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Carbon Contribution of the dark moon samples: Quenched solids of the lunar materials
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Broadband noise and associated electron heating observed by Kaguya around the Moon in the
solar wind
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Broadband electromagnetic noise in the frequency range up to ~10 Hz has been detected around the
Moon at ~100 km altitude [Halekas et al., 2008; Nakagawa et al., 2011; Tsugawa et al., 2012].
Halekas et al. [2008] suggested that the waves are associated with electron energizations and are
basically generated through the interaction between the solar wind plasma and crustal magnetic
field. Nakagawa et al. [2011] studied the characteristics of the broadband waves by considering
properties of whistler-mode waves propagating in the solar wind frame of reference. Tsugawa et al.
[2012] showed that the statistical distributions of the intense noise are clearly located at the
magnetic anomalies. While they discussed the possible generation process of the waves through
resonant or non-resonant instability by ions reflected from the lunar surface, details of the
generation process of the waves have not been clarified yet.

We analyzed the broadband noise observed by Kaguya statistically, and suggest that the absolute
condition to observe the noise at altitudes ~100 km are 1) the spacecraft is connected to the Moon
through the magnetic field, and 2) the solar wind ions are reflected considerably in the connected
region on the Moon. The fluxes of reflected ions depend on the solar wind parameters and the
magnetisms of the lunar crusts. In a usual solar wind condition (roughly the dynamic pressure < 2
nPa), the second condition is mostly satisfied above the magnetic anomalies. In the solar wind with
larger density and faster speed than usual (roughly the dynamic pressure > 2 nPa), the second
condition can be satisfied above not only magnetic anomalies but also unmagnetized surface.
Electrons are often energized perpendicular to the ambient magnetic field or isotropically in
association with the noise and reflected ions. The electron heating above the lunar magnetic
anomalies are also associated with the broadband electrostatic noise in the frequency range up to
~10 kHz [Kasahara et al., 2011]. Their correlation is suggested in analogous to the transverse ion
acceleration due to broadband extremely low frequency noise in the Earth's auroral region [e.g.,
Andre et al., 1998].
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Formation process of linear gravity anomalies of the Moon
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The age of the moon is an important clue in understanding the former state of igneous activity of
the moon. To explore the time course of the scale and the eruption of the magma leads to pursue the
internal evolution of the moon. Generally, exploring crater size frequency distribution is used to
determine the model ages of lunar geological units. However, this age determination is susceptible
to the influence of secondary craters, and an error is likely to occur in the measured age.
Therefore, by using another age determination, it is necessary to confirm whether the measurement
age by the age determination that is free from influence of the secondary crater should be
investigated. The way based on the status of crater collapse is another expected method for age
determination of lunar geological units. In order to establish this method, it is needed to
investigate the correlation between the age of the geological units and a parameter value expressed
by F which is corresponding to the total amount of impacted objects disrupting the craters. Since
the F value is a numerical value determined by the most collapsed crater in a geological unit, it
does not include the effects of secondary craters probably occurring after the formation of the
oldest most collapsed craters. Here, we explore the correlation relationship between the F values
and the model ages based on crater size frequency distribution for several lunar geological units,
and discuss the possibility of the way based on crater collapse as an age determination of lunar
geological units.
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Water-rich lunar upper mantle as recorded in lunar meteorites
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BRPEERRMEDTHOSKICEB U (< 10 ppb) VY RILEFILVERIEBINTULDIEND., KEEWRE
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UTeEBMRS LUOKKBEARDERA(CLDBKBRARREEZEZ S5ND. LT FANVEEI SR
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Lizo ZORER. (FANVEED S X ~OBERHER(IE>339-1363 ppm (S 5#8EK(E>157-1051 ppm) « AV S
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A spatio-temporal change of the density structure beneath impact basins of the Moon
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JU%Z:LRO_LTMO1_PA_1080) [Neumann, 2013] ZF(\3, J—5 —REE(IEKEANBIE00R(CEBEINIZE DR
FUIvIURBT—5 (ETIV%:GRGMI0AC) [Lemoine et al., 2014] &MET—INSEHETS (BEBE
2560 kg/m3. STERAREO600R), AAELTIE VY LIVEE(F3360kg/m3 [Ishihara et al., 2009]. HRRERE
(FHan et al. (2014) TR SNIHREZE DEE T, Wieczorek and Phillips (1998)DEI /A —T 3>V
KODEKNELERADES HMERSH. 7RO12- 145 MR OMBRENRRM RO BAED@FTH S EH TNz
[Z [Khan and Mosegaard, 2002; Lognonne et al., 2003] (CERERAMNIC/ED2750 kg/m3&EFA LIz, TAHE
B 1 ILIN/2(CTEBREUI100R. STERARBII600RE Uiz COFETEE UIEBEBEL. IR
Global model&FRT B, BIFET Y VIO EMAUVZENT>/1—33 > [Rama Rao et al., 1999] (c K

