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ABSTRACT

Chelu VOIcanlCISlandlS Sltuated at about90km south of southern

most tlP Of the Korean penlnSula and thelargestlSland consIStS Of one

maJOrlSlandln KoreaIts shapelS an elllpSe Wlth sIZe Of80Ⅹ40kn5

ThatlS，the totalarealSl，824k札thelength from West to EastlS23

9kmInthelength Lrom North toSouth，themalnlSlandlS154kmorthe

lSlandlS166km TheshorellneCOneOfthelSlandlS756km Man）ang一gul

CaVelSlocatedln KlmnyOungイi・KuJWa－up，the Northeast of CheJu

provlnCe，Sltuatedonlatltude33031′26〝N andlongltude126046′18〝E

Itcanbesuggestedthatthesefactsonthethlrd floorlavabrldgeare

related to thc quantltatlVe analysIS by X－ray fluorescent analysIS

method The chemlCalcomposltlOnS（Unlt．Wt％）by XRF fundamental

parameteranalysISareaSfollows SlO2＝52．60，TlO2＝174，Al。0，＝14．30，

Fe203＝12・40，MnO＝015，MgO＝689，CaO＝884，K20＝2．54，Na20＝

036，P205＝018Thethlrd flooroflavabrldgesamplelnManJang－gul

CaVe are trlCllnlC and hexagonal system for the crystal＄truCture by

X－ray Observat10n and basaltlC andesltelnlntermedlate for chemlCal

ClasslflCatlOn The K－Ar ageofupperlayer（3F）oflava brldge sample

ln ManJang一gulcave was determlned to be O19Ma
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11NTRODUCTl0N

CheJu VOIcanlCISlandlSSltuatedatabout90kmsouthofsouthern most

tlP Of the Korean penlnSula andlS thelargestlSland，One Of ma］Or

lSlandsln Korea．ManJang一gulcavelSlocatedln KlmnyOung－rl，Ku］Wa－

up，the Northeast of Che］u prOVlnCe；atlatltude33031′26〝N and

longltude126046′18〝E（Fig．L）．

Che］ulSlandlS aVOIcanicISland whlChiscomposed oflava of basalt，

andeslteandtrachyteaslandtaxfacerockqualltythathas3600rmOre

parasltlCVOIcanoes，WhosemainpeaklS Mt Hanla mountaln（1950m）．

In addltlOn，621ava caverns have been discovered there

ManJang一gulcavehasbeeninvestigatedseveraltimesbyKorea／Japan

JOlnt CheJulSland cavern survey．（Hong，1981，Ogawa，1981）・Many

layered structures（2～51ayers）and the compllCated aspects are seen

characteristlCallylnthelnSldeofthlSCaVern．Withregardtothesimllar

cavern Heldes cavern（Spaln），Dynamlted cavern（extenslOn．2，388m；

USA）and Lavlathancave（extenslOn・12，400m，Kenya）areknown

Che】u VOIcanlCISla，ndconsIStSOf alkallbasalt（Sawa others1996）and

attentlOn Should be pald toltSgeOlogy and rocks・ThecharacterlStlC Of

the voIcano geoIogy was clarlfled by the studleS OfLee，S－M・（1966），

Won，J－K．（1975），and Lee，M．－W（1982）The analyese of studleS Of

composltlOnS（Sawaandothers，1989，1990，1992，1993，and1996）andof

mlneralstructures（Sawa，1991；Sawa and others，1997and1998）were

reported Furthermore，the KrAr age determlnatlOn（Won，J，K and
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ManJang－gulCave

F桓・hdeズmd oCαho几mqpSげ〟αりαmg－gu CαUe

Others，1986andOkadaandothers，1991）madetheageofformatlOnOf

ManJang一gul cave clear Thelava brldgeln Man）ang－gul cave exIStS

aboutl，000mfrom the2ndentrance，WhlChlSbecomlngtheentrancefor

Slghtseelng（ダfg．7）

Thelava brldge was formedln the way that the stream oflava fell

tothelowerlayerfrom theupperlayer（3F）andthe weak upper part

OfthecavernwascollapsedInthelavabrldgeofManJang－gulcave，aS
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Tablel ThedlmenS10nOfthelavabrldgelnManJang－gulcave（cm）

