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Numerical Simulations of Gas-Dust 2-Phase Flows

in the Solar Nebula
OW% . 1EE #H—EF (%K - H)

Takahiro Yamada and Sei-ichiro Watanabe

Dept. of Earth and Planetary Sciences, Nagoya Univ.

In order to clarify dust settling in the solar nebula we numerically simulate dust-gas
2-phase flows in rotating equilibrium under the solar gravitational potential. We obtain
that (1) gas flows in the horizontal direction are mainly induced in dust-poor regions just
above the dust-rich layer; (2) At each time the dust density in the vertical direction has
the maximum value not at but above the midplane. The Kelvine-Helmholtz instability
affects little about dust settling because most of dust has already passed below these
regions. We expect that the Rayleigh-Taylor instability occurs in the dust-rich layer.
However, the turbulence due to this instability does not occur in our simulations.
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Formation of planetesimals in the turbulent solar nebula

HH E—. HY FHI, FH K, FE F ELK - #EK)
© Shuichi Ishida, Hidekazu Tanaka, Shigeru Ida, and Kiyoshi Nakazawa
(Department of Earth and Planetary Sciences, Tokyo Institute of Technology)

One of the problem of the origin of planets is how planetesimals were formed from small
dust particles in turbulent solar nebula. Planetesimals are thought to be formed by gravita-
tional instabilities of dust layer or direct collisional growth of dust particles. In the case of
direct collisional growth, there are two problems. One is how dust particles stick together by
collision, and the other is that meter-sized particles might move to the central star. Stepinski
& Valageas(1997) proposed that planetesimals could be formed by direct collisional growth, by
considering the radial drift and the coagulation between two particles with the same masses.
We investigate the validity of the condition of planetesimals formation obtained by them by

considering the distribution of the mass.
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Growth of Jovian Planet with Subdisk

ORI FAT. 158 M—ER (&K - H), N4 (A b v 7RIV ARULE)
O Takayuki Tanigawa!, Sei-ichiro Watanabe! and Taku Takeuchi?

'"Department of Earth and Planetary Science, Nagoya University
2Stockholm Observatory

We investigate gas flows around protoplanets in a gas disk with Keplerian rotation
using 2-D hydrodynamic simulations in order to understand the accretion flow struc-
ture and accretion rate. We find that (1) An accretion subdisk with two spiral shock
waves induced by the solar tidal potential was formed around the protoplanet. (2) The
accretion rate of adiabatic gas is about one fifth of that of isothermal gas, and the
growth time-scale with adiabatic gas and isothermal one are about 500 and 2500 years
respectively when planet mass is 130 Earth masses at 5.2 AU.
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Sweeping Secular Resonances in the Kuiper Belt Region

RIRERF° , HHXK, HTHEN REIERFERKXERZEY

Makiko NAGASAWA®

» Shigeru IDA, Hidekazu TANAKA (Tokyo Institute of Technology)

Sweeping secular resonances due to a depletion of a solar nebula in the Kuiper belt was studied.

We estimated analytically that regions where the secular resonances sweep, and that increments of

eccentricities and inclinations of Kuiper belt objects. We used following three types of nebula

depletion models: (1)outside-in depletion model, (2) inside-out depletion model, (3) uniform

depletion model. In the first model, the secular resonances do not pass through the Kuiper belt region.

On the other hand, in the second and third models, the secular resonances pass through the region

and pump up the eccentricities and the inclinations of Kuiper belt objects.
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Upsilon Andromedae DERE R DEEN
Stability of the Upsilon Andromedae Planetary System

ATH. PHE (EXXIXA)
Hiroshi Kinoshita and Hiroshi Nakai
(National Astronomical Observatory)

Three planets are detected around v Andromedae and three sets of orbital elements are
determined( 1999, Butler et al., submitted to AP. J.). Lissauer(1999 Nature, 398, 659-660) an-
nounced that the planets orbits, which are computed from one set of orbital elements, become
unstable within a million years. We carried out the orbital integration with the same orbital
elements as Lissauer used and found that the planetary system is very stable by the alignment
of the pericenters of outer two planets.

K 75 —#l% v Tuv Andromedae (CE BB ARED 0.7/ TAEEH 4.6 A THHIEEN
1996 FFICR R ENT-, BIL & BIZ 2EDEKEHv Andromedae (ZTEET D AlREMES S v, £
SOMEDOHEEREN 3K SNT-, Lissauer (1999 Nature, 398, 659-660) 1L, Zh b DOBIEE
FERAWTHEHEZEEMICESR L., 2HOBLEERIILZEYIELY 52 505, AFOE(Advanced
Fiber Otics Echelle) 7 —# 0% % W TRE SN IZBE I+ TETREETHH L BR LK,
Fx b Lissaver & A UBLEER 2 AV T Z OREROES % 110 TEMFE L, Fx0FE
kB e, FROSHEOFOMBEERZELXAVTLHRERILETH 72, SMUD 2 EDOKREITHE
BEERARKE S EREOERNE %03 £ 0512 HEFEL 2 DOHGEIZEVWIIIEET B FIREMN H 5 25,
ZO2MEDOEEAITEE L T T 2EORENERITEREST 2 Z L1 BERIZIEE L 2>
T3, ZOEEROESHRAFIIKEEDHE AV THIAT D,
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Cloud formation and dynamics in the equatorial atmosphere of Venus

4H Bl

A, ERAHEVE—RE S VIZED,. €ED
TREOHBLWEHOKRTFRHALSMIR>TER,
BE 60-70 kn O LBENIALFERNTHE S NI-HEE
I7OVIVEIRDIZR L. BEE 45-60 km O E/F
BEIREAIN LAROPTREL TTEREL
BEbhTWnS, Vega [KROBHTIINFHEDLEHTK
ERDNDBORNEREMNEE 54 kn FHETHICER
INTHBY., 2OXS /MNIBEARERNEDER
/BRREXELTERNEBIZE SN LS HBL
WEBZHZSTORPVEIRIETHSB, /-
Imamura and Hashimoto (1998) iz i, NKL—
BRICES RERTOLEN ELARICK ZBEEE
REEZDE, ECRBREZKDOEEGNLR RN %
DELHATES, AWMFETIE. ME 1 RTOEY
BEFIINERWT, RERANZEORERSICRIFT
FEEHOMIIL, EBBOBIN S5 KKEFHAD
T4 =N 22D T HbERT S,

BEGBEOER. ROZ ENRBENT,

. EEETIE. AEEMITES N ERBERINE
DHORREEO LITEE L TEMORENR
%, TNREMLTTBETIZ. AGEHICLY
TEASEINTELHBAZYR (EEETIN
TR EEMSEINTELER O EAERL
TRUFVRERT S, T INKRENE
ERMAKIENENANSTH D, —HHIZHEN
MERZBEATSEE, TREFERTHEEHKO
ENBRENEC o THERFNER L. B
ERKTEEDTIE— ROV XmMHE
95, Chd7o—-T7T8ElEN~E-3D0F—
RIZHIBd 50s L,

2. HE 60 kn fhEZBIEDEENE 25D 3
A XRRARIIEIL., Fh&D LD LEEE
BT A XN NI W=D BRI TFFEERIC
LD EFHIBEMIN, ZhE D FTIEY 1 Ik
EWNDENIZILRET B,
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Phase angle calibration for multi-band images of the moon

OfEREL ' AEEF HMEH—' AHERE® KEC
1 FEPF 2 SHAREEER

Y. Yokota', C. Honda', Y. lijima', R. Honda?, H. Mizutani'
1: Institute of Space and Astronautical Science, 2: Kochi University

Prior to analyze the reflectance spectra of the moon, it is necessary to calibrate the phase angle
effect on the observed light intensity by phase functions. The phase functions have the
dependencies on the terrain type and wavelength. These dependencies make difficult to
calibrate the phase angle effect precisely, especially at small phase angles (0-107). We
developed a new method to calibrate the phase angle effect on the Clementine UV-VIS camera
images at relatively small phase angles (0-30"). The applicability of this method were

examined by using the Clementine images of some characteristic region on the moon.

BOREZARY MIVF—4 OB NWTIE, (BA IS Ul R EEERLDOIEMR
RBRENVETH D, ADOREEREELEERT SAMHEBEEIC DN TIESE < OB
MNHBH, BRKEECHEY 1 TIZL->TRERD I LN, RFART MIVOEERKE
R D ETHEE 2> Tz, FI/NIWAAEA (0-10° ) T, EERIZERENT
EAOEHBARTABBETULAMHERBRENG o NTW AN . T THALAWE
Clementine # £ DRI - ARSIV T /N> FEIR (BEH 415 - 750 - 1000 nm) ZH
WT, AEWHEAE CTEATRERMEABEEORFERIT TR, AoEl (5
JVRER) | ¥ (B0l . mEOPRINBRNERE B DHE (77U 0O, Sinus
Asperotatis-Ei i ) OEG AT L /=4ER, (A 307 TORFER &R L ITH
T HMOAARETOMN K HRE & ORFRE 1 KX THEMTEZS Z &b o7,
ESICTORREZISALT, FEOHEY A 7 - W EFHITBWTHMEMA 0-30" THE
& 17z Clementine B{IZH L THEAFREEE A SNBMERNE SN2, REETI
A LDk % fctﬂﬂiﬁfriisUB'C%'T%IEit@i@)ﬁ‘@’Hﬁ?IELf:f%%%iﬁ%’é’%
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TEIEEFHICLDNEREOHEHL
Search for Asteroidal Satellites by SUBARU Telescope

OWNE EA(EEK)., 4 RA(MAKR). BRI B(FHW).
ok B(EAEH). ke ER(ENRXE). B EXGREET)
M. Yanagisawa (Univ. Electro-Comm.), R. Nakamura (Kobe Univ.),
S. Hasegawa (Inst. Space Astronaut. Sci.), I. Sato (Watanabe Res. Develop. Inc.),
T. Fuse (National Astro. Obserbat.), S. Miyasaka (Tokyo Metrop. Gov.)

We are planning survey for asteroidal satellites by the SUBARU telescope on Mauna Kea.
The telescope can detect dark satellites located close to their parent asteroids if exist, which
can not be observed by the other telescopes. If many satellites are discovered, we can
discuss statistically the origin and evolution of asteroids and their satellites. Asteroidal mass
and density can be derived from the orbital analyses of the satellites.

INEEOHERIBEE TICZOBRINT VS, Galileoff BN FE R L 72243 IdadD
Dactyl (Belton et al. 1996) &. BRILF R XN 7-45 Eugenia® &2 (Merline et al. 1999)
THbd. ZOEEFRE LTI, BREOHEEMBTE UZBHROZDN, INEELZD
BHEIIRSEEVWIEZIDENTH S (Durda 1996), TEDHES LI 3 LINERED
BEIFDLDIP D, REXE. BB X Lalbedo (RHE) REDEHEID S PR D EREICD
DOTVWADT, INPHEHEELRERETHI LB TE S, 243 Idald2.7g/cm’, 45
Eugeniald1.3g/cm*T& % |

INEEDOHER Uik, 1980FEMREE, 0.9-22mDEEFE# > TiIrbh=DHEZ
ROWS74b 57 (Gehrels et al. 1987, Gradie and Flynn 1988), 1990411, /)
v 7NWVFHEEHIC L >T. Lh/IBEDE K BERI N (Storrs et al. 1999), 7=
ZL. ZOBMIZFHEREIREI ADEDICE VT E > ERBICTbhE (HEiE
BTD OO EHUBIZITONTNE). FRIENTVWEAES L/NRED S DI
BEBPELITNIERDDPZETONE2=DH- =8, RATE b ok, TIE28EH
HEEEODF IS 7, @BEXFER (SUBARU-CIAO) 52 Lick>T. 2hE
THHATERDPSEZLIVEL DL VIBWEEZETILHTES,

51 F 3CHR

Belton et al., Icarus, 120, 185-199, 1996; Durda, Icarus, 120, 212-219, 1996; Gehrels et al., Icarus, 70,
257-263. 1987; Gradie and Flynn, Lunar Planet. Sci. Conf., XIX, 405-406, 1988; Merline et al.,
Asteroids, Comets, and Meteors (abstract), 1999; Storrs et al., Icarus, 137, 260-268, 1999,
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Geological analysis of Mare Imbrium

RS, FHE (FHEAREEMH)
Hisashi Otake and Naru Hirata (National Space Development Agency of Japan)

Abstract: We made the TiO2 maps of both surface and vertical
distribution in Mare Imbrium using Clementine multi-spectral images.
And we found that very low-Ti basalt was erupted at Imbrian age
(400-800m depth), and following this event, low-Ti basalt appeared at
Eratosthenian age (0-400m depth). Small scale of eruption of high-Ti
basalt was also occurred later at some place.

ARBIZRONDIBEARIHT OV ~v0o~v /~IBEY OMRERB L TWS T
B, TOMBESHERRD Z EIXANBOEE - BRLZ O EINET 2 FTHE
RPN LD, AHETIETOWE (Mare Imbrium) ZfEHrxtg s L, BERS
? TiO2 FEEDHZH, BITUERE OBEKRIZOVWTEE L.

BEATRRIC 7 VA B A ORIFLEFRIMNE N NERZEEMIE - TV A 70 L
7= DAV, £ LT Lucey (1998) DFIEIZHE->T TiO2 A EZER L, 7 L
—FERICL>TEHELNTVWLIERK L LB L. ZO#EE, High-Ti (6 wt%ll k)
IFERDPE L, TiO2 EMEWEERBH LWMERICSH D Z LB o 7.

%72, Mare Imbrium (Z7FFE$ 5% 700 EOFEER 7 L—F (B 15km BLTF)
WZOWTEEIZARONDEE D TIO2 BHRD-. 7 L—FOV A X, DEVERIT
A THDLTD, THICKX WV TICHLBEROMBROAEHET D Z ENTFARTDH
%. TOFRER, 1T 400m &L Y &V E Z AT Low -TitaA R (1.5~6 wt%) 2NEIC
7246 L, 400m LAZRTid Very low-Ti TEE R (L5%LLT) BETHDH Z EBmhoi.
77, High-THXIZIERBIC LR ONR o7, HMTHREWVRAISEERN TV E
EZONDTD, ERPEHLIRDICONTTIO2 ENHEX ZERICH D EEXS.
ZOmBRIZLEBRDO I V—2ERLEOHBHER LR L THD.

A% FeO BEFMBEFEOFR LAV, TNLOKREBET CORXTENEE
BREREADE T/~ OMK - BILBROEELHALDTFETH D.
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Accuracy of slant range measured with the laser altimeter onboard SELENE

OMEFEZ., MAHE, FIfEH, KITER .
Nobuyuki Kawano, Hiroshi Araki, Tsuneya Tsubokawa and Masatsugu Ooe
EI XX #E : National Astronomical Observatory

LALT(Laser ALTimeter onboard SELENE) is'planed to carry out slant ranging in the direction of
40 deg. aside from nadir as well as altimetry at nadir. The width of a received pulse is estimated to be
a few ten times as wide as that of a transmitted pulse, because the received pulse is the sum of return
pulses from points at different range. The wide pulse causes a large error of measured range,
therefore, the data of peak level are required to improve the accuracy in slant ranging.

SELENED BBI#HEICEBRTFEO L —VYEEHIETRICMZ T, B0 2R/ 57~ Hi240
ERFBELERT D, MHFROBEREEFEV—F A ABAEICHDARTIED, ZEEIIB AL
NARRRSOTZBEDRSRVAREGREN, AV ABIIEEIC LR ZEBFRENS, iz, 2
NMNABHLE+TIO 1D, TORR, BRMUAEHEELIE LIS TIERTRENS, L—¥H
EHICL2HEBEMETH, OFTHROLRVEEEO—ELALVZEB LEHALG, ABTRHEL
TEREINDINRZIAZAN, BOENEVAAVZERT I IRHEHE CORMMLEBEMEEEEIRS, 2
T, ZENAZAOKAOEIZSHOPLHMDIILENTE, AENPKHARAY +0.030BRETTFRITX
HBERETDE, ZIERNADOE—I LNAULDOHZOF— S ZBMNT I T, MEHEEZ A%
BETED2,2FY. . ZEHOWM., ABORNBROBESNDI SNV ADE—7 LRANLEBRIZHE
LIV ADERE R FRTE, - THEBAUEREORXENTRLELRS, TRIZL—YE—
LBHEFAOM, ZOFEKTOEEOMMA 3 mERE LI-BOA0EMBFEOZIE N ZDHEF
Thd, MEOLDHIZ, "AROEEOBBPRAETIHEESEFHRELTWVS, C—2E2BVI-#
EZ{ToLBELHELITORVBEOUERZIKRERENH DI LBHALHTHS S,

-
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ONBER, A R, BMIRF, BIKRFE, [FIE
(FAR - BR)

A simulation of camera images of small body based on
the laboratory measurements of light scattering by asteroid surface analogue
(OM. Kawamata, R. Nakamura, A.M. Nakamura, A. Kamei and T. Mukai
(Grad. Sch. of Sci. and Tech., Kobe Univ.)

We have performed the laboratory experiments of light scattering by rough surface (asteroid surface
analogue) by using He-Ne lasers and a photomultiplier. Here we show the raw photometric data for
various samples, and will present the expected camera images simulated for the digital asteroid models

rendered with Hapke parameters retrieved from the experimental results.

2002 FEIZ/NREER [MUSES-C| 75475 EiFb i, AR/ REREES BOLND,
YTNY) ¥ — DI, CCD # A T2 & Z/NEROEERTIRP K E & 2 RLEEFHER T
FENTWE, T/, BeAHATHOE Y FOESE, BEBE L o 2HZBEI L fTbNR 5,

FOHTh ., BEFMBIHIZ, NREOBERLY 7)) v A RETLIOICEETH S,
COBENCOVTIIEA S T XL, BEFTOATWEY, ThoDHEY Ialb—T 3
TRV L/NEREET VG, EBONKERIZECETVEFEILEN D5,

SEDEFETIE, ERETHTF A ARHBENOELL L TY AXTE W OMREL, B2
BEOLV—F—%E ZhFnIBE L CREETHIE LR ERET 5. RITLHFEI RN
HAICKET AT ERSD2IIT 5, 72, ZOMEED HH SN D Hapke /37 A =5 % 3 LT,
STEMBNSTORE Y b O/NKEE TNV TIE R, I DERIEVWVRERSHFEO/NKEET TV
W22WT, B A THEEmGR BT 5,

- 19 -



206
I RASICEANKEDOEEIREDOHE

An Estimate of Surface Regolith Conditions
for IRAS Asteroids

ERINE, Z3EE (FHUD
Sunao Hasegawa and Masanao Abe (ISAS)

The Infrared Astronomical Satellite (IRAS) which was launched in 1983
observed about 2000 asteroids (Matson 1986, Tedesco 1992). We recalculate
albedos and diameters of IRAS observed asteroids with three simple thermal
models, recent H, G parameter, and Hapke emissivity, without band-to-band
correction. We found that abundance of the asteroid with the near-Earth
asteroid thermal model (NEATM) and the isothermal latitude model (ILM)
increases and abundance of asteroid with the standard thermal model (STM)
decreases, as asteroid diameter decreases. It is shown that thermal conductivity
of asteroids increases with the diminution of asteroid size. This result
observationally leads that regolith particle size on asteroid surfaces increases as
asteroid diameter decreases.

198 3FIFFB LTSN, BKDI 6 %% —XRA ZIToHRIORNRK
X#EETH BHIRAS (Infrared Astronomucal Satellite) s F @ i RABEESEIT
K HBHEEENT LRSS 2 00 OFIE D/PNEREZEHAL., FOTINKREBEE
DF—% %% Matson 1986, Tedesco 1992), fHL. FILRKEEBEERD
SBICERALEZET IR IDOETINDOATH 7. FE. BRAIE3DOEERT
FIVCTHSEL, TORNSEELRODERBONHL., HFCTIRNEEERZR
Wiz, 3DDEFIVIEDNT, NREOERKEERZFANTZEZ S, NEKEOBERE
ANELBBIIONT, FEWENHRITESZ DI WEAE T OBIESHEINT 5
BEEZHDZENHBHLZ, ZOREREL TI/NRERE LOBBHEOTENE X
55, ZORBHEOBLIZFESE L TVBEDIE, BEMEOALLLDBL T XD
PIREOELEEZOND, L—F—OEUN S OB ECHREERT—F &KX
B EN S OHEEN S, MREDKREIHAVNIFIUL, FOEBITHRL T
LY XADRENRKELIRDEEISNTERDN, BADOKEREIBRNIZENE
EE7REN 2R L7,

REFERENCES

Matson, D. L. (Ed.) 1986. Infrred Astronomical Satellite asteroid and comet survey: preprint
ver. No. 1, JPL Intremal Document No. D-3698, JPL, Pasadena.
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Optical Property of Martian Fog Particles

OA.Inada!, A. M. Nakamura!, R.Nakamura?and T. Mukai!
1 The Graduate School of Science and Technology, Kobe University

2 Information Processing Center, Kobe University

We present a two-layer model for the Martian fog, i.e. the upper layer consisting of the fog
particles and the lower layer of the Martian surface. The fog particle is assumed to be a
sphere with core-mantle structure, where the core is a Martian dust particle and the mantle
consists of the water-ice. We calculate the reflectance of Martian fog based on the Hapke's
equations for the bi-directional reflectance. Our results show that the reflectance at the
different wavelength depends on the optical depth of the fog, as well as the optical properties
of the fog particles. We will show the potential ability to estimate the radii of the fog particles,
as well as the column density of the water component, by using the color ratio of the

reflectance of Martian fog in terms of the in-situ photometric observations.

LI

KETIRHORFHBENEFICE AR D, ZNIEIXRKRPOKEROER (B) X
2bDLEZLNTND, AH=ALL LT, HHICEBL LTREL TV bO L MR IZEEN
LEEBOBARRKL, KRPTHERLI-LVOLBETOoNS, KRICRELEBR FOY A T REL,
BEIREF CAG LEBRFIINEV, 2o, BRFOVA X EMBIL L, ZOBEZRDDZ
CIIREAN=A LMD L TEETH D,
FiE

KBHERICBEORBIE L TS 2BETNVE%E X, Hapke EFT /1 5HE DK HIEE OB KK
HERERE, ZOLXEEHEEFEF T TEHELTNVD, BRFIIARRIPIZEZLEENLTY
HERMEEEL, KDOKE<Y MLETRRFTHD, XA NOREEFIIAEOBRNOHES
Mi-fE (Ockert-Bell, 1997) AV, KOKFEEHIIERICL > TROONIEEHE->T, BRTO
TANRE, MBI E Mie BERNOFE LA, SHETE, @42V A Xofht b o¥F X Mot L TE
BTo2KOBEEILE, BRIFOVA XL BICLHIERBORNNHBELRD B,
ot

EBRFR DR EELE &, ROPFEEBL CREERBNOE, KO FARIHEL 2D
Wo THBRIRFEN2< 25, BREBORANBEOHNOERTORK L~V M OWLHBFHET
ETHd, BOXRFNEIDPLBRTFOREEZHETDIZLIZL T RELEF A bDH A
A5HE b EICRIFTER LIKOBEZRBLD LN TE S,
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Photometric Observations of Zodiacal Light and Three-Dimensional

Structure of Zodiacal Cloud
M_.Ishiguroi:;, Y Fujii, C.Yoshishita, R.Nakamura, T.Mukai(Kobe Univ.)

We present the observational results of the visible zodiacal light obtained at Mauna Kea, Hawaii
(4200m) on December 15, 1998 by using a cooled CCD camera. The observation has been done in the
region of a helioecliptical longitude € of 50° = ¢ =120° and an ecliptical latitude 3 of -25° = 8
= 25" , which extends the region observed previously by the infrared satellites (IRAS and COBE), as
well as our previous observation (Ishiguro et al. 1999), especially towards ¢ = 75° . New data have
revealed that the feature of the Eos bands detected at =21 0 ° becomes faintly with decreasing the
helioecliptical longitude, and finally disappears in 3 = 60°. Such a € dependence of band feature
found by our observation can be explained by taking into account the band structure with increasing a
dispersion of inclination angle of the orbits of band particles as the particles approaching the Sun.

