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고군산군도지역에 분포하는 저변성도 변성암류의 암석학적 연구

양 민 주

부경대학교 대학원 환경지질과학과

요 약

전라북도 군산시 고군산군도 북부지역 섬들에 분포하고 있는 저변성도 변성암들에 대한

암석학적 및 지구화학적 연구를 수행하였으며,변성광물에 대한 EPMA분석을 병행하였다.

서에서 동으로 가면서 말도,명도,방축도 그리고 횡경도에 이르는 고군산군도 북부지역의

섬들은 사질 변성퇴적암층으로 구성되어 있고,변성염기성암층과 소량의 변성화강암이 수

반된다.

연구지역의 변성퇴적암층은 후기의 변형 및 변성작용으로 습곡과 스러스트 듀플렉스 등

의 변형구조가 두드러지게 발달되었지만 층리와 사층리,점이층리 등의 일차적인 퇴적구조

를 잘 보존하고 있다.

변성퇴적암과 변성화강암,변성염기성암의 지구화학적 특성은 연구지역의 변성퇴적층은

대륙주변부에서 비롯된 규산질 쇄설성 퇴적물 기원이며,화산호 환경에서 칼크알칼리계열

화산활동과 화강암질 심성활동이 수반되었음을 지시한다.

변성퇴적암의 변성광물조합은 녹니석 +백운모 +석영 +사장석 (조장석)이고,변성화강암

은 석영 +K-장석 +사장석(조장석)+백운모이며,변성염기성암은 각섬석 (양기석-쳐마카

이트)+사장석(조장석)이다.이들 암석의 광물조합은 녹색편암상의 변성작용을 지시한다.

변성염기성암에 대해 지질온도압력계에 의해 계산된 온도-압력 조건은 대략 2～4kbar,

350℃ 정도이다.

이상의 연구지역에 분포된 변성암층에 대한 암석기재적 특성과 변성작용 특성에 의하면

연구지역인 고군산군도 일대에 분포된 변성암층들은 신원생대 지층에 대비될 것으로 추정

된다.
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1.Introduction

Gogunsan Islands (Archipelago) located about 50km away from

Gunsan city tothewest(Fig.1)consistofafew tensofislands

including Sinsido, Munyeodo, Seonyudo, Jangjado, Daejangdo and

Gwanrido in the south and Maldo,Myeongdo,Bangchukdo,and

Hoeonggyeongdointhenorth.Theyarefamousforscenicbeautyand

fantasticrocks.

Inthenorthernpartofthisislands,spectacularfoldedbeddingsof

metasedimentaryformationsareexposedalong thecoastlinesofthe

islandsofMaldo,Myeongdo,BangchukdoandHoeonggyeongdolinearly

lying westto east.The metamorphic formations are considered as

Precambrianinagedespitetheabsenceofanyconsiderableevidence

(KIGAM,1995;CHA,2007).

According tothepreviousstudy (e.g.KIGAM,2004),Precambrian

bedrocksaresufferedfrom excessivedeformation,morethanfivetimes

metamorphism,and three times volcanism.Butthere is no detail

studies.Precambrian metamorphicrocksin theKorea Peninsula are

sufferedfrom high-gradedmetamorphism.However,Precambrianrocks

inthisareasufferedfrom low-gradedmetamorphism.

Thisstudyfocusedonfieldoccurrence,petrologyandgeochemistryof

the metamorphic rocks from these islands,especially Maldo and

Myeongdo,togetherwithEPMA analysesofmetamorphicmineralsto

evaluateP-T conditionsofmetamorphism andtoconstrainthetectonic

environmentofsedimentationandigneousactivityandtheageofthe
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rockformations.
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Fig. 1. Tectonic map of Korea showing the distribution of

Neoproterozoicmetasedimentaryformations.(RM,Rangrim Massif;PM,

Pyongan Massif;KM,KyonggiMassif;YM,Yongnam Massif;OB,

OkcheonfoldedBelt;KB,KyongsangBasin)
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2.Generalgeology

In the 1/one million geologicalmap (KIGAM,1995),Mesozoic

formationisindicatedtoform from TriassictoCretaceousinGogunsan

islandsmoreover,MaldoandMyeongdoaredistributed Jurassicand

Triassic(J1)butthedetailedgeologyisnotknown.

In the 1/250 thousand geologicalmap (KIGAM;1973),Gogunsan

islandsisformedasgranitegneiss(grgn)itsdetailedgeologyisalso

notknown.

Ifintegratedbetweentwogeologicalmapswhicharementioned,it

canbesummarythatMesozoicsedimentaryrocksareformedbasedon

themetamorphicrocksofPrecambrian.

MostofDaeheuksandoandHongdolocatedYellow Seaareformedas

themetamorphicrocksofPrecambrianandmid～ lateProterozoicis

revealed in Jeonnam Haenam～Ganggin,Jeonbuk Sunchang～Jinan,

Jeonnam Yeonggwang andJangseong portionsandChungnam Taean

(KIGAM,1995).Inthesestudyareas,thestudyoftheGalduformation

ofthemetasedimentaryrocks(Precambrian)wasconducted.ThisGaldu

formation isclasticsedimentaryrocksandshowstobelowerthanthe

LT/HPRegionalmetamorphism ofgeologicera(Kim etal.,2000,2001).

Lim et al. (1999) was studied about the sedimentology of

proterozoic'sportioninBangyeongdoandChungnam Taean.Bangyeon

GroupsinBangyeongdoarecomparedwithSangwonsystem andTaean

Formationsin Taean areaarealmostformed asclasticsedimentary

rocks.Themetasedimentary in Daeheuksando studied by Lim etal
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(1999)is contributed in Sim-liofsoutheastern area and islaregly

composedofMetapeliteandMetapsammite.BangyeongGroups,Taean

andSim-liFormationarerepresentedlowermetamorphism thanmid～

late proterozoic.Also,Bangyeongdo Groups and Sim-liFormation

alternate thesameformationbyfolds,smallfaultsaswellasprimary

structureparticularly(Kim.1993,Lim.1999).
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Fig.2.GeologicalmapofGogunsanislandsmodifiedafterKim etal.(2003).
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3.Petrography

  

  GeologyofthenorthernpartoftheGogunsanIslandsmostlyconsists

ofpsammiticmetasedimentaryrocksassociatedwithintercalated

metabasitelayersandsmallamountofmeta-granites.

3-1.Maldo

The geology ofMaldo consists ofquartzite,meta-sandstone and

dark-gray phyllite intercalated by the formal two rocks

(metasedimentary rocks) in Precambrian which is contrasted with

Ockchen metamorphic belt and meta-granites in Mesozoic(?) and

metabasitesofunknownage(Fig.3).
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Fig.3.GeologicalsketchmapoftheMaldo.
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3-1-1.Metasedimentaryrocks

Metasedimentary rocks are distributed in the main island and

classify sandstone quartzited and schist or phyllited pelite. the

sandstonewhosesortingispoorlysortedisconsistedofcircularcoarse

sand (2-4mm)and is observed primary structures (bedding,small

graded bedding and cross-bedding).The cross-bedding consists of

curvedcross-beddingsets(thickness:severalcm),flowstooneway.

Also,theoneseterodesunder2or3sets(Fig.4c.),cross-bedding

which hasahigh gradientisshowing pushedappearancejustafter

depositing.A primarystructuredeveloped wellconservestheoriginal

shapesowecansupposethatitwassufferedfrom justdigenesisand

consists of only sandy sedimentary.Moreover,due to developing

cross-bedding,itis a shallow see origin.Pelite become schistor

phylliteandfiguresoutinquartzitedsandstone.Thestrikeanddipof

schistosityisN58-68°W,65～84°NE,respectively.Thissandstoneand

pelite constitute alternated bed (oralternation ofstrata)and show

microstructuresrelatedtodiversefoldandfaultstructures.Thisfolds

aretheonesortofsecondaryfoldingstructuremainlyhaving70°-280°

offoldaxisandaresufferedoverthreetimesfolding.Bythisfolding,

diversegeologicstructuresarerevealedinlimitedoutcropscaleandthe

shapeofparallelandsimilarfolddependingonapropertyofmatter.

Quartz and muscovite are the main materials adding to little

plagioclase(albite),chlorite,ironbearingmineralsunderthemicroscope.

Underthe thin section,allminerals has regularfoliation.Quartz's
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surface is clean and the straight extinction quartz in the

monocrystallinequartzisalittlemoresuperiortoundulatoryextinction

quartz as wellas its particle is revealed to be extended.Also,

microgranular quartz aggregates recrystallizated are being scattered

betweentheedgeofquartzand muscoviteparticle.Muscovitesexists

matrix's shape with feldspar. Some of them are recrystallized

muscoviteswhicharecurved,itisbecauseofdigenesis.A littlefelspar

whichitisalmostplagioclaseisalteredduetoalbitization.Sometimes

itsoutlineisnotclearunderthemicroscopeandthereareplentifully

microgranular muscovites and clay mineral. Amphiboles are

chloritization(Fig.6).Ironbearingmineralsincludespyrite,chalcopyrite

whichisacidironbearingmineralsilmenite.
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Fig.4.OutcropphotographsofthemetamorphicrocksofMaldo.
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Fig.5.Slabphotographsofthemetasedimentaryrocksfrom Maldo.
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Fig.6.Photomicrographsofthemetasedimentaryrocksfrom Maldo.

(Scalebar:100μm)
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3-1-2.Metabasites

Metabasites mainly distributes in the Maldo harbor located on

northernMaldoandrevealsintercalatedingraniteorindependent.Its

grainismedium-coarsegrainandfoliationisnotprominent.Because

metabasitescutsmetasedimentaryrocksandthereisnofoldwhichis

differentfrom metasedimentaryrocksmetabasitesintrudesafterbeing

sufferedfolding(Fig.4).

Undermicroscope,metabasiteshavemineralassemblageamphibole+

plagioclase+quartz+muscoviteandaccessorymineralsareepidote,

chlorite and iron bearing minerals.Amphibole's cleavage is wider

becauseofextremeweatheringandchloritization.Plagioclaseispartly

weatheredandmicrogranularinclusionisbeingscattered(Fig.7).
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Fig.7.Slabphotographsandphotomicrographsofthemetabasitesfrom

Maldo.(Scalebar:100μm)
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3-1-3.Meta-granites

Meta-granites intrude metasedimentary rocks or intercalated in

metabasites in Doggisum and Dando.The grain size is mainly

medium-coarsegrain andthereispurplerounded appearancein the

outcrop,itisbecauseofoxidationofiron-bearingmineralsandithas

obvious foliation due to deformation (Fig.8).Meta-granites mainly

composed ofquartz,K-feldspars,plagioclaseand muscovite.Fluorite

and carbonate minerals are a little existed.Feldspars are almost

plagioclase.Besides,therearenoorthoclase.

