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論　文　内　容　要　旨

Inthis work, diffusion rates on polycrystalline wadsleyite andriJlgWOOdite have been determined at pres-

sures between 16 to 22 GPaand temperatures between 1400 to 1600 ℃･ These conditions are relevant tothe

Earth's mantle transition zone. High pressure experiments were conducted using a Kawai-type multi-anvil high

pressure apparatus. Pre-synthesized polycrystalline wadsleyite or nngwoodite were used as starting materials･

DimISing sources were deposited onthe surface of polished synthesized wadsleyite andringwoodite. Alter

that, difAISion　annealing experiments were conducted. The diffusion profiles were obtained by a depth
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pro丘ling mode using a secondary ion mass spectrometcr (SIMS)I

h nominally dry Mg2SiO4 Wadsleyite, Si di凪ISion rates were examined atthe conditions of 18 GPa and

1450-1600 ℃ usingthe 29si emiched SiO2 thin丘lmas a diffusing source･ hthe 2'siO2 deposition, a high

vacuumevaporation system was utilized using a rhemium as a heating generator･Anoxide activitywas con-

trolled by adding SiO2 POWder･

h nominally dry (Mg,Fe)2SiO4 Wadsleyiteandringwoodite, temperature dependencies on Si and 0 diffusion

rates were determined usingthe 29si and leo emiched (Mg,Fe)2SiO4thin別m as a difAISing source atthe con-

ditions of 1400-1600 ℃ and at 16 GPaand 22 GPa. In depositingthe 29si and.Bo emiched (Mg,Fe)2SiO4,

pulsed Laser Deposition (PLD) were employed in order to ensurethe deposition of stoichiometriCthin filmS･

Anoxygenfugacityandanoxide activitywere controlled by putting Ni-NiOand SiO2 POWder･ respectively･
I All of the difbsion pro丘Ies obtained were composed of volume diffusion′and grain-boundary difbsion re-

glmeS･ Therefore, temperature dependencies in volume difhsionand grain-boundary difRISion rates have been

determined simultaneously.

Their diffusion rates are characterized as follows:

In Mg2SiO4 Wadsleyite wi也～69 wt･ ppm H20,

DJwd_S1. - 6.71 × 10~11 【m2S-l】 exp (-323 lkJ mol~1】瓜T)

6DGBwd_S, - 6.91 × 10-20 [m3sl exp (- 186 lkJ mol~l】収T)

In (Mg,Fe)2SiO4 Wadsleyite wi仙-79 wt･ ppm H20,

DJ,end_ぷ- 1.51 × 1016 lm2S-ll exp (-442 [U mol-L]収T)

6DGB,ewd_S. - 5.56 × 10J14 【m3S-l】 exp (1346 lkJ mol~1】収T)

Dl,ewd_0-4.97× 10~10 【m2S-ll exp (-301 lkJ mol~1】瓜T)

6DGB,ewd_0 - 6.89 × 10vl6 lm3S-1】 exp (-264 【kJ mol~11瓜T)

In (Mg,Fe)2SiO.ringwooditewith～220 wt･ ppm H20,

DJ,eRwpS. - 6.55 × 10~7 lm2S~)] exp (-439 [U mol-)]瓜T)

6DGB,eRw_S. - 7.63 × 10~J6 lm3S~J] exp (-311 【U mol~l】瓜T)

DJ,eRw_0 - 3.45× 10-7 【m2S-)] exp (-416 (±96)阿moILl]瓜T)

6DGB,eRwー0- 2.03 × 10~15 【m3sl11 exp (-306 (±108) lkJ molー11瓜T)

si difhsion rates ill Mg2SiO. wadsleyite with～69 wt･ ppm H20 is about three times slowerthanthose

with～507 wt. ppm H20 lShimojuku et al., 2004].