HEE IREMEBICK >, THELS N KRB A TH D, —RIC. XEMEOEBSHE
BIIEFEITRDONTHDEEZEALNTERE, EIANFNEERBEEIRASSCOBE
WEOTNEE T 7 I —BIEEZZSNEY A NN R, ERASEEOEHE LICHFHT
552NN BENREBINZ, BT HIEREEMNEICOHRT E2RBERDE U
T (LFZRY D) BRAMNOTVNDS, ZTNSOREMEZOMMEET. REMEN
EDIDILTEREIN, EQXDITHMEH#ELL TEEN2HB LTHRECEERFERND
THb,

ONONOITN—TTIE, 97FELI1HDNTA - NLENZ TOEEINS., H# HEH
TEHUCHDTH AN ROBBENZRIILZ, 2ZTE. 7409 —%%BLT98F12H
ISHAKRTUF Y 7WE (420 0m) THO ZHEXABROBEREZ2HRET 2, AW-AIE
#d. 1 6mmAREL > XITHHACCDIAT EZROMHIT 2D TH B, SEOEEITIZ.
RINDEGZMNB T D012, HEA4390—5240ADEEHT 2 Y —EFHW,
HIEIO 7THEOEEI CREBEEA75° =e<90°) XDBHEVFERK (50° <e<120°)
REBETSZ EITRILE,

TORER, KIGHEA e =<6 0° Tld, NKEBEos77 IV —2BEELETBEIARNER
WIRLTEO>TWB T ENDN> e, ZOBRAEREHRETZ-OOTTIEERITR S8
Ry AN RELTHEISND Y X MRITIE, MRE T 73 U—THERINH%. B
CRA T4 27 - ON—R Y CHRICE > TRBIZAN > TE->T<ITEBAD DO TII A
< BEEEMADOIHMEREZTLEIIBNEELIEI > TNBETEEINS, ZO#,
EEL, X MNELOHERICE- T, 3IERIIN-EEDN S,
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Rapid growth of achondrite parent bodies
due to the effect of sticky organic materials

OFW %, TEkEfr, P¥xe ok - KRy
Akira Kouchi, Tatsuyuki Kudo and Hideyuki Nakano
Inst. of Low Temp. Sci., Hokkaido Univ.

We suggest based on heating and collision experiments of organic materials
that parent bodies of achondrites had grown very rapidly compared with those
of ordinary and carbonaceous chondrites. This rapid growth was due to the
occurrence of very sticky organic materials in 2-3.5AU. Achondrite parent
bodies melted by *°Al and then differenciated. While, chondrite parent bodies
did not melt because of the lack of *°Al.

TaAKRIA MRREEGINAEKRBEIERZBIL THoMEL, @3RS 1 b
RDIRELEIAD RSA M TERABTAKBIERNB I Sho 72045502 T I T,

COMBICEA B RREIRET 5.

EFEMEL EBYORKERER (P¥, BN FTHESE 55, BEBK
B R EBEN TIZ2-3.5AU OB ICEBMAEIE L7z S5 A BN5, BRAEER (T
BEh ATRESE) 051, BHEPHTIZ0M/sOBREETLARNBI3 T
EMREND. Vo D, A BEEMLKKT TR, &K1 0cm/s O EHREE TS
RET 5 ENHENTNS. LitioT, AWK T AEET 5 E8(2-3.5A0)
I, AEMOBHIICED, MOERIC AR TAHE IR T OB R EIEATEE
£z 0N5. TOEMTRECRE L, PAlCk> TRRIEMAB Z > THELE
DA, TAYRIA MEREKTHD.

WolES, BHEMOEELEWERE AU KO REDTIEEED > K91 ~RRAE
S, AT T O _EIOKAES L7 (3.5 AU & 0 4Mi) T BRBE > K54
MEREAEREN. WO RS MERAE B REANEL, PAINDRL 5o
TLE-720T, KRERRBISkM ok, LAL, DIFMESZPANCLD,
WHAL KT A FERETIATIAY A T4-6 0B BIERN BT o /= I, #E
B RS MERETIKAET, 51 T 1-20KEERIEMMSS I > 7.
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Analysis of Crater Formed by Hypervelocity Impact of Micrometeoroid

O & Wk, Ak & CGRKH-#E
CORAE HeHE (RBEUKER) . H = B R G- (BIBEKXR).
KE AL RN E (FEHD. SE HE GRK - FEb)

Yoshimi Hamabe', Sho Sasaki', Hideo Ohashi® Tohru Kawamura®, Ken-ichi Nogami®,
Hajime Yano?, Sunao Hasegawa®, and Hiromi Shibata®.
1) Geological Institute, University of Tokyo 2) Tokyo University of Fisheries
2) Dokkyo University School of Medicine 4) ISAS

5) Research Center for Nuclear Science and Technology, University of Tokyo

A new type reflectron mass spectrometer is being developed to analyze in situ dust
particles and identify their origins. To simulate hypervelocity impact phenomena of
micrometeoroids in space, preliminary experiments are performed, where impact
projectile is silver and iron particles of around 1 um in diameter and target is aluminum,
molybdenum and gold plates. Observations of the impact craters as well as mass analysis
of ions generated by hypervelocity impacts have been carried out. The differences of
target material and impact velocity cause the different type of impact crater in shape and

size.

FHERICHFES 55 A MOLFMBE ZOHFNT 5720, ¥ A MOEREZRLZFIHL
FEBONEOBRE LT R > Twh, PHEMIZBY 25 2 b OBEH% s ERETHET
Blc, RKEF L 5 — (RilpH) Cdbsry7ry -7 - 77— 7HBNERLAVT,
¥ km/sec (# 3— 4km/sec) [ZIE L 7ok 7 (Ag:~1um) %, &8 ¥ — 4" v | (Al Mo, Au)
CEE ST, SOBE. WENT - ¥ —Fy MBS ERENA L AL E SR, B
eI A RAT L. RIS E COFRERBOE R VTR E TR I 25, § =7y M2
Lo THEF DA+ Y EN LV E VI BRIBON, ZITEESY —F v b LIIFE
BRENTZI L= — DI 2T o7z, WIRENDE 2 L—% (- A4 X) OFENRI L —
Y —NDWHRATF OBRAF 2 FHEHICTARAE 2 A, TV I 5 =4y FOBEIIEERTH
=7y MIBDRAEN TV LZOPMBREIN, A4 LSRN TV RV LD 5 h o 72,
ZHARATR R R M1 & D135 NAHR GRA 4+ V2% S hiew) Io—3T 5.

T, WA ICH HNEE TEIME SN FOREL RO L EHFTER WD, F
AYDTy 7 AT T 2y B BEERIERT CHRIMA F (~1pm) ZIHV 7SR EH2ES % {772
2720 WEHEZ RO TRBROER TR o/ 2A, MIUEEHEBETLY -7y MIED
EWIZL 0T L= —NOHEKTF (Fe) DRFIEVPRON, 7 L—¥F—H 41X
BFRRAFOH A ZIERT 255, BRI TOAF A3z omitte, =47y b &k +
EDBEAELEVPHEELTVLEEZ LN,
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Impactor DEZRHE /NKEL TY ADES

The impact frequency of impactor and asteroid regolith depth

O bER, REMEER. BRE (FEEFHRRR)
“Tatsuhiro Michikami , Masanao Abe, Akira Fujiwara(ISAS)

Depth of the regolith layer on the asteroid is investigated from a statistical point of view. Even
though the impactor flux drops sharply with increasing impactor size, the largest impacts on an
asteroid can excavate more material than the numerous small impacts. So regolith growth tends
to be controlled by the larger impacts. We argue the uncertainties raised by the large impact. It
is demonstrated that for old asteroids the probability distributions of regolith depth has the
Gaussian distributions,while for young asteroids small deviations of regolith depth are
expected.As the results of calculations, regolith depth has approximately an exponential
probability density function among equally sized asteroids.

INREBERBAOBRICL > THREIND LV TYRADESZREHS I &
& NERBOHRENEEZEZ D ETEERNIA-F—-L735, LML
ZORED DIX. impactorDEZEMEE. escaped DejectaDEN G, NXKE
DE, V11— —DRESIRBRERHEBZERNEZ N, BEDOHEICH
WTLITYZAREORED DIF—RIITHONTIIN S, RIEDOHRERIT
L BNEKEBEN S O/RETHTWEL TNBEEERAR N, £ITHE
WL TI3. impactorDERBEE R EAEERER 2HarBICIHKD T &I
o T, MNEEVIYZADEZTERDZ, ~

BEEEEZZEZXZEEZOL T ADQEIIX. HREENDRWHER
KEimpactor TR ED, THIIHWNREDL JYZDESIE. U
RKEZIDNMNRETHESDENDHD., TODHEWIIHNI ARHIT/IE S,
—HHERH LWAREIL, LJYXOEIIIESDERD VRN,
INRBEOEMNEREIREIZ/Zo TWHIUL, FILWAREIZEL, Hv/h
HEFERIDRLIBSE, LEBR>TEORE, BEFELTWAEU
KREZIDHFERLL/NREL Y ZOBRIDIISDEIL. RS MITHE
WIBIZ2 %, DR HBIEIKE R DimpactorOEZEBENBIEL D
HRELSTHDIEEAEEDSRRWVNEEZ NS,
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Numerical Simulations of Shock Attenuation Induced by Hypervelocity
Impact and Comparison with Experimental Results

O =/ BT (BR/78) | BB B AR/ | HH EAR (WEH)
Noriko K. Mitanil, Sei-ichiro Watanabe?, and Masatake Yoshida®

1. Dept. of Earth and Planetary Physics, Graduate School of Science,
University of Tokyo, Tokyo 113-0033, Japan
2. Dept. of Earth and Planetary Sciences, Graduate School of Science,
Nagoya University, Nagoya 464-8602, Japan
3. National Institute of Materials and Chemical Research,
Ibaraki 305-8565, Japan

In order to obtain the scaling laws on impact fragmentation, the attenuation of shock waves induced
by impact events is numerically simulated not only in the strong shock regime where the targets deform
like plastic materials but also in more moderate regimes where the peak shock stresses are comparable to
the Hugoniot-Elastic-Limit of the target material. The simulations are performed by an axis-symmetric
2D code using the CIP method. The stress distributions and the attenuation of the shock stress in the

target are investigated. The numerical results are compared with the experimental results.

FREEHRICL AEERBOR S —Y U ZACBWTEEAR 2EHRENR D L 5 THET 50T
BELRBETH D, & 2iE Mizutani et al. (1990) TIXEZRAITHT 5 0B A TOERITTIS /103
Ry—=YTNRFGRA=F LD, ZZTERTGHLIIENOYEBE THREL L -EFEREHT
b5,

EFREREOEENMEIIZNETIZLWL 9MTRBATWBE R, SABNERNO 2 == 3k
RS (HEL) £V +RKEWFEDHTH D, HREMBETEEL RZ01IEH HEL &9 +oKE
WEAE NS HEL & REEDOHEE THEWGHER TOERERE TH 3,

I THLIZ, BEWEHTEE TOBEREST OERIE OWID U2k L UG 15370 & Z R Tl Fr
REE I 22— 3 Y TRATWD, #RTERNITHEBMET IV (e.g., Nicholas 1982) V>,
ZHEI CIP Z08EE2 AV T3 (e.g., Yabe and Wang 1991), BEOER L LTI, BAB X
CENOEHEE TRATIFBEODR L., HEABELIHRICEET S, FER TIIHE A,
D OEMEIT T 2 E RS OBEOEEHERR T ENEROBR L LT 3,

SEXH

[1] H. Mizutani, Y. Takagi, and S. Kawakami, New scaling laws on impact fragmentation. Icarus 87,
307-326, 1990.

[2] T. Yabe and P. Y. Wang, Unified Numerical Procedure for Compressible and Incompressible Fluid,
J. Phys. Soc. Jap., 60, pp. 2105-2108, 1991.

[3] T. Nicholas, Elastic-plastic stress waves, in Impact Dynamics (J. A. Zukas, T. Nicholas, H. F.
Swift, J. B. Greszczuk, and D. R. Curran, Fd.), 95-104. Willey Interscience, 1982.
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DYHIT7ATIAADFHES R FOBREREGHECET SRRHTR
Experimental Study on Hypervelocity Impact of Dust Particles into Silica Aerogel

O JugsEA (FENIHAR R/ AIRBEETE () R B (FEHAZEHRED
FREFEUZ (W T TEBINRTFERT S)IEER, SRETHK (TP
MM & . bfnk (B)IBHBEBETE (1)

O Yukihito Kitazawa (ISAS/Ibaraki Univ./ IHI), Akira Fujiwara (ISAS), Toshihiko Kadono (NIMC)
Kichiro Imagawa and Chiaki Kamakura (NASDA), Yutaka Okada and Kazuo Uematsu (IHI)

- ABSTRACT -

Silica aerogel collectors (density : 0.03 glem? ), were impacted at velocities ranging from 1 to 14 km/s with projectiles of
aluminum oxide, olivine or soda-lime glass, with diameters ranging from 10 to 400 um. At impact velocities below 6
km/s, the projectiles were captured without fragmentation by the aerogel collector, and in many instances without
complete ablation even at 12 km/s.  The shapes and dimensions of the penetration tracks left in the aerogel collector
were correlated with the impact parameters, and the results permitted derivation of a series of equations relating the
track dimensions to incoming projectile size, impact energy and other projectile parameters. A simplified model,
similar to meteor entry-phenomena, was used to predict the trends in experimental penetration track lengths and the
diameters of captured projectiles.

& R D EAEE LTI O ~400um D7 1 Ve 7 Z A )V (TAIF728) BB@EEETTT a =/l
RS, F A MEMREE ERIGIET 5 & & b, EFILOTAR LEZRT A5 L OHBEEHITE
UIERE ST 5, FHIARIZECIE, JhE CEBRENI I L VRV ARBOEES @58 : 1-
14km/sec) DOFEREATV . EAFPROBEEBRIFHEH L7z

REEEEREROME, 149 BORZET — 5 2GS Lic, FERRERITROEY TH D,

1. VU7 aPzl (BE :003gmsd) ZAVWZAR haLs Fizky ., EZSEER 6 kmisecE TS
Oz 7 A NEIHTIEE CHECX, BS12kn/sBEEITO Ty A NVOREIRIRET
bt WERTRER 1 x 7 H A NORIEREF AL T OG- & 7 & & 72 o7,

D, <1210/ 6 V¢

imp

22T, Dp. 8. Viep, td a7 ulc s FANORHEM]. EEkgms), EZEEE /s THD,

o. WEIN-TOVx s BT, BIZERTE BB UL ERU A I A DR, Fi, JFBeE
AW TOBETIERILOPIC Y x 7 XA VPR TXRWBEETH, EDXIZ X Y &ZEflo
BEE D T 0V I H A NDRG IR FTRESIm a8 035 D,

3. TP U USSR & BT A4 GEE, HifRipL) & ORI e A
b, THOOMEIL, # 2 bz vy ¥ OFEREOEINEREIZIV T, BEZLOFARDFHH]
Db, ALY FITELZE LI F R NOEEZT A—F 2 WET D ENFRETHD Z L 2L TN D,

4. FROESEGRY I U@ SRR, ELOES BRI TR OEZSSEI AT 2 ke R<
TS, ZOEMBMATET. Tl FANAPET a Y VOFEEET DRI, ATy
RS T LB T T L— g VEED LIELIE LD THD,
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ERFEAT—>a2 (ISS) ITRITAHF X M#ifESEER (MPAC) DIHE
Mission Plan of Dust-Particles Capture Experiments on ISS

OAuBEA. MIWEHE, WEFL (B)IBBEETE %)
BF B PR EER BNIEY =y MR )
SINERR, SRETH. FLBB—, & = (FHREREED

O Yukihito Kitazawa, Keisuke Kawachi and Kazuhiro Ogiwara (IHI)
Takehito Miyadera and Ryuta Nakamura (IJS)
Kichiro Imagawa, Chiaki Kamakura, Youich Nakayama and Yoshiaki Tachi (NASDA)

-ABSTRACT -
MPAC (Micro-Particles Capturer) performs dust particles capture experiments on ISS (International Space Station).
Silica-aerogels and micropore foams are used as the dust capturing material, and metal plates are used as dust flux
measuring material. MPAC is passive device that needs no electrical power and no communication. Three MPAC
units are installed on the outside of Russian SM (Service Module) on orbit. Exposure duration of each unit is about
1, 2 and 3 years respectively.  Another one unit is installed on a front surface of JEM (Japanese Experiment
Module). After the exposure duration, MPAC units are retrieved to the earth.

ERFH AT — 3 (ISS : International Space Station) (2T, # X b (AFF A R&A—
R« TFTY) BRET—ZOBBE BE LIcF 2 MBEEREITY, &R MEEDT OO TNk
FEREE | (MPAC : Micro-Particles Capturer) i3, A 227 b « X% FFy—DidDL U7 oy
b= A T aRT T —h, Flo, AT T v 7 REFAT 272008, TAI=05R%E B0 5,
MPAC {3037 0OH—EREY2—)b (SM: Service Module) OHMEE, BLUBADEREY 2—/)V

(JEM: Japanese Experiment Module) OBRZEENZEY AT SN THEBRETRD (K1),

1.SM i MPAC -
SM ##/ MPAC 1370 7 L X ek L v ISS DAEAT51A)

20004 12 RIZ#FT ET B, 3XD MPAC %, #k
INEENZ L > C, —EXEY 22—/ SM)FEE /
BT, 4B LE 1~3 ERFEREICIgE
383, BE%. MPAC /b4 % Migmsls
B4 L., Ya—RZ L ERA~EURT S, [T
200241 A, 20034E1 B, 2004 &£ 1 BOFE
Thb, 128, MPAC IFHRXT— a0t
ITAHRR ORI RIOMEIZS A B4 [
F 3,
2. JEMAMPAC

JEM #8H MPAC 13, BEEICREINEF
HEREAH v 3 VEEE (SEDA/JAP) O FE
(ZHHT biIvd, 708, MPAC 13FHAT—Y
= OEITHENC S 2 MiER A R 5, ZS— P EZE T2 (SM)
2% PUZE ST 2003 EITH EF b, 1

~ IFERIRE ST, U MUZ Lo ElzE]

33, E1 EEFHERXT— 3 (SS)
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Examination of Asteroid Disruption Caused by its Rotation

CFHB E.BH ZR.KE  (FEH)
©Hajime Hikida, Yukihiro Ishibashi, and Hitoshi Mizutani (ISAS)

An asteroid with a shorter rotation period seems to have a smaller aspect ratio than that
with a longer rotation period. We study the relationship between the rotation period and
shape of asteroids by examining possibility of asteroid disruption by centrifugal force
associated with its rotation. We calculated numerically the stress distribution within
asteroids with various shapes, sizes, and rotation periods, using the finite element method.
The stress is found to be always the largest in the center of the asteroid and proportional
to the square of the length of the longest axis, as is inferred from a simple dimensional
analysis. The results indicate that a fast spinning asteroid may be disrupted by centrifugal
force to become more rounded shape, if the tensile strength is comparable to a cometary
nucleus.

INEREBEDERIZESIEILDBIEZERTH-HICIEENLD Rotation
Parameter BN\ E B TH D, RIEDBAFEREN/NRED BERE LR EIC
BEZRLHEBELRHDIELIICRZZ FIAIESNREDTARIMLIEBETRERE
DREVEDZEENSNATHEE L H D, CNZEFRBATHEHDOUVEDELTE
DAIZEBINREDWIBENEZOND ERIET AR L(a 8i/b BiLL)EE
DIHBERNREETINEEY . BLAICEEIE NN HEEBRERELZHEST
HEL, AR IEEOIZ DL TIXRERE A &L, BEREHIZIEXT
MERKOLDIZITEA A CHAREFETILELTHL - STEHEROBEIC
DLTIL, BRIZOVWTO BB/ ELLERLTHEL -, ChoDEREN
TNORKDIBETEH. BDAICKS/NKRERBOICHIEPOEHTRART
&Y. Von Mises IS WIF/NEREQREHICEELZARDERRHEOREDE &
FEICHHITEEN Do, I HDEENSEZDHE. INREDE]
SRYBENEEZEEIT/NINGEICIE, BLEEETH T AR O KE
RINREIFBIBESN T, PARILEDNSZINRBIZEIRTDEDEEZD
h, CNhoDFEHREBRUBEFZLEL. MNREOBKEBEREIZD
WTHREIL-ERZHRET 5,
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BEi{§7 — %2 & 5TychoZ L — % — E B Dimpact meltf# i
OFHK, KBAE, FIM— (NASDA)

Analysis of the impact melt around Tycho crater using
Clementine imaging data
(ONaru HIRATA, Hisashi OTAKE and Jun-ichi HARUYAMA
(National Space Development Agency of Japan)

We analyzed ejecta distribution of Tycho crater using Lunar Orbiter and Clementine
imaging data. Tycho has three types of ejecta materials; glassy radial ejecta, non-glassy
blocky ejecta and melt pool. The radial ejecta and the blocky ejecta were ejected and
deposited during the excavation stage, and The melt of pools were ejected during the
modification stage.

ADRBITRLFEELR K 7 L — % —D—DT3 % Tycho (D=85km) & x4 & L
T, ABEDZ L —% —ejectaD 3G DOWTIHEN 24T o 7. FH L7257 — ¥ (ZLunar
Orbiter V (LO V) & Clementineif A% I X 2 B2 T — ¥ TH 5. BIFTICH 72 TITEFIC
impact melt® 7374 & H L 72, impact met DR L #ikid 7 L — % —EEBREOEE
ZEE OO EDOTH 5 II%, impact meltidFF 2 ClementinefREHED ~ )L F /N> FHEE
KBWTHESICZOFAELHATE S,

Tycho7 L — % — D2 X dark ring & FHEN K7 VX KD E750/415 nm D
BHSHFET D, ST EERTIE SN T I RAIEATZYEOEYE T L
TBY, BE SN zimpact metHSEIZ Y L —F FBEIZLEA->TWA I L R2RTEED
b, 72, ZODdarkringld € DA GEE A HLO VIl {E & B X CTHEBI ST 52
D Dejecta (radial ejecta, blocky ejecta) ? 9 , radial ejectalZ3fIt L TV 5 Z & H%h
o7z, THIHFLTDH ) —H DejectaTd Sblocky ejectalIradial ejectad ) 7 L — ¥
— DY LIEWEIFIIDA LTV 525, Clementinelll{#72> 51377 A5 % ST EE
ATVWEWZ EPbprolz, BT AEDimpact melt & (35127 L — % — OFFICIZL
HiZmeltD 8 X o 72FFH T A E Dmelt pool WL HERO b7z, T Hidmelth D 51K
FLIOLHER, BOPEILTIEREDERII G 270D EEZLNS.

INODIEEOWE (7 A 'Eradial ejecta, FEAF T X Eblocky ejecta, melt
pool) ZENFNUTOL) LBRETI L - —HNELLRHE SR, HELLLE
b B, radial ejecta & blocky ejectald VT d 7 L — ¥ = OHEEIRBE COREY
THhAbH. MBEDE N Imelt T DEEL 7O Y 7 A4 X THED, s —4%—
NERTOEFZEFLDPLDHEHDEVWIZLI A DEEZLONS, FLEL OWEIT X
D% < Dmeltx &, WL EICL > T3 (radial ejecta) . ZHLIZxF L, blocky
ejectald FIZHLEAFLOSEEN /W EIZHFEL, melt SITEETT, HEDRRE
RPTT Y 7H A XBPKEL o TWD, melt poolid F DREIRD S B & M IZHT
FIDVERICHEBLZVOTHS, /2, FLLTHATAREN G _HE LIRS
5 EMOMBERELRL o TWAZENFHREN, BELEI LV —DER
RETI V- —AH»LB%E SN Zimpact melt TH 5 L Bbh b,
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Crater shape statistics from Clementine images of the lunar surface

OME E—BF, .k B+ (FFE -8R
(OK.Nagumo. A.M.Nakamura
Graduate School of Science and Technology, Kobe Univ., Japan

Crater size~frequency curve on lunar surface has bending point near 4km in diameter. One
of previous studies has suggested that such steepening in smaller diameter range is caused
by effects of secondary craters. If the statistical ratio of secondary craters among the all
craters in the above size range was obtained, we can get more precise crater size—frequency
curve, which could be applied to the crater chronology of the lunar surface. In this study, we
use the ellipticity as the key parameter in order to get the statistical ratio of secondary

craters. We will get the ellipticity distribution from Clementine image data.