Quartzconsistofpolycrystallinegrainandthegrainsofthequartz

whicharealittledistortedshow suturaltextureofbondcondition(Fig.

9).Thegrainsaresometimesenlargedaswellas mostgrainshave

undulatoryextinction.Alsothen,finequartzbetweenthegrainsofthe

quartz are distributed after recrystallizd. Feldspars are almost

plagioclase which are altered because of albitization and include

microgranularinclusions.Muscovites are recrystallized to interstitial

materialbetweenskeletongrainandshowncurved(Fig.9).
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Fig.8.Slabphotographsofthemeta-granitesfrom Maldo.
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Fig.9.Photomicrographsofthemeta-granitesfrom Maldo.

(Scalebar:100μm)
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3-2.Myeongdo

 Myeongdomainly consistsofquartzite,metasedimentaryformation

basedonalteredsandstoneandmetabasitesandmeta-granites.

Therearemetasedimentary rocksin general,quartziteand altered

sandstonein themain island.theoutcropofthedock ofthemain

islandarealternatedwithdarkandarenaceous,grainsizesarefrom

coarsesandtopebble(1～5mm).Sortingispoorgradingandthereis

primary structure.Cross-bedding showsone-way direction (Fig.10).

Thereishigh-slopecross-bedding thatitmeanspushed appearance

which is formed aftersedimentation.The primary structure whose

shapeispreserved isassumed thatitissuffered justdigenesisin

addition,because itconsists ofsandy sedimentand cross-bedding,

Myeongdo is sedimentary origin.Metasedimentary rocks have fold

structuresandmicrostructures.Foldsare070̊-280̊ -thisresultsare

sameasMaldoandsimilarfoldswhichhaveunchangedformationthick

in thelimited areas.However,owing toalimitedoutcrop study,a

researchofadetailedgeologicalstructureisimpossible.

Inthedock,theoutcropbyeasternseashoreis30km eastandwest.

Both metasedimentary rocks which have pelite and metabasites

alternate. Metabasites intercalate metasedimentary formation by

lenticularin the middle ofthe outcrop (Fig.10),metabasites and

metasedimentary rocksformation intercalateeach otherattheupper

areas. According to, two rocks intercalate mutually and are

simultaneously suffered aftersedimentation.Foliation isN22̊～60̊SE.
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Thepegmatite(thickness:30cm～1m)whichintrudethelatterterm

obliquethetworocksandaresimultaneouslysufferedwithmetabasites

andmetasedimentaryformation.Therearepigmaticstructureinpatches

ontheoutcrop.

Outcropslocatedbetweenthedockandvillagehavemetabasitesand

meta-granitessufferedalot.ThefoliationofmetabasitesisN55̊W,60̊

SW.Themeta-granitesareoriginallysupposedgranodioriteandthey

arefairlygneiss.Enclaveincludedtometa-granitesarequiteenlarged

by foliation (N10̊W,44̊SE).Therearevioletmineralssupposed as

iron-bearingmineralsontheoutcrops.

Theessentialmineralsinthemeta-granitesarequartz,feldsparsand

muscovites.Feldsparsarealmostplagioclasethereisnoorthoclaseon

thethinsectionsograniteistonalite.

Under microscope,metasedimentary rocks consist of quartz and

muscoviteaswellasalittlefeldsparsandiron-bearingminerals.On

thethinsection,mineralshavethesamedirection.quartzarealmost

polycrystallinequartzwhencomparedwithmonocrystallinequartzand

superiorto undulatory extinction.Moreover,the grains are a little

enlarged.Muscoviteappearmatrixshapeofmetasedimentaryrockswith

feldspargroupandtherearesometimesmuscoviterecrystallized(Fig.

15e).Metabasitesconstitutethegrainsofamphiboles,plagioclase,quartz

andmuscovite.Accessorymineralsarechlorite,epidoteandiron-bearing

minerals.The amphiboles and muscovites aresuffered chloritization.

Felsparsarealmostplagioclaseterriblyalteredbecauseofalbitization.

Therearemicrogranularinclusionsinsidefelspars.meta-granitesconsist
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ofquartz,muscoviteandamphibolemainly and alittlechloriteand

iron-bearing minerals.The quartz have clean surface,undulatory

extinction, anhedral and superior to polycrystalline quartz. The

amphibole and muscovite are almostchloritization.The iron-bearing

mineralsincludepyriteandchalcopyritewhicharesecondaryoxidized

mineralwithilmenite(Fig.13).
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Fig.10.OutcropphotographsofthemetamorphicrocksMyeongdo.
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Fig. 11. Slab photographs of the metasedimentary rocks from

Myeongdo.(a,b& c)metasedimentaryrocks,(d.e& f)meta-granites.
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Fig.12.Slabphotographsofthemetabasitesfrom Myeongdo.
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Fig. 13. Photomicrographs of the (a) metabasites (b, c & d)

meta-granites(e)metasedimentaryrocksfrom Myeongdo.

(Scalebar:100μm)
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4.Geologicalstructure

GeologicalstructuresoftheOkcheonmetamorphicbeltconsiderthey

aresufferedseveraltimes(Changetal,.1998;Cluzeletal.,1991;Kang

etal.,1993;KohandKim,1995;KangandRyoo,1997;Kang,2001).To

examinethehistoryofthegeotectonicsoftheOkcheonmetamorphic

belt,theyareclassifiedaccordingtostepbystepinstructions.

Metasedimentary rocksdistributeto E-W direction from Maldo -

Bonongdo - Myeongdo - Kwangdaedo - Bangchungdo -

Sohoenggyeongdo-HoenggyeongdotoKeido.Thisformationshavethe

formerisoclinalfoldswhoseregionalfoliationisaxialplaneandthe

latteropenfoldsthatmaketheformerisoclinalre-folding.Thelatter

openfoldsaremadebysecondaryfoldingandconstitutealargescale

foldingstructurehaving070̊-280̊ axis.ThenorthislandsofGogunsan

islandsmentionedarrangethesamedirectionwiththeaxisdirectionof

thisfoldingstructure.Theminimum threetimesfoldingandavariety

ofgeologicalstructuresbecauseofthoseappearthelimited outcrop

scale,andmoreoverbothparallelfoldsandsimilarfoldsdependingona

property ofmatter.Thereisthrustduplex structureoptionally ata

portionquartziteformationofMaldo(KeeandHwang,2007)(Fig.16).

4-1.PrimaryFold(D1)

PrimaryfoldsofMaldoandMyeongdoareobservedatthequartzite



- 27 -

formationlocatedonrightlowerpartoffigure14(a)andappearthe

limbofsecondaryfolds.Thisprimaryfoldsareassumedthattheyare

associatedwithtectonicmovementformedregionalfoliation(Keeand

Hwang,2007).

4-2.Secondaryfold(D2)

Foldsectionsinthestudyareaaremostsecondaryfoldsyielded

uprightopenfoldshavingaverticalaxialplane.Thesecondaryfoldsof

thispointhaveintegratedvergencetothenorthdirection.Anticlineare

presumed to belocated on theupperarea ofthat.Quartziteshow

parallelfold.Storyofdarkgrayphylliteformationintercalatedbetween

quartziteformationhaveverythickhingesbutlimbshow similarfold

(KeeandHwang,2007).

4-3.Thirdfold(D3)

Thethirdfoldsrecodedthelastfoldingarerestrictivelyobservedat

quartziteformation.Figure14(b)isapictureofthethirdfoldsthat

showsasmallscaleopenfoldformedawrinkledshape.Axialplanesof

thefoldsare perpendicularand folds axiswhich are 013̊-193̊ are

assumedthatthesecondaryfoldareobliqueaswellasthedistances

betweenaxisesappearnarrow lessthan1m relatively(KeeandHwang,

2007).
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4-4.Thrustduplex

Duplexdefinesabedrockdividedafault.Infact,meansgeological

structurewhichisyieldedhorseshavingimbricatefacies(Fig.17).In

the outcrops of Maldo,thrust duplex structure related with the

secondaryfoldingshowsupsomequartziteformationoptionallyandthe

portionsofthrustfoldspresent foldedthrustcurveditself(Fig.16).

Thrustduplex structureisageologicalstructurewhich isformed

becauseofflexurealslipmechanism happenedinaccordancewithboth

upperandlowertheboundarysurfaceofsheets,andmeansimbricate

faciesrepetitivelydistributedhorsesinorderofprecedencedividedwith

thrust fault movement.Weaker phyllite formation compared with

quartziteformation isgenerated moreinnertransformation than the

thruststructurewhilesufferingcompressedtransformation.

Foldedthrustimpliesthatthesecondaryfoldingishappened,anditis

transformedduetoafoldingafterfaultplane.However,thethrustfaust

nexttoMaldo'sshoreoutcropsshowsuptransportdirectionwhichis

almostsameastheaxialplaneofthesecondaryfoldstructure.Also,

boththethrustfaultandthesecondaryfoldstructureindicatethatare

formed at the almost same time under a serial compressed

transformationdomain(KeeandHwang,2007).
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Fig.14.PhotographsofthemetasedimentaryrocksofMaldoshowing

foldedstructures(a)D1& D2,(b)D3deformations(KeeandHwang,

2007).
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Fig.15.PhotographsofD2foldfrom Maldo.
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Fig.16.Photographofthrustduplexfrom Maldo.

Fig.17.Themodelofadvancementprocessofduplexstructurefrom

Davis& Reynolds(1996).
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5.Geochemistry

5-1.Method

MajorelementdatawereobtainedusingaSHIMADZU XRF-1700of

X-rayFluorescencespectrometer(XRF)attheCooperativeLaboratory

CenterofPukyongNationalUniversity.Theanalyticalconditionswere

70mA in beam currentand 40kV in accelerating voltage.Average

valueswerecalculatedfrom threemeasurementsforeachsample.Major

elementabundancesforthestudiedsamplesarereportedinTable1～4.

Trace and rare earth elements were obtained using a Thermo

Elemental X-5 of inductively-coupled plasma mass spectrometer

(ICP-MS)atKoreaBasicScienceInstituteinDaeieon.Traceandrare

earthelementsabundancearereportedinTable5～7.

5-2.Majorelements

5-2-1.Metasedimentaryrocks

Na2O average contents in study area is 0.21wt%, 3.56wt%,

respectivelyandK2O averagecontentswhichis5.97wt% and3.71wt%

ishigherthanaveragecontentsofclasticsedimentrocks(Table1).