D, T ILF UV IDOHNREEZ(TEVBPMNERERBEE RE Ulz, 7 - v ~IUVEE($Global
model & BT, ARE(FKFEHBEIC10kmx10kmD A S S ZFDIEAEE U, #HHEBRRT IEZ@FEAEZNICS
(7. Global modellC KB ERERTDRFERE L. AENEET IRERSHEAICS TEIREREL

2o & BEEREANMMERZZSHESHTOLDHNREFERLTUVS, COFECEE UCEERE

Z. LIFEPrism model&FNY B, Prism modelDUTEIEIS & EEMICFHE I /2oh. UTOFEeL o>k ITF
BEZERME(CPrism modelD10/KE. 360 FIOWEEE IO T 7 T IVE/ER L. &mJ—5 —E & [Neumann
et al., 2015]D1.5BFDMHEEHICYIDEND, BONCKHEBETO T 7 rILDS5. FibhSET U —28EE
D¥4E[Neumann et al., 2015]1F C& TNRIEE] & L. &7 -7 —EBE¥RLOMMIDEEE [MAE
Bl &9, FIDNSKEEE O 7 1 IILOEERDSE LMU15%(ICEFTINDRE TOERMZD _upper. Fuh
HWESNAER DT - RED/SNEUGAMEREMEEBE 7O D 7 1 LOR R X TOERZED_lower& 9
B, E&(CD_upper/D_lower DEL(=D_upper/D_lower)&EHH L. BREAZERM TIESNITPrism mode lDFARDE
EMLEHI & 95, D_upper/D_lower DBEZ EEKHIICLLERT D&, ZDEFRMDZEERE X T —ILICIEDIERE & 1
5. FKAIICEOXRET VRN, BRIICEDNSORMMEEIT DLV D HmOMBMER DL SICRX S, &
. BEBIBEOTEDMICLDBXS [Jolliff et al., 2000] PEIMHEZFEE(C LB HERDER _FRE
[Kamata et al., 2013] KDERINDIHOAEEREBEDIMMTME BN TH D NS, EERBIMEME
OASSEEBENEVZERIRL TLWBEEX SNSD, BETI(IE. AT THONCEERIMIL FTREEBEDE
KOEBVWEXREIT SERMN. EMOEEIT—IL] & TABEEREBIE] OES55THdNH. REK#YZE
FEEBEHSBIBRERIEZRT B,
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Paleomagnetic poles of the early Moon estimated from small isolated magnetic anomalies
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RAEDAIC. RO K SEERNEIZ FHEOR, AREROBREBRRATNTU D, BREEY—X
FEBBIEER > THD. REBHCPEREERIEEEX 5N D, AEANELGHIZENMRTIC SNITEE
BRbEF DTN, ZOBERRIPRRZET 357 F EMBNAREOHIZEE U THY KRB TH D, BRE
BIIEBROABIBESLRL CLB®H. BREEDBIEAUEZRTIT S LT BEDAS 7 FEORHRE
HEITDCENTE., TSHICBEDAKE. BEGHMOBEDIERIC DV TEELBRESSICENTEL
>