REZ V=8 = DY AR T, 7L —F — O Ak Il 33 754
FEL T3, ZORKD1IDEL T, 2 KIZL—F—DEBNREZ TV, BT, ER4k
mEL FHAZDIL —F—D BT, 2 WIL—5—DERE T IERHIR DT, K0k
BEOEN LRIV — 5 — A ZHE S Fdh#RE . A OsL— 4 —FERZBICHEA TEBLO
EHIfFS LD, AlEl #ERHNIZ 2 ROV —H—DEIRE T FRELLC Al EDIL—4
— DM R (R 2 V2, TRET, BREERkmOE R ERICB T, fekkk
1. 2BL EOFEM 7L —5 =13, 10° LUF O OB 2 TLO TERNESN TN
(Gault,1978), Kepler 7v —&—DE D FHEIAEITIZLIIE, /L — 2 — N E S5
THIED o7 (REE 130, 1998), [KEEDHEZETIE, A A5 <HLDEET
FERENDZENENERR ONFFH - 87 private communication) |2 LY RSN TS, 2
T, AT TIE, Clementine R0 HFE [ F 0 HERD D L&A Tz,
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B EE{EfEITIZ& 5 Mare Moscoviense Db EEERE

Clementine image analysis of Mare Moscoviense

O #Z, SHET (SBEERFHFHE)
O Shinobu Hori, Toshiko Takata
(Miyagi University of Education)

Clementine UV/VIS images and Lunar Orbiter photographs of Mare Moscovience are
analyzed to investigate the lava distribution and its relation to the geological structure.
3-color composite images show that the mare region consists of two color areas. It indicates
the existence of two types of lava flows. It may result from the differences of eruption age,

composition, or the depth of magma reservoir.

B O EFEN D KILBHRIZIZEA DA ORMHEEL TH Y, ARMOILERTIE, ®
R D O ME—TFET B PRELKRIEBFIRE U THFET 5. HROEWILEKT, TR
D OEERKRT 2 KRIEB LTI SR LAER, #IC, X7 7OHwUNDOKKER)ZHE L
BERAHESZ &3, AOBEORNIHBEPELZ MR LTEETHS. £2T, &4, 7L
A5 A v OREANERET PN —F—F —ES—DFEBEHFRICLD, X7 TOHOIEES
HITERES, Zh 6 DEEE EOBEEERE L.

TR UM, SEHEOERES 445km T, PO 147° Lk 24° ICLE L, 39-41 B
BRI N EHEINTUV A [Wilhelms, 1987]. 7 VA F A UVIVIS 77X F3 L1
415nm, 750nm, 950nm DEEDER Y 7 OHERBBOBEBIZ, 757 L REFRUOMIEEE
U, EHETAEREAREZMERL. 51T, HEORBKOEELZMOK I IHIT, KT
750nm/415nm, HIZ 415nm/750nm, &< 750nm/950nm D HLEEE % H Tl 3 BEKE# %
YERK L 72 [Pieters,etal.1994].

USGS #E K [Stuart-Alexander,1978iC £ % &, 1 7V 7 2 OIEE DR O ILRFIRITILN
-2 THY, MAKICE, 7 V- —REOR{ HRAHERL, SEEREDBICERSINICER
PREELTVWS. LU, 10TV 7 0OREHES, 3EAREHT, FREFUOICILREEH
B (1) EERBEHFOHOIHIE (2) 0 2fBICaEINhD. FRIPOZCTENILR
EDEINBNEATHRINIREIL, SBEKERTIE, FHBEETAIENS, IhHD2
HIRDENZ, BEREOFER, BEHBEDOED, H50E, </ TKEDORIDENERB
LT 5 afRetE A,
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LUNAR—AXRRXKINL—#IZLDHABmESTH ;

{5 - FHANC K 2 FEED A

- Lunar heat flow measurements of Lunar-A penetrator;
the effect of heating by communication and measurements

OFH B4, |Hy &, =k le— KkE S B #ZXk, Bl HZ EEUD.
EH WF— (HEH®)EH)
(OYoshida Shinsuke, Tanaka Satoshi, Hourai Kiichi, Mizutani Hitoshi, Fujimura Akio, Hayakawa Masahiko(ISAS),

Hirai Ken'ichi(Nissan)

In situ heat-flow measurements will be carried out in Lunar-A mission.
Detailed analysis of the temperature field within and around the penetrator is
required, because penetrator is composite material and heat itself during
communication and measurements. The opportunities of communication with
LUNAR-A orbiter will come about 10 days and another every two weeks after
penetration onto the lunar surface. On the basis of the amount of heating obtained
by experiments, we improved numerical simulation to estimate the effect of
constant power on heating of 13mW after penetration and heating of 2.4W for
8hours by first communication. The results show that the former makes the
temperature difference of the top and bottom of penetrator, which will be the
order of 0.1K with no constant heating, about 0.1K lower two weeks after
penetration, and the latter makes it about 0.02K lower two weeks after first
communication.

REbhL—#1 cl:éﬁ]?}%ﬁ%nﬂgll AR - RS K SRR EZZE L THEL T H5HLE
NHBH, RAFETIEL, INETIHSNZEHRRABICEDOE, BRAONRLEALZEMET 2
al—rar A bifﬁyh(mgauﬂﬂl BEIHT2HEZREb -z, BELZOE. BEA%KOE)
EEEFEE (1 3mW). 1 0 HROBHIBE DR OEEIZIDFEER (2. 4WX 8HFfH) T
b5, EHBINITELDE, REPL—FBAEORE L —0EE I N L& TinOREZED
0. 1KF—F—TH5M, TOMIMEICLOEA 2BEMBICIBNTHO. 1KLL, BFE
IR DRESEM 2 HE% CKEOBEER) W THO0. 0 2KEA TS ENERINL,
BOMFNIEHE M TIIMBE TS, EEHEMNT THIET DI ENRTRTH 5,
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Science mission using the mass spectrometer for future lunar exploration

OFEFE#FR. KMTELT. gt (FHARHEXR)
AFES. SHEE KK
. Takamitsu SUGIHARA, Makiko OHTAKE, Michiya HIGA (NASDA)
Morio ISHIHARA, Satoshi TOYODA (Osaka University)

Mass spectrometer having laser sampling system have been developed to investigate distribution of
age and chemical composition of the rocks on the moon. Age determination needs precise isotopic ratio
measurement for noble gas elements, therefore, the MS must have high sensitivity and mass resolution. So,
the Mattauch-Herzog double focusing mass spectrometer with line detector or image sensor is adopted. The
MS will achieve mass resolution m/dm = - 400. In situ age determination is a difficult technique, but
modified Ar-Ar method would be possible.

BRAOT I —TTIRRPAZEESHEICBIT A0 - N— BT 80RELTL—Y—3
ST L TEBEEODEBRMNEHEAVWEI Yy a L ERREL TS, SEO#HHETRIIDI v
T aOBMEBBOBEIIDVWTHRET 5.

IDIyvaryiRABBOERETRFANALERERNE TS I EICX D ADEREELD
HITHDZEEZAMELTNS, BICHTARMALARICERZBNTEYD. TOHAEIZEL
HERBHROFEZEKEL TS, X2 TIDI v ar TIREBERRMELI T2 WEEICT
DESREEBROWE LD A5 5% LTE DR TORMAR LS SERBREMBET 52
DOERAEEORBNEERREEL>TWVWS, £z, L— TV —HBEBICRETEIRNLEARY
MVERAWEEBETRCFEER ST HDRE L T3, ‘

BERMTTH 2EBHMENT EI 21 4 > I8 &9 5 Mattauch-Herzog BL B —EUREVE &
SETH B, BT V-3 ABEEZRAWS =D, EBEBIMEBEZELIESD L
kDTS, BBAMENIZA A E—LAIIMCP 2R W2 1 XE51 UREESH LT 2 KT
AA=TEHERANSZEICLIDFERHEEING, ZOEE, HERSMEE m/dm = ~400 ZE
KT %, ZERMEHRIERSER - EERBEEROMEEEDOELERREELRB /NI TSR
DTH5, EBIRIL —F—IMRIZL>TRELEHAZHETHH T V. HAZEE
SEEHCBATEHAS1 2. DEHTHHERMME, ChKBRREEZFVEIEKIZS
BT, VV—AELTHRERS8kg, BH20WEZAHD-> TS, BTE. FICHEBSEHTEL
TR TORMERBL TW5.

L—HF—IZDWTIE NAd-YAG SIVAL—F—NEHTH 2 EBb 0, EEREL TV
W, oYY —2EYTY S TOMREZRL DD, BEERICL>TRIELTNWS, X
P AERBIEEICDVWT S Ar-Ar BOBHIC X B FETFHERZITWANSHREIT > TV,
HIRE T HIEE OFHERIT DN T BNz,
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System Design of SELENE Relay Satellite for Lunar Gravity Field Measurements

OF S, B MIZER, KBTI (NASDA) .
WARNT GUNK . FEHZER REKR)

T. Iwata, Y. Nagae, M. Ogawa, K. Yonekura (NASDA), N. Namiki (Kyushu U.), and H. Hanada (NAO)

We report the system design of the SELENE Relay Satellite for selenodesy mission. Four-way Doppler
measurements and two-way ranging measurements relayed by the Lunar Polar Orbiting Satellite and the
Relay Satellite will be made to determine the precise orbits.  Differential VLBI observation will also be
made using radio sources on the relay satellite and the lunar surface. The Relay Satellite is designed to be
minimized the mass of 40kg with the octagonal prism structure of 1x1x0.7m and the spin stabilization of
about 16rpm. It is expected that our system enables the highest-precise mapping of the lunar gravity field
in global area including the far side of the moon.

HDESEIL.  Clementine % Lunar Prospector 72 ED A BB OERED L > 2 > FiC X 28E R
ENSEHIIINTED, BRIOHE 2 EKEE THIE TERWEORM &R THEDCHMREEN
£ Tz, ZHUIKHUTSELENE T, EASEHIHAOI v a UBiEELT. T L—HE
EERkEs (DT, $85 - I v a 2L T RSAT) | 2HWE RTS8 (FEBEE{LREH
A ROWEEE. THEXT VLB AEE - AWERK (Fl. VRAD) 1 WA VLBl (BEH
WENRTHED Bns, UL —ERLANEEOBREYERE ZTV. TO®ANSADE
HBOBEMEZESD S/ 0—) VBT ZE 2L TN\,

RSAT Tid. EEIEENAH OBRRAIZRITHIC, FHMABB (UDSC) X DiEFEINSHERK
) L—EE-FAREE-U L—EERBD4 T 21 TUDSCIZHNEL T, ZhE R7S55
HIY %, FKHZU L—EENS 272 TUDSCIZHDIEL. ZTORERNR TS5 TS,
X7z, JAEEENA ORBOKE, NASDA FHIEBEH (TACS) LABEREIZLS 2T 1 ORIEE
KR T 112175, HDOEZROE NP EK 15km OMREETOT w ¥ T 2T, 70 KET
DENGERFRREZHSMNIT S,

VRAD &, UL —EEIEHRINSEEERE (VRAD-1) LH#EEEY 2 —)NicE#EEh5 A
HERIE (VRAD-2) NORERS . HEHEED 2 — )L B EICHERE L - RICHA 21457 5.,
JL—HELATOBEBRENS OSH 3, X& 1 HORMGERITOWT, HER iz THHERN VLBI
ERIZTS, AHBEECIX OHIRKKOEEERREL NS BEEERVBRERZITO Z &I
L0, AEABRERREOEKIEICDWTH 1 HTOksEE R L %2ERT 2,

SELENE U L —#E2I3E NGO D OB DEE - Tikz2 B E Lo@/NEIfEE T, 8B
{LZRETL01. BE - BHROI AT LEHEETS T, BRICBWTHHRNASER
2175, UL —MEITEER 2,400km X 110km D A B EFEMSEICEA SN, REBINSEE - B
BHHZTORNT, Y i16pm DAL LB AL ZEEK D, EHHOBREL. MESEHE
BROERRZROERTLRICED, #HEMAT 1 X 1X1X07m 4R : AR | EEAMEEER
40kg DRE/NEZERT 5.
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Development Study on Terrain Camera (TC) for SELENE
mission

OFffi— (NASDA). tbEaE (NASDA), ¥HAk (NASDA), HAESE (NASDA)

O Jun’ichi HARUYAMA (NASDA), Michiya HIGA, Naru HIRATA(NASDA),
and Atsushi SHIRAISHI (NASDA)

The nearest celestial body to the Earth is the Moon. The investigation of the Moon by
space explorer is one of the most effective way to know the orgin and evolution of not
only the Moon itself, but the Earth.

The Japanese moon mission SELENE (SELenological and ENgineering Explorer)
managed by ISAS and NASDA cooperately, is now in phase D (Proto Model design
phase) to be launced in 2003. We are developing a high resoloution (10m/pxl) camera
named “terrain camera (TC)” for SELENE mission. In this paper we introduce TC
current status.

HEICER BIEVWRE, ZNIA THD. BEBIC L AAOREIIATLBHZT T i
BROBRIF & EILEZMBFEL LTRVAEDRFEDO—DTHA 5. FHIF L NASDA AH.L
Lo THED TVAENED B IFEEHSELENEIT, 7= —XD (Fu b 754 FEF /L (PM)
REEERS) 12H Y 2003 EDOFTHL EiF RS XL TVWA. SELENE (Zi%, Bf#EEH AT TC

(Terrain Camera) ME#EN 5. Afa Tk, x4 1ITC OBERMELHENT 5.

M AT OFEEEE, KESARE 10m, B3R &V D EARMEERGE A OL/KIZONWT
1TV, A0V 7 km VA XOME A2 TLEETHZ L THD. HEL AT, fIFREES
WoAEEH>. FOBH (BB EE) X 06 THY ., SBEHIC L - CTEBAIZIT 20mEE
EOEESREENZERIND. -, XOIERX ./ T F A T35%m TH Y, —BEEZICHRER
THEREA NS v FICERY 2SR DRI SN TWD. ERERIZ. jpeg EMEZ AV,
JIFATIREBEET TOEREEZL TS,

¥ A— ML A ADT L —F—DOFRIT\EBIT., ZOHIBOFMEGENREZFTAIDEDRF
BRERABERMFEL TS, Fiz, TC OEMBEBEMFT —# 1%, SELENE [Z## s b
Ml (RIVF Ry FA A—=Txp—) RSP (A7 T uT7A4T) OF —4ROLTE
ERMEAERSRERMTS. BE F—20FBRBEBLEEZLREHXNRTHD. £, K
KEEETOBETAZ LT, BEANELS RPRPFEIETERWVIEAROELFHR, 0
EHFEELTAET S Z L LARETHA .

TROHEIZIAZBILEATZENEN ThHo -2, TOEMBGEEEORESIX, £
WCHREEICR SN T 2, 2R TIIERICIEEL TH 300mBEOHBETH D (72 & 213,
Wilthelms, “The Gelogic History of the Moon™, 1987 ). 7 R BE{RIXIEEEBR THDDICH L
T, TC I CCD F Y # NVEE TH Y F DNBITHBEITITVROT K RL EHFFEND. O
CCD BB L LTI, L AVEA VEHRIZEZ2LORH DN, TORBELREIZE
WTHEmM/ BETHD. IHITTVAEZA DOBERITIIREBEN & < #EOARTIZ
ERAETHD. I A TiT, BEOBRETEONR»EERT — X2 LbT T
HA9.
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Petrography of PCA91467

Naoji Sugiura
Department of Earth and Planetary Physics,Univ. of Tokyo,Tokyo, Japan

PCA 91467 is a CH chondrite which is petrographically slightly different
from previously studied CH chondrites (ALH85085 and Acfer182). Here, the
petrographic features unique to the PCA91467 are described.

First, PCA91467 is not a regolith breccia while both ALH85085 and
Acfer182 are regolith breccias. This means that the PCA91467 may provide
much clearer evidence on processes that occurred on the parent bpdy.

Second, PCA91467 appears to have been partially hydrated in-situ, while
both ALH85085 and Acfer182 contains hydrated materials as clasts. This is one
of the consequences that the latter chonrites are breccias. Partial hydration is
meant to indicate that there are still a lot of metallic grains while there are
hydrated areas. In contrast, in many CM chondrites, hydration is nearly
complete leaving only small amounts of metallic grains which are present in
chondrules and are protected from hydration by enclosing silicates.Thus,
PCA91467 is a rare meteorite which shows an early stage of hydration.

Third, PCA91467 contains C-rich aggregates. A typical phape of these
aggregates is pherical spherical, indicative of nebular origin. The largest
aggregates are about 60 micrometers in diameter. Such large aggregates have
not been reported in other CH chondrites, which may be another consequence
of being breccias. The C-rich aggregates consist of organic (or graphitic)
carbon and silicates which are hydrated (probably in-situ).These aggregates are
carriers of large N isotopic anomalies and considered to be of interstellar
origin.

It is concluded that PCA91467 preserves nebular and planetary processes
much better than the other CH chondrites.
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Numerical simulation of moist convection in Jovian
atmosphere: sensitivity to vertical wind shear

Oh B 29, 15 B— ( AKEE 1),
A B (AEARRR - HERIRIE ), 4k #0 (dbARE - 3B )

OK. Nakajima, S. Takehiro (Kyushu University),
M. Ishiwatari, Y.-Y. Hayashi (Hokkaido University)

The sensivities of the Jovian cloud convection and the structure of the Jovian atmosphere to the
vertical shear of basic horizontal wind presumably associated with the zone-belt pattern are examined
using a two—-dimensional cloud convection model. It is found that convective motion exhibits significant
deformation when the velocity difference between the bottom and the top of the convection layer
exceeds the velocity scale of convection. In such a case, compared with the case without vertical
shear, the relative humidity of the convection layer is much higher, and the static stability in the
lower part of the convection layer is smaller.

1. MEBMRUFE
RERFICIZE - WIS L —RRER ST
B, THHHEDORE YT — 2> T L TEEM
Db, £ T, $REY 7T —PEFRB L KAME
Lk&mT A B L EMYRY SRS
DRTERTET IV &% B TR, (i L
%%—i@%ﬁfﬁﬂ?%:&m;ofgﬁm%%

L. RREORMRTETE . B 1 7 — 1 s ERCOBEREDA S » 7

2. =R o vavhb, ERLOOHIMHEEEFMHRL TV,
EHMRESECOLLREREEFIENROW romen SoEEBOS L AR Y — LR,

EBEIOEER r—VERZ S L HIE L ER

Nt (K1), ZOMERGE. xHREOFHEE

BUF o0 E 2% 5, 12, ExHBHE T T mpmah o
AT AR R/IVE I BT IBEES, B S
WRTS (M2), £ZIX. EXiE THORES ®f
BAKEL LD, MEALEDEEGORE 2D,
3. EE
DLy T — I3 L DITEDER - FEE Y
T A BESREISEE SN TWwD 2 ki, ik
Bk OBEN YT — Lo T—ETHILEYEF
FTEHDT, MiREFARET DHOEMNLEICR S,
LoREHEEIZ. FXITHFREOER TR TH o

MDLDTH %, 2: MXHEE DSRE DA, SREREIZ 50-90 fmu?é
MiE, AEME Y T—EL, TRETT-H Y,
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Local N-body simulations in planetary rings

2

-understanding of angular momentum transport process-

CHWIE, MPHEAL, HHK (R - HhX)
° Hiroshi Daisaka, Hidekazu Tanaka, and Shigeru Ida ( Tokyo Inst. Tech.)

Planetary rings such as Saturn’s B-ring are one of disk systems in which angular momentum
transport is physically important property in order to understand the evolution and the stability
of the system. We have investigated the mechanism of angular momentum transport in a ring
with self-gravitating, inelastic particles by the local N-body simulation. Our simulation result
shows that the rate of angular momentum transport due to self-gravity is comparable to the
rate due to other transport mechanisms (local and collisional contributions) in the case where
inhomogeneous, non-axisymmetrical structure is strongly developed by gravitational instability,

whereas self-gravity is less significant in the case where gravitational instability does not arise.

TERPRERIIRONLZLILEE ) V7, EHOKF DO LT 4 A2 ZTH L, 4EH)
EWRERIT AR ROBELYHETH), TEB Y IIALNL L I~ FBRIROHEEDE
B 7 DFGOMBEYEMT S LT, ED XD R#HE I LY EOREE O HEE) 2 2550
ENDIVEHMABLEND L FFICALENPAEHEHREICT 2 2B OV THES o TV
Vo V) Y TRASRIGIEMEHEICL DT U LI ANE - DERD T FOEBEOESH KX
(%2 EACENALEVPET HUREDIH 2, HCENARECIIFE—H LR TOMEE % K
L. ENIC X o THESBE OB DRENIIT b D EEZ LNB P, EOREHEICEE,
BEZRZLTHL0PEEMITRO SR TRV, RFETIE, BOENHEMRNOH 5, JE
WHIROKN T 00 25 ) v 7 ROP Tk SN A MEBE#H%LE . BITAO N K812 L - Tk
ODHOCENKFT A AP TOMEAT XL EHLIIIT 5,

KAT 4 27 ZOMBEBHEXIN, KT OBEHEOBEI L 28i5% (local ), B2 L 2 8i5% (col-
lisional), B CLEJIZ & A% (gravitational ) D 3 D238 & 1%, mean free path & 4 72 1%A
FIREEIC2 D EMEICL 2% %0 <o BNICE BHEIIETIIRONANATILT —AD LD
T IFBAS S AT SN2 L EERNRI R 5, BEHIL L AGEEEHLLEOZE L WEBNYL . b
AR LKA OMERHEMEIIKE (EEEF SR TUL01E, 208 T 2dlE L7z, BEp
EARLEDOMEIN 2 RIBEOFIROT 2V LK TFTH Y . FHD O 5T 2 BT
MOHDEGFFINE LD Ghoize FRNTREEYEAFELT AV AEEEHL O T-
BT TR T BEEI DN S VB SR ENALEIC L 2 BEIEL Th ik
DTHEEIIZ L ik OE G IIMOBE T O & 21T Hhh DN SRS, BT HERE ORI
CHECEDALEPEL . 2RI L > T B BRME s TR X2 B L 2086 S
ERFMOT O 2L DAL L FABEIC 2> Tvd, 2O I IZHCTE IS 05
ANZALIBWTEELHREE R LTV,
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Formation of Polar Cap under Martian Paleoenvironment

OMBER, B4E, NESErF, ENE+T Lk -5
(OTokuta Yokohata, Kiyoshi Kuramoto, Masatsugu Odaka, and Shigeto Watanabe
( Division of Earth and Planetary Sciences, Hokkaido University)

Fluvial surface features strongly suggest that a lot of H,O was distributed globally over the Martian
surface. However, at present, a large quantity of H,O is observed only in the north and south polar caps.
How, and under what conditions did globally distributed H,O gather to the polar caps? To answer this
question, we simulated formation of the Martian polar cap under various atmospheric CO, pressures,
using a climate model modified from Gierasch and Toon (1973) .

As a result, we found that 1) the equator-to-pole H,O transport depends strongly on the atmospheric
pressure, and 2) the time for cap formation becomes shorter as the atmospheric pressure becomes higher,
because of the high polar temperature.

TR OFEEN S, KERBIZIIND TRKED HO0 M2KMIFEEL TWizEEZ SN
TW5. ULMALERER, KED HO BHEIEOEFEIZBWLWTOABAINTNWS. RIS
LTWEHOREDEIBRGEDHLET, WAL THEICEE /DA 57? ZOLMIC
BZBI=DIT, AR TIIWEOHRES I 2L — b T 5. £D/=HIT Gierasch and Toon (1973)
CEBEBEUVOFEEBROAR - MERBIIBIZ2IXINF-NSTOAETFIEXEL, BAOD
H,0 D8EZBMDWNIEETIEBELE.

