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Abstract

Jeju Island is situated in Korea Strait to the south of the main Peninsula at the geographical
coordinate between longitude E 126°10’ to 126°58’ and latitude N 33°12’ to N 33°34.

Also the Island covers an area of approximately 1,792.06 km?, i.e., 32 km, northsoutherly
and 74 km eastwesterly in the short and long axial distances respectively, and the perimeter
being about 263 km.

Haraguchi, a Japanese geologist mapped the island geology on the scale of 1:50000 in 1931.
The Geological Survey of Korea is carrying out, since 1962, geological mapping in the
selected areas mainly along south and west coasts of the Island. Members of Department of
Geology, Seoul National University, had undertaken also geological mapping around Mt.
Hanla as a part of their academic works in 1957,
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The main aim of this paper is in describing the geologic evolution and in discussing mainly
problems of volcanisms in Jeju Island.

The shape of Jeju Island, a volcanic island, is of an ellipse with the long axis trending north
70° eastwardly. Mt. Hanla, rising 1950m above sea level and being situated at the center of
the island, has a gentle slope toward the long axis (N70°E), of the island whereas a more or
less steep slope toward the short axis (IN20 °W). As far as the shape of the island is concerned,
it resembles to a Aspite type.

The crater of the Mt. Hanla is called as Baegrogdam which acted as the center of the erup-
tion throughout the history of the volcanic actions. Most of the lavas, except parasitic cones,
were poured out from this crater, resulting in a symmetrical form of the volcano.

Geology of Jeju Island is mainly composed of trachyte, trachy-andesite, andesite and basalt
with some sedimentary rocks, exactly tuffaceous. The basalt is most widely distributed, the
trachyte and trachy-andesite are in the next order, and the sedimentary rocks are least ab-
undant. These volcanic flows were erupted over more than 79 times. The sequence of the
volcanic and sedimentary rocks in the island was determined by field evidences and by the
study of boring core samples. The field evidences taken into accounts are the presence of
glassy materials produced due to rapid cooling at the base and the upper parts of lava
flow, and the presences of clay, rounded pebbles and pyroclastic materils between two
different lava flows.

The sequences of the volcanic eruptions and some sedimentary rocks in Jeju Island, in
order from young to old, is listed as follows:

Shell-sand Formation —~—unconformity——
~~—unconformity-— Jeju Basalt
- Parasitic volcanic ejectas —~——unconformity-——
~—unconformity—— Sinyangri Formation
Baegrogdam Basalt ——unconformity~—  Seongsanpo Formation,
~—unconformity——— Jungmun Trachyte  Hwasun Formation
Hanla san. Trachy-andesite Seoqwipo Trachyte
~—unconformity—~—— ~——unconformity—~——
Hanlasan. Basalt Pyoseonri Basalt
~——unconformity-—— ———unconformity———
Seongpanak Basalt Seoqwipo Formation
—~—unconformity—— ———unconformity—
Sihungri Basalt Basal Basalt
—~———unconformity~——

Beobjeongri Trachyte
Hahyori Basalt

The Island has begun to exist from Pliocene to Quaternary in geologic age. There is a
couple of old manuscripts which date the volcanic activities of the island. They say there were
several eruptions in 1002 and 1007 A.D..

The external conditions of lava eruption were different from place to place. For example,
some basalts can not be found in the south side of Mt. Hanla but in the north side. Therefore
the order of eruption and the geologic structure are different locally.

The eruption cycles of 5 stages determined by probably from eruption of basalt to trachyte
or trachy-andesite. The volcanic rocks erupted during Ist and 2nd stage are distributed in the
coastal areas, forming lava plateau. It might be the areal eruption. Whereas the lava flows
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erupted after 2nd stage had come out from the Baegrogdam, the present crater lake of Mt.
Hanla, and it’s neighboring craters, acted as a site of centural eruption. Bacgrogdam Basalt
is the last of all in order of eruptions. After eruption of Baegrogdam Basalt, the eruptions
transformed to prasitic volcanic activities.

According to the geological field survey, the eruption conditions of basalts erupted before
Pyoseonri Basalt are not known exactly, but Basal Basalt (olivine-pyroxene basalt) is found
by boring core samples under the Seoqwipo Formation

Judging from the rock phases and petrographic provinces, the volcanic rocks of Jeju Is-
land are situated in the inner zone of Japanese Island Arc. But they are epuivalent to those
found on the volcanic islands scattered in the Pacific Ocean Basin, so called “Intra-Pacific
Province”. The volcanic rocks of the island lie within the Oceanic Type which is characteriz-
ed by rick in olivine and alkali composition. But feldsparthoid minerals are not found in
the rocks of the island and rich in sanidine. As far as the composition of olivine con-
tained in the rocks of the island is concerned, Fe content is higher compared with the
Hawaiian Type in which the olivine is rich in Mg content. These evidences suggest that the
lavas of the island derived from a olivine-basaltic magma of alkali rich phase. It can be
suggested from these facts that Jeju Island is seemed to situate at the continental arc which is
lied above the Benioff zone near Japanese Island Arc.

The volcanisms of the island is differentiated into 5 stages in the cycle of volcanic eruptions.
They have closely to relate with the formation of the island. The processes of it’s evolution
can be ordered as follow:
the formation of basements.

. the formation of lava platue.

the formation of schield volcano.
the formation of parasitic volcano.
the dissection of initial form.
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FIG.I GEOLOICAL MAP OF JEJU ISLAND
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Fig. 3 - Distribution Map of Boring site and River System in Jeju Island.
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sandstone

9~} BN

EfsEE 2o ol Fahel] B I
o] BEal Bulioll Ao} o] FHEMEES o] F
5 g, HEE BKERAAS T
2719 XRAEE KL =54 RIS
FE BEAC AES F7E 2008k mel
7= EeE XTE

@ FEE

Fig-e BE AERESA osted Bl
A7 A

S el 25 - EIRRENES
B /- LR EREY R &
B mEmEEE PICiEmEs] 4
BAAE 153 AEL ol RV E S b
THEAES 971 = 35, S5 s Hil
HEEow o gl KUEY FEAA

5ng lossa = KES RHC HAE o] S E B,
o)k o kbl A M ALE £

Unconsolidated gray fine sandstone: vl B BUEs EmUsh HEN &
’ HEES KRES BFS SHL 9

Ao] EA ol

@ FHEE

KBS 19634 LUK Biae B o
e WS Qo EERE HikAZ
& B 2 PEY EEE G 28BS
BUSE (1969) = AFol B3 EpE
e FoEe mistd oo B HE
RS BT 18 FHERIST &
#argleh, KBS EEME BIUE HHE

