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Thepresentstudyhasreportedthepressure副nducedstructuralchangesofavolcanicglassand

syntheticCaSiO3andCaMgSi206glassesbyusingXイaydiffiaction，Ramanandinfrared

spectroscopy､Also,thestructuralevolutionsofCaSiO3-MgSiO3glassesunderpressurehavebeen

examinedbymoleculardynamicssimulation・

Theshock-wavecompressionfOrarhyoliticvolcanicglassresultedinthedensityincreasewith

pressureｕｐｔｏ２５ＧＰａ・Theobserveddensificationof4－５％wassmallerthanthatreportedfOr

shockedSiO2glass・Modifierionsintheinterstitia］sitescanpreventthelargedensificationasin

SiO2glassThedensificationwasattributedtotheTLO-Tanglereductionwithasmallcontribution

fiPomtheincreaseofsmallringsofTO4tetrahedra

CaSiO3andCaMgSi206glassesshowedlittleshockイlensificationsStaticcompressionsfOrthese

glassesrepresentedsmalldensificaｔｉｏｎｓｏｆ３％ａｎｄ７％，respectively,whichcanbeassignedtothe

smallreductionsofSiO-SibondanglcMoleculardynamicssimulationsrevealedthattheSi-O-Si

angledecreased,andCaandMgcoordinationnumbersincreasedunderhighpressure、

SmallcompactionsofCaSiO3andCaMgSi206glassesobtainedbyshockandstaticcompressions

wereinstrongcontrasttotheresultsonavolcanicglassandthepreviousstudies・Thedifference

couldbeexplainedintermsofthenetworkpolymerizationModifiercationsalsopreventthelarge

reductionofSiC-Siangle、

StructuralinfOrmationonsilicateglassesunderhighpressureisofgeologicalimportancefOr

understandingthephysicalpropertiesandpredictingthedynamicbehaviorsofdeep毛eatedmagma

withintheEarthTbafirstapproximationofmagmaticliqui｡s，ｔｈｅpressure訂､ducedstructural

changesinSiO2glasshavebeeninvestigatedbyseveralworkers(ＨｅｍｌｅｙｅｔａＬ１９８６;SusmanetaL

l990;MeadeetaL1992).Ontheotherhand,thereareonlyafewstudiesonthepressureevolutions
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fOrsilicateglasseswithmorecomplexcompositions（KubickietaL1992；ＯｋｕｎｏｅｔａＬｌ９９８)．

TherefOre,thepresentstudyhasreportedthepressure瓠nducedstructuralchangesofavolcanicglass

andsyntheticCaSiO3andＣａＭｇＳｉ２０６ｇｌａｓｓｅｓｂｙｍｅａｎｓｏｆＸイaydiffraction，Ramanandinfiared

spectroscopy・Also,thestructuralevolutionsofCaSiO3-MgSiO3glassesunderpressurehavebeen

exami､edbymoleculardynamicssimulatio、

Theshock乱nduceddensificationofarhyoliticvolcanicglasSwasobservedwithpressureupto

-25GPaTheobserveddensificationof4－５％（Fig.1）wassmallerthanthatreportedfOrshocked

SiO2glass（１１％：ＯｋｕｎｏｅｔａＬ１９９９)，andratherclosetotheshockedNaAlSi308glass（4.2％：

Takabatake2000)．ThisreflectsthestructuralsimilaritybetweenrhyoliticvolCanicglassand

NaAlSi308glassModifieriｏｎｓａｓＮａ+，Ｋ十ａｎｄＣａ２＋intheinterstitialsitescanpreventthelarge

densificationasinSiO2glass(ReynardetaL1999)．

RamanspectraandXTayfirstshalpdiffmctionpeak（FSDP）analysissuggestedthatthe

densificationobservedat20-25GPawasattributabletoTLOTbondanglereduction(Ｔ＝Ａｌ,Ｓｉ)，

withasmallcontributionfiPomtheｉｎｃｒｅａｓｅｏｆｓｍａｌｌｒｉｎｇｓｓｕｃｈａｓ３－ａｎｄ４訂nemberedrings・Above