ZOETNERNT, BEOKBIZBNWTHEEINIHRATBRRKKJED S & TOMRE R AR
ZEE L. TOHE, KOZENHSMIE-HTZ. 1) KEFOKERGKEEEBIIKKEICH
KETD. DAKENBNEFEREDN SBAOHBEEICL OEROBENSEFL, EIHK
FRE3EL<Z3. Te+11

ZDETFINTIR, KRKDEBEHFE, KK L 16410
FHED H,0 OPOIYD, YA XATIVNRET 4 —
RNy 7728, BEBRICEERB/EEZRT
EEZSNZBENEIZO ANSNTNRN,
NSO TOLAEEBEICAN, BEOCKLDRR 16407 | . v
BENMEREINDIEEZHELKRDDH T EITE Cap Formation Time -

1e+08 |-

Time [yr]

1 +06 - Plait et al 10980 ool SRRSO
0, KESROBILCELTHEBARIES Pt etal. 1908 -
NABZENHFEINS. 1000000.1 1 10 : b]1(‘30 1000 10000
plm

GER)  [EHEIR4 KRR T 2 REDOTET (FF~10%n®) O ARIERE.
[H#) 7 L—& — i h SHEE I N S HETEE (Plaut et al,, 1988) IZL > T
SR8 7= M T A .
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A numerical simulation of Martian atmospheric
convection driven by radiative forcing

B ER (B - BRI ), B RA, (AKX 3 ), B EM (tk - IR,
RS (R - BERRIE )

°M. Odaka (University of Tokyo), K. Nakajima (Kyushu University),
M. Ishiwatari (Hokkaido University), Y.-Y. Hayashi (Hokkaido University)

Martian atmospheric convection driven by radiative forcing is examined by the use of a 2-
dimensional anelastic model. As for the radiation process, only the COs 15 pum band is con-
sidered. Absorption of solar radiation and radiative processes due to dust particles are not

implemented. The surface temperature is given to be a simplified form of observational diurnal

change. The activity of convective plumes is suddenly intensified when the inversion layer near

the surface disappears. At day time, the convective mixed layer extends to 15 km height and
both of the horizontal and vertical wind velocities reach the maximum value of about 20 m/sec.

1. BBEFE

KERZU BT B GhHdiio Bk B4 BI%
T 572010, MHE 2 BEHEREE &A 72IEMM R T
RICE TN % B CRE KRGS Otz
BxiTk o7 ByhAFEELE L T COy 15 pm /N
> F OFNBEZ T 2 Hh, 7 2 D ORI ER
Lawv., MEREREITOZLE BHEICEBET S
LB TERSEMEL TS5 2. FHEERR
AKFAZ 51.2 km, $F1EIC 20 km TH 5.

2. StEFER

STEREHE 6 HE® LT=10:00 LABED T
DEBEORF 2 M LIRS . TR mIcE
RSNz y BT A L BBICHRET 5. H
HFEFOM L EE 15 km 12 F TR, 4R
REGED K S SITERE, ARTFEE 12 20 m/scc
BEE L7,

3. ER

EEE 15 km UL EoOfEISE 6 A HUARED hest
HHEIN TV, Lo T 7T a—2ad
BATILEERELIIEL b ETHEEINS.
SRIIEERRE SOICEEL, BRR RO
EXLZ0REMEFHOPIZTATFETH 5.
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About Heat Generation in the Evolution of Protolunar Disk
SRH FESE. HH X RLTK - #2)

‘ o Takaaki Takeda, Shigeru Ida
Dept. of Earth and Planetary Science, Tokyo Institute of Technology

We have investigated the heat generation during the lunar accretion process
from proto-lunar disk. Recent N-body simulations showed that the time scale of
the lunar accretion process from protolunar disk is quite short within a month to
a year. However, this rapid lunar formation may generate a large amount of heat
due to energy dissipation of colliding bodies and release of gravitational energy.
We followed the heat generation by direct N-body simulations, and we present the

results of these simulations.

AKFZe Tt BaGA M S BICERT 28R ICRET 22 EE L AEMHS
BIZOWTHNR, BEXHEFIEDW AR S T 4 Tid, ERHEkICKER
EOWEENEET S I LI W Eko T ) IFUEAPBREFER I, €205
AUERLI-EEZ SN TS, FIEAMBIFEEON F2 ORI TwD L L
T, ETONFOEH B NEY T2 L —a Y OFRITI T, EICELGH
M ASHERD T v 3 2 PO LT T, BUsAAB T s2 L Tay
A FEOIIWEIBIEEN, 1 ¥ ADS 1EREL VI EWVERT, oy ia
FEOTCINIADTEEING L W) FERIBE LN TV 5 (e.g. Ida et al. 1997)

LrL, 20 &9 @R A MEOELIHE 2 53561213, EiHHBEO#
LIRS TRV F—DFRR, AOERIZLZENIANVTF—DOFBRIZEI Y KREZ
BT HTHS ) BIEHHBOBMN 2L, BOILFAMBIZ b 8 2 KT
T EDEZLNS (Abe et al. 1998), F 72, BN FORILE EHREINT, K
AR AR EAR T 5% 5 L LTIT R o 7o NGBS BRE P ULEL 25 TH
A3, 4. NfEY 32— a viZX o TEIEHABOEIIEE S AV F—#
BEBNIANF—OFMICE WV EETEHATIEIFELITRV. TOKRTHE
T5,
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] GRARK - 5)
£%T (hk - 58)

We investigate the pattern of mantle convection with the effect of chemical heterogeneity at the
bottom of mantle that is called by D” layer. We carry out numerical experiments of thermo-chemical
convection which we improve a numerical model of thermal convection with variable viscosity in a
cylindirical shell. Our improved model assumes tracer particle method to calculate chemical hetero-
geneity. Results of our simulations are shown that time scale of keeping heterogeneity at the base
is short in low chemical buoyancy parameter and this is long in high chemilcal buoyancy parameter.
Assuming temperature dependent viscosity, time scale of keeping heterogencity in uniform viscosity

is shorter than that in temperature dependent viscosity.

AREFFETIEI T —~ 2 PUBROE FEE km fHEICHFEL T 5 D' BBILFEERE & L72HEC
HELBYY MRROINY = OB BERFROBES I 2L -2 a3 VEFAVERWTHEN,
D’EBIEIHEROBEA»OFMAO~ Y VL) SIEEEF 10% BEE 2o TWwA I EPTPo T,
I - FOBEEIRDSAIIEREHBROR 2 Dy — o 2 HEDOZ LML T WS, ZHiE DB
BALFHABE L TR BRAITHBETE L EEZONT VS [Lay et al,1998]c D@ % HALEEFE &
LT BIEBOEMIE3IDH D, 121 D" BHIMEMIRO O ZEREB TIEL NIz, ) —D
F3a7 -~ MORERIESIT ~< ¥ MBREOREREDKETEL 37Ok~ FILVENC
FEEINTD'BIERIN TS, MBEATTPFaT —< v PWVERE CLARATESNL, D
IDATTYWEOEBE THD EEZ SN T 5 [Tackley,1998]0

ZOMBEEZ I PAKROIFRIIV 2hd b, TFNLDOERY T LOHTHRRL &, BbLEFExT
TG /X8 — > DEEFRIZLE %S DTRIFEFTIINT A =% B=Ap.[Appr DHFIETHB, ZDI/¥T
A — 5 ORI R ERIIMEFEDDPBREICGT LT ENLZ TR E2H b LTWwA, D?DL I L
AEEPEEB~Y Y PVPICRD7ZOICLEL BOMEIZB > 1 ~2ThHhb EEZLNTWS [Kellogg
and King,1993]c F7CHMEFORBEKFUHOMEDEELERNTH S, INITHBEFIREIITLES
S BdbZldb, HIRERERICERN ST A — 5 EHUROBERENZ b DB TI3MLEF
AEELREITF o> TVE LK TEREDP DD, 2TV DDLEI By PVEEO/ZE o TWER
¥E % XV EEASE L HEIE DD [Christensen,1984; Tackley,1998]c L2> L T b ORFFR TIEE
BROHIRDIZI T WERATZIKS S 2 2RIV TOERIIH I W STV R,

€2 TAMATIIHIRI I VAR E LT, EKEORmE & U TEDRZ % 2 RIEBEZERIZBWT
WHEDOENT DHTHE TN EBALEFHETNVICHBR LD DR V5, (LA OFHE 3R F
BENEEZ D LWTEIE L7z, SHEICAV28T A =2 13LF#R 18T A =% (B =03,0.5,1.0,1.5) L1
MEDOIRERFEDIRE E=InAnp TH 5 (E = 0,In500)

HERRIIODVTIHERD, BOHRIEDVTRERP LWL TWAEE), B=1+LWIHENFTV
VEEIALFAYEPRVERES 2 LB TE L0 E) POBERTH 5, KICHERORERTEOW
RIZDWTHERD & $ERP DG E LR OBRERF 2 EX 2GS BV TUELERYE I~ ~
FUVEIBMCE EF A EDTELBRIAT — L2 H6ND E—HISHDOS 6D H VR TARYE »S
HNRBERIILE > Tvid, TRODERL), DS~y MVESTHEET A0 B2 LED
EEELHIINICHLREREEDRERFREOBREPLETH L I VTP oT,
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Light Elements Synthesized in a Supernova
- Influence of Neutrino Emission Models -

°HH A R Fom, PEE GRLK - 1)

Takashi Yoshida, Hiroyuki Emori, Kiyoshi Nakazawa
Dept. of FEarth and Planetary Sciences, Tokyo Institute of Technology

In order to establish a suitable manner for finding presolar grains of supernova origin,
we simulated the explosive nucleosynthesis of light elements, i.e., the CNO-elements
and the X-clements (Li, Be, B) in the He-layer and the H-rich envelope of a 16.2 Mg
supernova and calculated their final abundances and isotopic ratios.

" In this study we investigated the influence of a varicty of the adopted neutrino
emission models, i.e., the decay time of the neutrino flux and the total energy carried
by neutrinos. We also propose useful diagrams between two isotopic ratios, which help

us to find presolar grains of supernova origin.

TLY ==L A VIEHICh I ARNARE 2222 e h b3 ST RDOTLH
ABGEROERAERL TWA EEZ LN TWA, AW TIRBHEBREENTL Y —
S—U LA RS BFHREHLT L7720, BIRBREEICIAY 7 LB EKERTE
BEND L, B ) MERITTE L CNOTLEOERE L AREBIROL D ) LHHH % KD
720 AlSFIC, THOBLHRERE L ARELDO =2 — M) BN, SRHFEICX
5B w AT JBFEE 7VIE Shigeyama and Nomoto(1990) @ 16.2 M presupernova
DHEZ R EEBET LEORIFETHEULEGHRBERET NV e AW, =a—
k1 BRSTE TV IE Woosley et al. (1990) DETFT IV V., =2 — b))/ HRERERENIZ
11,3108, —a— MY JIlEoTEIINAET AL F—131x10%, 3x10%, 6 x 105
erg & LTEHEZIT R o 72,

BONHERIUTOMY THD, BIHEBBERHFITER SN CLi & 'Be DEIIFF
WA, O N OLI/ L . *Be/TLi i 2 x 1074 AT T, KIGRTTHEFAEEILE
TAEEID LIEFINS, FRUAD LI, BIZFEIIANY TLARTERINLENZD
EREEIZ2— b)) VBEEFVMICEL o THHTRREZLS D ) 1% L & T IVARIFEAE
Vo LArL, UB/TLi iz oW Tid I HFRE & W SRWEIFICIE o 72, 12C £ %0 %
B¢ CNOTTEEAY Y ABORIIBWTEICEEEERC =2 — MY/ BEEFIVIZK
45, —H. CNO LEDRMALIT= 2 — ) 2 BEFEF VI LT 1HRE L2
Tbhbobhv, SNLDOFEREZLTZ, RAY -TREHEBREREOTLVY -9 =7
VA v RHNT 2082 RVARLHEBRIZ R L. BFERSERO LY —F —
FUA e D ELFEMAERLOHEHBIZOWTHERT 5.
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Co-accretional evolution of the Earth-Moon system after the giant impact;
reduction of the angular momentum by escaping of Lunar impact ejecta
oRyuji Morishima and Sei-ichiro Watanabe
Department of Earth and Planetary Sciences, Nagoya University

Recently, the giant impact is considered to have occurred in the course of the Earth’s ac-
cretion. In co-accretional stage after that, much of Lunar impact ejecta would be ejected to
circumterrestrial orbit due to high velocity impact. Orbital calculations of the ejected particles
with various mass ratio and semi-major axis of the satellite show most of the particles escape
from the Hill sphere of the planet, which take away a great quantity of the angular momentum.
Simulating co-accretional evolution including re-distribution of Lunar impact ejecta and tidal
interaction, we estimated the angular momentum of the giant impact occurred at 0.6 — 0.7

Earth’s mass as about 1.2 — 1.3 times larger than that of the present Earth-Moon system.

ARBHORAETTH L EREZEFHIT . KR RO 4 2 50 HERLFaIsF &%
HBTLDOIIHMELRAEEZON TS, UL, SPHILIZX2HEDY 32— a R,
B A 7 14 A7 DHEFED N KETE (e.g. Cameron and Benz 1991, Ida et al. 1997) DR B
WIKE A28 5 —DEEMD IMp(#i3KEE) T, fEBED 1 Lpny(MEKAROAER)E) O
HEIZL->TTIE, BREOREGELZEOWHRIIHEEETH 2 Z LR IN/TZ, ZOREIZHNL .
Cameron and Canup (1998) (X E &2 0.6 — 0.7Mg THIEE)EDY 1.0 - 1.25L gy DEZED S
ab=varefrte, TORHATIRIEFIGEVRE SOHMENTER SN D Z LR T,

ﬂ}fﬁﬁiﬁiitfﬂ?@iﬁfﬁ“@ﬁ'fPEEF‘t’C"@ L. FOBROMBEBEERBIIL D EkE BEREEE TS

. BOBE R DT, AOBHGRE T KE (WA 57:012. KED Ejecta 23 B HLERPLE
ﬂu);;h ELEZOND, AMRTIE, fEas (RBIIHT L) Halls |, UEHEROBmLEDOR
M7 o PR L 2 TR SN S Ejecta DHUEDBIEFTHE & 1TV . Ejecta ., BEENDHEH %,
EEAOELE, KEO VEDL ORI, 03 WO NDOFEEL | ZNENIZHEL SN S Ejecta
@%:iﬁfmiébﬁé« bz, ToOME. MEOHEIA/NS CHLHEEEI /S VITILE | Ejecta D
HENOBEREIRELLLEMEH L5 DD, @ EHD Ejecta (FRED L VEDPSFLEL T
L i\/‘ Zhbid, REDAEMEZRLEL Z L0272,
DFEFREE D L2, PEKEEM . Ejecta 2L 2B, @IWHELEMAL EE I/, #hEkH
DEELAEFEDOENEFREL . HERERIIBIT 2 MEEHENELKT RED 272, TN
;D BEHD 06 —-0.TMg OBICRI s -EREREOAEHEIE, 1.2-1.3Lpy BETH 72
EEZONE (KGEBWDEHFSIL 010y LLT)o Cameron and Canup (1998) DFERIZ L 5 &
HEMD 0.6 —0.TMg O 1.0Lgy DEREE 1.25Lgy DERTE, B ENIFEHAT A A 70E
EVEORRLIOT, AFROAEHERI DO AN ALIFEFILEETHILEZOND,
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Evidence for early stellar encounters in the orbital
distribution of Edgeworth-Kuiper Belt objects
O #HH & (RIK#K)

John Larwood (Queen Mary & Westfield College)

Andreas Burkert (Maz-Planck Institute fur Astronomse)

We have investigated effects of early stellar encounters on a proto-
planetary disk (planetesimal disk) and found that they can explain the
high eccentricities and inclinations observed in the outer part (> 42AU)
of the Edgeworth-Kuiper Belt (EKB). The proto-sun is considered as a
member of a stellar aggregation that undergoes dissolution on a timescale
~ 108yrs, such that a planetesimal disk experiences a flyby encounter at
pericenter distance (g) on the order of 100AU. We simulated dynamical
evolution of a planetesimal (test particle) disk perturbed by a passing
star. We show that the stellar encounter pumps the velocity dispersion
in the disk in the outer parts (> 0.25¢). Planet formation is forestalled
in that region. We also find that a stellar encounter with pericenter dis-
tance ¢ ~ 100 — 200AU could have pumped up the velocity dispersion of
EKB objects outside 42AU to the observed magnitude while preserving
that inside Neptune’s 3:2 mean-motion resonance (located at 39.5AU),
which allows for the efficient capture of objects by the sweeping of the

3:2 resonance during orbital migration by proto-Neptune.
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Spectroscopic analysis of chemical gas species in the plasma produced by electric discharge
and proton irradiation
OKeiichirou Sakagami*, Takafumi Matsui*, Seiji Sugita*, Kensei Kobayashi**,
and Kentarou Ushio**
*Graduate school of Science, University of Tokyo
** Faculty of Engineering, Yokohama National University

The synthesis of amino acids by electric discharge (or proton irradiation) in the simulated proto-earth
atmosphere has been tried experimentally since the first success by Miller and Urey(1953). However,
the formation process of amino acids has not been understood well. In this study, we made
spectroscopic analysis of chemical gas species in the plasma produced by electric discharge and
proton irradiation in order to reveal the mechanisms of amino acids formation.

RiGHhER E TEDHRICLTEEYMICERBES FNERSNE-HERIIT 57262, RIRHERRIRZ R
LISl TCHRALGEESYEREBRN IS TETWS, X IERBHERA[EBELIZESH AP TRIEN
BB FEBAETILBADTI/BIERISNICENERINTINS, ChETOMETIEHEM B E
LTHRALHEBORBREHREEZ. FRITHELEDIRAF—EMA S EIL>TREMICERSNDE
BEREZELTE LML, EOLSLBELRTRIBRXSNOEBRINERSNDIEINEDORIEDT
BERIZDWNTIEBALSMIESN TLVEW, FCTARME TR G IR L TOF YO EBBIEETRIET 57
BHIZ, KIERBCBFHEBHICEI>TELRZTSATHDRAE S FEEDLBERANTEDESAETRBIL .

MERERICEAL T 710ml 75Xt (SRR K& LT 700Torr @) CH4(FzI& CO)-N2 D 1: 1BEH
. RUK20ml ZHALISRARNIEALIZ-— WD AT AT EBBTRIEMEZTo7z. BATHIZL
DATERSN, KIFAN—EBYDKBRICAY, BHEF TERITSN-HLCCDAASTE M EN =, [5
FHRBHRBICAIL TS SABBPICEERIE KRR/ ELT 700Torr ) CH4(F7zIX CO-N2 D 1: 1;BS
AR, BRUK20mIZE AL. van de Graaff ILEF(REILEKRE) N oD 3MeV BFETRBE L1z, M5
KITHREEBOBELER. LOXTERAINM AT 7A/ 83—, D HB/EBYCCDAAS TR EINT =,

MEEER TIE CH4-N2-H20 F . CO-N2-H20 F&+£12C2, CN. CH. H, N27i KB D RN H FIEHE
A=A, [BFERBATRER TId CH4-N2-H20 % . CO-N2-H20 R EBIZCNDFHAEHREINT-,
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Polarimetric Measurements of Scattered Light by Particulate Layer

O HEFE, PHIBF (FHEKX - BR)
“A. Kamei and A. M. Nakamura

The Graduate School of Science and Technology, Kobe University

The Japanese mission for asteroid sample return (MUSES-C) launched in 2002 will perform
polarimetric measurements by using a CCD camera. It is known that the polarization phase curve
contains information about the physical properties of planetary surfaces. Here we concentrate
on how the empirical relationship between the slope and the albedo is dependent of the size
distribution of the regolith particles, referring to our laboratory measurements on varieties

of pulverized samples.

ITERERIZ L B/hKREL &7“5@7(?7/1 RKDZDGE P TR b D X I « NREEKE
DFHMEEREHRALILENTEDL LT 72, 2002 4 H%th‘?&’?méﬂ’(wéd\* RAEE
[MUSES-CJ Tld, KEO—MIBHT LB O FHT7208 CCD # 25 (AMICA) % H v TRGEE % 3
AE)ELTVD, BFEIThh A FEICE A, BIROEHFEH X 2 RLHEEROERELS
AREREIL ) R LMHEN 2+~ B T ZOMRPETEDLNTE D, WA AHER?O 2
DREREEHETE LI LEFHOLN TV,

MUSES-C DR JCERR TIIRAEROER FORMETEMMAA TOREIZ X 5 HBARELE O e 25 H g
Thh, 70, KERATOWMEC L SBAMERECRLED 0 1L LMUMALEDRES N XATD
T ORELEEL VDL LR, £ TRAE, RBAMHMMODE (h) L7 AXEF (4) OHF

o L I AR FORBIZHIRSEZ SN0 EI PORE 4T ) —RIIZZOHEE T LAF
DOEFRIT slope-albedo law (Lupishko et al. T N
1996) LIRSh, LT L) 2T s ~—e— < 50um
B ol ivine amd grammite |
log A=C, logh+C, :::::2;:,,,
BRI &) HIROEFHE (Greake et al. < e 100-212um
1986) RF A D+ ) € MgSi0)R 7T 77 4 E Sreeares 212-500um
b0 OBELTIE DENEROMR (5% | ]
H101999, B 1999) 705 (., C ERIRIZIS i ]
BMEELSHLEHICBbNDL, X5 I EET— 0.05 -
F et LTI OBEMSIIOWTEHL CHE o . I“\'-“:‘q‘«‘
THZENHETH D, 0.5 1

slope h (107 /deg.)
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Instrumental neutron activation analysis for unmelted
micro meteorites separated from deposit in water tank
of the dome Fuji station, Antarctica

CRERIZIE (7 RHbER), TEBME T (GOAH), ¥ LE#— (RiBER),
MHEAT (FlaeboRHE ), BFami (ORH)

“T. Fukuoka (Rissho Univ.), Y. Tazawa (Kyoto Univ.),
K. Nogami (Dokkyo Univ. Sch. Med.), Y. Yokota (Aoyamagakuin Univ.) and
T. Noguchi (Ibaraki Univ.)

Unmelted micro meteorites (UMM) were separated from deposit in water tank of the
dome Fuji station, Antarctica. Chemical compositions in 4 UMMs have been analyzed
by instrumental ncutron activation analysis (INAA). The results show high Au and Ir
contents. This suggests that possible origin of 4 UMMs are extraterrestrial. We will
also discuss technical problems of INAA for 1~10 2 g weight of UMM samples.

F3TRBRIT X o TS E IR B — A Fujik b A {E 7R E A G LB 0 & 45
BEL7ZIEERI~ A 20 A 7474 (UMM) 450K (1.9~10.7pg) 2200V T, #
s VEF UL AT (INAA) TALEFER A kKD 7. ZO/R, EOUMMD S L5
BEOAY T DPRILE N, Thbb, IHE 43U FHEETHL Z LR
(WA

ARIFFET, 2~10p g& Vo ZEB/NAEHI D W T, 2O INAA T
e Th b EHTENI &7, Lo L, UMMBUEHEIERK S4B (spherule) 2
NT, REE (WEEI0zmPlE) O 128 (spherulell { 5%, #105D 1)
IThiRd v, 2D L) ZUMMEDINAATIE, §ERDspherulei B3z £
5, WEONHE F LI, EMNEESVLETH D, 2 TIEUMMRAEDINAA
RHROBEMMEE L #RT 5.
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BEZICTHESTVEODRFARS MILDZEE
The influence of temperature on the spectra of olivines
OLtFEEth, KBAE, KUIE{LTF, ZEZF (NASDA)
OMichiya Higa, Hisashi Otake, Makiko Ohtake, and Sugihara Takamitsu (NASDA)

Remote sensing analysis of common mafic silicates on small bodies Iike asteroids and
moons may be in error unless temperature effects are considered. In this paper, we have
systematically investigated the influence of temperature from 50 to 500 K on the visible
and near—infrared diffuse spectral reflectance of Fod40 and Fo60 olivines. The position
of the reflectance minimum in the 1 xmabsorption band region remained fairly constant.
On the other hand, the bandwidth of this band narrowed with decreasing temperature.
The temperature effect on the bandwidth change was larger with increasing Fe-content.