LayerNarne 犯V誣F��Thickness 夫萌F��Heightfrombase 

UpperLayer（3F） 鉄���ﾓ#��40±10 鼎���ﾓ3R�65 

MiddleLayer（2F） 都���ﾓ#��33±10 鉄CX�ﾓ�R�238 

LowerLayer（1F） 都���ﾓ#��23±05 �3c��ﾓ3��32 

lava was streamlng，thelowerlayer（1F）of thelava was rapldly

solldlfled，the solldlfledlayer turnedlntOlava floor，and then a brldge

stylewas formed Thelength，thlCkness and wldth of the mlddlelayer

（2F）of thelava brldge are　700±20cm，33±10cm and　545±15cm

respectlVely（TabLel）On the other hand，thelength，thlCkness and

wldth of the upperlayer（3F）of thelava brldge are580±20cm，40±

10cm and410±35cmrespectlVely（Fig．2and Tabld）Theauthors report

bulk rock chmlStry，mlneral composltlOnS，and K－Ar age for thelava

brldge samplesln ManJang－gulcave

2　MEASURING METHOD

2．l XRF and XRD anaLysIS

Sample preparatlOn WaS Carrled out malnly followlng Goto and

Tatsuml（1994）Rock speclmenS Were CraShed by a hammerlntO COarSe

samplse，The coarse samples were washedln pure H20uslng a Super－

sonlCWaVeWaSher，WhlCh process was repeated two or three tlmeS The

washed coarsesamples wereground by a vlbratlOn mlllwlth a tungsten

carblde vessellntO pOWdered samples・ln thlS grlndlng prOCeSS n－hexane

was used to ald grlndlng The resultlng Samples were drled atlO5℃

OVernlght

Thepowdered samples were fusedlntO glass beadsln thecondltlOn aS

follows，fluxIJ12B407，SamPle flux＝110（04g・40g），fuslOn tempCra－
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F毎　5伊“cureげkuα　r沼ge nル払りαmg－guJcαUe

ture1200℃，fus10n tlme　2mlnuteS holdlng and5mlnuteS SWlrllng，

COOllng tlmelmlnuteleavlng and3mlnuteSCOOllngby alr flow The

glass bead method can ellmlnate graln－SIZe effect and mlneraloglCal

effect whlCh dlSturb accurate quantll1CatlOn by XRF AnalysIS Of bulk

rock chemlStry WaS Carrled out wlth Xrray fluorescence spectrometer

（RIGAKURIX2100）byglassbeadmethoduslngfundamentalparameter

（FT）method to quantlfy AnalysIS Of mlneral composltlOnS WaS

porformed wlth X－ray dlffractlOn SpeCtrOmeter（RINT－2500＋curved

graphlte mOnOChromator）

2　2　K－Ar age determlnat10n

In K－Age determlnat10rl by HlruZenInstltute for Geology　＆

Chronology．the rock samples were crushed and sleVed to take　60＿80

－－41－
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mesh sIZe fractlOn for theargon analysis．About50－100mg of powder