25GPa，partialrelaxationofthedensifiedstructure，duetorelativelyhighposHhockresidual

temperature,resultedinthedensitydecreaseoftheshockedobsidianandfUsedglass・

Acomparisonbetweenthepresentresultsandthepreviousstudies（ＯｋｕｎｏｅｔａＬ１９９９；

TnkabatakeZOOO）indicatesthatthehigmypolymerizedsilicateglasseshaveessentiallysim1ar

shock<lensificationmechanisms・Thedegreeofdensificationcanbeinfluencedbytheexistenceof

modifiercationsandbyringdistributionsintheoriginalstructure、Thepresentresultsalso

suggestedthepossibilitythattektiteshadexperiencedshock-meltingresultingfromshock

compressionabove35GPabyimpactevents，onthebasisofthecompositionalandstructural

similaritybetweenrhyoliticglassandtektiteThedetailedpaperoftheshockdensificatioｎｏｆａ

ｖｏｌｃanicglassistobePublished(ShimodaetaL2004)．

lalsostudiedshock-inducedchangesofCaSiO3andCaMgSi206glaSsesasananalogueof

basalticglassesTheshockｲecoveredCaSiO3andCaMgSi206glassesshowedlittledensifications

(withｉｎ0.5％,Fig.1)RamanspectroscopyandXTayFSDPanalysisdidnotshowanysignificant

variationsbyshockcompression・

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，staticcompressionsfOrCaSiO3andCaMgSi206glassesrepresentedsmall

densificationsofabout３％ａｎｄ７％,respectively(Fig.2).ThesmallreductionsofSiC-Siangle

wereobserved・ThemostinterestingisthestrongcondationbetweendensityandFSDPposition・

ThismeansthechangesinthemediumィangeorderingisofimportanceondensificationofCaSiO3

andCaMgSi206glasses・ＴｈｉｓｃａｎｂｅａｌｓｏｏｒｉｇｉｎａｔｅｄｆｍｍｔｈｅｃompactionofSiO4tetrahedral

linkage

MoleculardynamicssimulationsofCaSiO3-MgSiO3glasseswereperfOrmedbyusingemPirical
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potentialparametersgivenbyMiyakｅ（1998)．ThepotentialfUnctionincludesCoulombic，

short-rangerepulsion，vanderWaalsattractionandMorsepotentialterms，ThepresentMD

simulationshowedreasonableagreementswiththeexpenmentalresults・However，thereis

controversyaboutMgCcoordinationinMg毛ontainingsilicateglasses・Ｓomeworkersreported

tetrahedralMgspecies(HanadaetaL1988;Tnniguchil994).Ontheotherhand,thisstudyprovided

theMgcoordinaｔｉｏｎｎｕｍｂｅｒｏｆ５４,whichisconsistentwithsomeexperimenta]results（Kroeker

andStebbins200aShimoda,personaldatum)．

ThepresentMDstudyrevealedthatSi-O-Sibondangledecreasedunderhighpressureas

reportedbyKubickiｅｔａＬ（1992)ThecoordinationchangeofSiatomswassmall,whereasCaand

Mgcoordinationnumbersincreasedwithpressureaccompanyingwithslightcontractionsof

cationnnionpairdistances，Ｔｈｅpressure副nducedevolutionsinthemedium訂angestructural

componentswerealsoindicated、ＴｈｅｐｒｅｓｅｎｔＭＤstudysuggestedthattheFSDPofCaSiO3and

CaMgSi206glassesinc1udedtheinfOrmationofCaイelatedstructuralcomponentsaswellas

mediumTangeunitsofSiO4tetrahedra

TheaboveexperimentalandtheoreticalresultssupportthesuggestiOnthatthereductionof

Si-O-Sibondangleunderhighpressureiselasticandreverttorelaxedangleduringdecompression

inCaSiO3-MgSiO3glasses(KubickietaL1992).ThiscanresultinthesmaUcompactionofCaSiO3

andCaMgSi206glassesobtainedbyshockandstaticcompresｓｉｏｎｌｔｉｓｉｎｓｔｒｏｎｇｃｏｎｔｒａｓｔｔｏＳｉＯ２

glassandobsidian,inwhichrelativelylargedensificationswerereported(Coutyl977;Okunoetal

l998;Shimadaetal2002;ShimodaetaL2004).Thedifferencecouldbeexplainedintermsof

networkconnectivity；thedegeeofpolymerizationcaninfluencethedegreeofthedensification