1. BUBIC: AIR—AFARFARS IVEBIE, BPNREEOXRTOHEIVINRGEOR
ESEM S B P EDUMMEREMB O DBELFUFED—DOTHS. ThETICHh LM
PVEEFREFREILIDINXREDIRY MVEBRAIN S Tbh TS, BllF—-9%2BRT5
I=®IC, HLABSEMDORFARY MIVSEARBTAES N, Bll5F—9 OLLEBHFSTD
hTWS. INETRERARS bLIE, SR - BHEREFHICEB L TAESTONTE
. LML, BERBORERIEL 100-500 K ETIREWV=®, ARY MLOBEKEMIE
AT ZBRTI5LTEBRTELVTHEESHS. SARTIIARERBOTHLYO—
DTHBIFYEORFARY FIVOBEEREEICOVWTAREL.

2. % EHEE, WNEH SOun LITOAY ECOBMBERNV. VU EDO#MAL, Fob0
(Mg, 5 Fey ,),Si0,) & Fod0((Mg, ,, Fe, ;) ,Si0,) Z RV, RERARY ML, SEEEE 50-500K
DEETELSE, XROASFA EHHEOZBEARMEAROLZTH) 30, HHAIET,
iR 250-2600nm [C35(F S AEXHEEURSIE (Spectraron, Labsphere £, S DREHM
ELEABDoDRGHRBEDLE) ZBEZ2T (10%-10* Pa) THEIELE.

3. BR:FVEVORBARYS FIVICIE, FOBFIRNF—BRRICEELSMMNa
BUXAS 1umfHEICRONS. MEDER, ZORROAELERE - BEICLSTIRIF—FET
bHote. UL, BRIRDIEIZEERVKEFEORILEBICHI L. CORETICH
SHNDIEBOZELRIL, HOSFESZMFIEXRELLHIMEREKEELIH S EMNFBEIC
KUMHTERSMITE /= (Fodd DIFNDZELRIE, Fob0 [CEEX 2 fEKEWN). LIEMS, T
R—EFRARBARS MVBRMT -5 BT H0ICIE, REXARY MVICRIFTHERE
FHEREETEERIDNRIA—S LU TERTIVNENHB LEREINS.
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OwiligE, NEIEM, BHKE, BRI, FHE @R - 85

Experimental study of opposition effect, due to porosity of regolith layer
(OH.Nakayama, M.Kawamata, A. Kamei, A.M.Nakamura, and T.Mukai
(Grad. Sch. of Sci. and Tech., Kobe Univ.)

The intensity of the reflected light generally depends on the structure of asteroid surface (Z.e.
porosity, roughness, etc.). We have done the laboratory measurements of light scattering for
the asteroid surface analogue by using a He-Ne laser ( A =0.6328 ;« m) as the light source. The
samples are made of olivine particles with the same size distribution and the different
porosities. We will discuss the relationship between the porosity and the opposition effect,

which 1s a sharp surge in brightness around zero phase angle.

/NERERE S O G EEEE I/ RE KE OIS, T4b b ZEHE (porosity | 1— @) MY
SICL o TEILT 5 A (KB /R -BHFADLTA) 2/hSnE & REDEREIK &
{ %2 A L) opposition effect & V29 xhFE A3 575, Hapke 12X - T

Iz;—g—ln(l—(p)

EWVI) BRI ENTWAS, TZT h it angular

BRI e S R heaa width parameter. 37 %% opposition effect 5. 5
-e-high porosity .
-S--|oW porosity NLEEOWEY T,
' Fk 4 13 porosity %K Z 72 ¥ % B\ T opposition
i. " effect % FIRAIZTT L5, HE olivine KT (4 1
S $ooed X 45~53pu m) DOFF¥E VT porosity DRz L8
. Y % % FAED . SRR E L THE 06328y mD L —H—
b KA IR LT 2 OB (AR IR 2 5E L7

o L L WRETRT, HHTIE, T4 X0HORL LMz H

! L 1
0 10 20 30 40 50 66 70

Phase angle(degree) Witk REDHbETH L KRETT 5,

0.3

Reflectance
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Enstatite Chondrite @ C L R #i& S
CL Zoning of Enstatite Chondrite

O £, B B
Minoru Endoh and Kiyotaka Ninagawa
8 LR A K 25 PR B R
Department of Applied Physics, Okayama University of Science

We measured Cathodoluminescence(CL) of three paired impact EH melt rocks, Y-8404, Y-8414,
and Y-86004. We found zoning of three phases, red, blue, and purple in the thin sections. We
couldn’t find any difference in compositions for the red, blue, purple enstatite. All these three
phases have the same CL peaks at 445, and 660nm, however the peak ratios are different, 10:1, 4:1,
and 1:10, respectively. The cause of these zoning would be heating in the atmosphere because
fusion crust exists in outer region.

7Y Z7ERTWVWS 320 impact EH melt rocks, Y-8404. Y-8414. Y-86004 iZ D>\ T,
Cathodoluminessence (CL) BEE#E. EPMAIZ X3 EESHIT. CL A7 A EIT o7,

9. Y-86004 (20T, MEEE 15kV, ERMME 0.2mA OETREABIEEIIBH L, CL BH
EFRELEFR, BROE-EVLLEZBZAPATOWAENMELE, BIXMINL, R, #&F.
ROBBEZELTEY, Y-8404, Y-8414 2oV Th., FEDOBHEEI RN EX,

ZD3ODOEBOPTEZROFEEIKE L Y-86004 (2T, FRFNROEEZENXL T84
WOWTDOERSHTZ, EPMA (JXA8900 : EAETHR) #BN\TiTok, £OREETRIIRT,
HEOBROIEEEX 15kV. EFME 120A. EHFOBAMII wt% TH 3,

Y-86004 ® CL EXHM DMK (wt%)

SiO, Cr,0, FeO MnO MgO Total
FRE 60.1 — 0.54 — 39.6 100.32
T 60.3 — 0.31 - 40.9 101.47
el 60.4 - 0.44 - 40.1 101.01

ZOBRMPL, TENFNORK L THIEMIX, £ T, Enstatite THBH, CL BXF L&D Cr
° Mn £ OMEBTFEDOEIZ OV TIIHER KRR -7,

Wiz, %R ® Enstatite (Z-oV T, MonoCL2 (Oxford &) %M\ T CL A~X7 MMOBIEEIT
o ZRIX, BERULEY—2 2L, ©—2¥EIX, 445nm & 670nm TFICH B, ABFORRD
TG 30D OMERIT, MEHKICENHDET, 445nm : 670nm Drhid, FHWHAH 10:1 72
DIZR LT, EEBRM4:1THD, £, FEHICEAL TL, 670nm OKEHIRL ., 445nm : 670nm
B 110 Eizo Tz,

b 3 o0REHT, —BMUIZ, CLITREZWVLA, KGBIZEALEZEONBIZ L DIE# LT
fusion crust o> T3, ZOHENDL, KRBREAROE®EZFEEAEN, Enstatite ® CLITKBRS
N, SROBREREZEST-OTIXRWVWD, ¢ELZDBND,
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Coagulation of Dust Aggregates in the Protoplanetary Disk

Ol Rt (WFEX - BRBEFER)

Tatsuya Sakai (The Graduate School of Science and Technology, Kobe University)

We have investigated the dust coagulation in the turbulent protoplanetary disk,
considering the collisional destruction of aggregates. The solid bodies in the
protoplanetary disk grow through the collisional accretion of the microscopic
grains. Whereas two aggregates are wrecked into fragments of several sizes upon
high velocity collisions. These processes depend on several parameters - material
of grain, temperature, magnitude of turbulence etc.

We have simulated the dust coagulation numerically and have examined the
influences of these parameters on the dust coagulation. In numerical simulation
for a time evolution of the size distributions of aggregates, the Wetherill's scheme
was used.

AR R E P TOEREEI L 5 5 2 P OHEREZ M2, BIGKE
AHBENOBEERBR D ERTL I L ILL > TIHEREN TE, ThATHIZER
T5HI LI ot STEEPEH EINEEZ SN T WD, Bk TI2HE DOF 2Ry
WRHENDIZE > THZ LOV Ao RETA720, ZOMREBIRE. HERKOD
WER, CORFORE, MR T2 TA2WE LI BEINLLEZOND
T, KRN DOHERADEMFH RV TETWED, B8R, £2
f\ B4 R ROREZRE LT, BB FOBmERE Z 8Enily 3

— ML, W, MFOWE., RNOEROME 2 EIILE>TE D) ;u\% B3
9 ?57}160)75”5: EXT Do
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Evaporation of interstellar organic materials in the primordial solar nebula

OFHRZ, FHNRE
H.Nakano and A.Kouchi

IbHgE RS - KIRFRIERIFERR

Institute of Low Temperature Science, Hokkaido University

Experiments on the evaporation metamorphism of model interstellar organicmaterials have
been performed from 24 to 500C under vacuum. Elemental composition and mass of
residues were analyzed. It was found that the interstellar organic material evaporates
completely at 2 AU during activedisk stage. We compared the elemental compositions of the
residues with those of organic materials in carbonaceous chondrites.

FBFEIZEGEY - K - BN SR EMENETET S, 2REOFEMIIFEKAK
BREZELERFICATHREZZTIN, TNITTHEEYICERB L ERERERIIBZ
Ebhf_mwotwf ETINEEMERWERRBEREREZB > 77,

E@ﬁ%%@%&%ﬁ?@%hkﬁﬁﬁmE%%%K‘%?»ﬁ%%%ﬁ%%ﬁm

ﬁAL ETNZHEWEE L, TIT. ADTFETERIN-EH#Y. BAKEE

TEREZI-EEMET S L, A&ﬂmtméoﬁH%NMgé ZEFx 2 )N—
WuwmmﬂdﬁMwmmtifm&bLM@ﬁﬁrmmmoit‘~%mﬁfé
FFRINB T 52EBRIB IR o7, BRRABOEEBRERIC. TEZENEI2HAWTTHE
SHMH,C,NEBIR>7. M1 IIHRRBAEOCER L MBEBEEOBZERYT. &
EIR DN 100-200°C DEERTIZ. MNEGEE D 1°C/min. DB E & 80 B —EiRE TH#
L7ZERTHEIZEZ -T2 WolE D, 100CLLF & 200C LTI oORE &
EBHICERENMU =03 SEICHHE T D ERBIRA S -, 1 1213 active disk 7
DHEDOIRES (S 1997) POV TRLE, LEOERNS, EREOEEMIT
2AU TRENEFEL. 2~2.5AU TRIEEEZOFHEYMN. 2.5AU LUE TS TER

BOFHRYNERERICFEEL T EE SERVEEFAMRIERIOS ) |
A6N5, M2ICIIARRKRELREED 1 TH30TREBOEMECSTATY B
RS+ FhOBFHEMD C. N BB RE SUMEMALMERS>THRELE, o
LIz &R, EEEROEHY S b ST B N RO
FEI I MDY EOBEIZD SRR - P
NWTIRREBICRREFETH 5., Sor| &ggﬂuﬁeu:g |
3 25 2 5 AU 27 @w'“
100 B I S Y S 4 ... L 6: L{,]D ‘
3 70 .‘"xxx : oc2 P
mm 60 ' 0.01 .X Lo f‘”x,;:: :EZ: I E
% 50 \\ B0 ﬁﬁgﬁtm ] ’ fx* : ,x&x‘”x ~ xCa P
40 ' 7 x 0 x C mOBERIMSA o
@ % «\\ ASO B#Fﬁﬁb[]n\\ VY >< © & 8OBSMIANZA i
] 2 o "y x ’ }}n(_;rge_n‘bg;g modet
¥, LV 0.001 e
[o] 100 200 300 400 500 0.1 1 10
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B ARREOHBEIMMEELDOBF B2 BERALRERIVESAPOC. NOSBE
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Effects of organic materials on the coagulation of solid particles

OIET Y, smIEE !, FNEL EMER !, thEEH 2 fifFic—!
B R RIRFREFZERT, P FH BT %%I)
OT. Kudo®, M. Arakawa', A. Kouchi', N. Watanabe!, M. Higa® and N.Maeno'
('Institute of Low Temperature Science, Hokkaido University
and *National Space Development Agency of Japan)

We have performed experiments to understand the effects of organic
materials on the coagulation of solid particles. Experimental results clearly
show that organic materials are very effective on the coagulation of solid
particles. We suggest that the coagulation of solid particles proceed rapidly
by organic materials in 2-3.5AU compared with < 2AU and > 3.5AU.

JFIEKIEREZEITBNT, BRI FIIEEROME - BEICLD., LD KEAK
HARET S, L L., EERERTFOME - BEEA N Z A LIZHS N> TN,
AR, BEARMKFEEEZBS EEMICER L. TOEENEZE - (15 - BERE
BRICBNWTEZASPRBIVZORHELZERNICHAND ZEE2HNE LT,

EETIIFEEEYORDDIZ, HEBOENH SN T Uy > 2Rnw=, $HEk

(Hff lem) Z#HKREOZ7 UL > OB (Imm) 128 cm/s~% m/s OFEE THEZEX
Bz, ERBLOTULY > DREIL 200K~300K DIREMESR THIEL /-, &%
ERIUVRREEREIL. L —Y—& acoustic emission BV —ZHNWTHIEL =, [
BRiC, A ERREZHM TS0, BHEORTFEZETANASTEHEBIL =, LB,
5. BB ONERMR T NEZET DI, (B DOREE 5IEE L F2EEEICHE
T HIKFEE RN, :

H'%O)ﬁ% %)(n%g?ﬁ%@g 1000 —-—— - - - P— e
FMEZEZRITRU 7. EEY O 900 - xRS

FITH T BHERIL, 250K N oft#
CBWTRAERD  fAFOR \ S
I HEEFREIIRE KX 600cm/s o\ x

LT RIS REEICE o ©

W B M T RE ICEET S A\E
BUOWEEEZ D & KT N
0.lcm/s. #EH1TIZE 10cm/s o g S
DOWZERET b 2 & i -
NTWRN, Lo T, BARMEL 190 200 210 220 230 240 250 260 200 280 2% 300 10
T & 5 H MO, RE (K]

K & P~ T B MO T M. [EORI HRE - B2l R

DREZIEFICHERNZDDET DI ENbholz, BLENS, BHABREEIC
W, BHEDEEBRL T OREICHEEL 2B CNREFEL) T, oS Gt
B RESE) JOBEFMNTORENESETLEEEZE5NS,
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POYHNZEDPOBHESINDEE AN DERKEL
ACibr il

BE —% WA E (MEX, HR)

Dust production rate by imapacts of intersteller dust on Trojan
asteroids and their mass spatial density

Kazutaka,Miyata. Tadashi,Mukai.
The Graduate School of Science and Technology, Kobe Univ., Japan

BERZRICIE., RALRBRKEISOBHSN-BERE (F2M) PEETS. TALOBEREIT KB
EHLBENSOEBHOMIC KBRHE RAVF 47 - ON-MYVHR KBRAYE 0-LUYH
BREERIT KBRATHEELEZL TS, BREOKRIBELED BEMSDO CCD BBBPIC LT,
R —BMEBONTWEXANDEMBBICLSNHY BRALREBEOX AN OLWERNEET LI L
A HONC R TEE. —F RAK Ulysses DBRICE Y KREBBME T WRE (~26km/s) TAB
RICHEAL TLK2EHENRR SN E,

BEMZMICR. KBLBENMLGS VS VaRLELNIARWLRELERNEETS. &
KREDSTSYVagilll, hOYHRLBINOABENEET S, AFETE KBRAI S D EIE
A MNOVYRONBERECRAETHRL ., TORCABENI2EEBNFOEREERDE, SHIH
HHEYIaV-VaYEEBLT RESAEL AN OBBELERR, S/50Va ABHETOX R
DEERBOBFRELEHEL 2. TORELESWT, REDS TSV Vo AEHTHEILIXANE
DEEXEEL. TOHNTRECDVWTERTS.

We estimate the production rate of dust grains in the Trojan asteroid region due tothe impact of
intersteller dust on the surface of Trojan asteroids. Furthermore, the orbital evolution of resulting micron-
sized dust ejecta, trapped in the 1:1 mean motion resonance with Jupiter, has been investigated by taking
into account the planetary gravitatonal perturbation, solar radiation pressure, Poynting-Robertson drag
and solar wind drag forces. It is found that the grain with a radius of 10 micron takes the quasi-equlibrium
orbit around the Lagrangian point for 10(6) —10(7) years after its ejection from the parent Trojan asteroid.
The spatial density of such trapped dust grains has been estimated based on the simulation results of
dynamical evolution of ejecta.
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INEBRNTG AL BIEREBROERREER
B R (BESTEDT) . 8 EA (BEX)

9H 26 HE 10 A 2 HIZHKRWT/PERENRF AL LA EEARAAT
E: OTCO

9 H 26 H D ACT2381070(10. 22 %) DRk IL. 122 TH 0.3 ZE0R
ELDPRVEBLNRETH- 78, BERTRENNO/NEEHERIZL-
T.CODHAZITIAMLBY T Lo THESEO 2 b, REIL. B
TR THh B,

10 A 2 B HIP035217 (7. 73 %5) DHERkIL. F&RMEFE o7=43, HENE
BN TOIEREKEDANFER L TRENREL., HErBbrr
Fridix ok Th 5,
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Mars Dust Counter: X C®HD 1 EDOF— 4%
Mars Dust Counter: Result of the First Year

Of 4 A S (EKE) [Sho Sasaki, U. Tokyol, Eduard Igenbergs (Technical U.Munich),
KIGHHE (BB/KEK) [Hideo Ohashi, Tokyo U. Fisheries], BéJ55H (FHMF) [Akira
Fujiwara, ISAS], ¥ L3 — (BWEKX) [Ken-ichi Nogami, Dokkyo U. School Med.],
MFF1E (#FK) [Tadashi Mukai, Kobe U.]l, A3 (R ATL) [Hideaki Miyamoto, U.
Tokyol, ZREAMIE (FHAF) [Kazumasa Morishige, ISAS), {B:#&4F3% (B AHE) [Yoshimi
Hamabe, U. Tokyo], Georg Faber, Franz Ficsher, Ralf Muenzenmayer, Gerd Hofschuster,
Walter Naumann (Technical U. Munich) , Henrich Igiseder (STMS), Eberhard Gruen (MPI-
K) Hakan Svedhem, Gerhard Schwehm (ESTEC), Albrecht Glasmachers (U. Wuppertal),

(LB E[Kazuo Yamakoshi]

Japanese Mars Mission NOZOMI has a light-weight dust detector Mars Dust Counter
(MDC). Although the main purpose of MDC is to detect a Martian dust ring, it can
detect interplanetary and interstellar dust particles during the cruising phase. During
one-year operation after the launch, MDC has detected 40 secure dust impacts. Since
the orbital plan of NOZOMI has been changed, MDC will continue measure
interplanetary/interstellar particles by the end of 2003. Then MDC will measure
Martian environment at least for two years.

AARDKEHEEE [OFAK] 131998ETHA4HIIT L EIF oz, [OFA] 1T,
KEFBEOFA N v e+ 2FHME LT, ¥ A FEHUEEMDC(Mars
Dust Counten) ¥ EE; &N TV 5, ZD730gsk ) BEDHETHRI & R FEHHIZFII.
BRI AMERTRELTIAROERY 7T VOLLEF) LEI L, F A
FOBEREEELEEETRDDLILITE S,

[DZFH] 131998412 H20H OMIRBEFREFOBREHEE VK E o 2720, KEFH
EHNUFENI999FE10811HD S, 2004E1F1HIZERH I N, ZOMIZ, #IK
EKREOEEIFET LD, BEIC2BOMIERDAY-byDHEIZ, KENADPH &Ik
5, OB, MDCIE. KBERHRDF A+ B X UEREFRD A ##kE L Tl
TAHEETH 5, 200440 513 R 2 FER. KEFBZEH L. Phobosd L < i
Deimost2iE DT A+ ) V7 - b —FADMEEIT% 9,

b LF%o 14ERT, MDCIZH40BEDOHE L GREZE D 7 F V2l T b,
BHREEDOT I L EDNIE, COBMEIIKRELS %25, 19994E11A1SHO L F =
FREHOESTFEBOERIC. 2 DOOHELREEDG20km/s)Y A b & L7225,
FHEAMIL A= FERONFLIZER TV, 72770, HEHEZZZ L LEY
BIBRFTHLURERIED S,

A, MDCOERICE LTI LD A v x—0fic, &858 (FEF) . mi=
(BHER) « EHERER EKHE) dSmMLTws,
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H-DAv7y MIXBKEY U TNY F—3 v a vofps
Mars Sample Return Mission by H- I A Rocket
OfcfEE—. KEEZ, EEA. SHBE - @ fE (0)IBEEETE)
AT A 7> 2), ik 1 (EREER)
OK..Sato. T.Ohta. YKitazawa, R.Imai, T.Oka (HI)
K KitamuraITECH), J.Saito (Nishimatsu Construction)

The H- I Alaunch vehicle which has performance to inject 3ton payload on GEO can produce Mars
sample return mission. A 4ton Spacecraft injected to trans-Mars orbit by H- I A at September,2007,
will land on Mars at September,2008. It will return to Earth with 0.5kg martian soil samples at
May,2010.

FFLEBUEIZ 3 F DS m— RERATHEENEETHH-IA oby FERL 2007469 Bi24 b
 OBRER A KE~OBBEGEIZEE UL, 2008 £ 9 BITARBRE. 2010 4 5 AIZHERIGEE V) X
7Y a—/LT0.5kg DY TNEHERIZE LIRS Z LR TE 3,
PREHET Carrier Vehicle (CV) & Sample Return Vehicle(SRV)7 bk S5, SRV I3k BEEE
BETH D, CVIL2BEm s v h T, SRV A EHIER KB CGESMEB #1372, (M1 28)
2IZT774 b= A%md, £7, HEEREUED S H-TA sy b 2 BEEOEEKAIZ
& EEEEOKE~OBBIEICRA SN, 1 FRORITORKEIZBIE TS, CV T onEst
IZE Y KEZERT 2BREMEEIZAY . CVL BBV 37 Lz, RER Ttz 7ar L—%
(2L > TAEEEIM#EIZBE 5, KIZ SRV 1Y B S ABDOKRERIZZEA LERET S, SRV i1k
EOMERTH I AEEERT 5, O8OV I3k L EE#E High Gain A"‘e'"; e Returm Vet
&Y SRV L gk - OBEOFiA L D&% B %1372, SRV D
—#5 (Ascent Vehicle) |IH% > 7V ZFEA TAERmAEER L.
CVERyFUZLTH 7% CVIZEY, CVILARER
PUBABE L. HER~OBBEUEICA D, CVITHERTETY
PINEEETH T RAEGIVEEL, H T IHERRIC A Carvier Vehicle
Direct Entry 45, 1 BRESHESX

-

l 2 Comection maneuvers on transfer raiectory I Mars Circular Orbit [ B.lnsetﬁonhbhansbﬂrajeduyk)Eamj
l 3.ImrﬁmhtoNbrsElﬁpﬁw!Orbit}
I 5.nsertion into Mars Circular Orbit ]

Trans Mars Orbit

1.Insertion info transfer trajectory
to Mars by reboosting LES

Mars Elliptical Orbit
Earth Parking Orbit

m.EnwinmEamamsphere I ]

/’- ° Trans Earth Trajectory
@ [ 9.Conecﬁmmaneuversontransfertraje®ﬂ
[ 11.Recovery of Reentry Capsuke
IE—— -
Earth K2 kBYAnyF—rIviary 754 r—rxiR
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BAREREDEDOXBRCCDERAWVWEREXRI NI ORIEXEHRR
Development of the calibration system for the X-ray CCD based

X-ray fluorescence spectrometer on-board spacecraft

ClixEE BHE MEZEH LREESR NEE (FEHEEPER
Yukio Yamamoto, Kei Shirai, Tatsuaki Okada, Tomoki Matsuda, Manabu Kato (ISAS)

We develop the calibration system of X-ray CCD based X-ray fluorescence spectrometer, XRS,
on-board spacecraft. Two Japanese missions, MUSES-C and SELENE, will use X-ray CCD-based
XRS, and will develop global maps of the elemental composition of the surface of the moon and the
asteroid, 1989ML. X-ray CCD has higher energy resolution than that of detectors used in the past
planetary missions. This calibration system enables X-ray CCD-based XRS to drive under the
optimum driving conditions. We report here the outline of our system and the constructed

cooling-system to control the temperature of X-ray CCD.