speclmenSWereuSed，fortheflXedquantltyOfltlmeOfpotasslum（K）・

TheanalysISOfagedetermlnationlSlowest toI specimen attachment・

to conflrm the reappearance nature et al・，Of the unhomogeneous and

flXed quantlty OfthespeclmenWeWent OVer tWice・A portlOn Of each

wasground separatelnanagatemOrtar，and theresultlngPOWder was

analyzed for potassium・Potasslum analysIS WaS Carrled out by flame

photometry uslnga2000ppmcesrum（Cs）buffer Powder samples were

decomposed for analysIS by flame photometry wlth HF and HNO3

treatmentln a teflon beaker．MultlPlerunS Of two chemical standards

（JG－1andJB－1）1ndicated that the accuracy and reproduclblllty Of thlS

method werewlthln2％　AnaveragevalueofdupllCaterunSWaSuSedln

the calculatlOn Argon was analyzed uslng anlSOtOplC dllutlOn method

wlth an38Ar splke．The specimen and the standards were measuredln

the same condlt10n The error wlth the medlum ValuelS Wlthln1％

3．CHEMICAL COMPOSITIONS and STUDY

TheresultsofXRFanalysISOf bulk rockchemlStry for thelava brldge

and twlnlavacolumn samples are tabulated shownin Table2，tOgether

wlth the composltlOn range Of voIcanlC eruptlVeSln CheJulSland

ln comparlSOn Wlth the composltlOn range for Che〕u VOIcanlCISland，

thecontentsof TlO2and Fe20。●are hlgh．Thelava brldgeln ManJang一

gulcavelSCOmPOSed ofbasaltlCandeslte，Whlle the range of composIA

tlOnS Of the voIcanlCeruPtlVein Che］ulSlandis wlde．Wlth regard to

alkallnlty，the contents of SlO2VS．（Na20＋K20）are plottedln Fig・3・

The boundarleSlnFig．3areafter Kuno（1966）The basaltlCandeslteOf

thelavabrldgelSnOn－alkallne，Wh11ethebasaltofthetwinlavacolumn

Shows hlghalkallnlty．
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rαゐJe2月叩regen励Ueg月ダα乃α抄gL5rggU加かZんe加αlnMα町αれg・guZ．

亡Oge血rM油血compo古山0nrα几ge扉uokdmCer叩加e8乙乃C q比はαnd（血％）

C 膝v紋ﾆ�f���$dﾆ�f���4dﾆ�f��氾��Ef���fW&�vR��6�ｧR�OmpOSltlOn �6�Vﾖ�(�"��'&芳vR��'&芳vR�剪�

SiO2 鉄��C湯�鉄8�C���鉄(�Cc��鉄(�Cコ�鼎��C(��ch�C3��

TiO2 �"�15 ���79 ���74 ���3sr����00～3 鉄r�

A120二1 ��R�17 ��B�30 ��B�30 ��H�C3����2�84～25 �#��

Fe203り ��"�56 ��"�40 ��"���40 ��"�40 ���67～14 �#B�

MnO ���16 ���15 凵D15 ���15 ���00～1 鉄2�

MgO 澱�15 澱�23 澱���"�����89 澱�56 ���00～10 田��

CaO 唐�06 唐�85 �84 唐�85 ���07－12 都b�

Na。0 �2�27 �"�64 �54 �"�59 ���41～8 ����

K20 ���04 ���38 �36 ���37 ���36～5 田2�

P205 ���30 ���16 �18 ���17 ���00～1 都��

1）Fe203　tOtallrOn aS Fe203　　2）Sawa and others（1996）

3）Sawa
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ダね・3　Co醸nね〆5乙02αmd（Ⅳα20＋∬20）わr如上αUαbr砲em〟α町αng－gug

CαUe rheエe比erA demOggルrα摘αわroc－gere8　A茸んぽんαummα

Serleぶ，CrOSSαndαSねrg札　ダα乃d　ダ扉兢e　αUαbr乙なere旦PeC加eツ，

Ope花かααggeS，パuUIn　αUαC（〕h〝∽

We requested the regresslOn equatlOn and decISlOn COefflClent Of

polynomlalexpresslOn（y＝CX2－bx＋a）lnFig．4．ln other words，ltlS aS
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rollows：