Al A el o] B Bk HEEHIFT
Fig. 4 Columnar section of Seoqwipo Formation,
after Kim, Bong Kyun, 1972, =gl Sfidket,
ABL KUK, B 2 sl 4B Sos BRs JE BREZ.E S dvh RBISHE
(1969) = MR B EAN A 268 48%0 Eats B FAR LAE Bl - S8 1
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# Pyrgo Cheongi KIM, n, spe $#-& sr3ich. ARl AL HiLR Listel #Ea8%me) 5
R, B, BECRI REEBHS HEEC BRI Y. ¢BBEEE Fils bad B H4
WERE) WA S3te] AR WHERNRI: Selol 28-S v, AFS HEEXRES &
IWig-g FE&o 2 dizr)

2. kILEE

© EEZRE

EERES ThelAd BERAE A5 o fFsls A BEY HaSe £41S o
Fol REREME vebdoh, A5 MBERS wol &FsL do] MEAXRESE BHEA L
7 Sirh REY FWARS MRYE BRBEY WiERA 20%, SRVE HEES ME 5%, &
RO 0%, K BEA, Qo2 Zolrh o5& &3 seriate MMe R EH HERE
Bk XA JEd osid slaelselol Bl il AE

AES e obd HEA got EEHES BRZ mol Sehol ol Bele kil
o] FEFEsl),

@ FEEIRE

AET ABS HAERRENEANA iR ¥ 5HE ol%x g, HEEE Foos
T HE BRESH(UEL—RERM) J & MR LA 2ok ohsh KA AY Hek &5
Rell SSlE 2 FH Aol SAstT gx @] RS v BN Plow g
ALF RS = B S E L3 R A KSR o aa FRdAds v
GAsHs Aoz QA=

& BREES; #Es el dom wl¢ SILE L £ile] =Zolsh & Aol SHolth o
& 28 Effo] Semel #ahe A% ook |

FHE Rl A} vl SER BEE Jebich EEHTEE WEAAE ke BiERe
REWE o] Fo] WMIBLEME 450k, A5 768 ZLE BAE W, HE FEEE KT
ol A= Fhe] BEA BEY Bl B ERS MB SHAT oSS HERY 4Bo
= Hol Fazte] B8 5L el

A TR AERAAE 5TE 168 BERT BES S £KUER Aolds KLUREDS
PAERTE She] KILETRAA Y EEHE £7E T BRY Bl Boud Tz 4z
Rh4 B A4stn FEAEY #@ET SES Jekd o

BB TAA Y B gslm slavle| EEXRES WIER 20% LS AR5 e &
B MRS AY 2 4 dokh BEES #5°] we hyalosiderite o) ot #HEA-L Andesine-
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Labradorite o] o, ¥EGHHE BEA =t WREG . ABY EWAKS KB HER 557%,
WES 10%, A 10%, BEE 5%, MU 5%, ol"4el® 5%, felR 5%°]+.

BEABESE REEels 29 BRol 7Temd] Fsle AX vk EHIE WEd o sk Ne=
1,654, Ny=1,69424 Chrysolite{ (Mg-Fe), SiOJe] t},

@ FEFEEEEE

AL BE ERERHAA MRS wel hrE KIFR o] 27 7kx iR oR See
o] - sl dhkie] A MRS BEAY A BE eFsh

BER-S ERA 30%, AV 5%, fRA 20%, A 156%, BEA 10%, 214 15%9]
o} BEAI AR E8] RS ol FH BEAS BEMAE ZAC=38%]H, o F3
B o] Fx hourglass HEE 250 FHe Soladdol 29 AV fifele o M
fRell #ERel FlEslz glo] HMAEEMES ol

@ PECHERE

Aut EEEERSES &4 A9 & SME stz dor B#Eslz RA, BEA, #EAY
BEAES Sade EUREEA A S BE 70cm ] #ile HAEESE e E el

B KB IERFA 35%, fHRA 20%, A 15%, BEA 10%, Fe2 15%0)t),
AR Y A5 FRAEC - ERA 55%, #A 10%, @#y 20%, 24 10% 24 4
RAe A4 GHI1A gt

® HMNZRE

AEe BRI LR st KBS F - dugEMEEe Puige Shg) o B B
a3 BAEEY] B dstd EAEE §iEe ERERZIRE = #Es IMRRAZIRE
T ¥ ¢ v BREAXRES AEEY Tids $Astlz BidAs BRG] A
BREAZRE] Al o]l 5L o2 XREEEN et Kilel s 2~3% TE
@ 3l 9e Bolck ' |

BEREOXRE ¢ AR MRE S MY BRBEE o vl HAS olFt Has Al
AL W S%olet, BYHERS RIRA 55%, HA 20%, BUEA 10%, B@A 5%, #el2 ¥ K
fll 10%0]=] o] &-& WMBLAEES 2t o] &9 Hi4-S intersertal 1= pilotaxitic e, £}
A dvlAd—dneirele] E (Aby Ang)olth ol E RHRAY Mk RIEHEES 57 = &
oh, AEE o FT v FHRAS Abss Angoltl, BERS K4 ol dAlel=x #ES v}
AR {2 HES B/ s REREES 2430 ,

BREAZRE A5 FHT HREEE 2= Aol 5xolth W& R ¥ 10%, &
A 7%, BEE H3%E AT, FHIE FRA BEY 27E BE # mmoly lemdl
#iE AE gvh o] EL Wlnelselo] B (Abys Ang)ol vk IS Abss Angsolth, RS
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£y
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HEALS ZAC=T70°~75] 2. HiER-S 1 AKkF K oot o|d ol 22 #Es|g)t, #{
Hrhell = LB BEKAS RG] aFs d=h

® TZEIRE

AEE BEIE Abolel T3 & - duisr 2 UMMEA SR, £IUHECH M BL
WS E SHL o AT HREES 2 Aol 5Holnl, AER MRS ERY 12
~20%°| I BIEH BAE-S 5% PIstelet. MER HHS Effe] ¥® Smm Pstel Y lem LUk

o #Edhs AR YEh ol &Y meke £ fEfkelvt HMEMRA AE dek BER S 2mm
LUFel =},

BHSETAAE Kae TR BMREES Jebdoh, 289 SWERS JIER 70%, iR
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S| EMMAE B EE LAFE ol 5 £d HUIT vl EHRL R FAY =B REHE
#EE e RIRES A& Abs Ango~Abgs Angs o) o}, BIER-S BN WS F50
2.8 o|gol 2R BEHS AX U=k

@ HHEHEE

KEE B Facate] il Skl

AEY FEHHEEE ERA 30%, fREA 20%, HEOE 15%, #8Y% 10%, f=A 15%, A
U=l 5%oleh. MRAL SEnEolzoln & HMEE o] FIE A AR Eal KL
oleh, AE(1% TS BERT ®Eg At HERES forhd Azl =EE M ZAC
=101 HARY K 3%F AR Afs E2 G AVl S Al Eolxn £