TheoriginofNa2O isfeldspars,particularly,plagioclasecomesfrom

digenesisofclayminerals(LeeandLee,1988).K2O ismajorelements
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ofK-feldspar,micas,illite.NaandK contentsareeasilymovedduring

weathering.Becausetheformerbecomesleaching,thelatterbecomes

absorption (Rankamaand Sahama,1950),mostshaleandslatehave

higherK thanNacontents.K2OcontentsinMaldoishigherthanNa2O

contentsinMyeongdointheK2O-Na2Ocorrelation(Fig.18).

Fe2O3/K2O ratio defines mineralogicalstability.The most stable

minerals is quartz,K-feldsparand muscovite in the low-T/Low-P

environments.K-feldsparandmuscovitehaveabundantK andlittleFe

contents.Inthecontrast,unstablebiotiteandamphiboleshaveabundant

FeandMgcontents.Therefore,stablemineralsshow low Fe2O3/K2O

ratiobutunstablemineralsshow highFe2O3/K2O ratio(Table1).If

thosemineralsplotinSandClassSystem,becauseFe2O3/K2O ratiois

veryhigh,itisdiscriminatedasFe-shaleorFe-sand(GoandShin,

1995).Inthisstudy,metasedimentaryrocksareplottingwackemainly,

litharenite,Fe-shaleandarkose(Fig.19).

In the tectonic discrimination based on SiO2-K2O/Na2O,

metasedimentaryrocksinMaldoandMyeongdoaremainlyplottingin

passivemargin(PM)andoneofMaldosampleisplotting inactive

continentalmargin(ACM).SedimentsclassifiedasthePM comesfrom

nearpartPM (Fig.20)(RoserandKorsch,1986).



- 34 -

Table1.Representativemajorelementcompositions(wt%)ofthemetasedimentaryrocksinthe

Sample mm-4a mm-8-1 mm-12 mm-21 mm-22 mm-24

SiO2 68.64 61.27 71.73 70.2 40.24 73.76

Al2O3 16.12 8.13 15.64 15.96 12.12 14.37

TiO2 0.53 0.52 0.33 0.26 3.28 0.25

Fe2O3 6.57 3.61 4.45 1.9 13.56 1.52

MnO 0.01 0.24 0.01 0.03 0.17 0.02

MgO 0.36 3.77 0.29 0.78 4.11 0.58

CaO 0.12 6.4 0.13 1.03 6.06 0.55

Na2O 0.04 0.56 0.02 4.33 0.94 4.81

K2O 4.85 2.35 4.73 2.83 2.39 2.2

P2O5 0.06 0.1 0.07 0.08 0.51 0.06

LOI 2.25 12.74 2.15 2.59 16.05 1.33

Total 99.55 99.7 99.55 99.98 99.44 99.42
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Fig.18.VariationsofNa2O andK2O contentofthemetasedimentary

rocksinthestudyarea.

Fig.19.Chemicalclassificationdiagram ofsedimentarysourcematerials

(Herron,1988)forthemetasedimentaryrocksfrom thestudyarea.
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Fig. 20. SiO2-K2O/Na2O discrimination diagram from the

metasedimentary rocks in the study area.PM:passive continental

margin,ACM:activecontinentalmargin,ARC:oceanicislandarc(after

RoserandKorsch,1986).
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5-2-2.Meta-granites

The contentofSiO2 in the analyzed plutonic rocks was 55.39～

89.60wt% (Table2,3).Plottingonatotalalkali-silica(TAS)diagram

(IrvineandBaragar,1971),themostanalyzedrockswereincludedin

sub-alkalineseries(Fig.21(a)).Illustratingchemicalcompositionsofthe

analyzedrockson theAFM triangulardiagram (IrvineandBaragar,

1971)thatdistinguishesoriginalmagmaseries,themostrocksincluded

in calc-alkaline field as well as on boundary of tholeiitic and

calc-alkaline field (Fig. 21(b)). The major oxides analyzed for

understanding the difference ofmagma process ofeach rock are

illustratedontheHarkervariationdiagram ofSiO2 increase(Fig.22).

According totheanalyzed results,generally asthecontentofSiO2

increase,thatis,as differentiation proceeds,the contents ofmajor

elementsofeachrockshow acomparablysystematicincreasefollowing

generaltrendsofmagmadifferentiationbycrystaldifferentiation.

ThedecreaseofAl2O3showsthatplagioclasewascrystallizedduring

theprocessofdifferentiation,andthedecreaseofTiO2,Fe2O3andMnO

contents reveals that mafic minerals were crystallized during the

processofdifferentiation.AndthecontentofK2O showingarelative

increasepatternthefactthatalkalifeldspars,whichcontainsmuchK

thatiscrystallizedduringmagmadifferentiation(Fig.22).

According to the results of illustrating on the ACF triangular

diagram,allmeta-granites were included in the domain ofS-type

granites(Fig.24).
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Table2.Representativemajorelementcompositions(wt%)ofthemeta-granitesfrom theMaldo.

Sample mm-4 mm-5-1 mm-6 mm-6
(k-Ar) mm6a mm-6c mm-7 mm-8

SiO2 88.60 73.77 61.62 55.96 55.97 70.02 62.78 71.98

Al2O3 2.19 14.61 15.84 13.30 19.37 14.94 17.23 14.84
TiO2 0.06 0.14 0.55 1.34 0.60 0.14 0.58 0.35

Fe2O3 1.21 1.07 6.51 7.51 6.04 1.13 4.08 3.56

MnO 0.10 0.03 0.19 0.14 0.13 0.04 0.06 0.03
MgO 1.72 0.15 0.93 2.30 1.35 0.51 1.77 0.35

CaO 2.67 0.16 1.02 4.15 1.86 1.48 1.79 0.23
Na2O 0.01 2.88 2.61 3.18 4.81 2.78 3.27 3.67

K2O 0.54 6.24 5.27 2.54 3.57 5.81 2.97 2.97

P2O5 0.01 0.05 0.19 0.18 0.18 0.25 0.20 0.14
LOI 4.40 0.91 4.51 9.27 5.74 2.60 4.42 1.94

Total 101.50 99.99 99.23 99.87 99.62 99.70 99.15 100.08
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Table 3.Representative major elementcompositions (wt%) ofthe

meta-granitesfrom theMyeongdo.

Sample mm-21
(GPS139) mm-22 mm-24

-opg-a mm-25

SiO2 70.82 75.33 67.84 67.05

Al2O3 15.61 14.11 16.23 14.74
TiO2 0.14 0.07 0.03 0.42

Fe2O3 1.39 0.65 0.91 2.87
MnO 0.03 0.03 0.04 0.03

MgO 0.49 0.51 1.59 1.62
CaO 1.35 0.90 1.59 1.87

Na2O 5.18 6.83 5.56 4.67

K2O 2.50 0.94 2.57 2.29
P2O5 0.03 0.01 0.00 0.11

LOI 2.11 0.37 3.42 3.76
Total 99.65 99.75 99.78 99.45
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Fig.21.(a)Total-alkaliversussilica (TAS)and (b)ternary AFM

(IrvineandBaragar,1971)diagramsforthemeta-granitesinthestudy

area.
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Fig.22.Harkerdiagramsforthemeta-granitesinthestudyarea.
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Fig. 23. ACNK vs. ANK (molar Al2O3/(CaO+Na2O+K2O) vs.

Al2O3/(Na2O+K2O)) diagram (Mauriar and Piccoli, 1989) for the

meta-granitesinstudyarea.SymbolsaresameasinFig.24.

Fig.24.ACF ternarydiagram (molarratio,A:Al2O3-Na2O-K2O,C :

CaO,F:Fe2O3+MgO)forthemeta-granitesinthe studyarea.
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5-2-3.Metabasites

Theresultsofmetabasitesanalysesofthestudyareaarelistedin

Table4.

TheresultsplottedonNiggle'smg-cdiagram toassumetheorigin

ofmetabasitesshow igneousmetabasites(Fig.25).Mostsamplesare

plottedonsubalkalineseriesintheTotalAlkali-Silica(TAS)diagram

(IrvineandBaragar,1971)(Fig.26(a)).
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Table 4. Representative major element compositions (wt%) of

metabasitesfrom MaldoandMyeongdo.

Sample mm-9 mm-10 mm-25 mm-26 mm-27

SiO2 52.39 52.42 49.28 48.86 56.27

Al2O3 17.06 15.99 11.92 12.13 16.11

TiO2 0.48 1.01 0.44 0.5 0.8

Fe2O3 7.97 9.84 9.71 9.6 7.34

MnO 0.15 0.14 0.15 0.14 0.1

MgO 6 6.2 9.93 12.76 4.45

CaO 7.15 6.43 8.66 8.79 5.62

Na2O 3.82 3.7 2.08 1.89 3.94

K2O 2.08 1.7 1.63 1.51 1.82

P2O5 0.06 0.08 0.03 0.01 0.28

LOI 2.35 2.58 5.71 2.99 2.65

Total 99.51 100.1 99.53 99.18 99.38
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Fig.25.Nigglimg-cplotofmetabasitesfrom thestudyareaslightly

modifiedafterLeake(1964).
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Fig.26 (a)Total-alkaliversussilica (TAS)and (b)ternary AFM

diagrams(IrvineandBaragar,1971)forthemetabasitesinthestudy

area.
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5-3.Traceandrareearthelements

Theresultoftraceandrareearthelementsofmeta-granitesand

metabasitesinthestudyareaislistedinTable5～7.

Figure27showspatternsoftraceandelementsgeneralizedbyC1

Chondritecontents(Sun& McDonough,1989).Theresultsshow that

anoveralltendencyshowssimilarpatternsandNb(-)anomaly.This

obviousNb (-)anomaly isadistinguishedfeatureand comesfrom

subductionenvironmentorlowermaterialofback-arcbasin.

Meta-granites distinguished in Maldo and Myeongdo belong to

meta-granitesofisland arctypeand allmetabasitesareplotted in

subduction environments (Fig.28).Itmeans that metabasites are

formedatsubductionboundarybecauseofbasaltanditsdifferentiates

(Fig.29).Figure30showsthatmetabasiteseruptsfrom calc-alkali

basalt.
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Table5.TraceelementandREEcompositions(ppm)ofmeta-granites

from Maldo.