Na。0　　（wt％）＝0008（SlO2）2－0747（SlO2）＋221…（R2＝0．184）‥（1）

K。0（wt％）＝0007（S102）2－0565（SlO2）＋131日（R2＝0590）…（2）

Na20＋KzO（wt％）＝0015（S102）2－0249（SlO2）＋353・・・（R2＝0．421）‥（3）

It was admltted that the decISlOn COefflClent Of the polynomlal

expressl0nlSlarger than the equatlOn Of the stralghtllne Therefore，In

the relatlOn flgurebetweenofSlO2and（Na20＋K20）．Itwasadmltted

that oneof the polynomlalexpresslOnlS SuperlOr tO the equatlOn Of the

Stralghtllne．On the other hand，from the relatlOn flgure betweenSlO2

37　　41　　45　　49　　53　　　57　　61　　65　　　69　　73　　77

uLTRABAS・Cl BASIC　巨NTERMEDIATE F AC・D

45　　　　　52　　　　　　　　　63

S102（wt％）

ダ短．　CんemeαJ CdSS漬Cαわ0乃αれd n0merlCαhre q付ocαnC rOCゐS

ugng班e oα　α摘αわUergugSと′乙Cα（TAS）d乙αgrαm（q伽rエe

月αざeE dZJ9β6　ダgg．2）P～0～扉gl02　Ug（八　20＋属㌔0）oJも

〟αりα乃g－gl上J cαU2
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SlO2（wt％）

F短．Pb£q gO uS g00m〟αりαng一g江上CαUg，亡Ogeとんer LU軌

eompos乙か0乃rd托ge qrUOZcα和上C er岬かue m C′呵u乙Sヱαnd

and（Na20＋K20），lava brldgewasconfirmed thatitlS Smallest（Na。

0＋K20）1n CheJu VOIcanoISland．

Fig．5lS the dlagram Of chemlCal classlflCatlOn and nomenclature of

voIcanlCrOCks uslmgthetotalalkallVerSuSSlllCa（TAS）dlagramafter Le

Bas et a1．1986，inwhlChSlO2VS．（Na20＋K20）ofManJang－gulcavelS

plotted．Thelava brldgeln ManJang一gul cave consIStS Of basalt，lt

andeslte．

Fig．6lS dlSPlaylng the relation between SiO2and K200flava bridge

ln ManJang－gulcaveand dlVISlOnOfbasalts（wlthSlO2＞48％），basaltlC

andeslteS，andeslteS，daclteS and rhyollteSlnlow－K and hlgh一K types．

Twlnlava columnln ManJang一gul caveis basalt and medlum－k．Lava

brldgeln Man］ang一gulcavelS basaltlC andeslteS andlowLK types．
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4　CONTAINMENT MFNERAL and DISCUSSION

41XィaY an8lYSIS

TherangeofrellabllltyfactorlneaChmlnerallSalblte（678），quartZ

（507）and alsoauglte（453）ln TabLe4　Besldes，1t WaS COnflrmed that

theshlftlngandpeaklntenSltyratlOOfpeakdiffereventhese，although

We entered the substance that has exIStenCe pOSSlbillty The substance

that entered to these qualltatlVe analysIS reSult the change of the

StruCtureaSSOClated wlth solutlOnOf theelement areconcelVable besldes

4　2　K－Ar age det8rmln8tl0n

TheresultsofK－Ar age determlnatlOn for thelava brldge andlava

COlumnsamplesaretabulatedln Table3　Eruption perlOd by K－Ar age

determlnatlOnOfupperlayer（3F）sampleswasdetermlnedtobe O．19Ma．

TheKrArageof twlnlavacolumn samples was determlned to be O．03－

0．42Ma

Theupperlayer（3F）oflavabrldgewasformedbetweenbotheruptlOn

perlOd of the twlnlava column Therefore，ln the same cavern，the

non－alkallneeJeCtaOf thelavabridgewaserupted between the alkallne

actlVlty Of the twlnlava column

Wlth regard to the voIcanlC aCtlVltyln CheJu VOIcanlCISland，Lee，

M－W（1982）reportedthattheeruptlOnageOfSanBongSan trachyte

andofBackLockDamtrachytewasO・74MaandOO25Ma，reSPeCtlVely

Therefore・aftertheeruptlOnOfSanBangSantrachyte，OneOfthetwln

lavacolumnwasformedatO32－0・42Ma，andthen thelava brldge was

formed at O19Ma，WhlCh was followed by the formatlOn Of another

COlumnatO・03－005Maland BackLockDam trachytewas eruptedlast．
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rdhk　恥α昆ddueαnαツタね呼ぶ亡5gαrC九一mα£C九〇几班e叩per 