2 Age] RIS =&k

® BEEIRE

REL REBLRES) 4 H - ERRERED QA S6gs  BERY ZELdAe =
SRS 2 BiEsle] stafdlo] feolFEEY SAS & vebdih JFEREC L £HILE
(30~40%) ol et FAlL AFT HlEFE o| R g BERY MBHAE & dHEh &
] Tl KA e £8 RLEeE B

KBS BEWHRL /A 55%, #EA 10~15%, A 5~15%, frel3d 5%, o|"AleE
5%l v, BULARY] MAS HatEele] EEo] Bt pilotaxitic #EE vebdth HEE&S
HEAL BHEA ZAC=10°9 sixzle] Bolx MEFHS %Ml Abs Ang o]t TSR Bk
+ X4 MEAE Abs Angolulh, Ay AclAle #idz Bk eletelEE el glor
289 MBS fElAE2R FES A &8 LEY BEKAES aFTh

© BREZRE
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AEL KBS HEEES EILiA A RES o2 A AA Sfeeh BiRE kX
AA EHA EAol o BiREZRSE wAstd e ZREC st &% - BE T
MEA EEY HHE A SR Aol HA4olvh MR 7w ski~dkel o IR
T A o]l & Bfo] HREZTIE slagde MEEEE Jebr = ek X #eld RO
R Bl oA EI £F Jebie] HEAM&AC] AAT XA HREBEAZRE =
T 5 Uk HAS FR gk FE Yo BF - BER FEAEXRELE YeIE ¥
o, 2l ZAEH KLY Zr1E BB 2~3mm o] L Smm e FEie AL

Ao EMER-C RER 55%, 2R 10~20%, EF 5~10%, ®EE 8%, o] B Ale]| E 5%,
Hith BTG, #KEA Solvh, o) B BT HREES R F7 = ek, MBS Al Al of
AN ERol ol FEE dxhel Eo} HAEY WRERES] Fowves HESEEEES vehir
= &) a2y KR B fE dxzielmet HURY AdAlE Tty gl RERAE
o o8] HERIER (intersertal structure) & JEbe] EiFel vl BEA-L o =& I JAkko] o
AAEEoR A 22 Mg (corona structure) & WEMZIE e}, 2Hw = B
& o) FAE el HEEPY dAziel Bl MoMoR HMLEYR BHEIZ o] EL £3 K
el BEHEYS BT REEs 4 BTl

B

FEe EEWS Rl zsld Elibael UEHe S7gte)
FEL SIVE10% PISY T o)l AA T HIREES 23 gl etk zew g
£ ZREES it ST BEe P9 AE BHY shilth HREC=AE RHERO
$A e BRY 12~20% 8 AR st HEAY BRES 5% Witelth MERMAS U= &
5 Smmolm Eiffe] lemo] s A= 3w ’

B PYERL MRF 55~65%, MAM 5~15%, BES 10%, MUW 5%, o|Wielx
3%, 424 10%0l 2 Rl we} MAS A 4F 2 FE gk ol BL WAL HRHE
#EZ Jeb v AR MRESS 29tk HEE o)F+= FRAE Abs Anss~Abs, Ango| ot
o] E& E3 Anpo|E EE ZAUE—Rulo| ERES B FU BWEES JeiE AE 9
o BB LB FEEsh) BoNe R oW Er HEY AE vk HEHY A7
BES BMEso BHee 999 Tkmd LB BEES Rt BES HEMA ZAC=
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@ EELEEEETILE
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sl FU g FREES Jebie 28 BRS RRAG%) I A 2%) et
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BEfRatet,
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ABEE BAFE U Afld A=izdz Jdeddx 29 klEE Bl v RIFEaE
(petrographic province) & Xol BAFEESE Zu BEAZRAE—MEERL AKTEE
(Intra-Pacific Province)ol]l b=+ Aoz <=4 o}
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Table. 3 Mineral Constituents of Voleanic Rocks in Jeju Island
] : Plagioclase ‘ s
{ Eruption Orth- |Sanid-[Oliv- [Pyro- Magn-Iddin- Trace
cycles Rock Name Ab oclase| ine ‘me xene | etite | gsite Glass Mineral
30 40 50 60 70 80 \
T¥T 1 1 : &
1st Basal Basalt 70:% : 20 5
— , o
Pyoseonri Basalt 5 5112 4j10] 5| 5| 5 noae
2nd Seogwipo Trachyte ’ 30 5 15 10 15 g‘;ziggi
Jungmoon Trachyte 35 : i 15 10 15
FHE : J '
Porphyritic R
Jeju PyroxeneB. 5:5 H 10 20 5 10
Basalt " : :
Porohyritic Xk : i
ard lFeldspar B. trace Apatite
Hahyori Basalt o1 5 5 10 10
. . 07 :
Beopjeongri PR s
Trachyte : 2*0 : 30 5 15 10 15 Biotite
]
Siheungri Basalt 55 1 10—15! 5—15 5 5
* 1
Seongpanag Basalt 55 8 | 5—15| trace 5 {10—20! Apatite,
4th *k Clay
Hanlasan Basalt 55—65 5 10 15 3 10 mineral
Hanlasan :
Trachy-andesite ; 5:—4:0 % 5 10 5 10
*
5th Baegrogdam Basalt 50 5 7 ; 12 ' 10 5
[33]
9. KiIEEY LZRS
1) kel B o
R R HEE B 250ES B FEELS) A webA 50 B Feh o€
2 Hste Ask Ak F— ERel B HOEA S frsdcl BB HHY AEe =
48k 7o},
TRET 6fFs a2l 2 BRI G| o,
B|EER ERY BREUERTE % 5ef 2
2) k&S| {EBRS
50(E hktell o7t kUSRS (LRSS £ 59 Zek 27 54+ Si0, o &Y #Ld w==
R Wi Bs BERg Aelth
Si0, B4re] GBS 41.1%1A 66.3%0] 7hx] ol &k HI ol KBS Kilige]l HEEA

RS =x

L — 20—

HiEE o2 Bs D firgel v Aol 29 22 BEa7HAl o=
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Table 4 Samples Selected for Analyze in Volcanic Rocks
E?tlggeon Q;[‘:gtailty Rock name qugtllléitty

Pyoseonri Basalt 10

2nd 16 Seoqwipo Trachyte 3

Jungmun Trachyte 3

Jeju Basalt 5

3rd 12 Hahyori Basalt 5

Beopjeongri Trachyte 2

Sihungri Basalt 7

Seongpanak Basalt 4

4th 21 Hanlasan Basalt 6

Hanlasan Trachy-andesite 4

5th i Baegrogdam Basalt 1
Total:50 Total:50

Table 5 Sampling site of volcanic rocks in Jeju Island.