Sample mm-4 mm-5-1 mm-6
mm-6
(K-Ar)

mm-6amm-6c mm-7 mm-8 mm-8-1

Ba 265.5 683.4 2812.7 769.7 1401.8 1644.8 503.5 757 677.1

Sr 93.3 128.1 188.3 128.5 245.7 237.9 197.2 84.6 216

Cr 453.44 0.75 82.86 235.19 92.23 0.66 3.28 7.81 69.7

Co 9.58 31.9 4.16 28.47 5.21 59.13 27.85 61.38 8.62

Ni 13.78 0.3 4.02 50.99 5.31 1.08 9.9 5.48 10.59

Cu 2.71 0.03 5.69 49.05 9.18 0.84 21.24 4.03 11.89

Zn 32.68 13.09 75.71 73.3 69.04 16.87 70.33 44.32 52.61

Li 1.6 2.2 5.7 15.6 13.2 3.3 52.8 8.2 69.8

Sc 3.05 5.31 20.58 26.82 17.55 3.78 13.4 8.03 14.11

V 16.3 3.2 12 191.2 11.4 2.8 17.9 14 23.7

Zr 19.7 109.1 238.3 111.4 267.8 22.6 140.6 127.3 212.7

Rb 20.26 141.18 116.63 76.26 104.82 101.39 108.88 97.62 178.19

Y 4.4 15.85 78.25 22.12 62.98 11.33 24.23 19.51 28.02

Nb 1.35 2.54 23.32 22.29 21.38 4.49 14.19 5.93 14.12

Cs 0.84 1.58 5.75 2.09 4.21 1.4 8.09 2.48 5.47

La 13.07 60.26 99.38 17.52 34.53 15.46 137.76 81.77 149.28

Ce 24.2 124.97 200.27 36.45 74.63 32.25 267.05 171.82 285.66

Pr 2.54 13.53 22.46 4.42 9.35 3.94 28.89 19.49 31.58

Nd 9.06 46.33 82.73 18.21 37.7 16.25 105.29 70.46 116.06

Sm 1.53 9.12 13.54 4.02 8 3.88 14.81 11.47 17.4

Eu 0.34 1 5.16 1.24 5.33 2.74 4.59 1.88 5.45

Gd 1.06 5.86 10.57 4 8.27 3.51 9.11 6.57 11.09

Tb 0.16 0.76 1.83 0.68 1.52 0.55 1.15 0.84 1.38

Dy 0.88 3.57 13.37 4.52 11.37 2.91 5.97 4.53 6.97

Ho 0.15 0.62 3.4 0.97 2.73 0.44 1.06 0.73 1.23

Er 0.45 1.69 11.72 2.84 9.33 1.07 2.79 1.78 3.17

Tm 0.06 0.24 1.88 0.42 1.46 0.12 0.39 0.21 0.4

Yb 0.45 1.55 13.52 2.78 10.89 0.81 2.67 1.25 2.9

Lu 0.06 0.21 2.15 0.41 1.74 0.13 0.42 0.15 0.41

Hf 0.54 2.5 3.98 3.08 5.21 0.59 3.07 2.72 3.4

Ta 0.65 1.04 6.68 8.37 6.67 2.48 4.9 2.14 2.8

Pb 3.14 32.23 17.87 2.95 36.03 33 12.44 36.51 18.73

Th 2.25 30.86 19.14 5.07 6.3 1.43 16.22 18.16 21.84

U 0.2 1.99 1.98 0.85 3.09 0.87 2.78 3.81 2.95
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Sample mm-21(GSP139) mm-22 mm-24(opg-a) mm-25

Ba 720.6 340.5 842.9 580.2
Sr 295.1 176.1 191.6 206.9

Cr 193.60 0.81 5.12 3.90
Co 1.66 33.33 25.96 32.58

Ni 3.29 2.00 9.13 7.85

Cu 6.96 4.13 17.72 7.16
Zn 24.33 10.48 6.45 37.27

Li 5.9 5.1 10.7 6.5
Sc 3.48 3.64 2.93 5.87

V 6.2 2.7 1.9 22.2
Zr 48.2 51.4 29.1 158.0

Rb 88.90 32.00 106.74 89.19

Y 3.53 5.19 6.02 13.25
Nb 6.93 1.71 0.91 8.60

Cs 3.34 1.18 3.02 3.59
La 7.58 20.31 8.95 68.88

Ce 14.72 39.76 17.06 129.53

Pr 1.62 4.39 1.78 13.59
Nd 5.90 15.73 6.03 46.24

Sm 1.19 3.37 1.39 7.92
Eu 0.37 0.63 0.28 1.45

Gd 0.89 2.18 1.22 5.28
Tb 0.13 0.30 0.20 0.72

Dy 0.80 1.36 1.16 3.63

Ho 0.13 0.23 0.23 0.57
Er 0.38 0.57 0.72 1.46

Tm 0.05 0.08 0.12 0.18
Yb 0.36 0.59 0.78 1.12

Lu 0.05 0.09 0.12 0.16

Hf 1.37 1.47 1.58 3.76
Ta 0.95 0.71 1.07 2.36

Pb 9.79 6.08 4.28 6.65
Th 2.19 20.83 5.31 21.72

U 0.51 3.81 2.11 1.71

Table6.TraceelementandREEcompositions(ppm)ofmeta-granites

from Myeongdo.
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Table7.TraceelementandREEcompositions(ppm)ofmeta-granites

from MaldoandMyeongdo.

Sample mm-9 mm-10 mm-25 mm-26 mm-27

Ba 437.1 425.3 1022.6 475.6 551.7
Sr 387.7 422.7 549.2 180.8 537.8

Cr 66.86 112.95 239.42 675.22 126.76
Co 35.35 33.15 57.22 61.47 30.80

Ni 21.85 26.33 89.08 174.18 49.88

Cu 1.47 3.08 76.07 74.70 54.06
Zn 75.11 92.29 71.40 59.93 67.48

Li 13.4 34.1 22.5 24.5 18.4
Sc 24.29 26.07 37.60 36.22 16.68

V 118.6 143.2 155.4 146.5 109.8
Zr 26.4 46.5 18.2 13.0 24.3

Rb 77.48 62.60 60.50 52.42 56.57

Y 10.36 17.30 8.98 8.81 15.27
Nb 2.71 4.97 1.44 0.88 7.43

Cs 3.05 2.43 26.26 2.50 6.13
La 6.90 10.48 5.68 3.19 21.14

Ce 13.94 21.47 13.80 6.98 48.84

Pr 1.74 2.87 1.90 1.08 6.48
Nd 7.18 12.30 8.33 5.22 27.04

Sm 1.77 3.00 2.21 1.49 5.35
Eu 0.98 1.27 0.68 0.60 1.46

Gd 1.85 3.08 1.94 1.71 4.19
Tb 0.31 0.51 0.34 0.28 0.57

Dy 2.14 3.35 2.07 1.82 3.38

Ho 0.44 0.69 0.39 0.37 0.64
Er 1.24 2.01 1.07 1.06 1.71

Tm 0.18 0.28 0.16 0.14 0.24
Yb 1.22 1.89 1.03 0.99 1.52

Lu 0.18 0.27 0.15 0.14 0.22

Hf 0.91 1.49 1.11 0.70 1.09
Ta 1.23 2.26 0.58 0.51 3.47

Pb 6.61 3.88 4.99 3.45 5.86
Th 2.14 2.17 2.70 0.56 3.83

U 0.34 1.02 0.27 0.18 0.68
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Fig.27.Chondrite-normalizedREE patternsofthemeta-granites(a)

andmetabasites(b)from thestudyarea.
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Fig.28.Tectonicdiscriminationdiagramsformeta-granitesfrom the

studyarea.
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.

Fig.29.The Hf-Th-Nb and the Ti-Zr-Y discrimination diagrams

(Wood,1980)forthemetabasitesin thestudy area.(a)A,N-type

MORB;B,E-typeMORBandwithin-platebasaltsanddifferentiates;C,

alkalinewithin-platebasaltsandwithin-platebasaltsanddifferentiates;

D,destructiveplate-marginbasaltsanddifferentiates.(b)A,IAB;B,

MORB& IAB;C,IAB;D,OIB.

Fig.30.Y/15-La/10-Nb/8ternarydiagram (afterCabanisandLecolle,

1989)forthemetabasitesinthestudyarea.
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6.Mineralchemistry

Sampleswerecuttofitontoaslide-glassusingadiamondsaw and

werepastedwhitepoxyresinanddriedfor1day.Thesurfaceofcut

sampleswasgroundupto2m onsandpapersinwetcondition.Thin

sectionsarethenfully polishedwithasequenceof6m,3m and1m

diamondpastestepsforelectronmicroprobeanalysis.

Thepolishedthinsectionswerecoatedwithcarbonundervacuum in

preparationforquantitative,qualitativeanalysis.

Majorelementcompositionsofmineralswereanalyzed by electron

microprobe analysis at the Central Laboratory of Pusan National

University, Pukyong National University and Gyeongsang National

Universityusingawavelengthdispersivespectrometers.

TheanalyticalconditionofPusanNationalUniversityEPMA (Cameca

SX 100)was15keV inaccelerationvoltage, 20nA inbeam currentand

3～5µm in beam diameter.TheanalyticalconditionofPusanNational

UniversityEPMA (JXA-8100,JEOL)was15keV inaccelerationvoltage,

20nA in beam currentand3～5µm in beam diameter.Theanalytical

condition of Pukyong National University EPMA (SHIMADZU..

EPMA-1600)is same Pusan NationalUniversity.The analysis used

standardmaterialswhichconductsP&H DevelopmentsLtd.inEngland.

Sorts and elementcontents are thatalbite (Si32.1%,Na 8.71%),

orthoclase(Al9.81%,K 12.18%),rutile(Ti59.95%),specullarite(Fe

69.94%),periclase(Mg60.3%),rhodonite(Mn32.85%),wollastonite(Ca

34.12%)andchrom (Cr68.42%).
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6-1.Plagioclase

TheresultoffeldsparanalysisbyelectronprobeislistedinTable8.

InMaldo,mostfeldsparsareplottedinalbiteandjustfeldsparsof

meta-granites are plotted in orthoclase domain.In Myeongdo,itis

plottedinalbite～andesine,orthoclase～andesine(Fig.31).Thereason

thatelementrangeiswideisowingtodifferenceofformationoforigin

material.

6-2.Muscovite

TheresultofmuscoviteanalysisbyelectronprobeislistedinTable

9.Figure32showsSiisininverseproportiontoAlexceptforMaldo

samplehaving in especialahigh FecontentbutMg+Feand Siis

counterexample.In fact,muscovite's contents change is explained

tschermakitesubstitution-(Mg,Fe
2
)+Si=Al

IV
+Al

VI
.

6-3.Amphibole

TheresultofamphibolesanalysisbyelectronprobeinTable10.