Kaguya& Lunar Prospector BRI U 7z B £ 2 (EE20~40km) DERAIKIS T — S &FHA L. M ULEBMREE(C
BIIBFY — X ETIVERET D & THILAZE R, RIENESBRIBE HE T SETHERITONT
(V3 [Takahashi et al.,2014], LML, B EZOSRAIST — 5 (3 A HROMIS & LHRRILEE (L LTz
EDTHD. WIVEEE+DICERL TLEOWAREHEH D C LD SHENIB T Y — X ETIILORENEEIER
BREEED 5B, ECTAMETIE. AREDKIZET —5 THBHSIMT—S [Tsunakawa et al., 2015]1&fEAL
THBNETS. ST —S (3B LEOEAKZT — 5 LD EETEIEENS <. BREEOBEEFMICKRLT
HFD. WRIBFY —IETIVORENBEVLEBIEREDELICBEMTH D,

SWMF—5 KDBKE T — X EFILOREMNET TH S LXK UTEBSEE Zimd U TREBNE S BBBD
HEET O, HRIBER <K SN HEOHIRE BT U iR, RBED BRI & RAIKEZE i
BICHABBOFTEITORESNL. COBRLD. BEDABBANRTOIVEANE & REKIEEE N E
BLCOREENE X 5N B,

Keywords: Moon, magnetic anomaly, paleomagnetic pole

©2016. Japan Geoscience Union. A1l Right Reserved. - PPS13-P@8 -



PPS13-P09 AR ERN S EE2016E AR

EKERER 2 > OREADEDIAY | hODEE

Kaguya observation of oxygen ion precipitation from the Earth to the Moon
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BEMNDT. 77 R ITONCERBAMIIRAFHELEOZEHEICERSINEELLEISNTULD, C
DEABEZEICLDAERET IVISHEAES TERNICHAEINTUVT, AN SEBRARORMEDIITC
KBFEILEDHINLEINTUL D, BESAETTIVICKBAETIIBEOMEDO KRR ET 1 7HhSEssIniz e
WDCEMRIEINTULD, UH LIRS, BHES I TIEA EHEKDERI TIFR(GAMUBRAE SN T
WT. CNIEHERABICR U TAS<KMBEHRIELIZCEERBI D E(CED, BUBESE & RMASHIEFE
LERZERLTULER. RIAEDBEDRVEMASIRICED., 7ROCKSBHEINR170/160(CdH L\ THIERD
SAlEFREBIBRELDILDICELEO>TULS,

BHAZARAE & EROERI TR U TZBRAHZERE U T, MERTORRIOBRLEENRFTFEZI SN TL)
%, —AT. GEOTAILBEE & RS & UK SBEAEE(IC LD RFICEER 1 Z VM hEKEERER 7 & U THEEK
NoERL. MEKEKBREIEAERSINTUK CERERITNTUL D, REEWVIGETZE & 200MEKRZEEN /21t
RSB T. MIKERDBET 4 VAEAINTULD, BE1A4VOREBEXBREDREICAETKELIZHE
RIVEA R RTlEH DM, WEREHBENSKHE L7 VIEMERBEZERL. H3EETEIHIRICEREY
3., BIZ—NH BIC5HIFZE60MERE RNz & C S THIEBSBZ EE8 T 5/26). MEKERROEER 74 V(A%
HICHXINBIEENRHDEEXDENTETH D,

BHBEEE (H<v) EXBRAEZLREATIEH S H2008FE 5 100knsE CARBIL 2, 77 VaERM IHc
o (CIEBHEHINTULT, EBEKBICIVWTT A VEERL TULD, HERESE 17V I(CBERTF VAREE
NTUVBCERERRIT—INSRINTUVT, HERNS BEANBERTZ VRRAR TN (&> THAS
NTULD, BRECDEEZRTA VORELEARRENS. HMERHNSEANEERXINDIBET 4T VDEE RE
Tofto RERTIEIBETZAVOEMXEERL. ARRORMEDITICHT IEEEERT S,

F—-DO—F  BORME. HhSOFE. BEDH

Keywords: Isotope of the Moon, Kaguya spacecraft, Mass analyses
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Instrumental performance and present status of development of Active X-ray Spectrometer
for future lunar landing mission
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1.School of Advanced Science and Engineering, Waseda University, 2.Research Institute for Science
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University

Recent Chinese lunar landing mission (Chang’E 3) was successful in landing on the surface of the
Moon after their twice successful remote observations. The landing mission investigated the
elemental compositions of landing sites in more detail, and obtained new “ground truth” by using
alpha particle X-ray spectrometer, which could have not been provided by any returned samples.