Serial | Sample| 1 atitude Longitude | Sgrial |Sample)  popiuqe Longitude
1 68 33°13'30” 126°35°00"” 26 112 33°30740" 126°31'10"”
2 79 33°14'05” 126°18'50" 27 36 33°16°05" 126°38'65"
3 71 33°14'20" 126°19'05" 28 40 33°17'35" 126°45'54"
4 73 33°30'55" 126°33°05" 29 97
5 84 33°14'50" 126°13'40"” 30 G8 33°18’48" 126°48°07"
6 89 31 102
7 85 33°14'40" 126°33'20" 32 18 33°20'45" 126°36°07"
8 33 33°14720" 126°33'14" 33 19 33°22/40” 126°37'26"
9 99 33°14'55" 126°25'05" 34 5 33°24'30” 126°24'00"

10 32 33°14'38” 126°33'22" 35 38 33°16'14” 126°4228"
11 108 36 G5 33°18'40” 126°4000"
12 Gl 33°1900” 126°50°00" 37 7 33°2210” 126°22'20"
13 43 33°19'45” 126°50'30" 38 59 33°21'45" 126°31'50"
14 11 33°15°00" 126°25'15" 39 63 33°21'50” 126°31'50"”
15 115 33°19'10” 126°52'10"” 40 64 33°21'45" 126°31'50"
16 8 33°20"30" 126°21'30" 41 G4 33°22'53" 126°30'30"
17 81 33°27'00” 126°27'15"” 42 83

18 82 33°31°05" 126°33'03"” 43 24 33°24'06" 126°29'52"
19 30 33°17°20” 126°28700" 44 G2 33°20°00" 126°28'40"
20 G7 33°28"23" 126°32'55" 45 23 33°24'50" 126°29'20"
21 G6 33°15°20” 126°31'10” 46 105 33°21'25" 126°32°00"
22 G3 33°18'50" 126°45°00" 47 26 33°21'45" 126°32'06"
23 17 33°20'04" 126°36'45" 48 20 33°25'20” 126°36'25"
24 1 33°28'15” 126°28'00"” 49 15 33°19°05" 126°36'05"”
25 3 33°26'05" 126°24'35" 50 92 33°21'30” 126°32'05"
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Table 6 Chemical compositions of volcanic rocks in Jeju Island
2nd stage
| Serial No.| 1 2 3 4 5 6 7 8 9l 1w/l 1w|12]13]14]15]16
{SampleNo.{ 68 | 79 | 71 | 73 | 84 | 89 | & | 33 | 99 | 32 |108 | G1 | 43 | 11 }115 8
Si0, 61. 36| 60. 65 59.51| 58. 75| 54. 87| 54.72 54.28! 51.10| 49,61 47.70| 46.86) 44.61] 44.60| 44. 30 43.41] 41.20
AlOg 18.12] 18.20| 18.52| 23. 65! 17. 91| 23.50, 17. 82| 18.80| 15.20| 22.50! 16.37} 18.55 25.20/ 20.50 15.52 24.70
Fey04 2.08 4.00] 2.84 4.51 4.68| 2.20| 2.66 5.33 6.81 4.95 6.01 13.36 3.32 7.67| 3.99 9.77
FeO 2.14 0.62 2.68 0.23 3.51| 4.87| 6.95 2.10 6.66 3.89 6.04 1.86 7.63 4.42 8.15 2.54
MgO 0.06/ 0.86 0.78 tr.| 1.21| 1.17| 1.57| 1.54/ 5.04 2.09 4.25 7.06 2.52 4.00, 6.78 2.74
Ca0 3.21] 6.81 4.19 4.02 7.38 4.85 6.49 6.43] 6.37) 6.09] 6.8l 9.21] 8.24 8.35 10.77 9.24
Na;0 6.08 4.54 5.02 2.42] 4.58| 3.19) 3.91 7.41) 4.42 6.34 5.28 2.89 4.58 5.39 4.28 5.25
K,0 4.95 3.08 3.16 4.73 3.200 2.99 3.40 4.94| 2.85 3.98 2.41 0.53 1.20| 1.67 1.30| 1.87
H:0(+) — 0.21 1.37] 1.02 0.77 0.61 0.37] — 0.400 — 101 0.60, — ~— 0.64 —
HO(=) | 1758 0.12 —~ — — — = — 006 — — 108 — — = =
TiO, 0.37| 0.44 1.13] 1.00| 1.33 1.33 1.23 0.53 2.12| 1.07| 2.69 0.56 0.95 1.85 2.58 1.28
P05 0.23 0.98 0.14] 0.07] 1.02 0.15 0.29 0.01] —| 0.02 1.71 0.08 0.01 0.02 1.29 0.01
MnO 0.12 —| 0.22 0.19 —| 0.16 0.18 0.0 0.24 0.01 1.23 0.35 0.01 0.02 1.38| 0.01
3rd stage
| Serial No. 17 18 19 20 21 22 23 24 25 2 27 28
Sample No. 81 82 30 G7 G6 G3 17 1 3 112 36 40
Si0, 56.34 56.19] 49.80 49.56 47.26 45.74| 45.50 45.40) 44.60, 44.54] 44.50) 43.60
AlyOq 17.43 16.12 19.00] 21.17, 18.07] 21.06 22.80, 22.80 24.00] 23.53 21.50 22.00
Fe,03 3.52 2.44 5.8 852 13.04 13.82 802 88l 7.68 0.67 531 771
FeO 6.46 5.50| 5.24 4.06 272 0.31 3.22 2.69 4.79] 10.01 6.29 4.04
MgO 0.84 370 131 2.79 4.31 4.41] 164 2.16 264 435 3.17 3.71
Ca0 3.80 7.63 5.76 6.09 822 814 7.39 813 581 7.46 8.69  8.92
Na;0 5.13  4.39 6.74) 4.42 - 4.13 3.8 5.93 5.12 5.12 1.41 5.05,  5.53
K0 3.32| 2,30 3.23 227 1.33 125 2200 217 .87 1.49 2.05 175
H0(+) .02 0.47 —  0.53 0.18  0.46 — — — 129 — —
H0(-) — — —  0.81 0. 20 1.12 — — — — — —
TiO, 0.04 214 09 031 05 03] 15| 159 1.3 297 128 123
PO, 1.24 0.5 0.01 0.17 0.20 0,09 0.200 009 002 002 059 001
MnO 0.25 0.30 0.01] 0.23 0.100 0.19 o0.01 0.0z 0.02 153 0.01 0.01
4th stage
Serial No. | 29 30 31 32 ] 33 34 35 36 37 38 39
Sample No. | 97 G8 102 18 ‘ 83 24 G2 97 G8 102 23
Si0, 66.31] 64.62 64.61] 57.420 54.98  54.60] 51.04 50.20] 49.38  48.33  48.00
AlOs 18.85  17.90| 17.53  17.44] 21.13| 16.80| 16.82 15.08) 17.09  16.13  16.08]
Fey0, 2.29 1. 86 1. 46 9.32 3.49 552  11.32 6.42  10.01 4. 60, 8. 22
FeO 1.1 1. 84 1.48 1.14 2. 66 2.54 2.57 7.11 5.29 7.39 3.22
MgO tr. 0.16 tr. 1.33 1.15 1.70 4.71] 5.08 4.88 4.13 4.06
Ca0 2.03 2.31 4,22 4.71 3.27 3.84 8.65 6. 40) 7.65  10.67 7.22
Na,O 3. 35 5.19 5.33 5. 32 5. 94 8.09 3.31 4.33 3.88 3.74 6.07
K50 5.14 5.25 4,95 3.02, 3.40 4.94 1.05 2.97 1. 01 1.07 3.01
H0(+) — 0.32  0.26 0. 30 1.47 — 0.10 0.64 0. 44 0. 56 —
H.0 () 0. 46| — 0.12 0.02 — — 0.01 — 0.01 — —
TiO, tr. 0. 27, 0.43 0.32 0. 93 0.83 0.71 2. 25 0.73 2. 3] 1.32
P,0, tr. 0.02 — 0. 08 0.97 — 0.11 — 0.05 1. 46 0.01
MnO 0.09 0. 08 0.19 0.12 0.21 — 0.11 0. 20 0.13 0.12 0.01
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4th stage 5th stage
| Serial No. 40 41 42 43 44 45 46 47 48 49 50
Sample No. | 105 18 26 20 19 15 5 38 G5 7 92
‘ SiO, 47. 60| 47, 40| 47.00 46. 90/ 45. 90 45, 50, 44. 60 44,50 43. 36 42. 80 51. 50
| AlOg 14.77, 16. 50 20. 50 20. 10, 17. 50 17. 20| 17. 60, 20. 80| 16. 14| 17. 40] 15. 45|
; Fey05 2. 78 7.77 4. 34 7. 24 8. 87| 8. 16 7.71 8.11 14, 24 5.91 1.82
FeO 8.58 3.89 4.34 3.29 3.44 3. 82 4.04 4. 04 2. 14 6.74 8.17]
MgO 4. 64 5.49 3.20 3.12 4. 95| 4. 92 7.21 7.58 7. 87 8.68 4.93
CaO 12. 76) 8.01 8.92 7.22 8.13 8.75 9. 03 4.63 9. 28] 8. 80 9.19
1 NayO 3. 76 5. 39 6. 34 6. 20| 5. 93 5. 66 4.72 4.72 2.89 4.04 4.09
K,0 1. 03] 2.53 1.93 2.77 2.41 2.41 1.75 1.93 1.21 1. 45 3.52
HzO(+) 0. 45 — — —_ — —_ — —_ 0.80 — 0.04
H0(=) —| — - — — — — — 1. 30 — 1. 89
TiO, 1. 72 1. 85 1.75 1.33 1. 55| 1.62 1. 80| 1.62 0. 32 1. 59| -
Ps0O; 1. 40| 0.03 0.03 0.04 0. 05] 0. 04 0.01 0.01 0. 08| 0.01 —
MnO 0.61 0.01 0.01 0.01 0. 01 0.01 0.01 0.01 0. 35 0.01 —