DataofquantitativeanalyzedamphiboleswereusedbyMinpetprogram

forformularcalculation.Formularcalculation wereestimatedby two

methods.ThefirstmethodcalculatedthecontentsofCa,NaandK

cationsthatis13(Table10).Thesecondmethodmeantthecontentsof
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bothNa-K cationsandCa-Na-K cationsthatthecontentswere15,13,

respectively,andthen,calculatedformular.

Sicontentrangefrom 6.2to7.9inMaldoandfrom 6.3to6.7in

Myeongdo.By the classification of Leake (1997),it is plotted in

Mg-hornblende, actinolite and tschermakite. Maldo's amphiboles is

plottedinMg-hornblendeandMyeongdo‘sisplottedinMg-hornblende

andtschermakite(Fig.33).

6-4.Pyroxene

The resultofpyroxene analysis by electron probe in Table 11.

Pyroxenes is clinopyroxenes thatCaO contentis 12.68%,plotted in

augiteintheclassificationofpyroxenes(Fig.34).

6-5.Epidote

The resultofepidotes analysis by electron probe in Table 12.

Because epidotes are suffered from regionallow-metamorphism,it

yields secondary ore and used as an index ofmetamorphic grade.

Epidotesinthestudyareaisyieldedwithmetabasites.

6-6.Chlorite

The resultofpyroxenes analysis by electron probe in Table 13.
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Mg/Mg+Fe
2+
ranges from 0.613 to 0.626.Chemicalcompositions of

samplemm-27issimilartoMgratioofmuscovite(0.648～0.662,Table

9)andisthesecondarymineralsofmuscoviteundermicroscopefeature.

6-7.Oreminerals

TheresultoforemineralsanalysisbyelectronprobeinTable14.

Theresultshowsthatoremineralsarechalcopyrite(CuFeS2),pyrite

(FeS2)andilmenite(FeTiO3).



- 58 -

Table8.RepresentativeanalysesofFeldsparsfrom thestudyarea.

Sample mm-24 mm-27

Litholo
gy

metasediment
aryrocks metabasites

SiO2 62.64 60.98 68.92 70.56 63.64 27.27 67.34 67.75 43.23 61.48

Al2O3 19.22 18.98 20.51 20.50 22.92 19.80 20.60 20.48 23.12 20.42

CaO 0.16 0.35 0.76 0.28 4.14 0.12 0.74 0.58 17.36 0.73

Na2O 10.60 10.45 11.45 11.97 9.24 0.00 10.95 11.23 2.38 11.25

K2O 0.10 0.14 0.10 0.05 0.08 0.04 0.08 0.26 0.08 0.12

MgO 0.02 0.02 0.01 0.00 0.00 17.65 0.00 0.02 0.00 0.01

FeO 0.14 0.13 0.03 0.06 0.16 22.14 0.07 0.08 7.34 0.06

TiO2 2.85 18.98 0.01 0.02 0.00 0.04 0.02 0.00 0.06 0.01

Total 95.77 94.69 101.79103.44100.18 87.06 99.80 100.40 93.57 94.07

(onthebasisof8O)

Si 2.88 2.84 2.96 2.98 2.81 1.62 2.95 2.95 2.24 2.88

Al 1.04 1.04 1.04 1.02 1.19 1.39 1.06 1.05 1.41 1.13

Ca 0.01 0.02 0.04 0.01 0.20 0.01 0.04 0.03 0.96 0.04

Na 0.94 0.94 0.95 0.98 0.79 0.00 0.93 0.95 0.24 1.02

K 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.01 0.01 0.01

Fe 0.01 0.00 0.00 0.00 0.01 1.10 0.00 0.00 0.32 0.00

Mg 0.00 0.00 0.00 0.00 0.00 1.56 0.00 0.00 0.00 0.00

Ti 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total 4.88 4.99 5.00 5.00 5.00 5.69 4.99 5.00 5.18 5.07

An 0.008 0.018 0.035 0.013 0.198 0.700 0.036 0.027 0.798 0.034

Ab 0.986 0.973 0.959 0.984 0.797 0.00 0.960 0.959 0.198 0.959

Or 0.006 0.008 0.006 0.003 0.005 0.300 0.004 0.014 0.004 0.007

*An=Ca/(Ca+Na+K),Ab=Na/(Ca+Na+K),Or=K/(Ca+Na+K)
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Table8.(continued)

Sample mm-5-1 mm-6b

Litholo
gy meta-granites metasedimentaryrocks

SiO2 65.7663.12 98.21 64.24 62.84 64.35 63.97 63.86 62.35 63.24 64.44

Al2O3 18.8217.91 0.05 18.40 17.82 18.80 18.99 19.70 21.89 19.03 18.93

CaO 0.00 0.00 0.02 0.00 0.00 0.15 0.17 0.63 0.05 0.15 0.06

Na2O 0.29 0.36 0.00 0.46 0.36 11.00 10.92 10.64 10.06 10.40 10.79

K2O 16.0015.57 0.03 15.12 15.69 0.05 0.06 0.52 1.23 0.56 0.10

MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.06 0.00

FeO 0.05 0.04 0.03 0.02 0.00 0.21 0.16 0.12 0.10 0.17 0.10

TiO2 0.00 0.03 0.00 0.02 0.00 0.00 0.03 0.00 0.02 0.04 0.01

Total100.92 97.03 98.34 98.26 96.71 94.55 94.30 95.49 95.73 93.64 94.42

(onthebasisof8O)

Si 3.00 3.00 4.00 3.00 3.00 2.98 2.97 2.94 2.86 2.96 2.98

Al 1.01 1.00 0.001 1.01 1.00 1.02 1.04 1.07 1.18 1.05 1.03

Ca 0.00 0.00 0.00 0.001 0.00 0.01 0.01 0.03 0.00 0.01 0.00

Na 0.03 0.03 0.001 0.04 0.03 0.99 0.98 0.95 0.90 0.94 0.97

K 0.93 0.94 0.001 0.90 0.96 0.00 0.00 0.03 0.07 0.03 0.01

Fe 0.00 0.00 0.00 0.001 0.00 0.01 0.01 0.00 0.00 0.01 0.00

Mg 0.00 0.00 0.00 0.001 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Ti 0.00 0.00 0.003 0.003 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total4.97 4.98 4.00 4.96 4.99 5.01 5.01 5.02 5.03 5.00 4.99

An 0.0000.000 0.500 0.000 0.000 0.007 0.008 0.031 0.002 0.007 0.003

Ab 0.0260.034 0.000 0.044 0.034 0.990 0.988 0.939 0.923 0.959 0.991

Or 0.9740.966 0.500 0.956 0.966 0.003 0.004 0.030 0.074 0.034 0.006

*An=Ca/(Ca+Na+K),Ab=Na/(Ca+Na+K),Or=K/(Ca+Na+K)
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Table8.(continued)

Sample mm-6c mm-9a

Litholo
gy meta-granites metabasites

SiO2 65.88 62.75 66.54 67.58 67.82 66.12 69.97 66.78 66.03 68.27

Al2O3 19.71 20.5 19.65 20.26 20.48 20.31 20.55 20.53 21.2 20.34

CaO 0.75 0.35 0.78 1.18 0.95 0.23 0.57 1.32 0.67 0.66

Na2O 10.56 9.07 10.97 11.09 11.26 10.47 11.59 10.83 10.55 11.39

K2O 0.11 1.9 0.12 0.12 0.3 0.75 0.07 0.1 0.94 0.09

MgO 0.00 0.3 0.03 0.00 0.00 0.07 0.01 0.00 0.12 0.01

FeO 0.00 0.62 0.04 0.04 0.07 0.23 0.09 0.05 0.21 0.11

TiO2 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.03

Total97.02 95.49 98.14 100.27100.88 98.18 102.86 99.62 99.73 100.90

(onthebasisof8O)

Si 2.965 2.9 2.966 2.953 2.948 2.95 2.973 2.937 2.911 2.961

Al 1.046 1.117 1.033 1.043 1.049 1.068 1.029 1.064 1.101 1.04

Ca 0.036 0.017 0.037 0.055 0.044 0.011 0.026 0.062 0.032 0.031

Na 0.922 0.812 0.949 0.939 0.949 0.906 0.955 0.924 0.902 0.958

K 0.007 0.112 0.007 0.007 0.016 0.043 0.004 0.005 0.053 0.005

Fe 0.000 0.024 0.002 0.001 0.003 0.009 0.003 0.002 0.008 0.004

Mg 0.000 0.021 0.002 0.000 0.000 0.004 0.001 0.000 0.008 0.000

Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001

Total 4.98 5.00 5.00 5.00 5.01 4.99 4.99 4.99 5.02 5.00

An 0.037 0.018 0.037 0.055 0.044 0.011 0.026 0.063 0.032 0.031

Ab 0.955 0.863 0.956 0.938 0.941 0.944 0.970 0.932 0.914 0.964

Or 0.007 0.119 0.007 0.007 0.016 0.045 0.004 0.005 0.054 0.005

*An=Ca/(Ca+Na+K),Ab=Na/(Ca+Na+K),Or=K/(Ca+Na+K)
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Table8.(continued)

Sample mm-9b mm-10

Litholo
gy metabasites metabasites

SiO2 67.40 65.24 67.69 68.05 68.92 56.71 67.78 69.61 68.34

Al2O3 19.91 21.47 20.07 19.79 19.74 17.58 19.96 20.22 19.92

CaO 0.65 0.53 0.60 0.33 0.26 5.14 0.39 0.21 0.23

Na2O 11.39 10.13 11.36 11.41 11.64 9.54 11.26 11.65 11.59

K2O 0.06 1.18 0.06 0.12 0.04 0.36 0.07 0.09 0.05

MgO 0.01 0.22 0.02 0.03 0.02 2.43 0.02 0.01 0.01

FeO 0.04 0.21 0.00 0.00 0.03 2.00 0.08 0.02 0.00

TiO2 0.00 0.01 0.00 0.00 0.00 0.03 0.02 0.00 0.01

Total 99.46 98.99 99.80 99.73 100.65 93.79 99.58 101.81 100.15

(onthebasisof8O)