ThepolymerizednetworkstmctuｒｅａｓｉｎＳｉＯ２ｇｌａｓｓａｎｄｒｈｙｏｌｉｔｉｃｖｏｌcanicglass（obsidian）can

easilycompactedbythecollapsｅｏｆｏｐｅｎｖｏｉｄｓａｎｄｂｙｔｈｅｆＯｒｍａｔｉｏｎｏfsmallrings・However,the

depolymerizednetworkofchain-andsheet-likestructuralumtswithinterstitialcationsasinCaSiO3

andCaMgSi206glasses（andalsobasalticglass）cannotallowthelargeringswithopenvoids

(Tnniguchil994)TherefOre,thecompactionduetothecollapseoflargenngscannotbeallowed、

Ａｌｓｏ,modifiercations，especiallyｗｉｔｈｌａｒｇｅｉｏｍｃｒａｄｉｕｓａｓＣａ,canpreventthelargereductionof

SiOSibondangle・

Thisstudyimpliesthattheshock-recoveredsilicateglasswithmoredepolymerizednetworksuch

asMg2SiO4glassalsoshowsnosignificantdensification．

-22-



綴：HMDZIRLMiM《Dkun`wIIDLl”9）
…◆．．`,IMdl圏､(TMA､､M1)リ
…●･‐ruMP['００hhＭhｍ(TMwiIull》･）
÷【?`IHI(､3121脚鼠八

三十(ＰｕＭｌ:池【DUbHI…

０．２５

０．２０

…●.‐「uMP[IUDIDOdMhDnr

-■－【?`IHI(､3121脚鼠八

三十(PuMl:池【DUbHIu ③ｓｉ()。ｇい､屑
▲ｃａｓｉｏ３ｇｌａ９ｉＨ

－■－CaMgSi206glass

●
露 0.4 ０

や
鮭へＯ」ｓ

Ｆｎ

Ｅ
Ｕ

Ｂ、0.10
-グ

こ

ぐ－０．０５

３
２

０
０

｛
Ｅ
ｕ
団
）
ロ
ゴ

0

｛．◆

聡同;がへ｡●Ｄ
ＱＢ
ＯＯ
ｏＯｂｄ●

0

－－瀞 0１ 00.00

-005
ＯＩＯ２０３０４０

Shockpressure（GPa）

００

００１．０２．０3.0４．０５．０６．０７０８．０

Pressure（GPa）

Fig2DensitydifferencesbetweenSｉＯ２ｇｌａｓｓ

(Coutyl977)andCaSiO3andCaMgSi206glasses

（thisstudy)asafUnctionofpressure．

FiglDensitydifferencesbetweenshockedSiO2

glass(OkunoetaL1999),obsidiananditsfUsed

glassandCaSiO3andCaMgSi206glasses(this

study)．

RefCrences

CoutyMR(1977)Etudeparlacalorim6trieetladiffUsiondesrayonsXdeseffetsdeshautespressionssurun

corpsamortphe:leverredesiliceThesededoctratd，Etat,Uineversit6deParisVI,France

HanadaT,SogaNTachibanaT(1988)Coordinationstateofmagnesiumionsinrf-sputteredamorphousfilｍｓ

ｉｎｔｈｅｓｙｓｔｅｍＭｇＯ－ＳｉＯ２ＪＮｏｎ屯rystSolidslO5：３９４４

HemleyRJ,ＭａｏＨＫ,ＢｅｌｌＰＭ,ＭｙｓｅｎＢＯ(1986)RamanspectroscopyofSiO2glassathighpressurePhys