B, REFTEROXBCCD2XBOBREBEL THWDEAXBIHE (XRS) OKREXEZ
BRLTW3, BATIRABAEFEEI Y3 > OSELENE., NEKEY N UF—2Iviar
ODMUSES—CHIDXHCCDEAWEXRSEZHBBRITZZLE2FEL TS, ZhoDI v
3Tk, XRSZAWTENTHAOOEE. NNEEOLFEMARDO/O—NIVTwELT2TS. X
WC CDIIREEDHLFIFBMENR—ADXFRHBICHRTS5~1 0fFOIRNF—4BEZFO>TY
%, TO—FTUBEHNHFLNETTHEED,. Ivia BELENEXRCCDORBEEEZE
ETD-DDERNDBN, FITRARIXBCCDEAHNWEXRSORELEEBEZHBAEL. REER
EELTEONDEERNATA—FIIHUTXBRC CDOIRNF—RELET — I N—R L L TH
DZLEEHELTE, XBCCDOILX
WF—DRBECKRESFETDH/INT A—
13X C CDOREEE. KENEEK.
BETHD., £-CCDEEOEKRDYE
TENBEEDBEZ U TRIEIZDNT
LD ZEMMETH D, £ITHRAL
BETERBEE. BREENTA-FEL
TELEIRB DD AT LEREEITH
TWw3, XMCCDIIEE—-4 0CUT
R TERHEINS 2D, FRETIIR
FEBOEEDMICRERRF F O QA
BIIOWTHET 3.

Vacuum chamber
N, trap

heat capacitor
Cu plate

Clock board
Analog & memory board

Fig. 1 X-ray CCD driving system
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Muses-CEEXRSDEFEIFE D

ORMEZR. aHF B. ExFEL. WBER. Nk 2 (FEH)
BREXX. B —. BOXEsR (BEER)

Design of Electronics of the X-ray Fluorescence Spectrometer onboard Muses-C

T. Okada, K. Shirai, Y. Yamamoto, T. Matsuda, and M. Kato
Institute of Space and Astronautical Science, Sagamihara, Kanagawa, 229-8510,

F. Tsukahara, H. Murao, and K. Taguchi
Meisei Electric Co., Moriya, Ibaraki, 302-0192.

We desinged the electronics of the x-ray fluorescence spectrometer (XRS) onboard
the Musees-C orbiter which will be launched in 2002 to return the materials from an
near-earth asteroid 1989ML. The electronics has the driving unit for the array of
charge-coupled devices which are used as x-ray detectors, the data aquisition and
handling unit to extract x-ray events, and the control unit. They are improved versions
of the previously designed ones used for the S310-28 sounding rocket experiment, and
based on FPGA circuit to much reduce the weight budget. Its specification and the
performance in the laboratory will be briefly presented.

INRBEBEEMuses-CICH#B T2 HHAXBARYZ bOA—F (XRS) OF > R—
RAETEROZRZ2HBRICT> 2. ZHIEZRHEBOCCD (BRHEERT) OKE
. EBHE - BR, RUOHBERMLSERIND, ZOXAHEIRX. a2 RT
RIEO7 Oy I NRXF—2Z2EDEL. BEBOXHRCCDICERFBL TRE;IES Z &,
CCOMEBO V7 > Thbshansy Ful/E82mEL. A/ DE#IES
L. THIRPREL, MOBEICXEFEZMETSI &L, FIFOXEYICEHT 5
Z&. CCOORERNEEDELEE=ITH-DO EREETOZE. CCDD
HAHUBEEET2 2 & (CCDIERMNBELZHEEWCEETHS) . BE-B
FEZOREBE-IEZTHZE, REENSOHIBETH S,

ZOEERIE. Oy bEER (S310-2858) THRERL L8 X B et OHilE
FERELTHELEZDDER—-Z, XBEEMNA. SHIIEETY TLEHDTH
%5, ERIEZT O S LAAIREIRFPGAZRN—ZX L THED, ME - BEBLLIZED TW
5, XEETIE. TOETERZROEBE L, XERYEZ2T--0HEBRICBITS
BRI DOWTHRET 2,
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A Multi-tum Time-of-Flight Mass Spectrometer for Cometary and Planetary Investigation

Cmm gE, WO E—, B BT, RE RF
KR KA e e R B B

© Michisato Toyoda, Sin-ichi Yamaguchi, Hiroyuki Ito, Morio Ishihara
Department of Physics, Graduate School of Science, Osaka University

Abstract

A new type of multi-turn time-of-flight (TOF) mass spectrometer (named “MULTUM
Linear plus”) was constructed. This small TOF mass spectrometer is suited to cometary
and planetary investigation. It was demonstrated that the mass resolution can increase
according to the number of cycles of the ions through the ion optical system.

BB 100

—_— 05turn (1.070m)
BE - BERER~OHFEBUHL 2/ | Fmemmmese
OB RERTHEEZEESTEO
FRREZIT-oCw5h. RITEHEEEES
Wist D5 i@Eeid, 44 Y ED/L 08
BIXUFAF UVIMEZANF—DFE—7%
HiE, FORATHEEECHB TS, L2
Mo T, /N -BETESRIELRD IS

X, F—#E%»Z%0OER %5~ 65 185 205 225 245 265 285 305 325
FH— R OTEREET S, Time of Flgnt e
FHEEEDKEFFEEHEKIIBWVWT, v ILF
y — Y RATEHBEEE=E 5 MG
(MULTUM Linear plus) DZEEME S &
UM EBRERIIOVWTHREL: (F
% p.63). ZDHDEERT, 100 &
FTHIBUEDAFUBERLTE
n, F-oEed BEEKICE L ThH b a
LTl S EAHpn SN M o :
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Developement of a Novel Detect Method of Life on Mars
with a Fluorescence Microscopic System

AEITE (ZELFEGP) , BIEX (ERR =),

BB (RAFHED) , MEs$Ek £F0E, O/NWMEE WEEXD)
Yukishige Kawasaki (Mitsubishi Kasei Inst. Life Sci.), Atsuo Miyakawa (Hamamatsu
Photonics Co.), Takeshi Saito (ICRR, Univ. Tokyo), Yukihisa Funatsu, Takeo Kaneko

and OKensei Kobayashi (Yokohama Natl. Univ.)

A fluorescence microscopic system (FMS) has been developing to detect possible organisms
and organic compounds on Mars. Several fluorescent dyes have been selected to identify
microorganisms in soil samples (the wet method). Such organic compounds as PAHs and
chlorophyl could be detected without using dyes (the dry method). We here propose a new
strategy to detect life on Mars by using both the dry and wet methods with FMS. We are
constracted a light prototype of FMS for exobiology missions.

KBIDE, MBLUNOKECEMINBDIZE25MN?21976FDT 74+ ITHRE
BINKEICEEL, $EDO TESFEER] Mibhih, EHEFEEICET SR
F 4 TEEREBOWGEN T, LWL, COT7AF U TEETIE, S
(RD) BIUBEECEENSZL, bhbhld, [EHEXEFMS)] (CXLDiH
HENSEMBREERCOVTRETL, EE&XFHELIS
FMSOFE IELLOHEICH L THIEAXELEFTMLUICKE, BEOSFTIF
ET3HOAENRERT S, H1ZE, CFDAAMEWSTXFS—EREERML
1B, TRFS—ENEETDIE, COREENMBLTRHREERTICFEELDC
o, COBREFTIEZITHIMBIELERT S, COELECCDHAXSICL
UEIg{L T 3 Z EICLVYRBPOMEMOSTIHLMNE, COLSGTREZRAWDS
Fik(wet method) (L&Y, KBELGEDERELEDIIELALERETESD
CINZ, RAOELRETEEEhNbhoTc, Fo, HEZBVYT, AP0
BHEROERNER LT SHEK(dry method) (C&Y, BRABKRRILKFER(PAH)
LEDNAFXT—H—DRELERETH B,
INRFMSZER WK BESREOKBE Jr A F U VREBCIYKERTIIER
{tEECRBELTRIETHZ NI o1z, D128, HEYMOREDTZHICIE
T EFETIHENSHD, 22T, FTRFUNLTET 74 NN—%HEAL, HKE
AEL L THTEMOELEHE T 5(dry method), b L, ABEGHERNEONG
WMEEIE, BEBHREREEYT S, PAHLG E, EGaDOEBNH > EE, DT 74
N—TEEREEFAL, wet methodickYEYOREERAS, LELDFT—
Y ERERICEET B, KEDZH, bhbh(IHRICLEDZRL, ERFZNEL
T70mm x 70 mm x 190 mm, E22.3 kg7 o by 4 T E5FH(ELT=,

1) T. Saito, Y. Kawasaki, T. Kaneko, K. Kobayashi, A. Miyakawa, Proc. SPIE, 3755, in press.
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KBEANOLAEE T TCOREBMBANS OBABBIZIBIBHRIVATIVTER
D s
Reaction of formaldehyde in the presence of calcium carbonate on high

temperature heating and cooling step

OREER, WLEL OUNKERZERBEFRE)
Kana Daito and Tatsushi Murae (Kyushu University)

In the initial earth, it is considered that the surface becomes over 1200°C to form
what is called magma ocean. In this temperature, all of usual organic compounds
seemed to decompose. Afterwards, the earth was cooled, and the surface solidified,
and then liquefying water formed the ocean. It is estimated that various and
complicated organic compounds concerning origin of life were formed for this stage.
In this study, the reaction using the simple system with formaldehyde and calcium
carbonate was tried using a test equipment which reproduces such magma ocean
situations. The products and their acetyl derivatives were analyzed by IR, *H-NMR,
and GC/MS. The results indicated formation of various compounds including

several sugar derivatives. The components were depend on cooling rate.

AN ETHAELEET 2 E, DHEREKOREENE L 5o R LAWITE
WBHIRBRE TILZEAL L2 2 X5, FIHOMERTIE. MREOHERZEITXLZ TR
IWF—DOFRICELD, #hEHN1 20 0TLULITRED, WHYBEITIF— v DR
ENZENDIHNEBENTH S, CORETIE, BEOABEEMIZETHRLI-EEZ
55, £DH%, HERITBA L, HMBIXG A TEE OB L ZANEBERBR L. &
ORI, £MOBIRICBE ST 284 THERBEB LSRRI N LHEEINS,
FHETIE, ¥T7F v OBEMNSBEIICESBETO, EEEEMDE(LE R
9372012, €DXIBRNEBFETIEREBZHIEL, FIVLTITE R LKL
AN T AZRANWZEMRRTORGEZRATZ. CORDOKEBTIL, 10 0CAEO
T, WHhYERINE-—ARIGE L TEMBRONELEM THIEEEEZ 5 &
TERERKISTH S,

ERTI, FIVATIVTE R 2 %EHKRIC CaCOs 2%, BBICANT, Zehzs
REHLLTIOOTCETHMRL, HRRES 2R UZBBA L. S50 4ER
W7z IR T, £7=, 7TEFILL %I H-NMR, GC/MS Z£DFEE AN THHT LI,
12, GC/IMS TOMTDRER, ERYPMUEEOLEYDREM TH D Z &0 o7z,
£z, RHRBOBEZILORGEZEAZBEICERIBABEEMNERIND Z EWNR
Nz,
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BIRXRNF-—HNFRICLI-_BtixE - —B{LikFK - EF - K
BEK&ENDDTI /B - BRIEXEDER

Formation of Amino Acids and Nucleic Acid Bases from Mixtures of CO2, CO,
N2 and H20 by Irradiation with High Energy Particles

O/IWVHEL, ILBL%EA, KIBEBESA, BIE KRS, HHELCE, €FE (WEEKXTI)
BB B(RXFERH)
OXKensei Kobayashi, Hiroto Yamanashi, Akihiro Ohashi,
Kentaro Ushio, Hitomi Masuda and Takeo Kaneko
Department of Chemistry and Biotechnology, Yokohama National University
Takeshi Saito
Institute for Cosmic Ray Research, University of Tokyo

Major constituents of primitive Earth atmosphere is supposed to be carbon dioxide, carbon
monoxide, nitrogen and water. We examined the possible formation of bioorganic compounds
from such gas mixtures. A wide variety of amino acids are detected in the hydrolyzed products
of proton irradiation of the gas mixtures. Uracil, one of the RNA bases, were also identified in
the products. Yields of these bioorganic compounds were decreased when CO2/CO ratio was

increased when CO < N3. The present results suggest that formation of bioorganic compounds
were possible even if major components of the primitive atmosphere was COz2, but that the
formation rate greatly depended on molar ratio of CO and N».

FIGHIER RQODOMAKII A TH B, A5 - TUoEZTAREET S [mETTHE
K&K TidiEd, ZBbrE - —BLIRE - R - KEREFE LTS [55ETAEK
Kl ETRHENERTH D, bhrbhld, —BLiRE - X - KEELRAKED
SDT I EBYY T VIIVOAEKIZIEE T RIVF R (FEHEKS) ORI
OTHENTH D EEHE L[], 40IE, e DML ZBILKFER - —RILK
F B2 - KREAGHKIIE RN F-BFHEBN UKD T I ) B, HMBRIEEAD
HBIZDWTHRN, FIRRKH O ZBRILRED T IVG RO LRGN A KA DR
IZDNWTEZE LI,

EB HEEEFEHRKASK (C0+C0, 350-560 Torr, N 350-140 Torr, He0 20 Torr DiRA&
SUA) 1Zvan de Graaff Jm#2sCRTAREINSDI MeV B FRRERS Ui, AW
HFOHCNIZ A A v EREL T UWOERIC K D EE Ulc, ARYIKERIZERINK S
%, BhA A U ZHHPLCHE (BEELC-6A 73 VBN XTL) IZLXD T I JBO
EEA, THEOEA A o RBIPLCEIC L O BRIEEDEREZIT - 72,

HE REASHKFII—BILREL JUEREZTLEHAR, 7V U REDOT IR
BLUT S VDR LI, MOERIKRE XN -1, —~BLRFESENER
SEXD BIERNEE, T3 /BRELUT S VIVOILEIXC0/Coy it K& AKFEL
720 LDVL, —BMLIREBSIENBZSEITEWES, 73 ) BINEIZC0/C0y Hilh
FOKE LS -7 TNODOFERIIBFHRARK[T TOEKREEMAKE RED 55;
4, C0y CO, NoDHDWENBDTEETH S EEARLTUIVS,

[1] Kobayashi et al., Origins Life Evol. Biosphere, 28, 155 (1998).
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Crystallinity of H-O ice:
Dependence on Deposition Rate

O B &2, WA 84 (X - 1)

Yoshihiko Saiganji, Tetsuo Yamamoto

Department of Earth and Planetary Sciences, Nagoya University

Crystallinity of astrophysical ices is of great importance because it acts as a probe for
understanding the formation conditions and thermal histories of astrophysical ices and
icy bodies in the solar system. Kouchi et al. (1992, 1994) obtained the results from their
experiments that 1) the crystallization degree # increases with increasing the deposition
rate ' when F' is large, and that 2) 6 decreases as F' increases when F' is small. We
investigate quantitatively the formation conditions of crystalline ice by exploring a wide
range of the deposition rate.

TENT 7 ZAIROEGICEES ZEEEEDK < > b R0 KB RIKRARD JERERSE & B8 % A
5 ETEELZFNVHY &% 5. Kouchi et al. (1992 1994) (3 ERETKGF % B
BICBESHE. TR, KEBEDOIERILE 613, KER 0)7‘%)*?1"75‘4\5\/‘%’1‘
RTIZ F oPEKERD, T,Fﬁﬁ%“@ﬁfil7®wm% b LM
hroiz.

AL TIERERILE 0 T ILVELFROZAERE F ISDlz>TRD, TELVT 7 AK
DEREE WO 2123 5.

fidfbid, (1) F&afbicfE- TR S 2 E e Bl e § 2 BB RN, BLU
(2) iIMSEDTE ’gfit L Q@T‘?;é@rﬂﬁﬁfié%’éz A TEEREN D, (HEUT220
BEREM (), (b) Zili@d 5 (o) MEEERITIZ BT KO REITEBEORE L ZFL v,
(b) KEMIZ BT % heat Hux DEHL. FITEMOMRIHR SN DL V) TER
ZEfF (b) OFIZHED A FE, IS G,

RETHEREODHBEBIOTENLV T 7 AKOEREHIZOWTHERT H.
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Rheology of Solid Carbon Dioxide
° Yasuyuki Yamashita, Fujinami Shinji and Manabu Kato,
Institute of Space and Astronautical Science

To investigate the evolution process of planetary surface in outer solar system, inelastic
properties of non-water ice were measured by low temperature uniaxial deformation system.
Constant strain rate tests of polycrystalline solid carbon dioxide were performed at temperatures
150 - 185 K and strain rates 104 - 102 sec’!. Ductile behavior of solid carbon dioxide was
observed over 180 K and brittle fracture was observed at 170 K. This result implies that solid
carbon dioxide could be able to support the uneven feature in Triton.

KEFRDORE, FFIINBREBFBICIXERER - Bk 7 - BT EBMLRE -
E—B iR E & - 7o H20 OFEFELAND T3k ] TdH 5 Non-Water Iee NFEET ST &
N, HIER D © OFRSN NRK BFEEB ORI X > TH o T3, BEEOH
BTHBEMY Pl REZINS L5 AN REZRDOKED FWILRBEHIER SZD
NI HEEDE D 5 WIIEHEBL 2D BHREEA 5 71D DFENHMHD & LT Non-
Water Ice O¥PEAMS 2 LIZIERICEETH 5, T, KEBEDEK P ZELZAL
ZHENBI-DITIEIBEICE S FAELTWS BR _BILRZFOYHAM S Z EDMNET
H5bB, LU I FE TiZ Non-Water Ice DIEIZDOWTOHEIZIZEA EFRRXN T
TS ZEMULRFRIIERETIE 195 K TEIKICKE AN HILEE - SHERISTH %,
Fe2 3 g TICEE B bk FOBMEEHE T HAUEEICLD ABED > Tha,
g@u@%:@%ﬁﬁm%ﬁ%&%ﬁh\%@%ﬁﬁ%ﬁg%ﬁ%ct@?w%1

HE I I3IRIEE — MM EREELS A, B BILREOREHIEEANICH
BELAHEROHN S XV (8BR) 2RWTER LUz, HRAEIZL Y BILRNEI0KE
BEICLAE, BEEW- D ETIFTW I EICED, BIVRICTRE L RBY
XA EHEBLTW- D EEMLEE/z, TODBEH S A ENDA % LEHIZHI &K
QZEICEDER 10mm, £X 6 -7mm OEEEOREAEIER Ulze BEEERII/N
WAE—=FILL->THREITAIEX M & o TITH o7 ZFEIZH TS ERERI
150 - 185 K TEHEFEEIL 104 -102sec! TH 5,

SEBIOEE - FEBEOFE TIIEE —BILREZEDOFHFHIMHE T LB IEOM
ANEE XN, Bk _BLkEIZ 180 K LI ETEEEIVNI ILEE TIXHMEEE
2THIENbMh o7, ZHUTHLT 170 K DT TRAEL I - A E#HE T
HEENR NI, T2 &b S KERBE TIXER B xR ISHEEER Mt
HMOWMAEERI L) B Ehbhotc, £/ P M OXBEETHS 30-45K
TIRER B LRB IR ENZERET S ETFUTEXSDT, EBICEETS Th
vy a—T7YE | O EIERED KX THLE A B ZBILRE DA TH k- #izk T
3XZ 52 EEAEETH A,
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DTAIC LB 7 EINT 7 AKDESELBHATE
BEZDSDH IMHEADEE

Determination of latent heat of crystallization of amorphous ice by DTA:
implication for out-gassing rate from a cometary nucleus

HFARE (EXER) , BEE— (BERKER)
Akira Kouchi (Institute of Low Temperature Sciences, Hokkaido U.)
Sin-iti Sirono (Graduate School of Science and Technology, Kobe U.)

Latent heat of crystallization of amorphous H,0 ices containing CO, CQO,, and CH,
molecules were measured with the use of DTA (Differential Thermal Analysis). It has
been shown that the crystallization is endothermic process when the ice contains more
than 2% of impurities, in contrast to the pure amorphous H,O ice resulting in exothermic
crystallization. Out-gassing rate of CO from the cometary nucleus was numerically com-
puted. In the case of endothermic crystallization, there is no distant activity of cometary
nucleus, which is observed as outbursts if the crystallization is exothermic.

TENT 7 AH,0 KD R LRI, BEBOBNEB LT ARBEIINLTE
EYHETHDH. ML TENT 7 AH 0 KOEBLFERIIETH Y, KREILITRHR
BETHALILEVHONTWS, RELFIZHD 7EILT 7 X HyO KOFZEHF KL
HEEMIPOLDT I MN—ZAPOEEA AL THEEEZONTE -,

LAL, ISOICEA8EIDS D REEINS LI, HEEMIIETH A KITMEZ H,O
KTIE R COZEOHRBESFE2 AR L L TN AATWLZ EFHEENL, 22T
CO, CO,, CH, &L T7EN7 7 A H,0 KD FLigE % DTAEZ HWTHIEL 7-.
ZOFER, COEDORMMPNIEFILBRLET EILIEFBELLE R o7, FRIZ, A
VMOBEEN 2% B 5L T7EIVT 7 AKOFEZILITTREBENE T 5.

COEBRRERFREICL TERMLS O CO MHEZHMBEMICETEL /2. HRbrBEE
BThirE, KEPL4AUMETCODT 7 N—ZA A HNSE. LA L, #&RILIR
BBRETHLILLIET I IN—AMIBIORVWIEFTHONE R o7, LdoT, &
BEPODOT I MIN—=AMITENVT 7 AKDEFACLND A H XL THREL TS E
Zzibhhb.
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HERDIKREILIRR : 2REHEOYIBILEN TOER BBy —IL

A Snowball Earth:
Physical and Chemical Processes and Timescales

HiEE— (EX - #)

Eiichi Tajika (Univ. of Tokyo)

Recently, geological evidence for low-latitude glaciations during the early and late
Proterozoic has been confirmed and provided a ”snowball Earth” hypothesis. However, it
is not known whether a snowball Earth corresponds directoly to the globally ice-covered
Earth predicted by energy balance climate models. In this study, a theoretical model of
energy balance coupled with carbon cycle is developed and used to investigate dominant
processes and their timescales in this phenomenon.

HERDPB D BFOEERKERIEE LT, 2FREHRERIOLNTWE, KE BIRIC
EIE L CHIZREE K CEBDNTLERIE, TOBWT AR RO DI KBRE DK
HWOBRFESNTLE S, —F., ZOFEETICBOCIEHERES b I/ S < 2o T
572, RERGEHERBISHIHINE N AT VA L RERRIEE 25, KRETO ZEBbRE
RELESE LB LRET IR =T ARETTVEACD & KRB HHR
LD b 510RRERTT 20, ERBREOKSBNFET CIBILRERENRRED
/10 BELUTICRS &, KKRAREENLE U T—RIC EIRE R IBIZ I B IA T AT REME A
TEND, LLeRE5, HEOHERITIZ O X ) B2 KEREBIZITHR LTS 2o
To. LTEREBZ BN TEIL,

AN, B, BARONE (24-22 (8FE8) RO%E (8.2-5.5BER) (2BIF 5K
BB 72K RIC WV TR, REMIEE TREDKR2NR D HL TWe b LW I & A REER
ENAEITRoTER (FEMEREIR), ZDOZ LT, HERNERICESRFERZ 2B L
TAREMDH DI L ZTR LTS L IICRAD, LLRd s, RIEREFERRICH
TOHEHROMBILIINETIFLALERINTELT, BERICED LI RBABNRELTDDH
OV TIHE CESNTORY, Ok, WEREE MR IR b GICE- 1
EMRRBEREEIDEBERVOBRRTH D,

ZF T, AE., @REKEZICETLI—EDO I at 22OV T, Bkl Rt RLF—
NG VARFEET NCRFBERET VAR SE TR ET o1z, TORRICEDE, £
HARBSE (1) REMRALER. (2) 2IEHEN. (3) KEKHE - HEEER
RERBE, (4) REEEBIED 4 BHICHT. TRENICHIT 5 REMAMEILE 7 ot
2 EEN 6@%?&&’]53552 Ar— L2V \"C%%‘% ?.7. 50
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SIMS IZ & % A & L3k D E R RN 247 - KI5 EALRL D ERR

Nitrogen isotope analyses of lunar regolith using the ion microprobe: in search of the solar wind component. &
JIU ¥ ©/ Hashizume Ko (*1, *2). Marc Chaussidon (*1), Bernard Marty (*1) *1: CRPG-CNRS, Nancy, France
*2: BiRK - B Dept. Earth & Space Sci, Osaka Univ.