Si 2.965 2.898 2.966 2.981 2.99 2.752 2.973 2.985 2.98

Al 1.032 1.124 1.036 1.022 1.01 1.006 1.032 1.022 1.024

Ca 0.031 0.025 0.028 0.016 0.012 0.267 0.019 0.01 0.011

Na 0.972 0.872 0.965 0.969 0.979 0.898 0.958 0.968 0.98

K 0.003 0.067 0.004 0.007 0.002 0.023 0.004 0.005 0.003

Fe 0.002 0.008 0.000 0.000 0.001 0.081 0.003 0.001 0.000

Mg 0.001 0.014 0.001 0.002 0.001 0.176 0.001 0.001 0.001

Ti 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000

Total 5.006 5.008 5.000 5.00 5.00 5.20 4.99 4.99 5.00

An 0.031 0.026 0.028 0.016 0.012 0.225 0.019 0.010 0.011

Ab 0.966 0.905 0.968 0.977 0.986 0.756 0.977 0.985 0.986

Or 0.003 0.070 0.004 0.007 0.002 0.019 0.004 0.005 0.003

*An=Ca/(Ca+Na+K),Ab=Na/(Ca+Na+K),Or=K/(Ca+Na+K)
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Table8.(continued)

Sample mm-10 mm-24

Litholog
y metabasites metasedimentary

rocks

SiO2 68.95 67.78 67.49 65.36 67.45 62.64 60.98

Al2O3 20.03 20.00 20.99 19.42 19.07 19.22 18.98

CaO 0.44 0.71 0.69 0.32 0.31 0.16 0.35

Na2O 11.53 11.24 10.80 11.16 10.95 10.60 10.45

K2O 0.07 0.09 0.72 0.06 0.07 0.10 0.14

MgO 0.00 0.01 0.17 0.01 0.01 0.02 0.02

FeO 0.00 0.00 0.27 0.01 0.09 0.14 0.13

TiO2 0.00 0.00 0.00 0.01 0.01 2.85 18.98

Total 101.02 99.83 101.13 96.34 97.95 95.77 94.69

(onthebasisof8O)

Si 2.982 2.969 2.931 2.966 3.003 2.876 2.841

Al 1.021 1.033 1.074 1.039 1.000 1.040 1.042

Ca 0.021 0.033 0.032 0.015 0.015 0.008 0.018

Na 0.966 0.954 0.910 0.982 0.945 0.944 0.943

K 0.004 0.005 0.040 0.004 0.004 0.006 0.008

Fe 0.000 0.000 0.010 0.000 0.003 0.005 0.005

Mg 0.000 0.000 0.011 0.001 0.000 0.002 0.001

Ti 0.000 0.000 0.000 0.000 0.000 0.002 0.128

Total 4.994 4.994 5.008 5.007 4.972 4.882 4.986

An 0.021 0.033 0.033 0.015 0.015 0.008 0.018

Ab 0.975 0.962 0.927 0.981 0.980 0.986 0.973

Or 0.004 0.005 0.041 0.004 0.004 0.006 0.008

*An=Ca/(Ca+Na+K),Ab=Na/(Ca+Na+K),Or=K/(Ca+Na+K)
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Fig31.An-Ab-Orternarydiagram forthecompositionsoffeldspars

from thestudyarea.
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Table9.RepresentativeanalysesofMuscovitesfrom thestudyarea.

Sample mm-4a mm-5-1 mm-6c

Litholo
gy metasedimentaryrocks meta-granites meta-granites

SiO2 43.51 44.01 44.38 45.73 43.44 45.42 41.13 45.65 44.5

TiO2 0.16 0.18 0.17 0.06 0.42 1.85 1.6 0.34 0.08

Al2O3 30.84 30.42 31.21 32.42 27.29 33.48 22.79 29.2 35.83

FeO 2.79 2.97 3.1 2.65 3.38 1.52 3.06 3.31 0.44

MnO 0.00 0.00 0.00 0.01 0.03 0.02 0.03 0.04 0.00

MgO 0.77 0.81 0.83 0.82 0.56 0.57 1.24 1.66 0.28

CaO 0.00 0.00 0.00 0.00 0.02 0.00 0.14 0.06 0.06

Na2O 0.56 0.66 0.61 0.56 0.03 0.34 0.09 0.15 0.19

K2O 9.55 9.3 9.48 10.02 9.22 10.3 8 10.92 8.77

Total 88.18 88.35 89.78 92.27 84.39 93.5 78.08 91.33 90.15

(onthebasisof22O)

Si 6.303 6.362 6.313 6.32 6.574 6.174 6.746 6.442 6.165

Al
IV

1.697 1.638 1.687 1.68 1.426 1.826 1.254 1.558 1.835

Al
VI

3.567 3.546 3.545 3.602 3.442 3.537 3.151 3.299 4.015

Ti 0.017 0.019 0.018 0.007 0.047 0.189 0.197 0.036 0.008

Fe 0.338 0.359 0.369 0.306 0.427 0.173 0.42 0.39 0.051

Mn 0.00 0.00 0.00 0.001 0.004 0.003 0.004 0.005 0.00

Mg 0.166 0.175 0.177 0.169 0.127 0.115 0.303 0.35 0.059

Ca 0.00 0.00 0.00 0.00 0.003 0.00 0.025 0.009 0.009

Na 0.157 0.184 0.169 0.151 0.008 0.088 0.03 0.04 0.052

K 1.765 1.715 1.72 1.766 1.781 1.787 1.675 1.966 1.551

Total 14.0113.99813.99814.00213.839 13.892 13.805 14.095 13.745

XMg 0.329 0.328 0.324 0.356 0.229 0.399 0.419 0.473 0.536

*XMg=Mg/(Mg+Fe)
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Table9.(continued)

Sample mm-6c mm-9a mm-9b

Litholog
y meta-granites metabasites metabasites

SiO2 46.51 46.85 47.53 48.38 46.67 47.08 45.321 45.51

TiO2 4.63 0.11 0.58 0.65 0.97 1.08 0.978 0.898

Al2O3 25.68 26.46 9.28 8.72 8.95 8.93 8.85 8.335

FeO 3.96 3.64 15.03 15 14.67 14.49 13.803 13.77

MnO 0.02 0.05 0.34 0.35 0.33 0.27 0.3 0.335

MgO 2.27 2.24 12.93 13.04 12.69 12.56 12.44 12.654

CaO 0.00 0.00 11.46 11.45 11.27 11.11 11.378 11.149

Na2O 0.08 0.11 1.13 1.12 1.16 1.1 1.101 1.013

K2O 10.52 10.78 0.34 0.33 0.45 0.39 0.461 0.486

Total 93.67 90.24 98.62 99.04 97.16 97.01 94.632 94.15

(onthebasisof22O)

Si 6.507 6.787 6.616 5.330 6.612 6.680 6.575 6.630

Al
IV

1.493 1.213 1.384 0.755 1.388 1.320 1.425 1.370

Al
VI

1.330 1.799 0.138 0.000 0.107 0.174 0.088 0.062

Ti 0.487 0.012 0.061 0.054 0.103 0.116 0.107 0.098

Fe 0.583 0.882 1.750 2.764 1.738 1.719 1.675 1.678

Mn 0.005 0.012 0.040 0.065 0.040 0.033 0.037 0.041

Mg 0.947 0.967 2.683 4.283 2.679 2.656 2.690 2.748

Ca 0.000 0.000 1.709 2.703 1.710 1.690 1.769 1.740

Na 0.022 0.031 0.304 0.239 0.320 0.302 0.310 0.286

K 1.878 1.992 0.060 0.046 0.081 0.071 0.085 0.090

Total 13.251 13.695 14.745 16.239 14.778 14.761 14.759 14.744

XMg 0.619 0.523 0.605 0.608 0.607 0.607 0.616 0.621

*XMg=Mg/(Mg+Fe)
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Table9.(continued)

Sample mm-24 mm-27a

Lithology metasedimentaryrocks metabasites

SiO2 44.79 43.81 44 48.89

TiO2 0.59 0.34 0.06 0.07

Al2O3 32.77 33.21 26.05 24.51

FeO 3.15 3.08 5.63 3.94

MnO 0 0 0.03 0.03

MgO 1.25 1.14 6.2 4.08

CaO 0.01 0 0.04 0.01

Na2O 0.46 0.44 0.07 0.07

K2O 6.51 6.66 4.6 6.21

Total 89.52 88.67 86.67 87.8

 (onthebasisof22O)

Si 6.257 6.187 6.404 6.954

Al
IV

1.743 1.813 1.596 1.046

Al
VI

3.652 3.713 2.873 3.064

Ti 0.062 0.036 0.006 0.008

Fe 0.368 0.363 0.685 0.469

Mn 0 0 0.004 0.003

Mg 0.259 0.241 1.344 0.865

Ca 0.001 0 0.007 0.001

Na 0.124 0.121 0.02 0.019

K 1.16 1.199 0.853 1.127

Total 13.626 13.673 13.792 13.556

XMg 0.413 0.399 0.662 0.648

*XMg=Mg/(Mg+Fe)
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Fig.32.Fe+Mgvs.SiandAlvs.Sidiagramsforthecompositionsof

muscovitesfrom thestudyarea.
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Table10.RepresentativeanalysesofAmphibolesfrom thestudyarea.

Sample mm-9a

Lithology metabasites

SiO2 52.98 46.78 49.08 48.72 49.26 51.34

Al2O3 3.30 7.61 7.69 8.19 6.20 5.54

TiO2 0.24 0.63 0.59 0.62 0.55 0.50

Cr2O3 0.02 0.09 0.00 0.00 0.00 0.00

FeO 14.01 14.60 14.29 14.75 14.30 14.19

MgO 14.60 12.87 13.27 13.41 13.99 14.66

MnO 0.39 0.32 0.39 0.39 0.40 0.34

CaO 12.21 11.25 11.27 11.02 11.18 11.68

Na2O 0.63 1.21 1.12 1.03 0.79 0.79

K2O 0.13 0.39 0.33 0.35 0.24 0.20

Total 98.51 95.75 98.03 98.48 96.91 99.24

 (onthebasisof23O)

Si 7.61 6.97 7.10 7.00 7.17 7.29

Al
IV

0.39 1.04 0.90 1.00 0.83 0.71

Al
VI

0.17 0.30 0.41 0.38 0.23 0.22

Mg 3.13 2.86 2.86 2.87 3.04 3.10

Fe
2+

1.51 1.36 1.31 1.18 1.17 1.24

Ti 0.03 0.07 0.06 0.07 0.06 0.05

Fe
2+

0.03 0.08 0.09 0.12 0.10 0.08

Mn 0.02 0.02 0.02 0.02 0.03 0.02

Ca 1.88 1.80 1.75 1.70 1.74 1.78

Na 0.06 0.11 0.13 0.14 0.11 0.11

Ca 0.00 0.00 0.00 0.00 0.00 0.00

Na 0.11 0.24 0.18 0.15 0.11 0.11

K 0.02 0.07 0.06 0.06 0.05 0.04

Total 14.96 14.91 14.89 14.69 14.63 14.75

XMg 0.67 0.68 0.69 0.71 0.72 0.71

*XMg=Mg/(Mg+Fe)
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Table10.(continued)

