N\
YT
p=4111)

19964E10H 2H (K) ~4H (&)
B W RFEER—V

Abstracts

1996 Fall Meeting
of

The Japanese Society for Planetary Sciences



H K

19964F MHGEHE T2 /T L o o o - - 1
19965F BKHIBEST 7 A FF 7 b

10H2H Toal le o0 . 13

BRIl g e o o o o e 21

10H3H tylal 2&3 - - - 35

WA —Fyrar 1« 45
tyval 4 &5 - -« ¢ 55

10H4H a6 &7 o o e 09
RAFZ—F a2 « 81
Tyal8&9e ¢ o - o 93

%“%5@‘5‘[ .............. 105

FHRER : EFEA

i RE S HOBEBEMLICHEEL L TERIN TV HOT, RfFodcE
WITAEBES8 6 1S H1 9HIZE T LZZ eI Tnad. ZoERITHD
LBIWTWEHRFED C-14 FRTHMER I, ETERBHELNTR->TWBE
fAELTEERELEOLDOTHS. KB FI74 MBEA (L6) WWBEL, &
BiL472g. (EEOBEFTEFTEFOERGFERKIZLD)



H K

19964F MHGEHE T2 /T L o o o - - 1
19965F BKHIBEST 7 A FF 7 b

10H2H Toal le o0 . 13

BRIl g e o o o o e 21

10H3H tylal 2&3 - - - 35

WA —Fyrar 1« 45
tyval 4 &5 - -« ¢ 55

10H4H a6 &7 o o e 09
RAFZ—F a2 « 81
Tyal8&9e ¢ o - o 93

%“%5@‘5‘[ .............. 105

FHRER : EFEA

i RE S HOBEBEMLICHEEL L TERIN TV HOT, RfFodcE
WITAEBES8 6 1S H1 9HIZE T LZZ eI Tnad. ZoERITHD
LBIWTWEHRFED C-14 FRTHMER I, ETERBHELNTR->TWBE
fAELTEERELEOLDOTHS. KB FI74 MBEA (L6) WWBEL, &
BiL472g. (EEOBEFTEFTEFOERGFERKIZLD)



HAARERFES1996FE KGR ES
7a s T A

10A2H (k)

10:00-10:20 =4+

10:20-10:30 BESBRES KR NEEKERK

10:30-12:00 v 3 1

12:00-13:00 A&

13:00-17:00 %t v gy THIlal v M
X 5A%E)

17:10-18:10 HREAF—¥F v gy [HIInm
v Mok B BIEE]
(EBEA— - 1 ')

10A3H (k)
09:30-10:45 ETwvTv 32
10:50-11:51 EwI 3.3
: (RRE—F v a  IDELEEL)
11:51-12:50 B&
12:50-13:50 HRREZ—% v g1 (EEFR—IL - obt—)
14:00-15:00 4RI H
15:10-16:40 E> T g4
16:50-18:20 ‘B> 3 5
18:30-20:30 = (EHRFHRE)

1048 (&)
09:30-10:45 v 36
10:50-12:08 ¥ v g7
(RAZ—F v g 20BEEET)

12:08-13:10 B&

13:10-14:10 FREZ—t v g2 (EAEKI—I) - gpb—)
14:20-15:35 w3 8

15:40-16:40 B 39



10:

10:

10:

10:

10:

11:

11:

11

11

12:

00-10:20

20-10:30

30-12:00

30

45

15

:30

:45

00-13:00

101

102

103

104

105

106

1028 (K) 4
5244

B IRE R O A%
MirEL (uk - #)

Ewasl  (EE : R

R T-FHEMNY D precursor DIFH o
FHE , B, RS B, o 15
EMERE uk - )

RBEXEEY DO FHERRM
BFZE (SRR - B, MEBHET GIIC e B cooveeeeens 16

HIRTOFERWBELZZE L, ABEETOREMEY 4
X
BICHET (FEXRK - BER), I. Mann (MPI) oovovereeeenennns 17

GegenscheinD AT — 4% fZHT ‘ ‘
FEIER |, ERE WEK - BR), - TR 18
mHIE #FK-#H), PHES GFK - FRLEE S 7 —),
H&ksE \EFH), J.F. James (Univ. Manchester),
A*¥Z2, P. Hillebrand, I. Mann (MPI) :

REMEICK HHHE - BABH .
rmf]zlgﬁuo (ﬁj( mf%‘t/?‘*) .................................... 19
BHKS FWFEKRK-B%), Y.L Xu (Univ. Florldd)

SFU BIE FOBEREEEMRTERE (1)

KEAP , duiEEA (FEU, KEBESH, oo 20
S.P. Deshpande, M.]. Neish (ﬂn%?ﬁﬁﬁhﬂ?)