AR LERBHIARIEAZBE AL DL TERBRE TSRS KEICEEN TS, 2O ERE
FITKBR, HDEVIE, ACE TLERA - BEESOREWE TIIRVNEE XL TS, Akt
P OERLRBREMBIEL D FEEZRA O TRBLZDRILE L Z 0T T2 EO RN AL DR
RAHKSDBLEIEND, ERFNLAELL PN/MN OERERE (HIERKR) 0D RELZ LR TRLE
SN LUV BEABWTEER AL, AREIRABFOZOEENMEIX-200%00>5+100%01Z K 5L
DEISN TV, FDORINELL R E OBFEEIL 1970 ERBTHIIIBEIZE O TV S, T DOMER —
BEDBERIZOWTIIANLDY T NIZ—inbIEIE 30 EE RIS 7R BB B DOV TURNY,
HBNIKBRFDERFRNAARLLIBER 10 EEORIZEBLZOTIIRV N ERTS (eg,
Kerridge, 1993), ZiLiZ A RBOMER LI ZORBOTEY "N EOMICRLNAMHEEIC
ESWRER THD, 5, A ER - BEZOMOBREMEIOOKBRLITIERDENALE
BorBHR2OEEICIVRMBLEENRZA2DOTIIRWE EETEE DYV S (Hashizume et al.,
1999) , . TNETOFIEIZID DT HERNDIZIE DS b TA R LIZEREI N KBR
4y EFES R EDBA LN H T KGHEAKDOERFMELIIRADEERDOTHS,

F % IX CRPG-CNRS (Nancy, France) (Z{##>5 SIMS (Cameca ims-1270) % Vv CH R 308
POEE - REBEBNIEOESF B 2IT o7, ZOHE O SIMS 1B 50 A) > ME nm BALD
BRI FRDTTHE - RALES D20 T, KFEDLIIZHD=RNF —% R > THYWREIZIT
HIAENT- R D2 hE X BT AIENTRE R M THD, 1ZHEYHE (Kerogen) # V- EETIX CC
BN CN AZ U NBELIEEC BTSN [EOBBRMEITFN TN 1.7, 42 % (1o, 150 BEDIH)
Thol, BL, BR RFET5(1000 ppm LA L)YE OEEREERERE N T/ HEF T O D RIE
BN E > TRV D TEMLF Matrix ZIROBEIIRIZFEATHS, Apollol7 FIZIVEHLIFEDL
iz 2 BEOREE RV, & | EEICERICERELZRE 71501 & 10 EELL ERTNICBHS
. FOBRABE(LL TEBHEZZITTUVRY 79035 TH5D, £ 30 EOLEBHRIEDOREN
(500pum—1mm DOWLF& AW THITEIT o7, 6 EORF1oH/ ERERFEMAELLEE HERAISN
7o FOHFIT-250 %o < 8N < +140 %o THD, BDOS N [EZT TS IL 71501, 79035 DR
BHCBRIEN Tz, BAIZIIRE O 10 nm [ZEBEL TRY, BB A 8EIREEL. B
100nm T2 B x4l o7z, AL R E N OLIZUOBAIEN AR UKFR CEFREBESE
THHLTHRELT Depth profile NEIHIN/Z, 10-100 nm VIR DFFEERE D 1keVinuc 12
DERNK =%l A4 BRI T A EN BB SN D ITHIA IR E LRATIRI THDH
L E RS PSR F ORI EIFEEL TWAIEND, F 2 1IN A THHZDRES AR
RS EE ZDDRESELELNDTIIRVDEE Z TS, 8PN 28IE (+140 %) DR F R4
71501 2 1 BILO-BRISNAR D o T, ZORATIEEPC DRE (+60 %) HHREL THRIS Iz, bk
B DI N BEF ORI BANZ R —KF AN TIORS T 30um L FO&BEIZBEL TV,

Depth profiling of N and C isotopic composition in lunar regolith minerals has been performed
using an ion microprobe, Cameca ims1270 equipped in CRPG, Nancy, France. The purpose of this
study is to characterise the anomalous N isotopic components (200 %o < 8N < +100 %o) observed
among the lunar regolith by their location, and to identify the solar wind component. Among grains of
Apollo 17, soils 71501 and 79035, we observed nitrogen isotopic anomaly in a range of ~250 %o <
8"°N < +140 %o. The negative anomaly exist at the surface severals tens of nm, and dissappears at 100
nm depth. This component seems to exist homogeneously at the surface 100 nm layer of the grain. We
consider that this component is the most likely candidate as the solar wind N component.
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Estimation on the production rate of banded ironstone. —Role of subducted
banded ironstone in early history of the Earth.

e B(REBRE)
Hiroshi HAGIYA (Sugamo high school)

The production rate of free O,, estimated by the thickness of banded
ironstone of Archean to early Proterozoic greenstone belt, is ~10'%kg/year.
Banded ironstone deposited on the oceanic plate had been subducted to
mantle for 2x10%ear, and if organic carbon kept to surface, free O, had been
consumed by mantle. The “missing O,” problem can be explained by
considering this process, and it suggests that there were widespread
photosynthetic activity in the very early stage of earth’s history.

HERBRRIFEDEEICH TN EHEBENTHIGRSRE L. BRD
PIHEWKS-EBEFOREDIEIETHIERBFIC. BREREEXASHEND
HIRBHCHEEAEDEMRBLY. MR KK OMEBRNEBE2EZDLT
EELFHETHS,

BIRBMOEEZ(X, ChETIIXRR - BFEEMBIEITORAEROETIL
THERSH ., HMRICESN BRI DIFRERIEN S, TOEDLEEN
HESNTE -, LHL, BB NS EEEHRBEYEE E-TL—FDL
FHIRAAHDEREL TV EEEETHY . AERDETIILIFRENTIEAELY,
2Ga FTHZHDT )2 AL ETRIRBILBRAONDID T, LML
HALTORRIZEY ., AT ERVU DV -RKEDBRNAEELTEREN
SBREINEEITTOTREENH S,

HEOMKRREBICHEETIEHRFEOREISHL. KEDDEREESR
DHEETHAIBRBLOREOENEYT . 10%g I2ETH kb i-EE
FOBBENERIhTWS, EBOT)—U X BOMBE KRB N SH#HETE
Liz. TL—rDRARH I ZFE>TIURLIZELAFTENIBIRGELOEIS.
BEOREEFTETHE 10%g/year IBELRBELON ., SRBATEETH S,

L REENDS 35Ga [CHEREEOAEREMINENI-LEZIOND—F,
K& -BEN 22Ga FTRRDZVLEHICELEN>EWLWSHLIEDOT—42
. EEBSN-0FREZFOBREVATLELT, BIRFLOIUMILAD
IRAAA DR THRBATES, THABKEREREEDERT—H
R 5IENHBNIE. BEDZVWREBIRENEARBIRTEHEMAHYS5,
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Constraint of highly siderophile element abundance on accretion of the Earth
OXBxE, KL 1~ GRILRE) FHESR GRIAH)
E.Ohtani, J. Sato (Tohoku Univ.) and T. Hirata (Tokyo Inst. Tech.)

Highly siderophile element abundances in the mantle provide an important clue to

understanding the core formation and accretion of the Earth. We have conducted the partitioning
experiments of Re and Pd between metallic and silicate liquids at 20~25GPa and 2500°C in order to
examine a possibility that the abundance of highly siderophile elements in the mantle is caused by the
metal-silicate equilibrium in the deep magma ocean during core formation. The experimental results
imply that the excess abundances of Re and Pd in the mantle can be accounted for by the equilibrium
partitioning between the deep magma ocean and the sulfur bearing metallic iron. Thus the late veneer
may not be needed to explain the abundances of at least Re and Pd in the mantle.

Pt — T DEHFERPRe/s EDMBSGITHRIT. FETREE T 1 BRERO TROHEL %
BOREHITKEL, MEIRFETIEEBEPIIBEAENPEINDS. LB ML
BWTZINSDXRIIZAD RIAM MBHMEFEEEZFED. A FSAMROBED
0.003fERREFET S, ORI MVEEIZH - 785 & 8RB TE O X8 5 R
SFPMINIEEEICHRTIIZNTARETH D, ZOLDY 2 MIVEFEEEIIAHER
IZBNTEIERBRICHBERNRD > R 51 MEWE (Late stage veneer) W EE< > b
D077 BITRRECEBLIEDDOEMREINTNVWS, £, TDLate veneer®Didbs & 5
EHEOHEFEICHMUTIEOKEHIRIZBESTHEANS BDEFEOREZHHT 5K THS
MEW, 5, ZDXKD7zLate veneer BT AR KZE (KEEFEBA) ITITBABRIZEE
57T\ Z EidLate veneerBiDRATH 5. _

AP Tidlate veneer TRBHAZINT NS Y > MILOBEBIENWY T IF— v >N
TOLEET AT BEOLF T THRATEANENERNT BT, ¥/ F— %>
DFEBERUETORBRKE T T BROBEHSG TR ZHAOSNICTEERET /2. FFERT
3. BRSEBHET/IDOBDL I LENS DI LADHEEEZRIE L. SESEE
BRIIINVF7 O ENEEEBZHWTISGPakT20GPaT2500 COLHE T 7=, &mia
BELAGZ2R2BEBZELENLZXBOEELELHIZIZ. EPMA (JEOL8SO00
Superprobe)ZfH Y, {1 EBEP OHEBORe EPADOREBICIIR R IT¥RKFEDL —H—
ICP-MSE % A7z, |

AFTEEETVRTIE, 15GPa. 2500CIZBWNWTIIRe EPAd DL BHEEIZFNETN
D([Re)~1700, D(PdA)~11000&720D, ZOEIIEH OWINEEBIZHBPT S, 15028
DR TIE. 15GPa. 2500CIZBW TIIDRe)=180B L UD(PA)=430 & 725, L=A->T,
Dz BT 2 MIVDBEIIZRe EPADOFERIT. 1AV ESUEN (F X450~600km)
RTRF =% ORTHRET A BRENFELR LB ENBELZEWIEBRETNVT
T B &M TE, Late veneerDEENEE I NDWRERENDH 5,
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Petrological features of Asuka-881467 eucrite from Antarctica Keizo Yanai,
Faculty of Engineering, Iwate University, 4-3-5, Ueda, Morioka 020-8551, Japan.

Abstract: There are many eucrites in Asuka-88 meteorites collection recovered

from Antarctica, in which Asuka-881467 have been identified as crystalline
eucrites. The Asuka(A)-881388, A-881394 and A-881467 are collected in limited
area at same site in the Nansenisen bare ice field, and they are an unbrecciated
eucrites with complete crystalline in texture, but they are quite different
lithologies and compositions each others. Especially A-881467 is more unique
in all Antarctic eucrites because it contains many large porphyritic silica
minerals.
Asuka-881467: The Asuka-881467 is 38g, medium-grained eucrite with shiny-
black fusion crust. The eucrite is porphyritic texture of yellowish-brown
pyroxene and porphyritic plagioclase with fine opaque set in fine grained-
yvellowish groundmass. The thin section shows the unbrecciated and porphyritic
texture consisting of granular pyroxene with exsolution lamella, porphyritic
plagioclase and silica mineral. A-881467 is heterogeneous texture characterized
by porphyritic plagioclase and large amount of elongated silica mineral( ~20% in
volume) set in fine grained pyroxene and plagioclase groundmass.

The both A-881388 and A-881467 eucrites show a quite different in their
textures, nevertheless both are very similar mineral compositions of
orthopyroxene( ~ En35Fs60WoS5) with augite and augite
lamella( ~ En30Fs30Wo040), calcic-plagioclase(An85.1-89.90r0.1-0.9) and SiO2.
Other hand, A-881394 is more Mg-rich orthopyroxene(~En53Fs44Wo3) and
Ca-rich plagioclase(An96-99), Therefore A-881394 eucrite differ from A-881394
and A-881467 eucrites. ‘

Bulk chemical compositions: Both of A-881388 and A-881467 are very similar in
their bulk compositions as same as mineral compositions. Their compositions
are 18.1-18.7%FeO and 6.3-7.0%MgO. But A-881394 is more Mg-
rich(9.5%MgQ), Al-rich(15.4%AL0O;) and Fe-poor(12.7%FeO) than those of A-
881388 and A-881467. The A-881394 is higher SiOA~50%) than
those(46%Si0:) of others. Other elemental compositions are almost same
among the 3 eucrites.

Summry: Three unbrecciated and complete crystalline eucrites A-881388, A-
881394 and A-881467 were collected in very limited area of the bare icefield,
Sor Rondane Mountains, Antarctica. They are quite different in their texture
such as fine-grained, coarse-grained and prophyritic textures respectively. The
A-881388 and A-881467 show similarities on their bulk and mineral
compositions. But A-881394 eucrite differ from two other eucrites for it's
compositions that are Mgrich orthopyroxene(~EnS55Fs42) and Ca-
plagioclase( ~ An98). Therefore, the three eucrites are not paired but three
separate falls originally.
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Allende(CV3)B A B R A DRHLHM & ¥k
Mechanism of the magnetization and thermal history of Allende (CV3) parent body

HIAR E'. P. Wasilewski?, 1:MBHEfff. 2: Goddard Space Flight Center, NASA
°M. Funaki' and P. Wasilewski?, 1:National Institute of Polar Research, 2: GSFC, NASA

An acquisition mechanism of NRM of Allende (CV3) was investigated to understand the
complicate magnetic behavior reported by previous investigators. Thermomagnetic properties of a
sulphide phase, NRM carrier minerals by magnetotactic bacteria and magnetic anisotropy were studied.
The results indicated that the nonstoichiometric pentlandite carries the stable NRM which is
demagnetized thermally at 320°C. An oblate ellipsoid of the magnetic anisotropy was observed
resulting from the uniaxial compression. From these experimental results, Allende probably acquired the
NRM by the formation of pentlandite during thermal metamorphism in the parent body. Thermal
history of the parent body was discussed.

1.13U®i

AT D EEER S I Meteoritical Society (1999) THRE L72W. KAXDT -1 EDTH
ER LTz, AllendefB A DEEKHIRF®E LT, Curie Point3600°C TH D IZH b 579, HRA
BEBES(INRM)IE320C THKE NS, ZOEHBHE L TO)IIARERILDHE &,
(2)Pyrrhotite VEER ZH > TS, EWSFHMREINTNS, LA L) TIL600-320°CHIT
RIS, 320CUA T TRIBEOHEAEZRBELRITNERSTARERATHD. (2)TII600CTH
Curie PointZ3Pyrrhotite TIZFHATE R WHERRH > 2. TD K D IZAllende®NRM % 1 S §i;
PNIE->EDET, NRMESEENT2ICERINTLARWRRKIZS S,

2. EBER

Allende DNRM % #8 5 S8 & R E T 5 7= DR DR EHK AN, ERMENT T TICL
LTV ORE. BHESWOILFHROBR, BRESEOREZITIRo . ZhSOH
ED#5FE. Nonstoichiometric PentlanditeZSAllende D EFE/ANRMZH S M T, ZOFMIT
330C TCurie R ZHB L 2R B560CHHIE TRILZ B/ EMNHHAL =, F¥k
Pentlandite (FeNi)Syld R g THAL ZRe7= 7208, SOEISAWINT 5T &I1I2kD.
Pyrrhotite D K D12, 71VEMEERT EEZ S5NS,

AN EREF0.3mT L 13T CTRALB O R G EFRI=AER, Allendeld — iR R HH
(oblate)ZR L7z, CORRIREFHEIE—HEMRICE > TIN5, AllendeldlT & A EFHEE
REZITTWARNDT, ERETIEHCLZBOEEZIOSNS,

Allende B RAETIX KEERR. BAER. TRICHLERAND D, BFE400CORE K
T EMASMITE S TS, EEKERIIFILIEH TPentlandite B3 Ak & N7z KI5
HEIZRH -l EERL TS, BARKENKT. SAI>*MgeEMBAEFICK DIRE
MWERTHE, KEERK. BAKERH. BRILERAN—EOBRREL THETES, BLEBXE
FULERDOBEAG0CE R D EFeSISARL . SIIAIIZ. SBIIPLIICEXTD T 2E
HAEMNEBEZASND. EBIATOHRICLVBBOREDHRATES, TLT. BRER
BB HRT 2812 TAllendel 3B L L 7=l EEERB 2 51 5,
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CMar T4 DRFEEWYE & B
Relationships between the pyrolytic features of
CM chondritic carbonaceous matter and thermal methamorphism

Ot B EEMH, PHES, SREHE, HEr ikl - )
- OF. Kitajima, T. Nakamura, N. Takaoka, and T. Murae
(Graduate School of Science, Kyushu University)

The observed pyrolyzates from strongly heated chondrites, A-881334,
*Y-86695 were quite poor compared with the unheated chondrites, Murray,
Y-791198. The two weakly heated chondrites, A-881458 and Y-793321
yielded intermediate amounts of pyrolyzates. The amounts of pyrolyzates
decrease when the chondrites have experienced higher degree of heating.
The pyrolyzates from Y-86789, which has been strongly heated sample,
may be a trace of terrestrial weathering, based on the pyrogram signature.

REEIV P74 VOB TIRIREEWE L, EFEFRIZ C-C, C-O0 2D
ICHEEDT D 22 DHEEDSHE A L., u@ﬁ‘ﬁi/\%lﬂg}:j—z)%k. (RABREER D) AYHE

Aﬁ%f/ﬁ% 7o FEESFO K

E%@ﬁ%%%ﬁ%%bfméﬁﬁéﬁﬁk
BBIFZZONTWA, ZOWENBREZIT
HEFEEFERTTHTS I 774 POE KX
FERICEEZELTVE, JENCETI 774

MEVMIE L 25, $7-. 2 OWE % B0
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EEZbNRL, OB, 5774 MEEKRF
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AR UAEE LRV, 0D, BgHEAE
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774 MU EDEEHEITL THh5DO0HDb
MmAHEFHEENS,

T T BEREDORLZ LW DD CM O
YRIA MO -GC IZ XA EITo T,
FRO—EEHRIIRT, A-881334, Y-86695
&E@ﬁ@%ﬁwﬁ%&%%ﬁtﬁwwﬁé
FBEA 2 5 AR L. Murray., Y-
ﬂan&t®$ LD BB A 7 © O B A
W& BIEFIIPRL, LidoFHEEEHT S
HRER ST, T, SGOBAERE ST L
EENS A-881458, Y-793321 ld RN 2 4F
WEmR L7, Y-86789 IXEERED S FHEEN
5ENL% L OBGBAERYES 205, o
Hid, BAL DB LR L TW A E RS 5,
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Pyrolysis : 740C for 3sec. (Curie point)
Column : Neutrabond-5 30m GC Oven Temp. : 60 - 260C
Program Rate : 4°C/min. after holding at 60°C for 10min.
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ATV FA NDOI Y —FAVIRxvEVR

Cathodoluminescence of Maskelynite

Of-RE BET, W ERE, KEE MEY
Akiko Satoh, Kiyotaka Ninagawa and Hyodo Hironobu*
i LR KIS B R, LR KE B AR T
Department of Applied Physics, Okayama University of Science
Research Institute of Natural Sciences, Okayama University of Science*®

We measured cathodoluminescence (CL) image, composition and X-rays diffraction of maskelynites
in Etter (LS, Shock stage S5 ). Maskelynite was observed homogeneously on a polarization microscope,
however it showed inhomogeneous CL emission. CL intensity of maskelynite inversely correlated to K

content. We also recognized feldspar in the maskelynite.

i@ RI4 MO SN TV Etter (LS, Shock stage S5 )&, 30~35GPa LA LD FEFIC
MOWETRAZZCRY ., RIRBEVRI IR LAY U A MRS FET B,

REEFFORT VST A P2 REBEBMETCEHET LI LEH TR XD,
Cathodoluminescence (CL) ZEBE LTI &, BEBROBMLUWAE—RREEEZR L, T
W, RA—82IZBNTEPMA L L AEAEITO &, CLEX LR UARMET, Ca & KBS H L
TWBZ ERBDLNT, Fio, ZORBRNPEL, CL BXEH ST Ca RELI o L., EBRLH
ST K BENERHEFA L, EPMAILL 2 ERBDWOBRE2 TRICTT, BIEREL LT,
MEEE 15kV, BHRME 120A, EEOBMMII W% TH B,

Maskelynite ® CL 3%, #EREE 5 DKL (wt%)

Si0, AL O, FeO Ca0 Na,O K,0 Total
CL 345 65.5 20.9 0.3 2.5 10.3 02 99.7
CL #E3& 10 64.5 20.2 03 13 94 2.4 98.1

Fi. 2R U FA ML, BERKRER L E X TN, BUNE X BER ST 21T o 7285
R, fHEAOMNRERBNIETF L TV,

FEED AP Ar ERBIFEIZBO TR, L—F—E— AL L 3H/MNBOFERBIEN AT & 72
STETWS, 4F, v2XZVFA FHDOK DENESE L —F—Ta—T (¢ #1100 m)%&
W, ERERZAIET RS2 HMBIT D,
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Y- TIADXTM XBRMNESSTEHR) OBH

Application of an XTM (X-ray tomographic microscope) to studies of
extraterrestrial samples returned by a space mission.
O (BKHE), bRERE GELKRE). B (MR . #AKE. \KEA,
HBAE - (GEEXRZEMREE )
Akira Tsuchiyama”, Kentaro Uesugi®, Tsukasa Nakano®, Yoshio Suzuki® Naoto Yagi¥, and
Keiji Umetani®
1) Osaka University, 2) Tokyo Institute of Technology, 3) GSJ, 4) JASRI

Uesugi et al. (1999) developed an XTM (X-ray tomographic microscope) at Spring-8
(Synchrotron radiation facility in Nishiharima), which can give information of the three-dimensional
distribution of materials of different X-ray linear attenuation coefficients with spatial resolution of
about 10 um by non-destructive manner. This XTM must be available for curation and studies of

extraterrestrial samples, such as those which will be returned from the asteroid by MUSES-C in 2006.

KESHE R TH D Spring-8 ITBNT, X MMNES T THEMEXTM)DBERIC
I U7z (Uesugi ef al., 1999), 2 U A— NEIN-HEHE (7-50keV) ZHWVWH T &
I2ED., WEOXBEOBRBRIUEEBMLAC)D 3 KT fie, HFWETHRE TR ZENT
%, BROXERHIEZZ T, &K Smm OY > )L 2E, 6x6x6um® DOHEFEH 1
LENWDEMDMRET, BEAETH D, 1Y TIVICET B IRPREIT 3-4 KRR,
I SICHEGBEERICIE 34 B Z2ET S, hESWH IV TIR, BEEDFER®RE
HEEETH S,

AFE TIL, MUSES-C EtHEICEKB/NXKEN S DU —2H 2T (2006 4E]UIX
FiE) 2O ETHEERMEBRAY > TINICBELTO, XTM 2HWzFal—T 3
CROMEDOAERAMICDODWTIRET 3. XTM BEICE D, ZEES LAC ORI Z6M
DEEFD IRTHAENRD 5NS, LAC BEELLEERBLIUOBERTIXED
IRNF—IZELoTREZDT, GYHELHLBERRETHD. ZHickDh, W
BEEZLULOBET, Y27V ORH - #ENTAAETHZ B D, EE
FEROT, Y277 0—0n DI XTM 2H WY 2 7))V ORER « BE
MEJREE 2D (B—MOF v, BRERBREDEDOYMMBORER L), X
RHROoNS 3IKITEENSIL. 2 CHEBEZTIIFL RV -7 RIEHRNE
5ENB, YO TINK—NF—2TRTBHIEICLD, YOI EFRAOEERZH
WBZERL, MEZBINRIZEDUETH S, 5. XBERHEHRZHBL T,
ZERIABEDCMEZEZH I LW, HoNFEHBRT—YUEY 7 hOHBHESE DR
BOOEDTH D, £iz. T IVHEBEFRIC. 30 X BOHTXRF)R X B EH(XRD)
ZRIFFICBIRDI ZEBTRETH S, 2@ All-round X-ray Analyzer & THIERNE
EEMNRE T, FEEREEREYOBHRDFERICESNDEDT. XTM BOMRE
FHIZHRWIZRILE, SBROEKBHRNEEND,
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X#RCTERICEDA KRY a—I)bD 3 R ERER
Olijmeens, T"ueg. HWRE3L (BRX - B)

Analysis of Three Dimensional Structure of A Chondrule by X-ray CT Method
QOToshiharu KAWABATA, Akira TSUCHIYAMA, and Masahiro KONDO (Osaka Univ.)