Sample mm-9b

Litholo
gy metabasites

SiO2 49.54 49.59 51.82 51.34 48.09 44.80 46.47 49.00 50.35 43.75

Al2O3 6.58 4.65 4.77 4.33 8.07 8.88 8.39 5.55 4.43 7.31

TiO2 0.71 0.43 0.54 0.48 0.90 1.32 0.91 0.61 0.51 0.42

Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

FeO 13.74 12.07 13.64 13.09 14.67 13.91 13.46 12.77 12.00 15.56

MgO 14.23 14.73 15.46 15.48 13.03 12.14 12.49 14.37 14.80 15.25

MnO 0.32 0.32 0.24 0.31 0.30 0.30 0.33 0.29 0.26 0.25

CaO 11.34 11.68 11.60 11.73 11.42 11.42 11.56 11.56 11.99 8.21

Na2O 0.90 0.68 0.56 0.58 1.02 0.99 1.01 0.62 0.46 0.89

K2O 0.30 0.19 0.21 0.18 0.35 0.43 0.45 0.25 0.23 0.21

Total97.66 94.33 98.84 97.52 97.85 94.18 95.07 95.03 95.01 91.82

 (onthebasisof23O)

Si 7.16 7.39 7.35 7.38 6.99 6.79 6.97 7.25 7.44 6.58

Al
IV

0.84 0.61 0.66 0.62 1.02 1.21 1.04 0.75 0.56 1.26

AlVI 0.28 0.20 0.14 0.11 0.37 0.37 0.45 0.22 0.21 0.03

Mg 3.06 3.27 3.27 3.32 2.82 2.74 2.79 3.17 3.26 3.42

Fe
2+

1.18 1.23 1.06 1.08 1.35 1.40 1.44 1.18 1.29 0.30

Ti 0.08 0.05 0.06 0.05 0.10 0.15 0.10 0.07 0.06 0.05

Fe
2+

0.10 0.04 0.10 0.07 0.09 0.05 0.05 0.06 0.03 0.31

Mn 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Ca 1.76 1.86 1.76 1.81 1.78 1.85 1.86 1.83 1.90 1.32

Na 0.13 0.07 0.08 0.08 0.12 0.08 0.08 0.09 0.05 0.13

Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Na 0.13 0.12 0.08 0.08 0.17 0.21 0.22 0.09 0.08 0.13

K 0.06 0.04 0.04 0.03 0.07 0.08 0.09 0.05 0.04 0.04

Total14.77 14.91 14.59 14.65 14.87 14.96 15.09 14.78 14.94 13.57

XMg 0.72 0.73 0.76 0.75 0.68 0.66 0.66 0.73 0.72 0.92

*XMg=Mg/(Mg+Fe)
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Table10.(continued)

Sample mm-10

Lithology metabasites

SiO2 48.29 46.75 49.88 46.29 44.42 41.20

Al2O3 5.27 8.53 4.70 8.61 10.32 11.35

TiO2 0.16 0.54 0.37 1.35 1.31 0.17

Cr2O3 0.00 0.00 0.00 0.00 0.05 0.00

FeO 16.22 16.25 15.69 15.69 16.12 17.17

MgO 14.60 12.61 13.78 11.44 11.27 13.95

MnO 0.34 0.32 0.30 0.30 0.32 0.38

CaO 10.16 10.59 11.65 11.51 11.64 7.74

Na2O 0.28 1.06 0.34 1.18 1.16 0.49

K2O 0.17 0.59 0.25 0.62 0.83 0.48

Total 95.49 97.24 96.96 96.99 97.44 92.94

 (onthebasisof23O)

Si 7.06 6.85 7.28 6.89 6.59 6.11

Al
IV

0.87 1.15 0.72 1.11 1.41 1.83

Al
VI

0.04 0.32 0.09 0.40 0.39 0.16

Mg 3.18 2.75 3.00 2.54 2.49 3.08

Fe
2+

0.55 1.19 1.26 1.70 1.55 0.18

Ti 0.02 0.06 0.04 0.15 0.15 0.02

Fe2+ 0.17 0.14 0.06 0.06 0.05 0.34

Mn 0.02 0.02 0.02 0.02 0.02 0.03

Ca 1.59 1.66 1.82 1.84 1.85 1.23

Na 0.04 0.15 0.05 0.09 0.08 0.07

Ca 0.00 0.00 0.00 0.00 0.00 0.00

Na 0.04 0.15 0.05 0.25 0.25 0.07

K 0.03 0.11 0.05 0.12 0.16 0.09

Total 13.62 14.55 14.44 15.15 14.99 13.21

XMg 0.85 0.70 0.70 0.60 0.62 0.94

*XMg=Mg/(Mg+Fe)
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Table10.(continued)

Sample mm-27

Litholo
gy metabasites

SiO2 44.9040.81 41.35 45.04 42.24 42.99 42.11 42.31 42.84 41.73 41.08

Al2O3 10.2010.17 10.26 10.23 9.27 9.15 10.26 10.13 9.83 9.32 10.11

TiO2 1.19 1.19 1.16 1.39 0.97 1.14 1.17 1.21 1.11 1.00 1.15

Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

FeO 16.2715.42 15.87 16.01 14.33 14.22 14.86 14.63 14.48 14.87 15.61

MgO 11.5211.23 11.24 11.26 12.37 12.02 11.66 11.99 11.86 11.27 10.96

MnO 0.36 0.28 0.32 0.32 0.36 0.32 0.32 0.32 0.28 0.30 0.27

CaO 11.6811.68 11.39 11.77 11.72 11.80 11.53 11.52 11.79 11.38 11.48

Na2O 1.25 1.27 1.29 1.16 1.16 1.11 1.32 1.15 1.18 1.17 1.25

K2O 0.92 1.09 1.12 0.74 0.88 0.91 0.99 1.00 0.99 1.03 1.10

Total98.2993.14 94.00 97.92 93.30 93.64 94.22 94.27 94.37 92.07 93.01

 (onthebasisof23O)

Si 6.60 6.36 6.38 6.64 6.51 6.61 6.45 6.46 6.55 6.56 6.42

Al
IV

1.40 1.64 1.62 1.36 1.50 1.39 1.55 1.54 1.45 1.44 1.58

Al
VI

0.37 0.23 0.24 0.42 0.19 0.27 0.31 0.28 0.32 0.29 0.28

Mg 2.53 2.61 2.59 2.48 2.84 2.76 2.66 2.73 2.70 2.64 2.55

Fe
2+

1.55 1.42 1.39 1.62 1.20 1.42 1.38 1.26 1.42 1.49 1.50

Ti 0.13 0.14 0.13 0.15 0.11 0.13 0.14 0.14 0.13 0.12 0.14

Fe2+ 0.05 0.01 0.03 0.05 0.01 0.01 0.03 0.03 0.01 0.02 0.02

Mn 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Ca 1.84 1.95 0.00 1.86 1.93 1.94 1.89 1.88 1.93 1.92 1.92

Na 0.09 0.03 0.06 0.08 0.04 0.03 0.06 0.06 0.04 0.05 0.04

Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Na 0.27 0.36 0.32 0.26 0.31 0.30 0.34 0.28 0.31 0.31 0.34

K 0.00 0.22 0.22 0.14 0.17 0.18 0.19 0.20 0.19 0.21 0.22

Total14.8514.97 13.01 15.07 14.82 15.05 15.01 14.88 15.07 15.05 15.01

XMg 0.62 0.65 0.65 0.60 0.70 0.66 0.66 0.68 0.65 0.64 0.63

*XMg=Mg/(Mg+Fe)
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Fig.33.Mg/(Mg+Fe2+)vs.TSidiagram for the compositions of

amphibolesfrom thestudyarea,(afterLeakeetal.,1997)
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Table11. RepresentativeanalysesofClinopyroxenesfrom thestudy

area.

Sample mm-10 mm-9b

Lithology metabasites metabasites

SiO2 54.91 55.01 55.18

Al2O3 0.72 0.47 0.72

TiO2 0.00 0.00 0.04

Cr2O3 0.05 0.00 0.00

FeO 12.70 9.72 17.46

MgO 16.71 17.81 13.81

MnO 0.15 0.26 0.30

CaO 12.68 12.60 12.68

Na2O 0.02 0.13 0.12

K2O 0.04 0.01 0.03

Total 97.98 96.01 100.34

 (onthebasisof6O)

Si 2.05 2.07 2.06

Al 0.00 0.00 0.00

Al 0.03 0.02 0.03

Fe
2+

0.40 0.31 0.54

Ti
4+

0.00 0.00 0.00

Mg 0.93 1.00 0.77

Mn 0.00 0.01 0.01

Ca 0.51 0.51 0.51

Na 0.00 0.01 0.01

k 0.00 0.00 0.00

Total 3.93 3.92 3.93

Xmg 0.507 0.551 0.422

Xca 0.277 0.280 0.279

Xfe 0.216 0.169 0.299

*Xmg=Mg/(Mg+Fe),Xca=Ca/(Mg+Fe),Xfe=Fe/(Mg+Fe)
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Fig. 34. Wo-En-Fs ternary diagram for the compositions of

clinopyroxenesfrom thestudyarea.



- 75 -

Table12.RepresentativeanalysesofEpidotesfrom thestudyarea.