The compositions of major elements as Mg, Al, Si, K, Ca, Ti, Fe of landing site help us to
understand its petrogenesis and evolution. In Japan, the global investigation of Kaguya promoted
our knowledge and understanding of the origin and evolution of the Moon. The landing and/or
sample-returned missions in the future will be followed in order to investigate the geology in more
details, in the next.

We have been developing the active X-ray spectrometer (AXS) as elemental analyzer on site, in order
to prepare for future lunar landing mission. Present AXS consists of active X-ray generators with
pyroelectric crystal (LiTa0;), and a silicon drift detector (SDD). Here, the present status of
development is reported, and the instrumental performance of AXS and the observation targets of AXS
will be discussed.

F—-U—F L gEBRE XD VET BRERE

Keywords: Active X-ray spectrometer, landing mission
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One-dimensional crater chronology: A method of estimating the termination age of faulting
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BDUYIRTS—RUEERLUHBOENME T EREFNTSZHC. BEOMELICHDHI S
L—S—%&FoCHERE —RTIOL—5—FRZ2] & BRI D, BiBCTFSINERELEIL—5—(FH
BEERT LD THIICERINzZCEE. BBLICAMIBICEEADSFEREL TUEWD L—5 —(3EE
BHMRT UIRBICFERINEC EEBKRT Do — RO L—5—FRZE(F. Vv IEERLUIEKEBLICHh
IB3I9L—9—N>55. BELTULWEWIL—F—DEBEZHRAT I THEEIRTERERBTD A
ETHD. BUEBHIZONDIL—F—4SBSBEEEZNY 1 XDHIELSHARINTULS (AIX(E Ivanov et
al., 2001), ZCT. B{USRA - BUMBREOZDICERINZ I L - —DH 1 X EBEDOEKRIRE.
L—F—BBECFRBFEHOBRAEHERR(CEIDESMC LIz, CNSOBKRZERVSCET. BiEL
DEFELTOVEWI L -5 —DIFEENS. MBEEIRTEREHEITDCEMTES,
BOTFORZvOKEBENRRTE DU v IPTS—RUE, E(SBORIBREGEB(CTNR S B U\ (SR
RICDTMLTLBEH. BOXBREBRENREICL D TERINZEEZEXSNTEZ(HIX(E Solomon and
Head, 1979), C NEE(IAEDNHBERARFICERC 2lzEEZX5NB 0. TELNLEHORT (30BE
gl) ERCEEERERT LIz(IZ(E Solomon and Head, 1980) &L\ S NDH—BHILRETE >z, LHLIA
F. AEHBROEEICLDEETESHBATETLOVEVBEERBRSEINTULS(HIX(E Ono et al., 2009;
Watters et al., 2011), CNSDBWEF. EEBHNCHESUNMEL. B—HEKRMBEE(CICHOBEDOB/BRTE
EAgEMRG D, CNSORETER SN SBEOEREACE BUEB. EECFIRONRHDEERTNTU
% (flz(d Solomon and Chaiken, 1976; Melosh, 1980) , &> CRIMBEBESDUBPOERER. EEEZRE
B3CET. ARNZICHVWTAKSEFECHIREPLHEELEDRRBICESTEEIEEXS5NS, LML, B
BERROVDETHEV TV ZONDEENLRBE D ECNETEINTIEN Oz, SHEIRRITBHEEARIC
BATBCET. WDITEEERNRE WCULWHhEEENICREBEDCEMNTEDRLS S,

Keywords: Moon, Tectonic history, Crater chronology, Mare ridge
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Enhancement of lunar topographic data with statistical voting algorithm
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In addition to terrestrial planets, grabens and ridges that are typical topographic features on the
moon indicate stress activity of the lunar surface. The grabens, which show negative channel-like
reliefs result from tensile stress in lunar subsurface. On the other hand, the ridges, which show
positive riliefs, result from compressive stress in the lunar subsurface. Especially, grabens and
ridges have been supposed to be indicators of thermal evolution of the moon, because these feature
result from expansion and constriction of the moon.