b= Aeleh, 29 f@e] W2 AL H2ik Halel Bl AToln 1 HHEEE HEW
Hrh

FRES A FHRSER 2ok Si0, 9 BL FifidA Bz 245 sl 48¢ 1
ko

SR delA KO Bis5el HEE 0.5~5.3%0]5 Si0, 9] Fo] moblel =le} #insl
ot 22 Na,O 4 Si0; &&d w2x #E vebila Qo 29 #Mbihig-e A9 xFE
oleh. Na,0+K,0 8L &\ 12.3% 24 #HY kUEL$+S Binge},

Ca0 & 2.1~12.7% 24 £l ==& BbiEe A FH—kd £4 g}

ALOs B¢ 14.8%64 25.2%¢] ol 2t W& HEY BT Jebds) FEkl kife R
AIgE BMEAES weleh S2Mis 3 ARES £B AFIdE ZREAA 20%2 FEss
=T 2EE vebi v B4e AEL HE 2L FL udE 2Emes 2 o REAIS
U B ALdFE 1 S8 Aozl

MgO Bir& Si0, &e] WA Bl wel ®|inste Age Jebdch K2 Bl 242
SR B 250 BEE £49 #EAA 8. 7% 7R i)

FeO o} Fe,03 4 &% 0.2~8.1% 9} 0.7~14.5% EEPIA REAIZT (LS o] 2o}, 4%
3] 2ol slel A= il ALl et REAIRT BLE R E), %3 A FeO K4
& Si0, Bol HHISH Binsht Fe,0p Bifre 29k ¥R FA43 WAEE Jebdel 54
<} Bl Al = ksl Si0, A& #indl #elA WA

TiO, Bir& EAMEANA 4.9%¢) o] &}k, Si0, &8¢ AL4+E By ki #wins o
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Table 7 Chemical Compositions of Voleanic Rocks in Japanese Arc and Hawaii
Korean Peninsula
Baegdu Mt. Ulrung do Chugaryeong
Trachyte Basalt Trachyte Basalt Basalt
Si0, 65. 80 47.40 61.04 50. 00 49,94
AlO; 14. 60 18.90 18.47 17.09 16. 33
Fez0s 1.58 4.11 1.88 3.02 2.32
FeO 3.04 6.15 2.58 5.22 7.63
MgO 0.39 5.11- 0.41 3.01 4. 80
CaO 1.09 9.15 1.49 6.70 9.82
Na,0 6.C8 2.98 6.71 4.50 1.4
K0 4.78 1.37 5.70 4.03 3.51
TiO, 0.40 2.89 0. 65 2.59 3.95
MnO 0.26 0.27 0.40 0.71 0.02
P05 0.05 0.45 0.15 0.13 —
H,0 0.54 0. 86 0.95 2.08 0.18
Japanese Island Arc
Oki Island Iki Island
Trachyte i;?gg; Basalt Basanite | Trachyte X;?i%}g’t—e Basalt g;csglttlc
Si0; 62.63 57.52 47. 77 41.97 61.98 49,45 47.00 46. 58
AlL,Os 17.25 18.79 16.41 14.94 17.15 18.19 17.23 12.38
Fey05 2.13 2.63 3.29 4.79 2.79 4.56 2.26 2.85
FeO 2.34 3.18 7.20 7.56 2.38 6. 17 8.51 8.06
MgO 0.40 1.38 5.94 8.43 0.53 3.97 6.09 12.00
Ca0 2.21 4.00 9.34 11. 34 2.17 6.32 8.96 10. 29
Nay0 5.3 5.02 3.4 3.02 5.15 4.41 3.90 1.94
K0 5.19 4.65 2.08 1.50 4.65 2.28 1.46 1.27
TiO, 0.55 1.11 2.19 2.10 0.57 2.41 2.24 1.31
MnO 0.21 0.15 0. 20 0.48 0.15 0.18 0.16 0.11
P;0s 0.20 0.40 0.69 1.10 0.22 0.60 0.40 0. 30
H0 155 1.18 1.45 2.83 1.99 1.22 1.60 2.52
Hawaii
Ankaramite type
Trachyte Mugearite Hawaiite Alkali Basalt Picrite Basalt
Si0, 61.73 51.60 48. 60 46. 46 44.10
Al,03 18.03 16. 65 16. 49 14. 64 11.20
Fes0q 3.33 4.25 4.19 3.27 2.84
FeO 1.49 6.17 7.40 9.11 9.91
MgO 0.41 3.56 4.70 8.19 15.13
CaO 1.17 6. 30 7.79 10.33 10. 69
Na0 7.42 5.22 4.43 2.92 1.66
X0 4.19 2.01 1.60 0.84 0.54
TiO, 0.50 2.57 3.16 3.01 2.74
MnO 0.24 0.21 0.18 0.14 0.16
P05 0.17 0.93 0. 69 0.37 0.30
H,0
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After R. A. Daly