,RevLett57:747勺５０

KroekerS,StebbinsJF(2000)Magnesiumcoordinationenvironmentsinglassesandminerals:Newinsight

fmmhigh-fieldmagnesiuｍ２ＳＭＡＳＮＭＲ・AmMineral85：l459-1464

KubickiJD,ＨｅｍｌｅｙＲＪ，HofineisterAM（1992）Ｒａｍａnandinfraredstudyofpressureinducedstructural

changesinMgSiO3,CaMgSi206,andCaSiO3glasses・AmMineral77:Z58269

MeadeC,ＨｅｍｌｅｙＲＪ，ＭａｏＨＫ（1992）HighpressureXｲaydiffiPactionofSiO2glassPhyRevLett69：

１３８７－１３９０

MiyakeA（1998）InteratomicpotentialparametersfOrmoleculardynamicssimulationofcrystalsinthe

systemK20-Na20-CaO-MgO-A1203-SiO2・MineralJ20：１８９－１９４

ＯｋｕｎｏＭ,NakagamiS,ShimadaYBKusabaK,ＳｙｏｎｏＹ;IshizawaN,ＹＵｓａＨ（1998)Structuralchangesofa

volcanicglass(obsidian)underhighpressureRevHighPressureSciTbchnol7:128-130

ｏｋｕｎｏＭ,ReynardB,ＳｈｉｍａｄａＹ５ＳｙｏｎｏＸＷｉｌｌａｉｍｅＣ（1999)ARamanspectroscopicstudyofshock-wave

densificationofvitreoussilicaPhysChemMinerals26:３０４８１１

ReynardBOkunoM,ＳｈｉｍａｄａＹ§ＳｙｏｎｏＹ;WillaimeC（1999)ARamanspectroscopicstudyofshock-wave

densificationofanorthite(CaA12Si208)glassPhysChemMinerals26:432斗３６

ShimadaY60kunoM,SyonoY6KikuchiM,FukuokaK,IshizawaN（2002）AnX-raydiffiPactionstudyof

shock-wave3ensifiedSiO2glasses・PhysChemMinerals29:２３３２３９

－２３－



ShimodaKOkunoM,SyonoYKikuchiM,FukuokaK,KoyanoM,KatayamaS(2004)Structuralevolutions

ofanobsidiananditsfUsedglassbyshock-WavecompressionPhysChem'Minerals,jllpress

SusmanS，VblinKJ,LiebermannRCGwanmesiaGD,ＷａｎｇＹ（1990）Structuralchangesinirreversibly

densifiedfUsedglass:Implicationsfbrthechemicalresistanceofhigh-levelnuclearwasteglassesPhys

ChemGlasses31：144-150

TnkabatakeK（2000）Vitrificationofalbitecrystalandstructurechangeofalbiteglassbyshock-wave

compression・MasterthesisofKanazawaUniversity

TnniguchiT（1994）ThestructuralstudiesofMSi206（Ｍ＝Mg2,ＣａＭｇＣａＣｏ,ＣａＮｉ,Ｃａ2,ＣａＢａ）glasses・

DoctralthesisofKanazawaUniversity

学位論文審査結果の要旨

本学位請求論文に対する各審査委員による予備審査の後、平成１６年７月３０曰に口頭発表会を開催し、

終了後直ちに論文審査委員会を開催し以下のように判定した。本論文は、火山ガラス及び合成メタ珪酸塩ガ

ラスの静的及び動的圧縮による構造変化についての研究をまとめたものである。高圧力下での珪酸塩ガラス

構造の情報は、マグマの物理的特性ならびにクレータ形成過程での物質変化の研究に必須である。しかし、

複雑な組成を持つ珪酸塩ガラスならびに衝撃圧縮による構造変化の研究報告は少ない。本論文ではまず、複

雑な化学組成を持つ火山ガラス等について衝撃圧縮実験を行い、その圧縮挙動が静水圧下での挙動と異なっ

ており、密度増加率のガラスによる違いは化学組成と原子レベルの構造の差に起因することを示した。ま

た、合成CaSiO3及びCaMgSi206ガラスは衝撃圧縮での密度増加は極めて小さく、SiO4四面体の重合度が小

さく圧縮構造が緩和されやすいことがその原因であると結論づけている。さらに、分子動力学計算によっ

て、CaSiO3-MgSiO3系ガラスの圧縮挙動を調べ、CaSiO3-MgSiO3系ガラスの高密度化には中距離構造

の変化が大きく寄与し、SiO4四面体結合角の変化の寄与は小さいことを明らかにした。本論文は、隅石衝

突などの衝撃圧力下での珪酸塩物質の挙動と地球内部での珪酸塩融体の挙動の解明に大きく寄与するもので

ある。よって本論文は博士論文に値するものと考え、合格と判定した。
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