In order to find grabens and ridges by visual inspection, images taken by exploration camera are
usable. However, some of ridge have gentle slope and some of graben have shallow channel-like
relief, so it is difficult to identify these degraded features by visual inspection. In addition to
degraded features, visibility of these topographic features is affected by spatial resolution and
sun-lighting condition. Therefore, we use the Digital Terrain Model (DTM) of the moon for
production of enhanced topographic data. The DTM provides elevation data of the lunar surface and
is not generally affected by sun-lighting condition. However, it is difficult to identify small
grabens and ridges with DTM data. In previous research with a similar purpose, roughness parameter
(Root Mean Square Slope, here after RMS) with DTM data was utilized to identify several topographic
features such as craters, ridges, and lava flows. The RMS with DTM data depends on a parameter set
of calculation window size and data sampling step size. Appropriate parameter combination of these
two parameters was needed to adjust to every scale of topographic features. In this study, on the
basis of topographic data, we developed new calculation algorithm based on statistics named as
“statistical voting algorithm”. In this algorithm, we calculated an average and standard deviation
in calculation window and it vote to each pixel which has a significant difference comparing with
the average value. Continuously, we do same procedure along with moving calculation window. We
expect that this algorithm is good at identifying small degraded or small-scale topographic
feature.

As a result, and an availability of the statistical voting algorithm with DTM data to enhance the
contrast of DTM data at the topographic features was confirmed. The appropriate parameter of this
algorithm is window size 64@ pixels in both case of grabens and ridges. This algorithm is useful to
identify not only normal topographic features but also small and indistinct ones. However, small
target superposed on large topographic feature could not be identified by visual inspection with
our statistical voting algorithm data.

F—O— k. BUEMEEST L. HERIRETILT U XL
Keywords: Topographic feature, Digital Terrain Model, Statistical voting algorithm
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Scientific observation plan for Smart Lander for Investigating Moon mission
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Main objective of Smart Lander for Investigating Moon (SLIM) mission is to develop and demonstrate
technology of high-precision landing on the Moon, which enables us to explore not only the Moon but
the other planetary body with gravity. This mission is planned to land on the lunar surface within
a hundred meters from the pre-fixed destination, and it is extremely attractive for landing site
dependent study themes. Therefore, although weight and other resource budgets are very limited for
this mission because the mission aims to develop a challenging light weight and small lander,
possibility of a payload have been discussed recently within that strict resource budgets for
adding extra result to the mission. Around 20 instruments were proposed for the mission as the
results of efforts of instrument team members and candidate instruments and candidate objectives
were identified. In this presentation, the candidate instruments and their objectives will be
discussed with the information of current status the mission.

F—O—R A, SLIM SRESE
Keywords: Moon, SLIM, high-precision landing
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Linear mass anomalies going through three volocano complex areas in the Oceanus
Procellarum
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In western part of the Oceanus Procellarum of the lunar nearside, there are several large-scale
volcanic complexes, in which volcanic geographycal features are highly concentrated. In this study,
Gravity Recovery and Interior Laboratory (GRAIL)-derived lunar gravity field data is used to
investigate the geophysical relevance of the major volcanic complexes in the region. One of our
concerns is whether the volcanisms of these complexes are caused by common factors or not. We
estimated Bouguer gravity anomaly in the region and investigated the directions of the linear
structure of the anomalies. The result shows that there are linear mass anomalies, which connect
the mass anomalies at the volocano complexes of Aristarchus Plateau, Marius Hills and Flamstead
Basin. The observed linear structures lie inward of the large quasi-rectangular pattern revealed by
Andrews-Hanna et al., and much shallower than the pattern. Considering that, the observed linear
structures should have been created later than the quasi-rectangular outer structure. After the
quasi-rectangular pattern was created, magma rose to the surface through the cracks. The observed
linear structure is supposed to be created through cooling of the overflowed magma. The geological
units, which the linear structures go through, are younger than that of the outer quasi-rectangular
pattern. The linear cracks created by cooling are weaker than other locations. Therefore, magma
probably rose easier than in other area. That may be why the three currently observed volcano
complexes lie on the same linear structure.