Trachyte Trachy-Andesite Basalt Trachy-Basalt
SiO, 60. 68 57.84 49. 06 49.20
Al, 0 17.74 17.24 15.70 16. 56
Fe 0 2.64 3.97 5.38 4.76
FeO 2.62 3.18 6.37 5.36
MgO 1.12 1.25 6.17 4.43
Ca0O 3.09 4.20 8.95 7.74
Na0 4.43 5.67 3.11 4.54
K0 5.74 3.62 1.52 3.19
TiOg 0.38 1.11 1.36 1.68
MnO 0.06 0.05 0.31 0.55
Py0s 0.24 0.57 0. 45 0.60
HO 1.26 1.30 1.62 1.30

4. LBR7Go 2 & EME KUES]

E 7 & BB KUES BLE HES 2AY 29 BRE £k kUSRS LERs
FiofEel vt E 69} 7ol #nd LERSRE otF oz st o2 shx oMbl BLt R
BIGRE AR K& BRER 2 BAAEHAERIDAEES WATHE (Seke])dl 4hish
= KIEs B - ATt BAESRS e 8 e g

1. ofgta|ol &8 (alkalicity)

KOGE: 582 & AB KILEY KO F1 48 HEE 4.48%, MESELILE 3.33
%, ZXRE L92%olet ol €58, BEW, FN—8KY 2S5 Eelshd A Bk
Bt Bige] AEd Mt 2 g vebiel, B JURFIE (Kurile Are, NE Japan Arc,
Izu-Bonin Arc, Ryuku Arc)ell 4] FEHE & Za—dAe el Lo B4 v 2o 28BS
o] FiL gloa} Si0, 9] #hne] w2 & K09 B#MLY HEMGES Eaigt &Rl 57
sh= KIS AE3k Flsteh olHd B e B4 KBGO 245 K09 &5
BOrA L 1] 2 = % (Benioff zone) ol 4 FA:she HIBAKRAE 1ol AMEEY Wi &
e Rt E zav
¢Ze - 23 ER(Alklilime index) : 28 6& Si0, ¢ EFE W4 HI Na,0-+K,0 ok
O &2 BtiEel ot TREY Na,04+KO0 BB 2B E v Rale B BIkEel A u
o % B4 AR Ca0 8-S Ao, 28 HER HEEERLILE 9ol A= X e
Ashs QEAE vebdeh ol ZREEvLIrtA Sbete] HMELE-S e 505 E EE

& KIS ¢ - Z22iEHE 500] ¢},
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Fig. 6 Variation dizgram in N2,0+K;0 and C20 versus silica and Aikali-lime index.
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Fig. 7 Al,0;—total Na2;0+K,0—Si0, (41. 2—53.0%) diagram. Field boundary are quated from Kuno
(1960), T: tholeiite field, HA :high-alumina basalt field, A:zlkali basalt field.

Na,O+K,0/ALO: 8] I : Bl A kIt Zoz 245 ¢ lad G Hmde 394
T o U BPoRA B (1960, 1968)E o3k e FFERH st Qe 43ke

s,

3
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=810, (wt % ) —47 (Na,0+K,0) /ALO, (mole ratio)

BAMES KU Sl 22l g g KIUEAAL 69 Zhe dl~ddo] o & kiL#EY
Pl 9w kil A= 35~38¢] o},

AREAA Bl KIAEY SE= 2 302 HES] T 25.26, HEEBELRILE)
24.04, ZEFO] 22630 ek, Hl 2§ v} e & e Fol KEEow 242 0HHE At
obd ¢ Tl Aolnk |

2% 7% S0, & 41.2~53.0% HEMNI L Na,0+K,0 9 ALO, ¢ By #{LS ERa
Aol HiRS REE Kuno(1960) 6] o]3tel &ajolelE, Fasn|YRREs ToelXRES
B3 Aelth & FEY REE B KB kilige] SzteRiEe] @EM gl
ol £5&4 A HBlse

2. HT|HS HRSHERM L) FeO*/MgO

BErteke] Fe/Mg M= SRIRHIERS wHlsl il A @mmatel. weby Fe/Mg ot
*HE B MG SRSHERY 2ES Jebi s o) A" Kuno(1974) & 4514
HitEAol #TR we} SiO, 9 FeO* &S] #{bol w2& FeO*/MgO Itotd] HHBIBIGRE
ekl Bl A9 2=z - GZEERe £al obe] AR (v] el KA Rl e i) o %igt
BEae Axsigleh, ool sk 23 - g2 iERe} Ealoto] AR oA Sl HIER
2] el wEE BHE FeO*/Mg0=0.5 Si0,=46%%} FeO*/Mg0=3.0, Si0,=62%<] 5 Bt
£ d2% Bolok(2® 8 #Ax). (FeO*=FeO+0.9 Fe,0,)

IR 8ol ot KBS kilEd AAAE S0, HEe] @obgdl webs FeO*/MgO =

*Feg ] o 3np sTAGE
3;8; % p 5 a o | S3ROSTAGE
/ : ©012ND STAGE ERUPTION L ° * | ®aTH sTAsE
X, .
BA3 jasmo e Lnru sTAGE
/ L eiqmy = N Ry . a4
/ i x:5TH : O.‘.' QA A °©
/ I, — A o A A
80l / ' o o 10~ % .
/
/ . °
/ N .
// 0o g \\ o I
\,
/ N\
/ X . o B~ \\ *
S0} / 8. A & \\
/ r
Sooe e 0 ¥
/ N A A A i N o
/ ¢ O o0 o A 0 a r
F / ™~ A
L o I TaY L 1 1 L
| 2 3 4 5 6 7 8 J " " ; 1
*Fe0/Mg0O 1 2 3 3 5 s
*Fe 0/MgO