Three dimensional structure of a chondrule from Allende was observed by a high
resolution X-ray computed tomograpy (CT) system (Kawabata et. al., 1999). The CT images
show that this chondrule is not a complete sphere, but is oblate, and most voids are aligned
nearly along the minor axis of the oblate chondrule (Fig.1). This suggests that the chondrule
might be spinning when it was formed. Based on the equilibrium shape of a melt doroplet,
which considers the surface tension and the centrifugal force, the aspect ratio of the oblate
chondrule suggests that the angular velocity was about 20 ~ 30 rps.

AR a=-ID3RFTHARRCABOMEBEEMD>ZLIE, A RYa-IlOoERZEMD LT
EETHS., Kawabata et. al.(1999) (X, AlendeBREHRDA KU 2 —ILEXBCTRF+F~—T
ML/ (BMSMEENI10umM), CTHROTRELY . a2 FY 2—-LIZHHAT. ARRICIT A
BLHEETHLEIEREENE, BONLCTROBITENT>EZS. A FY a—JUIERSRE
neES5R%K, DEVXTV—-FMROAEES DI ESDDh > L. TOEMIN2.8mmT. EKI
#$2.6mmTH-oMl. E/-. ZRRIZT4ERICHIOUM~200umDY A XD HDMEEL. LWTFhb
F7—~baYRYa-IOEEMECR>TURLTOWBRZ LB H>(RT). ChHDER
(. A RUa2—-BME, ACLTWEILERRETS. BT AME. ABICIEKan
HEL. ThOPREVICELYEGEDORLMICKE>-HDEELOND.,

SHE. COFTL—baAYRUa—-IORBEENDS, OV RYa—-ILERBERLL
BOhIAGERERRO /2. AN POEBMEBRHAEBOADDOUH > TIVD L EZDERIHEIL
Chandrasekhar (1964) I[C&>TKHHNTWD, BERIEAN FORZNZMEL T, EEEIHE
250~400dyn/cm(Murase & McBirney, 1973)& L. ANV PORBEE2.8 g/em &T5&. C
DAYV RY2-MIHELF20~30rpsOBEETEIEREL TV ESHAETNHS,

{1 Y RYa—IlO3RTEKO—F, ERQLETY AZDMUKROLER. 2RZBBEE. AR
DEBHPRABELSIICMILTH S, EHWMOLF NS RAERRE. HHMH 5 RICHRE,
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199942 9 A 26 B FIZE T LEZRAI2VT (GEH)

A tentative report on the meteorite fell at Kobe on September 26, 1999.
OFMFE FRFERE) . /IFFOA - H EEER (GRKHE) ., L8 - REE— RKRE),
KHEE— (ESBHE) ., NEFHE - Z8EF (B, EMNE - NBaF #FX
#)

Noboru akamuraD, Kazuhislri:) Komuraz), Mutsu Inouez), Akira Tsuchiyama?’), Jun-ichj

Matsuda™, Shigekazﬁ Yoneda™, Hideyasu Kojima™, Keiji Misawa4) , Shigekazu Tomeoka
and Tomoko Kojima

1) Kobe University, 2) Kanazawa University, 3) Osaka University, 4) National Science
Museum, 4) National Institute of Polar Research

The meteorite, which fell at Kita-ku Kobe on September 26, 1999, is totally about 136 g in weight,
and was broken into several pieces. The meteorite is dark gray in color, and has a fusion crust.
Observations by naked eyes and under a binocular microscope and tentative XRF and EPMA analyses

show that this might belong to a carbonaceous chondrite although Bﬁr@c}:ise 4ﬁgeﬂysis gl\i/;levg%l\);y
required. More than 10 cosmogenic nuclides were detected including a, , and g. g

was found for the first time in the world.

1999 4E 9 A 26 B &% 8 BF 30 /otH, P HALKHERL M 3 T BICEABET Lz,
BRI 2HERFOBRZERL T, 2HOHBTHERIN, BREEIIN 136g T,
ScmBEEZBERET IV ONOAIZhIN TV, BRI OEEBEHRET TO
BETIE ta—Ya I oA MBRDLND, BEEIIRKEZRL, 2 FY 2
— N EBbN2b0h, PETIEHINROLND, HEEAEMLEBIELE LD LA
HROONDIN, ZLDEHEEDAEY N v/ AEIIEKTH D, TERER S
EMRATICE T 2EERR ST TiX, 86 XBOITIZ LY Mg, AL, Si, S, Ca, Ti, Cr, Fe,
Ni OFTERNBRH S, EPMA I X 2ESHT (2R3 —F—S8B I OEESE) T
EHIC, 0OBIUDETIIHANCOY—I7 LD oI, NEREHOBE (XK
&mié)u;&ummﬁfboto%ﬁﬁ%@ﬁm&miﬁﬁéﬁzﬁofw&m
BRERTIIHEERZ LTV 720N, ZENEICETLEZEATIREI LD TO, REE
FEATHDARENEL H B,

BARBER (B Scm) 1I22W T, &RAFEHEME L~V EERIERICBV T,
EHBRARAEREORENB Z b, 2Na, P BMmg #1sh &+ 5, HEFEEOM
BRRWIE Sz, &< BMg i s THENRLS . SEET LEIEE THHT
BWFENZLD0TH B,

BIE, pEEHEETAHEDIC, FHMERBEMESHTETTIH NS, £i7,
Monahans fFERIZF R, X472 halite (Zolenski e al., 1999) D X HiZ, ZNE THEEND
FOFHINT IO ROFEERELED T, ZOERICETLISHD
MR NEEN D,
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SAAEF RIS & S ERIBHRY DO E R RER

Experimental heterogeneous nucleation of silicate mineral in vapor phase

O¥ZF %1 Y Tsutomu Heike
WJE ¥k YYasuhiro Hirahara

Abstract

Recent studies of astronomical observation revealed that the dust particles consist of silicate
minerals called “Astronomical silicate”. To clarify the heterogeneous nucleation process of
astronomical silicate, we conducted evaporation experiment by using microwave plasma reactor
(Nakazawa et al.1994). We characterized the condensation product by electron microscope,
fluorescence X-ray, infrared spectroscopy and electron diffraction. Our analysis showed the
product consists of Forsterite as well as amorphous SiO,. We confirmed the first synthesis of
Forsterite through heterogeneous nucleation process in vapor phase.
BEEE

SEEOFRIECEANZ LY, BERMBOBRESRE L TV i d”Astronomical Silicate” DIEEDNBAOHIZEN
7-(ex. Molster et al.1999.), ZAVHDIMTRLFILEIR . (KE TIZIT5TMAMNL DI M2 287 - i@
BAERTERLIZEBEZONDH, FOERAT =X LZIIFRBADO SN EL, ERET 72 —FNRA K TH
B, Z I TARMETIIw A7l MBLEE BIEIRE 6000K, Nakazawa et al.(1994)% BV, BHEH TR J X
PericlaseMgO)¥y K& HL . BLN IR LT 4 D FIRIZIV DI LI-, BEFBEKEBER CEHEXE
TR YT HLERY ORI Me:Si IR T TL:5ThLZ LA bh -7z, RUZEBEREM S LT EL
77 S§i0,. Forsterite F%43H 80% Olivine DFRIMLET I R =T ML E TR, ©— (LB D — B HERHE
I TEINT 7R Si0, FL O Forsterite DIRAMEE X BND, BHEMIDZASI M UZXE$T 37 E/A T 7RSO,
BL Forsterite DEF G5/ “RIEIZEVRDIEZA, TOFLSROHITIFZT 1:2 ThHD, EEICHT
B7E/AT A SO, DEIREEDER 0.5u m, BIORIGEE LRERLOR WHIBRERETH L, 4H
351172 Forsterite O FORIFEIE 0.1 u mEREL RBLOND, £, BFREFTROMITORRILH,
Forsterite DIFTEMNHERRINT-D3, Periclase i RHEN2D o7, TNHOR RIS, SEIOERIZBWTHE
A7~ Forsterite #okz F 13, BREKMAEFIZEITS Si0, & MgO DILERIGICIVAER L - LiERmEN D,

TENT 7RSO,

Vo
EERE

Fo80—O0livine

lb . 15 W;veleng‘th/u m - 20
H—1 #EniEENHEOFNEBRRFARY FLOLE

Lo EBASEAFEAMREERSLEY  Department of Earth and Planetary Sciences, School of Science, Nagoya
University
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FEHEECERHDOD I AL—-Yge
INBZEBORHZA~NYT ML

Similation of Space Weathering and Reflectance Spactra of Asteroids

O ARG (FKHE) . BHFEL (777K . HHER EH7+—54)
Sho Sasaki (U. Tokyo), Takahiro Hiroi (Brown U.), Maho Yamada (Japan Space Forum)

In order to simulate space weathering, we performed nanosecond pulse laser irradiation
onto olivine and pyroxene samples. Reduction of albedo and reddening are produced more
easily in olivine samples than in pyroxenes. Spectra of two asteroids Aetemitas and
Dembowska are reproduced by irradiated olivine and enstatite samples, respectively.

WNRELBADKE AR MVOBIZIZKEZEVDYD Y., BNBEHRIZED.
REDHZFHEEPEIL 72, FHEMMERICE 2L E2Z 0nTw5, SVAL—
WM, BUNEAHEREIC L ZMBADRDL Y ICHAVHEE R4 BB L TV S,

Yamada et al. (1999) [Earth, Planets, and Space, in press]id. /N X s DEEHRR D
BRIA T — VICHE T 56-8nsD/SIVA L —HF—BEFHI & b | 84 > T A O RE A
7 P VDOEALEFARTz, Pyroxene & V) Olivine® 53513 5 2122k (RE=EDET
EFRE) LR TVEWIEELREREHB. S, FHEAMLERICBWT, &9
MO FHEDH B L ZRL TWD, BA T T2, FHEM TllolivineD % v/
RMEIE, RMEPHEATVS T & %S 202 L T\ 5 (Hiroi and Sasaki, submitted)o

Blid, NEEDARY MV E L —F—BEEOT Y TVORFART bV EDI
BTHbH, WIFhd, 0.75umTHEL L TH 5, £RIE. A-type AsteroidiZET 2
446 Aetemitas & | OlivineD L — ' —BEHED AR MV EDOHETH B, /L AL
FIVF=30mIDBFHRDOANRY Fid, THRBOMEE L oumiB O 28580 & b .
LL—=HLTWw5B, fAIE. R-type?349 Dembowska® A% kL & . Enstatite? L —
F—BRHRORG AT PV EDRBTH S, 30mIDIE % 20[E4T 5 728D 7 — ¥
2, BB L =B L Tw5E, MHDNREEDL, ARZ FVOFRLRR SN L —
BT, BPGHFDOKRE LB v, EWIHIEHs, I<{HHETETWS,

1.7 e —r— T — T
[ 446 Aeternitas 0 Bag T N 1.4 - 349 Dembowska N
F  (Chapman & Gaffey 1579) arcgig ¥ PLEPRLLESY | (chapman & Gafiey 1979) et oY)
T 1.4 |- (Belletal1988) 2t e h T, | (Beletal 1088 /‘.ﬁ £ |
o | o » ~ 2 . R 'Y ,'—v.\\
© ] L //' .  \"s o/ N
o 13} Eoee NN
LRE 810 0\,
o // .
8 ] ;
£ o8|/
g 0.8 g I
2 LA A Oliving Samples (Yamada et /1988) | Dosy; Pyroxene Samples (Yamada ef a/ 1998)
Q i # ' Untreated B [T 5' Untreated
@ 05/ . 0© L - 30-mJ Laser-treated
47K S 15-mJ Laser-treated 0.4 H! A -
] —-—-- 30-mJ Laser-treated ' —-—-- 30-mJ Laser x 10 times
LI 1 4 —--— 30-mJ Laser x 20 times
P} A A T S TR S R P A E UG VU T T E R
0.3 0.6 0.9 12 1.5 1.8 21 2.4 0.3 0.6 0.9 1.2 1.5 1. 2.1 2.4
Wavelength (um) Wavelength (um)
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ABREARY PV ERERTY 1 X OB

Evaluation of grain size effect on mineral reflectance

OXMEALT. KBAK, WEEh, LRER
FHARFED BwIvia Wity y— DJEHRTH 211
. Makiko Ohtake!, Hisashi Otake’, Michiya Higa!, Takamitsu Sugihara’
! Advamced Mission Research Center, National Space Development Agency of Japan
2-1-1 Sengen Tsukuba Ibaraki, Japan

The purpose of this study is to evaluate a grain size effect on mineral reflectance spectra and to
make clear the reason of reddening feature of small grain size fraction separated from a lunar sample. We
made laboratory measurements both of fresh and simulated weathered olivine of different grain size. The
results indicate that both samples show grain size effect on reflectance spectra and only the simulated
weathered sample show reddening feature in small grain fraction.

BEIOREARY MVIZSBEESEFEMROED, FHELERORESPR T A2 E
SEIEBEHCE>TRES, 4E. BLRIKHARY MVICEZ DR TY 1 XOKE Z5HE
THRBEITo. RTFHA XD TIRINETIC, FHALZZTZARBORKFANRY
IBIERREL D, BTFH1TXDONIBYIEBNREET DI ENHAENT NS (Pieters et al.,
1998Y) . FEHEEMERZ, KBRICE 53N D MNENEET B I > TEIDRHAN
7 MVOELERFL, ZHICE> TREROET, BRE—7 OFESED, BRORWHFANK
WENEATZ (RMEERR), EWS 3DOERIEMNEL D EFEOLNT S (Hapke et al,, 1972%),
ARBHIBVWTHRFY A ZO/NEI 2T EROMEZRTEBE LT, A WRFIEERVEIL
ERZZITTNED ENSBRN s TNVWS, —A. RTYA ZABREART MIVZEA S
HEZETINHETRDZHE (Shkuratov et al. , 1999°)5 53R FH 1 XN E <72% &R1LIT
W7 R AR FIVELER 5 T EDPREINT NS,

4 EOMFE TR, ARBEORFH A XNRFARY MIVICEA B5HEEZERNITRD B0,
NS AAZRN, BILEZTTWALEEE AR EOFHEILERZ MBI XK > TREL 2
PO AT DONWTRADR T OB EER L, TNETNORKFARY MIIVRIE BT ET
o7z, TOMRER., BILEZF TRV TIRA T X8RS ERFROEN, TN
FEOBMRECZBOORMEBEBIIR S NABD oz, —F. FHELERAZEEL -METIE
BT YA XIL > TREROEWN, BRIV /N BSERDO LITHREDEID I EMHASh LR .
ZOFRRED, BULER 22 28 TIEVLER OBEICIIBRR SRIFH 1 AWhS <25
ERIEMRI > TWBHEENDNH B Z & BILL B E L TWRWHE TR FY 1 XORE
BRBDZEREDENDENZ, 5%, VE—FEI I T TE>TRLNET—INLAR
INRBEI ERBOHINHEND LT, ZOXIBKTFHA X2ERLBERPBLETHS S,

! Pieters and Fischer (1993) J. Geophys. Res., 98, 20817 - 20824.
% Hapke (1977) Science, 195, 977-979.
8 Shkuratov, Starukhina, Hoffmann and Arnold (1999) Icarus 137, 235 — 246.
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FHERHMEOAESr FERENETORMWEE LA LILENERBE
O & B+ (B RKXE) . David A. Williams (University College London)

The Local Heating and Chemical Desorption Mechanism in the
Vicinity of Hs Forming Sites on Cosmic Dust Grains

(O Junko Takahashi (National Astronomical Observatory of Japan) and
David A. Williams (University College London)

The chemical desorption of an adsorbed CO molecule in the vicinity of H, forming sites on
cosmic dust grains was investigated by a classical molecular dynamics (MD) computational
simulation. As a model surface for icy mantles of dust grains, an amorphous water ice slab was
generated at 10 K, and two H atoms were thrown onto the model surface to reproduce the H
atoms' recombination process, H + H — Hj. Then, the time and space dependence of the local
temperature increase of icy mantles caused by the release of H, formation energy in the vicinity
of H, forming sites was examined.

FHEXEIL. ERMEOLEEICE>TEERETH S, KEHTFIL. BERE - BESEDF
HEMPTREMERBICE > TERT 2 ZENRE TH S0, FHERE LTERT . FHER
HTIE. TNBSMNCH T ETEREEBEMEI > TVBEEZ SN TN, k. BEREERNIET
. FHERE TERINED FRRE L2 TRZFOEFFELTCLES LEDNTE RN, 0
TRFAD OPBNBOHFRIMHPICH 5720, FEDTRRRET HMENDEENRD B EEZS
N5, TOEEDO1DEL T, FHERR L TKESTFNERSIN D BICERT RV F— O—ERHK
NENTFEET > MVORFTAEE LENR IS Z EICHEI BN T LR RREEEN D 5,

FHRTE, 7 EINT 7 AEEDOH0D KD #FHER > MVOEFIE L, FOEE LET2D
DKBRFBRIEL TKERFORERT ZBROH TEH% (MD, Molecular Dynamics) 3 al—
2arZI0 KOBETTT, EROEEERNL TH. TENT 7 AKETARENE 2 D0OH
BNt & 7R, Hop FONERS . ERIT RV F— (110 kcal/mol) D KERS 1FER L 7=Ha 5
TOWRE), Ein, WELRILF—ADEIN, &Y D44 kcal/mol (4.0%) N7 EI T 7 ZAKAK
W2 ZENDMN Tz, KIZ. Hop FERSFETOFEE Y > MV ORFTIEE L ORZEL
ERFL., BRIBEIOKICHL. R< 6 A TH20~30 KETLRET A EMbholr, ZOMEIC
EOWT, BEEZENT TFEEREICHE LZCONFAERE T IEREESL, KERERVNE A
EEDWIR TOEFEMRIZDONTEEL =,

(s
8 )

B1. PHEREETORESTFERRINE, FOEBIZEEL TWECORTOILEMRRERE
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A7 /R MIWT LY =5 =T L A > DORYERHE

Heterogeneous Condensation of Presolar
Core—Mantle Grains

TR (BXRE ALK, WWAEE (BXHE), )#EREE (EXIE)

Takeshi Chigail?, Tetsuo Yamamoto! and Takashi Kozasa®

1) Department of Earth and Planetary Sciences, Nagoya University
2) Department of Earth and Planetary Sciences, Hokkaido University

Formation conditions of the presolar TiC core-graphite mantle grains observed in the
Murchison meteorite are investigated for gas outflows from carbon-rich AGB stars
taking into account of heterogeneous nucleation and growth. It has been found that
wider stellar environment is allowed to reproduce observed characteristics of the presolar
grains compared with Chigai et al. (1999).

TiC 27 /graphite ¥~ PV LV —F =7 L A O EE, a7&<xr o
PRI Trantte/Teore = 3-600 Td 5 (Bernatowicz et al., 1996). —7%, FHILHEIFALE
B0 Ti/C Hor b B 5105 22EEHAE 1rmme/Teore = 3.5-16.3 (7275 L, BOKED C/O
% 1.01-2.0 £E) TH 5 (Chigai et al., 1999). Him& sHOEDFEKEE L T TiC
R D R D& T graphite 7° TiC KL FREI A EEH L, TiC 37 OEZ T
JrkwnwHZENEZLND.

AWI7EIL, 2R D heterogencous nucleation and growth % i3 20 2 B 9
AL, EOLIYHMEHETEDL I RaT /v MV L A YDPIEREINE 0D
AR R0, FOR, BMabroiisn/a7 /> PV T LY =571 A
POFEM (TTHRE, vy MVER, a7 vy P VERZL, SEHRONFE) T HBT 5
RS AN 2 R RO RSB T SN D I Edbholz, T2, ThHDRFIE
Chigai et al. (1999) OFEHRIZIRT, EVEIHOWHEEFTERTETH S5 Z Eh
Mol

References

Bernatowicz, T. J., Cowsik, R., Gibbons, P., Lodders, K., Fegley, B., Jr., Amari, S., &
Lewis, R. 1996, ApJ, 472, 760
Chigai, T., Yamamoto, T., & Kozasa, T. 1999, ApJ, 510, 999
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Na,0-SiO, A JL ki 5 D Na 758 EE
OBRBETF. % &8, i B (CKERKR% - #)
Evaporation rates of Sodium from Na,0-SiO, melt
Tomoko SHIRAI, Shogo TACHIBANA and Akira TSUCHIYAMA (Osaka Univ.)

Chondrules were formed as isolated molten droplets in the primitive solar nebula. Volatile
alkali elements evaporate easily from silicate melts at high temperatures. However, contents
of Na in chondrules are not so depleted compared with the solar abundance. This problem has
been one of the important restrictions for discussing chondrule formation. However,
evaporation rates of Na have not been known systematically under different conditions with
different composition. In this study, we examined evaporation rates of Na from silicate melts,
in which the activity of Na was known, in order to discuss its evaporation kinetics. The
measured evaporation rates of Na were about 0.05 times smaller than the ideal ones.
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Growth of micro-diamond produced carbonaceous materials
AN#—. BATE (IMEXET), MHEHT (BEX)
Seiji Kimura, Chihiro Kaito (Ritsumeitkan Univ.),

Setsuko Wada (University of Electro-Communications)

By heating a. quenched carbonaceous composite which shows absorption peak similar to
interstellar 217.5nm extinction curve, growth of micro-diamond with a size of about 1 nm was
found by means of in-situ observation with high resolution electron microscopy. The growth is
discussed on the basis of a specific configuration of sp® hybridization existing on the surface of
QCC particles.

RALKKE 7S X523 MREEYE (QCC) ZEMED 220nm O
SEZOEEARECLIIMERINEZRL, REABEMEBEOR#L LTEHRYE
THb. TOBEIIBRIMRES FHEMSLIC L 2MITOER. 220nm ZIRIRY—2
21T QCCICRI R AFDENEZ LD RERBEDELEL. ThEMHAT S & IRIN
E—7 DNEBEBREEMMICS 7 b T2Z2L2IhETCICRELE[1]. FD QCC D
BEECZR 2 EDICEHIREETHMBEECLIZ2ZOBBEEZB IR EER.
BEEHERTINATAILICL>TKRESIN Inm DA 7 0¥ 4 VEY FBRET
BZLERVWELEDTHRET %,

BTHEMEOD. 100°CT QCC T2 L. SLhTWEEIREEN»Z S >TK
2ridlic. NFOREDPSBRVHDODPERL. PHTQCC /LA OREITYA
FPELYRFECHBUERTRERTREVWVIIDPRONZ LS ICRok, ZDLIRYA
YEY FOREIRFEIC/NE L (nm), ZFEZFZ>TVWE ThETCEIYSIYEY
FOERICIK. KRFEFTHY—IX—IEN spP h—R U DEEDNEELRB X%
LTWBEREINTWS2lo QCC VL A VidRERZT L LEBIREED SRS
NTWBED, ZORMEICIIKEKEZEALETEN I 7ARDDHBELELTWB[1].
SE. ERNATERICHREICYSIVEY RDBPRELEZ RS, QCC LA 2D
REICKREDOHKICRZ L5 RBEDHODHBEELTVWEDTIERVWILEZI OIS,
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