F—O—F : BENS. GRAIL. NAEE
Keywords: lunar gravity field, GRAIL, volcanic activity
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Where did the oldest lunar mare sample come from?
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Introduction: Kalahari 009 is a lunar meteorite classified as a very-low-titanium (VLT) mare basalt
breccia and known as one of the oldest mare basalts with the U-Pb age of 4.35 +0.15 Gyr (Terada et
al., 2007). This meteorite provides the information of the lunar oldest mare magmatism prior to the
Late Heavy Bombardment around 3.8-4.1 Gyr ago and potentially facilitates understanding of the
origin of lunar mare magma activity. Here we report search for the source crater of the Kalahari
009 meteorite and shock products in the meteorite.

Analytical Methods: The source crater of Kalahari 009 was searched in a region from northern
latitude of 60 degree to southern latitude of 60 degree using data of the Multiband Imager (MI) and
Gamma Ray Spectrometer (GRS) obtained by the lunar explorer SELENE (KAGUYA). We selected candidates
of the source crater, of which FeO, Ti02 and Th concentrations are comparable to those in Kalahari
009 (16 wt% of FeO, 0.45 wt% of Ti02 and 0.09 ppm of Th) (Sokol et al., 2008). To estimate the
compositions of FeO and Ti02 we used the algorithms for deriving the abundances of FeQ and Ti02
based on MI image data (Otake et al., 2012). At the same time, optical maturity parameter (OMAT),
which is an index of relative surface age of craters, was also calculated to search for the source
crater of Kalahari 009 using the method in Lucey et al. (2000).

To reveal the impact history of Kalahari 009, we observed the thin section of the meteorite using
the field emission scanning electron microscope (JEOL 70@01F) and Raman spectrometer (JASCO
NRS-2000) .

Result and Discussion: 254 craters with concentrations of Fe0 (14-17 wt%), Ti02 (< 1 wt%) and Th (<
1 ppm) were identified. It was suggested that Kalahari 009 was ejected together with the Kalahari
008 highland breccia (Sokol et al., 2008), and therefore the source crater may be located in a
region of cryptomare. 92 out of 254 craters are located in cryptomare. The cosmic exposure age of
Kalahari 009 is from 220 +40 yr to ~0.3 Myr (Nishiizumi et al., 2005), which means that the craters
with relatively high OMAT are candidates of the source crater. Thus, the source crater of Kalahari
009 is probably one of 92 craters in cryptomare having relatively high OMAT.

In the thin section of Kalahari 009, shock products such as coesite, ringwoodite, partly mosaicism
and planar fracturing in plagioclase and olivine were observed. According to the shock
classification in Stéffler et al. (1991), the shock pressure is estimated as 30-35 GPa. The
presence of ringwoodite suggests the shock pressure of ~ 7-14 GPa based on the Fe2Si04 phase
diagram (Ohtani, 1979). Thus, it is inferred that Kalahari 009 experienced the shock pressure of ~
7-35 GPa. The Ar-Ar dating of Kalahari 009 showed that the meteorite experienced significant loss
of radiogenic Ar at 1.7 Gyr (Fernandes et al., 2007). Thus, Kalahari 009 has experienced at least
one impact which caused loss of radiogenic Ar and/or produced shock-induced minerals.

In summary, we describe a possible ejection scenario of Kalahari 009 based on the results of the
present and previous studies. An impact event occurred at 1.7 Gyr, but the ancient basalt clast
remained in the impact crater as a breccia. Then, the 2nd impact produced a small crater inside the
large crater between ~0.3 Myr and 220 +4@ yr and ejected the meteorite from the small crater.
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In the presentation, we will discuss the source crater of Kalahari 009 in conjunction with the

impact history of the meteorite.