Fig. 8 Changes in SiO, contents with increasing Fig. 9 Changes in(FeO contents with increasing
FeO0*/MgO ratio. FeO*/MgO ratio.
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BhnEle 2o E\inEke 22 - SR AR EAlotel EERAA 2k 2v, 19 EH SiWS
FeO*/Mg=1.5, Si0,=44% s} FeO*/MgCG=60, Si0,=58% 2] 5 Bi-S A3} fo]c)l Bl oz
BiEAXREE o E FE ERkE KRS o= B SAREERY HRe ELZelER
ol A mel Siabdk HFNE o Evh. 4Fdl fE2Hiel H3iAY Aol shuldr AN Ef L Ao
= 4ol E5HAS] RAEL xrl &3 AR R ek olH ¥ FEL AEY klEE ue
ekaet Al EHIE el Bl 2% FeO*/MgO k7t #tobd & Kb Aol

- FeO* &89 #@hnoll w2 FeO*/MgO o] #ftel gloiA = FiEd Al Zo] —EL FHE
vebdeh, 28 9% o] & B Aolth Kuno(1974)¢] ofsbel £a|ote] Rt ZA - ¢
2 E %Y BEHRE FeO*=2, FeO*/MgO=4. 335} FeO*=7, Fe0*/Mg0=2.5%] ¥ Bi-& A3 fFol
vl KEY KIEE-L FeO* 4&o] v FeO*/MgO 9 kot === = ol Efizdl #dd
MEHERTES] B2k 3l YelAE FeO* EY &E/ ¥ ¥ HEFAE ol H4HY

GREEERS] Hatke 28 108 MgO—FeO*— (Na,0+K,0) =K% BEiFEdAA= & el
web, BUHERTES] s B RS X el FeO*— (Na,0+K,0) fllel vetksl ZAishaL
il 7H4E (Na,0+K,0) —MgO fijoll vhabat Frghke vhebileh, 554860 4 & (Na,0+K,0)
—MgO (o] &g HEgtS o] £rlst FeO*—MgO fil.o = ALz,

N 29 118 Si0, 489 Btel wE:

MgO/ (FeO+Fe,05) ] EMELE BRI

o ::Z: Aolsh, fiksh HHE SRS TS

catn e S KUIESOIA QoA Fig BLiige]

xsthstoge o} ke KILEES $5E5Y AE B

o} #F $e e B ok 289

SREE BREEe 2 242 (g B
oy A =},

5 AR B%

AEANA Bl KPS ¢
2] - Z=ZiE, ALO;— (Na,O-+
Na,0+ K0 86 a5 25 — o K,0) —Si0, (41. 2~53.0%) s+
Fig. 10 Mg0-FeO*.(Na,0+K;0) Diagrarm. ; Na,0+K,0/S5i0,¢] B4t
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Fig. 11 Variation diagram in MgO/FeO-+Fe;0; and versus silica of volcanic rocks in Jeju lsland.
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400+
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Fig. 12 Model of genesis of basaltic magma types beneath Jzpanese Islands (after Kuno’s model,
1966)

b2 Rob ¢ ERl BWatet, o1el HARLEW HEL Billsl AHE Hfste Lo}
ol BXERS} 3 - R ERA BekLEES) ZRE 2 Aol (27 7,8,9,10 #x),
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Bl ABe KIS BELBN WHANA Fkile: MR AKES NI gk $58 9
Fkel dhkiol KBRS KL e,

oleldt A WKl Ha Barth, T.F.W. 8 Miol B3ol Aol dzelsd KEE
gHiela thest 2ok

A, BIRESS Ffte] £ARE ol BHAE KIARSe WE2 2ot AR HWRTH
of BRELe] Fatel el Mhke] Ad glomw oo o3 WS Wik

A, FiEY BB M) EEIGE o " KEAAS Zol KILFRY RME
Bt TE I AMHY KLES] TRUBAL 29} TE RHEMHL Bl ohde Fae
Aol e,

debd KBS KILES AAS A9 MERB-LREE e BRE FaT ¥ o)
KEE BT KIUEHES WU o =) ERol A Bk Aol= —ile] M Rk
ekl WHATH 3 BB Aol

o et FMS L WEoAY shnte] Fgsh S(LBRY BT MBS Yoder ¥ Tilley
(1962) 9} Kuno(1966)] 3ol HANIL Aol7 21w, Yoder-Tilley & L% Aol Al Rejfhol
webd kFHEC R BEst RS s MEELREHA It £ s Aolvn RUT ol
whehe] Kuno & AMEEMARe] 493 & U e =mel 4 ARD ¢ FHEa

EH WV e 2] bl KREHE vhooh BADTHE Kuno o) B3 vhgg Fch(a
W12 22). WME HEAIA Bkl EES Zolrt 400km FATIT St AR KLEE
nhan BABEeR Mol $RE U HAS MBEAs BEAS KIS Hisd wa el
A oo} o] H{LEM MEAE &=L Aol

6. KILTEEN HEEE

1) %

SE%

KIigel KBS HRBEE shets] BAAL KUEDE, KUHESs FUELC %
B HUEE KWsdopt Mok KB KM BBHEY —#e WEAA AR Aol
o) E Hie ERMEY —BE BASLE BHEAA 44 BET + fou REEILB-1E
o] 23 10BMETLY e A5l o oha M —ielshE MY 4 Y

e

KBS KIUEES EEL, 55 T4 Bl kA kliESs Mm Aotk olEE
T WHED), KBCREES BE 2 & Jd& B e mEY HRE 2t Ae2A

FIATHEESE = Bll—pEEe 2 o ook
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AEBS KIUEH-L =A Bol 5EY MHRER 44 5+ duvl wREe FEe ket M
3 2L WA = HE#AE 4 vk KLEEe] ERIH =4 2EFdeliHe s @il
Aog wole

KBY) WS HHE shelolBY JILEEIS A Lol BEMMEA o WEEME YK
st KIIEE ] drt T EBET B AEEe KEE PLoE b el ol BrEsH
Zo] o] 1,950m o] Esh= KILEEE e e

3608RHES EEhE FAEKILUES WEIL KILELEAA Bl B HEd debi ol %
o KA S HAULEEY] Eigelth, 1z ENEE —EY BEE A dod Kk
HWEEYdl o8t A KiLEE & < glvh

2) KIUMEH R

skl A BaEe) ol 2R KIIFER] o sl Wk AkE BATHALMAA K
EEo s ol [ glonz WMAFIS LA BEIE KUEHHASE 2Bol¢ BEE
SR ERY o

