AU Jedl asel Jldgel Be Si0d §%L o

N 2
o}, Wt HAo] = 957 FAAEE FASE Aol Im, o] we #
G = 4RUY. 2y FA4897 YeiA g 8
W7gd od Fades 9497 2 Ao walv,
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(B)

<+ fracture
lava flow

111

=—— Geokpori Formation

Fig. 62. Photograph(A) and assumed creation process sketch(B) of columnar joints
in BS-25.
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1) A7 Adge] REahe Fyads bedt 2L 54¢ Adm g
497 =R BS-219 F4RAE #7] Wit A gAY dellols s

g sbselAE FUE olw, 4TS Fat Sl AvEAg

- ALAbEES) o] B Sl BS-259 A= £A wEe] FdAE FAoE AHA
FET AFE ugRow oA EAL
- AbAbEEY 9] M Q) BS-2690 M & AR
S HAERZ = A2 gE Ay A A4} FAgges Bugt
2) AAZX doME= Eo|7l 4 mHd o2& £ Heke Fadest dgs)
ek 2 £4F7 7199 FAEYAAE YEUYS
FAAe e o] HolAE XE
3) AeZs AAZE ddd BE3eE T FdEd 5HL Table 49 2ol
Nz g3 A F Lo Exse gHe =
Si0, % Zvtel] wal ALOsW ZAdte A o] Hel
4) wEtA AuRa ALZE Ao FAA M2 G2 FHE 5o Yehe
olfi= FAHY YA W JIAERY gE ARG Y7
7] oz Rt}

Table. 4. Major characteristic of columnar joints in study areas.

Characteristics of

Columnar Joints N(Number of a L(Length of a 0 (Angle between the

polvgon) polygon side) adjacent edges)
Study area
Jeokbyeokgang 5(42.86%) 5~10cm(46.4%) 120~130°(19.42%)
Jiksopokpo(Falls) 6(45.45%) 20~30cm(26.47%) 100~110°(24.74%)
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