In both(Mg,Fe)2SiO｡ wadsleyiteandringwoodite, it was foundthat Si difhsion rate is slowerthanO dif-

fusion. Si isthe slowest diffusing element in both(Mg,Fe)2SiO4 Wadsleyiteandringwoodite comparedwith

previously reported Mg-Fe interdifhsion rates･ Therefore, Si may be rate-controlling speciesinhigh-tem-

perature creep processes involving difhsion creepand climb-controlled dislocation creep･ Compared withpre-

viously reported Si difRISion rates in olivineand perovskite, differences of Si di軌sion rates in mantle min-

erals are characterized as follows: olivine < rlngWOOdite < wadsleyite < perovskite･

h bothdiffusion creep and dislocation creep reglmeS, the viscosities calculatedfrom Si difhsion data of

high-pressure phases obtained inthis study are much lowerthanthosefrom previously reported creep law pa-

rameters constructed based on deformation data of analogous spinel Pi2GeO4) at lower pressures･ Compared

withmantle viscosityinferredfrom geophysical observations andthe viscosities in di瓜sion and dislocation

creep estimated from diffusion data,the mantle viscosityis explained by a grainsize of I-10 mm in
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difhsion creep reglme and a stress of 1 - 10 MPa in dislocation creep reglme･ Consequently, plausible graln

size and stress inthe mantle transition zone may be I-10mmand I-10 MPa. The deformation mechanism

dominant inthe mantle transition zone is likely to be either dimISion creep or dislocation creep･

If a graln Size ofringwoodite decreases to be lessthan100 FLm aS a COnSequenCe Of graln Size reduction

alter olivine-nngwoodite transformation in cold subducting slabs,theringwoodite is likely to be deformed by

the di軌sion creep･ Some portions in cold subducting slabs may become so鮎rthanthe surrounding mantle

whenthe graln Size ofringwoodite decreases to be below 1 p m afterthe olivine-nngwoodite transformation･
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論文審査の結果の要旨

下宿彰提出の論文は,マントル遷移層の主要構成鉱物であるウォズレアイトとリングウッダイト中の原

子の拡散速度を明らかにし,マントル遷移層と沈み込むスラブの流動特性を考察したしたものである｡本

研究においては川井型高圧発生装置を用い,-拡散プロファイルの測定には二次イオン質量分析計を用いた｡

Mg2SiO4ウォズレアイト多結晶体を用いて, 29si02を拡散源とし, Siの拡散速度を18 GPa, 1450-1600℃

の条件下で測定した.また, (Mg,Fe)2SiO｡ウォズレアイトとリングウッダイト多結晶体を用いて, 29siと

1Soに富む即g,Fe)2Si04を拡散源とし, Siとoの拡散速度をそれぞれ16 GPa, 1400-1600℃, 22 GPa･

1400-1600 ℃で測定した｡

実験結果の詳細は以下のようにまとめられる｡本研究において,含水量が～69 wt. ppmのMg2SiO4ウォ

ズレアイト中のSiの拡散速度は, Shimqj血et al. (2004)によって得られた含水量が～507 wt･ ppmのウォ

ズレアイトよりも約0.5桁遅い｡また, (Mg,Fe)2SiO4ウォズレアイトとリングウッダイトにおいて,どち

らもsiの拡散速度は0の拡散速度よりも遅く, Siが結晶中の変形を律速していることが明らかになった｡

地球物理学的観測によるマントルの粘性率と, siの拡散速度から計算された粘性率を比較すると,マ

ントル遷移層は,拡散クリープと転位クリープの境界領域に当たり,温度･応力･歪速度･粒径によって,

いずれかの変形機構も卓越し得る｡マントル遷移層の粒径が日0mの場合には,拡散クリープで,ま

た,応力がl_10MPaのときには転位クリープによる変形で観測された粘性値を説明することが出来る｡

低温の沈み込むスラブ内では,オリビンーリングウッダイト相転移に伴い粒径が, 100FLm以下まで減少

したときには拡散クリープによる変形が支配的になり,さらに粒径が1 〟m以下まで減少すれば周りの

マントルよりも柔らかくなる可能性があり,マントル遷移層に沈み込んだスラブが大変形する原因となっ

ている可能性があることが明らかになった｡

以上の研究は,下宿彰が自立して研究活動を行うに必要な高度の研究能力と学識を有することを示して

いる｡したがって,下宿彰提出の博士論文は,博士(理学)の学位論文として合格と認める｡
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