Jαツer（ユダ）ねUαbrよ（なefn〃α可αng－guZcαUe 

l l l 碑�ｴﾂ�Card帖 �� �7F�襷�&B�躔ﾖ&W"�greemen Number 杷�7F�"� 

イ 2 J 4 5 度�h��ｷxｹ�,ﾒ�Ch����CR�#H��ｷxｹ�,ﾒ�#X����Sr�3��ﾃ�c�R�SiOゞ M針TiOl fFe2A14Si50は ��ji(｢�42 28 J6 17 43 畑+"��R�｣��r��r�678 507 45β 300 258 

6 7 8 9 10 11 12 13 14 15 ����ﾃ�CcR������#�"�C����Cッ�C��ﾃ�C���C��ﾃ�C���$H�S�S#��#x���#TB����ﾃ�CSb�3����s迭��8���C#�� ��19 52 82 66 71 ��b�3��CB�CB�3��708 619 573 571 552 

爪吊や仇）ど ��92 71 19 40 33 鼎b�3b���#��#��547 535 532 524 508 

16 17 7g 19 20 �3H�ﾃ��唐�3��ﾃ�3C��L8�ﾄ､ｦx5��3X�ﾃ�S�"�38�ﾃ�cs��凡打鼠 Fe2P �-泳fDｨ�X6��81 39 9 80 26 �3���r�b�3R��B�464 460 45β 453 429 

21 22 23 24 25 �3��ﾃ������h�ﾃ�C�b��X�ﾃ�CCR�C��ﾃ�C�2��H�ﾃ�#c��CaJSiO5 SiOZ ���趺ｦ友R�29 30 36 50 58 �����"����#r�#B�425 421 419 406 405 

Davanite 

26 27 28 29 30 ����ﾃ��ィ�3����3�"�3X�ﾃ�c������ﾃ�C#2�3��ﾃ�C#R�NaAISi303 N且2Si409 MgSiOコ AIPO4 SiO⊇ ��147 10 100 35 40 田��b�C���R��b�402 395 380 379 374 

31 32 33 34 35 鼎x���ピr����ﾃ�Ccb�Ch�ﾃ�33r�C��ﾃ�C�2�86s�c�g"�NaAISi308 ��13 45 67 50 38 澱�#B�32�#�����371 369 369 368 366 

－49－ 



Ⅹ－rayAnalysISandK－ArAgeDetermlnatlOnOTILavaBrldgelnManJangrFulCave（沢、井上、河野）

γαbk merggu鮎扉好一かαgedeggrmlnαれ0乃ルr粘土OUαbr乙‘なe

αndcoJum花lm〟αりdng－gUJcαUe

Sample Potasslum Rad4DAr K－Ar age NonRad Ar

Name　　（wt％）（10‾BccsTP／g）（Ma）　　（％）

慧霊081±002013±013004±004　98・5　Saw：意；Lhers
O15±014　005±0．05　　　984

3Flava

brldge
0．32±002　091±003　0．19±014　　　977　　　ThlS Paper

慧霊091±003：≡喜≡：……3……≡3．；≡；……　Saw：志；thers

5　SUMMARY and CONCLUSl0N

WeunderstoodthefollowlngaSareSultoflavabrldgelnMan］ang－gul

1）Thelava brldgeln ManJang一gulcave consIStS Of basalt andeslte．

2）About the contalnment rate Of SlO2，CaO，K20，the upperlayer

（3F）1avarldgelSlessthan themlddlelayer（2F）lava bridge，and

are more than twlnlava column，

3）About the contalnment rate Of TlO2，A1203，Fe203，MnO，the

mlddlelayer（2F）lava brldge and theupperlayer（3F）1ava brldge

are same almost，belngless than twlnlava column

4）Lava brldgeln Man］ang－gulcavelS nOn－alkallne

5）Asfor thelavabrldgemlneralslnManJang－gulcave，alblte，quartZ

and also auglte are many．

6）The age of the formatlOn Of the upperlayer（3F）lava brldgeln

Man3ang－gulcavelS1．9Ma determlned by KLAr method・

Asforthelavabrldgemlneralln ManJang－gulcave，Alblte，Quartzand

also Auglte are many There are the cave（Sawa et al，1996）of a
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VOIcanoln CheJu VOIcanlCISland（Sawa et al，1990），Mt．Peakdu＿San