Sample mm-9b

Lithology metabasites

SiO2 38.35 35.84 38.66 38.41 38.61 37.95

TiO2 0.05 0.14 0.09 0.05 0.13 0.02

Al2O3 27.30 9.18 28.26 28.89 28.73 28.23

FeO 6.17 15.93 4.96 4.60 4.52 5.19

MnO 0.10 0.46 0.06 0.10 0.31 0.12

MgO 0.02 13.50 0.02 0.04 0.37 0.05

CaO 23.45 12.92 23.55 23.75 22.75 23.55

Na2O 0.01 0.18 0.03 0.01 0.01 0.00

K2O 0.03 0.11 0.00 0.01 0.00 0.01

Total 95.48 88.27 95.63 95.85 95.42 95.12

(onthebasisof12.5O)

Si 5.920 6.322 5.914 5.856 5.895 5.854

Ti 0.006 0.019 0.011 0.006 0.015 0.002

Al 4.968 1.910 5.095 5.191 5.171 5.132

Fe 0.797 2.351 0.634 0.586 0.577 0.670

Mg 0.004 3.550 0.004 0.010 0.083 0.011

Mn 0.013 0.069 0.008 0.013 0.040 0.015

Ca 3.880 2.442 3.859 3.880 3.722 3.892

Na 0.003 0.061 0.008 0.002 0.003 0.000

K 0.006 0.025 0.000 0.001 0.000 0.002

Total 15.595 16.748 15.532 15.544 15.507 15.578
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Table12.(continued)

Sample mm-10

Lithology metabasites

SiO2 38.40 37.90 38.92 38.44 38.50 37.96 50.00 38.10

TiO2 0.06 0.08 0.06 0.03 0.09 0.03 0.31 0.09

Al2O3 26.21 27.50 26.59 27.31 27.01 26.78 5.83 26.62

FeO 7.12 5.56 6.74 6.32 6.78 6.97 13.53 7.02

MnO 0.04 0.09 0.07 0.08 0.07 0.05 0.33 0.12

MgO 0.02 0.03 0.01 0.02 0.01 0.03 13.50 0.02

CaO 23.90 23.71 23.91 24.02 23.56 23.58 12.21 23.28

Na2O 0.04 0.00 0.05 0.03 0.03 0.01 0.43 0.02

K2O 0.01 0.00 0.03 0.02 0.00 0.00 0.16 0.02

Total 95.79 94.88 96.36 96.25 96.03 95.41 96.28 95.30

(onthebasisof12.5O)

Si 5.950 5.879 5.975 5.900 5.927 5.896 7.688 5.923

Ti 0.007 0.009 0.007 0.004 0.010 0.003 0.036 0.011

Al 4.787 5.029 4.813 4.941 4.901 4.904 1.056 4.878

Fe 0.922 0.722 0.865 0.812 0.873 0.905 1.740 0.913

Mg 0.004 0.006 0.001 0.005 0.001 0.008 3.094 0.004

Mn 0.006 0.012 0.009 0.010 0.009 0.007 0.043 0.015

Ca 3.968 3.941 3.933 3.950 3.886 3.924 2.011 3.878

Na 0.011 0.000 0.014 0.008 0.008 0.004 0.128 0.006

K 0.001 0.000 0.005 0.003 0.001 0.001 0.031 0.004

Total 15.656 15.598 15.622 15.631 15.616 15.651 15.828 15.632
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Table13.RepresentativeanalysesofChloritesfrom thestudyarea.

Sample mm-27

Lithology metabasites

SiO2 28.65 29.56 27.77 26.31 25.25 26.49

Al2O3 16.95 17.61 18.13 0.09 0.11 0.80

TiO2 0.79 0.19 0.15 19.10 19.38 19.09

FeO 20.84 21.53 21.39 19.79 20.27 19.61

MnO 0.28 0.28 0.34 0.36 0.39 0.34

MgO 18.50 19.50 18.97 18.20 19.01 17.63

CaO 0.53 0.07 0.03 0.04 0.02 0.68

Na2O 0.02 0.00 0.00 0.01 0.00 0.00

K2O 0.45 0.24 0.19 0.03 0.04 0.19

Total 87.01 88.98 86.97 83.92 84.46 84.81

(onthebasisof20O)

Si 4.258 4.282 4.132 4.836 4.641 4.825

AI
IV

2.969 3.006 3.179 3.164 3.359 3.175

Al
VI

0.000 0.000 0.000 0.974 0.840 0.924

Ti 0.088 0.021 0.017 0.012 0.015 0.110

Mg 4.098 4.210 4.207 4.987 5.207 4.789

Fe 2.590 2.608 2.662 3.042 3.115 2.987

Mn 0.035 0.034 0.043 0.057 0.060 0.052

Ca 0.084 0.011 0.005 0.007 0.004 0.132

Na 0.006 0.000 0.000 0.002 0.000 0.000

K 0.085 0.044 0.036 0.007 0.010 0.043

Total 14.215 14.217 14.280 17.088 17.250 17.037

XMg 0.613 0.617 0.613 0.621 0.626 0.616

*Xmg=Mg/(Mg+Fe)
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Table14.Semi-quantitativeanalysesofthecompositionsofopaque

mineralsfrom thestudyarea.

Sample mm-10d mm-27a

Lithology metabasites metabasites

minerals ilmenite pyrite chalcopyrite pyrite pyrite
Fe 37.58 45.01 32.94 45.45 46.01

Ti 45.76 0.00 0.00 0.00 0.00

S 0.00 54.10 35.35 54.55 53.01

Cu 0.00 0.00 31.712 0.00 0.00

O 16.66 0.00 0.00 0.00 0.00

Total 100 100 100 100 99.02
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7.Metamorphism

Metabasites which are distributed on Maldo and Myeongdo are

selectedandmadethinsection.Themetamorphicmineralassemblages

inthesamplemm-9a,bandmm-10consistofquartz+muscovite+

amphibole+epidote.Themetamorphicmineralgroupsinthesample

mm-27a are the same as the metamorphicmineralassemblages of

Maldo.

Tocalculatemetamorphictemperatureandpressofthemetabasitesin

the study area,a GeoThermoBarometry (Kohn and Spear,1999),

HB-PLAG(HollandandBlundy,1994)program isused.

Metamorphictemperatureabouttwoplacescalculatesby using an

amphibole-plagioclase-quartzgeologicalthermometer(Hollandand

Blundy,1994).Becauseparagenesismetamorphicfacieswhichisused

forgeobarometertocalculatemetamorphicpressuredonotdiscover,

geobarometeriscalculatedbyusingcrossitecontentsofCa-hornblende

suggestedbyBrown(1977).

7-1.Geothermobarometery

To assume metamorphic temperature and press in the study,an

amphibole- plagioclase- geologicalthermometerisused.Geological

thermometersismadebyHollandandBlundy(1994).

In theamphibolessamplemm-9a,b and mm-10ofMaldo and
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mm-27a of Myeongdo, 290～420℃and 570～650℃ (Fig. 35) of

temperature conditions are respectively calculated by using the

amphibole-plagioclase-geologicalthermometer.Inthisstudyarea,

metabasites belongs to quartz + albite + amphiboles + epidotes +

muscovites+chlorites+pyrite.Also,becausetherearecross-bedding

andgradedbeddingontheoutcrop,itassumesthatitissufferedfrom

low metamorphism.So,temperaturerange(570～650℃)isexcepted.

Because paragenesis metamorphic facies which is used for

geobarometer to calculate metamorphic pressure do not discover,

geobarometeriscalculatedbyusingcrossitecontentsofCa-hornblende

suggestedbyBrown(1976).Theresultshowsca.2kbar(Fig.36).

Overall,metabasitesinthisstudyareaisformedatenvironmentof

350℃,ca.2kbar(Fig.37)andassumesburieduntil10～15km.
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Fig. 35. Results of metamorphic temperature estimates for the

metaasitesusingHb-Plgeothermometer(HollandandBlundy,1994).
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Fig. 36.Metamorphic pressure estimate NaM4 vs Al
IV
plot for

amphibolesfrom themetabasites.
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Fig.37.P-T diagram showingtheconditionsofmetamorphism inthe

study area based on the estimates using Hb-Plgeothermometer

(HollandandBlundy,1994)andCa-Amphibolegeobarometer(Brown,

1977).
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8.Conclusions

PetrologicalandgeochemicalstudiescombinedwithEPMA analyses

of metamorphic minerals were carried out on the low grade

metamorphicrocksfrom thenorthernpartoftheGogunsanIslandson

thewestofGunsancity,Jeollabuk-do.

1.GeologyofthenorthernpartoftheGogunsanIslandsmostly

consistsofpsammiticmetasedimentaryrocksassociatedwith

intercalatedmetabasitelayersandsmallamountofmeta-granites.

2.Althoughfoldingandthrustduplexstructureswereremarkably

developed,metasedimentaryformationsinthisareapreserveoriginal

sedimentarystructuresincludingbedding,cross-bedding,graded

bedding,ripplemarksetc.

3.Majorelementgeochemistryofmetasedimentaryrocksindicatesthat

thesedimentarybasinwassuppliedwithsiliciclasticmaterialsderived

from continentalmargin.Geochemicalstudyonmeta-granitesand

metabasitesrevealedcalc-alkalinevolcanism andgraniticplutonism ina

volcanicarcenvironment.

4.MineralassemblagesofChl+Ms+Qtz+Pl(Ab)in

metasedimentaryrocks,Qtz+Kfs+Pl(Ab)+Msinmeta-granites,and

Amph(ActtoTschermakite)+Pl(Ab)inmetabasitesrevealedthat
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metamorphicrocksinthisareasufferedgreenschistfacies

metamorphism.Hb-Plthermometer(HollandandBlundy,1994)and

Ca-Amphibolebarometer(Brown,1977)formetabasitessuggestthat

P-Tconditionsreachedabout2kbar,350℃.

5.Metasedimentaryformationsinthestudyareaareconsideredtobe

Neo-Proterozoicinagebasedontheirpetrographicandmetamorphic

characteristics.
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Abstract

PetrologicalandgeochemicalstudiescombinedwithEPMA analyses

of metamorphic minerals were carried out on the low grade

metamorphicrocksfrom thenorthernpartoftheGogunsanIslandson

thewestofGunsancity,Jeollabuk-do.Geologyofthenorthernpartof

theGogunsanIslandsfrom MaldothroughMyeongdoandBanchukdoto

Hoenggyeongdo mostly consistsofpsammiticmetasedimentary rocks

associated with intercalated metabasite layers and smallamountof

meta-granites.

Metasedimentaryformationsinthisstudyareawellpreserveoriginal

sedimentarystructuresincludingbedding,cross-bedding,graded

bedding,ripplemarksetc.eventhoughfoldingandthrustduplex

structureswereremarkablydeveloped.

Geochemistryofmetasedimentaryrocks,meta-granitesand

metabasitesrevealedthatthebasinwassuppliedwithsiliciclastic

materialsderivedfrom continentalmarginandaccompaniedcalc-alkaline

volcanism andgraniticplutonism inavolcanicarcenvironment.

Greenschistfaciesmetamorphism isindicatedbythemineral

assemblagesofChl+Ms+Qtz+Pl(Ab)inmetasedimentaryrocks,

Qtz+Kfs+Pl(Ab)+Msinmeta-granites,andAmph(Actto

Tschermakite)+Pl(Ab)inmetabasites.Geothermobarometryfor

metabasitessuggestthatP-Tconditionsofmetamorphicrocksinthis

areareachedabout2kbar,350℃.

Onthebasisoftheirpetrographicandmetamorphiccharacteristics
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metasedimentaryformationsinthestudyareaareconsideredtobe

Neo-Proterozoicinage.
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