= kBelAe] KILMMBRS RATMEMY fAR selolfd BRvh 22y B
W) REE B KILfERS Z3AA T A BATHEALSY —Belzhr € 4 9
o GBS AHEEAl A Y Selotel EEsIIvle HUTA UKREE vhavhzdel gkl K
WESe] v KB Gl EEEXREE ohactl fEY BRI AY KLY —Be
24 KILEES Mkel delAE 183 BEe gelaeh

ST WA KBS KUEHTAS AR rel ®WAR e 2o,

1. %51

WU KILIRES kel BHEel dX Sk EERREY WHEE Fai= 18 #ESL
& FREE WKE L KAILEFE SH%T & AL wob KIUREDS WS Ml
F9H Aoz AR

RHEILB—04 B o) Zole] BUEFIA THEBS TholA BEXRE BR EHAE
ol RSB EE o) ol A A GEAEET) A Alhe] HHE o 23 9ot WhE
P nelEeh, webA ol Ml Hetel RS ol WS WS AlbRe] AEHRE
2 olgoleE Wk uub BE1Y) KIUEHES 2 1o} shshel fio] gl o2l ek MHE e

HUS AN 03.0mol 7 EalE WHWEC HEZRE dd HE=e dE Ao
= ol EEWME Uu KEHach 2o EEEEY BKEL Aoz 2ol KILMEH
M-S A4S EE Aoz BolALeh
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2. S2EHIM

oM WS REMLRE WHEYE fAfpalel THEW % dTommEEY el o2
AR HeERE FHh

HFOLALS FHBIHEE BASLE 55 280 24 ARe= SHdsh R
B-1074 ¥ %% L0§MERFO A9 Zobol Bl Wge] 95 REBLREbOE KRHERE
PAERT o) 168 Blbol ehe Waiiel slsle& MBNA T KRRBEEE F7t
lmol #ae AE AchEEIL B—TD). s REAAL SEdlol gl o EEdA
4 gt =] HEE R dehie] slslolykel Bg Hon Tk

ERWHESS FOHES ol KRAEHZ S gt ol 56m Ll LS| GG 29
REHY Aoz WolAt BULE] HEslo) ek )& H2MK KUBEYE WHiE
QY KLED] 9948 AAEE Aol FIEF 3 BUES KURERY H7z 2o} ol
B9 mAOE gL, U, KE, S, BT SHUE, REL, B0 S gedehe 44
& 2A @

oot HEE vl o) ol B KILIFEL ARE BEEIA 93 dsolpRezA B
BE A ASKUE BN KL B KUHERE REAT 22329
YA 2 WBAGoH SN KILES BiEA T,

3. % 3RHM

HIMUEIE BOUTRES BBEY S fAlFele] FZETRES PHRLERLEY Wl
<|Bvh BMEMS 5% KUEES Ml Solohd MEES KEE ShE Tire mkn
oA ik U] IEE Tk 2e v KBS KEHA A FMXRES EEE A
ol HSE AR, THE $Lod 59 BAHAA BHs HAML EHKRHE o
FolAeh, o) & MAAN AL HEEHE 4k LEFE ol FFE Mok feFa A2 i
ol R BEPSIATH AN RS Ml A BT S EAE R s
TS PLOE T AEKNME A EFe ol A8 RE ek,

FETIHS H284 A9 AHRY WE HHE o)A Tehn BT ERG~5)E 2T
BERE WHE SHsleh |

BUE RO R & KILEIR Aolol KRBRYE HUES T Sl 218 LLEe] Bl
9ol MRS A ek, B EMHERE AL 138 Lk, FEEXREAAL 56 LIk, BHEH
Eel A £ 38 DLk fitie] A olF Akl HHsE KILBRES A
%3 3m pystel 2 lomol abe EE 9w

e e FHEE nob AN KUEEHRL Aol furt 2EF M) B4 SAR
Aoz AzAs, KK WL Bt # 050mgodD F4Ht
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4 AR

RS KIUFER-S MEEXREY WiH2Yd BiEsd BREXRE 2 HEEEZLEY
Pl 742 o 2o}, el = KBS K - EERELSA A QA Hidot Wk T A
BAb AolA HEE AEES ROOD ¥ WEEE R Sk 9 o Bee
e WHE = BIRS Y ol Rash HEEY 2R 99 fike] TMMY JTL ¥ AL
= BHEY EEL KUBY) ke ABRA A EmSdch ERAGS Hed T
el BITR AAAT HRERES MBS AH BE) HEHERLEC] FHisHE .
RRELRES FH-E 6E LIk giglom shiel KiLmgte] 42m el 744 sk EE ok
282 AAE 2 KoLl wel Bl glo] Wilhke] Wl 2 o dR Aow Az,
ol F WY EEAAL Sl e st dde] - zoelolEEY HME & vhehy =
FELREN A S FAT HEE DEc)

BREZRES 19 S oz ol 4o g, dF0T, E4% %9 MAOAA &
HElgode welAs 184 FEHOD sto) B - FAE L wHstdch o Eel A= 5E L
) BV KIURBY Bio] Bk » ~

BRUXRES AEEADS hLo2 (IE 2 S ROERS S48 oEd o
Eol Ak Hol = SELI LS HEkie] Felsgleh '

5. %55 EHN

BHEY KIUEES MEES HRA & KBRS s GEEXRES Kt dsr
Aoz BRET ol e KILEEA MiEstd HEREAoldE BHMoD KIlfsEEEe] H
= 9L, ,

6. HKILER .

BRI T4 2% K Mol BiEse] gt 3608Ee] FAKILS & 4 dh 3ol
A BRI wksk ol WLE 2 FIEES KR MRS 108EY KUES Bitsdns 25
b BB A BE Rl o,

WEEANE o] det $3e KIUHE SHIE Gk oF KU 3ol kLM,
KISt Som sol glo} BEHERS EHE KLY A7E #ES + vk

WA KIS LREHo o

3) KILEE = Hik

1%
AT NOES R 2% 20 2] B o2 sleh ol & MAKA —Hae
PR BERRY HEs FAd,
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KILEREE RislE o golA Folust BES AL KUFESHS L o Forl EE
ok ol & Hibo 23le] 3608RMES FAEKIC] HHESEEIA Sfistel slol i MBS e vl
W Eaateh 2 u AR KILEEE B Beld ol® FAKWEY EIREE &
Preted 28 13614 E + gl vt 2 SRS BEstd ek

@ o hRge KBS BEEES ol ¥ dv EZUE oz o R 48 fs
EEE ol27] AR AR Rkl dFE folvh AEME, BRE HRERE FH 2 Kl
< vl Rske Fhkile] 2/3 Dkl Arlg TSl WSl ek

@ F=f : HERe Tz SRS 42T BiERezA AREdE ¥ KUEE #IXs
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