（Sawaetal・1996F）一Mt FuJlmalnlylnNortheastAs18Asfor these

lavacavernshlghalkallbasaltlSdlStrlbutlnglt Thatevenlavabrldge

lnManJang一gulcavewasfoundlSCOnCelVablethattherelSanlmpOrtant

meanlngln theselava brldges

要　　　約

沢勲・井上央　萬丈窟洞窟の溶岩棟における蛍光X線分析とK－Ar年代測定

－済州火山島には360余個の寄生火山があるが、いずれも玄武岩質～粗面岩

質溶岩より構成され、60余本の溶岩洞窟が発見されているるその中で、萬丈窟

は、済州火山島の北東部、北済州群旧左邑金寧里、北緯126046′18〝・東経330

31′26〝に位置し、洞窟の長さは8，928mである。

蛍光Ⅹ線分析の結果より、萬丈窟における溶岩橋は、玄武安山岩質であるが

萬丈窟の双子石柱とは異なり非アルカリ岩であることが分かった。

K－Ar年代測定の結果より、萬丈窟の上層部溶岩桶は約19万年前（0．19Ma）

に形成されたことが分かった0済州火山島の活動年代については、まず山房山

粗面安山岩の活動が約74万年前にあり、萬丈窟の溶岩橋の形成（約19万年前）

を挟んで萬丈窟の双子石柱が形成され（32～42万年前および3～5万年前）、

白鹿渾粗面安山岩が約2万5千年前（0．025Ma）に噴出した。
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dppe乃dェ　Anα加わりααe扉班e　αUαlmαりU UOkのOi扇αnd（∽亡％）

名称 ��劔��劔俘x��U8��

101 102 103 104 105 澱�b�R�R�R�36 65 51 75 87 �3s��CC���3����"�33��12 20 52 65 91 �������ィ�S��c��12 00 22 19 00 ��06 86 78 00 21 �#���������"�3��08 54 02 42 58 涛R�����b�s2�#��23 98 14 07 02 湯���������58 56 51 34 18 

106 107 108 109 110 迭�R�R�B�B�72 28 10 61 70 �33"�#3��S3���#���s"�50 82 80 20 50 �#��cb�32����迭�16 18 01 24 01 ��17 57 54 04 09 鉄��C��C2�3r����19 91 41 42 34 涛��C��釘�コ�唐�15 29 01 00 02 涛8�C������C�2�塗�C����(�Ccb�滴�CsR�

111 112 113 釘�B�B�86 61 60 田���Sc��鉄"�37 551 20 ����3b�3"�23 35 01 ��25 06 52 塔��#��#B�28 89 58 鼎��S2�#��71 08 01 湯�����62 20 63 

114 115 釘�B�30 41 塔S"�S���50　7．67 52　3．99 �02 38 ��00 781 �3R�sr�391．67 281．30 �02 29 湯���77 30 

116 117 118 119 120 鼎��C#��Sh�C3B�Sh�C���C��C���C��CSb��#�"�鼎���C��塔��3�"�70 43 122 005 178 都r�S"�CB�モ�S"�01 25 30 01 23 ��74 84 70 31 79 �#B����c2�sb����25 13 39 74 42 塔r�3"�3��#2�#r�01 24 55 01 17 湯���������07 81 76 72 53 

121 122 123 124 125 釘�B�B�B�B�26 74 50 40 60 鉄3��3�"�S�"�S�"�3�"�0713 0613 808 808 007 ��B��"��"����c��10 19 01 02 02 ��31 41 64 16 64 �#"��B�3���2����131．33 811．25 932．290 122．170 121．870 �20 09 20 09 02 湯���������19 82 29 29 15 

126 127 128 129 130 釘�CB�B�cb�cB�542．972 501．282 601．232 310．001 620．271 �530 505 007 552 901 田r�3��s��#��ッ�53 01 01 09 08 �����35 17 71 00 16 鼎b�c���"��2�3��411 052 531 355 195 鼎���R�sR��B�#R�02 59 01 00 02 唐���������97 15 47 76 66 