Keywords: Moon, Kaguya/SELENE, Cryptomare
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The rheological structure of moon interior and the mechanism of deep moonquake.
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PROGHEIC K > T8 ELULBEROERNTON, BOREEE(CRET IHRADBFRIAESTAELZ. C
DAERDT—IEENITZDCET, AICEAE (MREH) MEEETTLB I &X, ABBIEELTHED, it
BRIEIRERA, VYRS E AREHELY (DY S VAVEAR) TEBRIN TV EAZFINTLS
(reviewed by Wieczorek et al., 2006). HEDT—SINSHA IR EHOANIMOIMEZS TSN, BE
DANZZALBEICDWVWTIFE DO DIREREHDEDD(e.g., Weber et al., 2008; Frohlich and Nakamura
2009), REICE@RMNHD. BEFEREBHPEEAN_ILICELDT, XEBE, FRBE, #KAE, vV
DHICELBABCHDEINTHD, BRIICOAEDOHRTEFRIHG00-1200 knfhHETRE BFHRABDREE X
NZXLIEDVT, BARBOLA0OI—BELEEICERETOR. COFRKABRDRHBELT, REOEH
FICIEDBRUEEZT CTLSC &0, FERBITNTLILGNET(~0.1 MPa)R&H(FS5NSB(e.g., Lammlein, 1977;
Nakamura 1981). CDEFRAEBDEREXAN_ILZEZERI DL, AREOAREA—X. BREOELE iR
BT BARSIEFENRND ELBAREMNRD D
BREOLA0OY—EEZRIT R, ARBOEERSEZREEINENDHD. CNICDVTIIETMEIC
SVTERASINZBRELENSHRBRIN TV S EEREEZ AU /2(Kuskov et al., 2002). ENICDVT

(&, HIEBOBEEZE (3000 kg/m’), ¥ ILDZRE3Z00 (kg/m’), EREDFESE60 (km)(CEEFE L (Hood and
Zuber, 2000), E&EHEEZSELZ. LEDEE - ENBEZE(C, MEUBIEMEE(IByerleeDERZ U\ TH
ENEE%{TU\(Byerlee, 1978), ¥MERMAEIHICH VL TIIREAEHVNTHEET L. BICHRICDVTIZ
MERADFRENE(Rybacki and Dresen, 2000; Rybacki et al., 2006)&EAL, ¥V ILEBDICDULTIEAA
S5ARDTER](Karato and Jung, 2003)&EALR. BERECDVTEIREELDTIO (s7) £107"7(s™
YDZEONOEEEERELEAEZTVL, BRBOLAOI—@EERELE. AAETIICOLAOI—EE
DREEMRTREITOVIFERIMEOA AN ZILDETIVEBE(CITBCETERAENDANZILICDNT
ERE{TOIZ.

FFEHBESNCCARSOLZA0O0I—BEENS, FRABFHSHCEUZEBECTRELTLBCERD
hofz. BE, BUHZEMEETERIERED (TR 50, ZCTHIKTREE TULIERMEOREXN X
LDEFIVEUTRESNTLVSIMEBAREN, BAASTESITRCINSIAREMCDOVTERETOR. C
DMIBARZEZSITRCILMHICE, (NEFEICIDIBELENBILEE LRSS (KEFVER

B), QZ0RELRICHSBEDBLDNEECLDINIE{LE LOSHE (LHRIMERSRME) Nd S (Karato
et al., 2001). StROBER, IFRSADORETTIE, AR CTHBARAREZSITRC I CEIFIFERCE LW
CEMbhhofz. HEIES, BAINICK > TEHFHSINZBARIBOBNEIER (/NS < (0.1 MPa), BARELE
EEIFRCIZHICHBLEEREGI0 s)ICHL, RSIRETEIRRTETITEECRRA(<10"” sHHH
3NS5THD. LHL, DT wkRHE(500-1000 ppm H/Si) TIITBREERBRICAZTHEDG10™ s, ¥
BALZEES TR ITAREENTINGZ. TSCZOHBAARLENS TR INDIBEENRETERAEN
HASINTULSDESOEEE DM (1000-1500 °C, 3.5-4.5 GPa)lEWLWC EEREINEZ. SO ENSHRER
[CEARE—(CKNEFELTHD, ZOKOAET—MNRR CTREREAERTEORURUBFATEES TLSDONE
LN,

F-O—Fk: Al BRAE. LAOI-BE
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