131 132 133 134 135 田B�Sr�SB�SB�S��610 420 980 600 040 鼎3��3#���3"��3�b�s��b�531 449 133 805 8211 鼎b�3"�C���S#��3#��19 12 21 00 11 �����������00 33 153 70 657 �##R�s�R�sR�C���2�334．950 323．020 943，400 094．940 311．050 �00 08 97 0 1 湯�湯�迭�澱�����72 8 7 2 0 

136 137 138 139 140 鉄��C��C��C��Cr�202 380 332 001 601 �#S�R�s88cr�3��b�3#�b�s#�B�086．420 0910．010 134．600 088．220 772．780 �20 13 12 01 61 迭�B�B�B�B�086 887 1310 067 6412 ��H�C33"�S8�Cャ��s8�CsC��#h�C�s2�c8�Csc��涛s�������s�������3��0 5 6 1 0 涛"�釘��"�釘����3 1 6 0 7 
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L l ��C���C"��C2��CB��CR�4 4 4 4 4 鼎�����������S�� 剴��������������� 鼎��#���"�迭��"�01 92 22 13 75 �3��3B�#���2�cb�53 93 77 41 41 ��2��2��B��R��B�94 94 94 95 94 ��C唐��C�"��C�2��C3���C#r� 

146 147 148 149 150 釘�B�B�B�R�60 50 36 80 50 塔���c#"�3#��S�������0 D 41 0 5 都���C�������C���#C��C3R�����C����#��C���度�C#��x�CS��s�ビ���c��H�C�2���2�c2�#��������72 72 89 04 09 都R��2�#��CR�S"�01 01 08 01 OD 涛B��2�迭�������．44 ．91 ．74 ．69 ．50 

2〔）1 2D2 203 204 205 釘�B�B�B�B�22 49 11 13 41 �3c��3���cs��3���#s��22．440．16 41．620．17 43．390．17 81．980．15 911840．17 剴��93 00 611 43 61 ��"�����r�ヲ�CB�742．03 251．93 101．31 311．38 101．43 �54 55 53 48 47 涛�����ヲ�������．96 ．73 ．90 ．71 ．23 

206 207 208 209 210 釘�B�B�B�B�102．151 172．181 792．141 322．451 022．791 �5 8 1 2 6 都��3r�s��SB����15 17 15 15 16 ���78 25 98 D9 59 鉄��#R�C��sr�cr�40 96 12 16 03 �#2�#2��2�C��#2�38 39 35 49 27 涛�����ヲ����ヲ�．64 ．55 ．76 ．68 ．92 

∴1 212 213 214 215 迭�R�B�B�B�07 70 00 45 77 鼎����3������s���Sc��0 6 6 3 72 ��CS���C�R��C3c��C�B��C#S��C�b��Css��C�r��Cs#��C�R�釘�r�B���R�R�14 11 55 90 44 都��#�����cr�#��361．41 230．88 721．31 601．48 102．03 �57 29 33 67 66 涛��ヲ�����"����．17 ．98 ．07 ．34 ．49 

216 217 218 219 220 釘�B�B�B�B�60 19 36 822 282 鉄���都��c3��C���縱��12 45 22 43 71 都���33��C3���#������15 16 15 15 14 �068，00 908．48 08．80 77．30 48．57 �41 76 90 94 66 塔c��Cc��3���Ccr�����CSr�sC��CC���3��CSB�涛���"�ヲ��"���27 81 85 01 61 

221 222 223 224 225 鼎��C��S��C��S"�42 13 012 32 71 涛��S��c��s��c��12 52 63 91 51 簸D��C�"�c���C����S��C�b�C���C#"�C���C�R��2�B�R�r�R�18 57 27 98 66 塔SB�������2�CB�08 74 91 37 62 鼎3��CC��ャ���s������88 95 66 48 62 湯���������41 36 71 14 49 

226 227 228 229 230 231 鼎��Cc�(�CC���C��C祷��(�C3s���73 62 71 33 41 塔C��33��s#��S���c���15 17 15 17 16 澱�b�R�B�R�18 08 17 28 38 �32�S2�#2�s2��2�60 21 21 91 91 涛���s��3��#��3��43 47 54 71 72 湯�����������66 89 02 74 26 
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236 237 238 239 240 鼎��C��S��S��C��512 982 032 202 882 鉄S���C����3c�c��3��#��x�C##"�3��?ｳ3SB�3C���C����都S����������S����B�13 16 16 15 13 店�C#モ�S�s途�H�CC#b�8�C#sb�8�CC����#c8�Cゴ��3S8�Cs���s3H�C�s"��#H�CC���#c8�Cツ���3����#���#��sC��SC��55 66 63 82 64 涛���������2�澱�99 54 87 90 20 ��

241 242 243 244 245 鼎��S��Cr�C��C��362 752 942 09 17 鼎��h�Cイ��3c�X�CcS"�cs�X�Cs�2�S��X�CツB�X���｣�h�C3�"�都B�S��#B�3��sB�16 16 14 19 16 店�C#3��H�C鼎��x�Cs���H�C�途�H�Ccs���#s2�3�2�cC2�c32���2�92 67 49 92 90 塔���CS��S#��CC��#c��CC��S���CcB�S#��CC��涛��������������23 36 26 90 54 

246 247 248 249 250 鼎��Cb�C��S��SB�37 85 10 932 57 鉄s�h�CCs"������3S���C����C��"�cs���CS�"��3��c��#R�3b�3��17 15 15 15 15 釘�R�R�2�"�537 427 217 21 25 田�2�田2�ャ2�C�B�S#R�821．38 961．44 761．39 612．11 052．62 �50 47 56 58 83 塔��ヲ�������81 53 81 76 47 

251 252 253 254 255 鉄B�S��S"�SB�S��501．6617 862．5014 032．1116 661．5617 241．8818 �816 962 963 792 383 �3c��C�B�ツ��C�b�����C�B�3���C�b�cc��C�r����B�2�"�"�82 05 75 02 89 ��SB��ィ�c�B�SSR��CB�95 15 34 03 82 涛"�#b�#R�モ�cB�93 44 92 83 00 涛h�C�B����C3"����3����(�Cッ��(�Cs"�

256 257 258 259 260 鉄R�Sr�c"�S��c��31 99 38 51 19 鼎����都���S��r�鼎�r�c��r�151 564 731 824 682 塔�����ヲ����S2�14 24 25 13 13 �"���������274 46 19 86 91 鼎ィ�#CR�c澱�SSR�3コ�97 95 39 41 76 涛R����#b����cR�97 52 25 48 26 湯���������61 91 53 80 17 

261 262 263 田"�c��cR�84 98 54 鼎c�r�cC�r�#��b�841 515 732 涛��cr�S��14 12 12 �������281．785 621，575 131．076 �98 51 04 ��2�Cr�c2�22 47 0蔓． 涛h�CCr�嶋�CSb���ｩ%Y?����

翰林横臥 翰林竪 萬丈2F 蕎丈3F 萬丈石柱 鼎r�Cr�S2�S"�S��402 502 101 601 992 鉄��B�S��B�s��B�sC�B��S�R�6012．60 4012．60 3012140 3012．40 1712．56 �16 16 15 15 16 唐�57 63 23 89 15 ��3(�C�3���#(�C鉄��ゴ(�CcB�イ(�CSB��c8�C#r�鼎��SB�3��3b��B�60 51 16 18 30 �����C�R�祷�C湯�����C�������C���祷�Cコ�

MAX AVG MIN STDEV 田h�C3�2�S��Cc���C��C#���X�C#���鉄s#R��#�r����2�ャ"�2014 514 84 48 �#B�c��cr�3r�53 17 00 22 ����Cc���H�CS2���C���(�Cs��都c��C����cH�C3�"��s��CC���S��C�R�田2�#��3b�#��71 43 00 36 �����Cs���8�CC��ベ�C途�8�3�R�
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