AR (K- BR)

B&



10H2H (k) &t

13:00-17:00 ALy 3> THIHIAY Y Mk BAEE]

13

13

14

14:

156:

15:

15:

15:

:00

150

:40-14:50

o0

40

42

44

46

SO1

S02

S03

SP1

SP2

SP3

SP4

*LEL—R AOHEP (uE . LAEAe)

HhIRMEEHR A S H - A DR OIS

KRBT (FHHE) oo

AO#EFE : SWH¥H, LEHRMH S

BB, (FEETK « (B o oooeeeeeneneenaanaanen

R
*ARERBMENE (25 : A8

ARERADN#EHE CHEITHIIUR

BREBH— , xR (FHRF), e

HREABHEZ Y =7 FF—A

ARERR®EICKL 5@ LA

A R R B2 AT LT AR SRR S A — T e

RE REBAE (NASDA), RAKIEME (HEIaRT)

HEXKBAICL 2 ARBYE DL RIEE EHE
WA CFHEVD, e (&K -3, Ak
HPE (FHD, MERE, SHr— Gk -,
K (FHH), XRSIA—7

Y A5

RAEET , BWMBK BEK - T), oo

RMIGE BEEAEKR), BHRES,
HHNE (R - BBIHHF), T MI (NASDA),
PEFHRE, AR GRZIR - T

AREROHERBASL X FHie

KGRI CREUKFER), fex K GEK - H), -

T Lak— CRWIER), Ac#s, IWAR GhFx - BR),

=HTE GROK - HiE)

,_4__

AN



15:

15:

15:

15:

15:

16:

17:

48 SP5

50 SP6

52 SP7

54 SP8

06 SP9

00-17:00

10-18:10

10H2H (k) % (Fix)

AEERLDMEnNBh AS L FOHYEE
LA~ (NASDA), FARBTHE (GREMEHF), oo 30
LISMigRt 7 v —7

L—YEEHICLA02EBDmEAIE

KITER , BP)IER, FAHE, Mm%k, ABEA, - 31
MBEZ, B4YE (BENERXE), TFHEE— WEREH,
FHEES, FHEFR (NASDA), WABIFT (Juk - 3B),
LA (E L HhEER)

ARBEREWEIC S5 A TEELKIIAR - BEE R
BHE

NS, KRRHE, HEE GRLK - B, e 32
WAILE Rk - D), WHEK Gk - 1),

W Gk - ), fex A Gk - B

RISEEHEIICHE TSR EHZBOETERE
FeAREE , BEZN (ENIRITE), e, 33
HINE (B BIERDD,

EHEER, KICEH, MBFEs (ETRKLE)

DL—BE%+L bW -ABMEHBOEA

U V—RBRE I A—T RBW—, TR, SEm, 34
REFAD (FEHID, IIES, LR FKER, FILE— (NASDA),
M EY, AEZA (ESIRIH), H)5E,

BHIE (BB EER, S, hekd Gk - m),
ML=, ZH%E FERBX - ), ZEES Brown Univ.),
SMFHE], PHIEKR, WARTT , B (uk - ®@)

*BEHR BE 4 A5)

Bty avRx4a—)
SP1-SP9



10H 3 H

09:
09:
09:
10:

10:

10:

10:
10:

10:

11

11

11:

30-10:45
30 201
45 202
00 203

15 204

30 205

45-10:50

50-11:51

50 301

:05 302

:20 303

35 Pit

(K) 4Hf
tyvave (&R :WHE)

BEELUTS— MR ORI
WARBA Gk - B, EERER) (A - ), oo 37
W E— (kX - B2), J.M. Greenberg, A. Li (Univ. Leiden)

BERBESROLODT EILT 7 Z K TS EOER
%W%O , ﬁ)”ﬁ(}‘% (;[tj({&(ﬁbﬂi) .............................. 38

BRICEHKDEAFKDEE, REKFY
ALK, FINBGE, FHNR ALK - KRBT oo 39

BUERET IMBEGTEORERR
TR, WEHE—, A4 bk B, 40
i3 B S C A N 1)

BRERERONKEAOS
WA (FK - B, SHRIBT (FEPR o a1

(N
tyalld  (EE:BFNR)

The Influence of the Spin and the Ellipsoidal Shape of
an Asteroid on the Regolith Formation

BILE— , BILHE GHF I« HEK), oo 49
MFIE GRFER - 2

INREREETIVIC L DI ER :
BHKFE WFK - AR, THEBEFE FEHP), oo 43
AR (K- &REEZ—), MHFE FFEL - )

CGZ FLV/=PhobosRBD AT DHETE (1)
FRILESE , EERE (B - Biam), SIIE, e 44
AR EEA @ISR

EEERENHERL
KIBAND B, AILHBE GEER - BER), e 47
MFIE (FE R - B

_6_



11:

11

11

11

11

11:

11

11:

:39

141

143

145

:49

01-12:50

P12

P13

P14

P13

P16

P17

P18

10A 38 (K) Al (ki)

BEEROBFRICETEZNRN—OaL—2arvDEE

i}ﬁ@f’ —%‘__.0 , l_uzkig?ét (;":j( . @) ...........................

MOBRICE T KB OEESR

FEINEGES , — M dbk - RIBRD e,

HBHAOHERIZLHSBENHORIEHE

E,é‘,j/ﬂi_%" (ﬁj( . fﬁ/ﬁlk . ]ﬁ)’ ........................

BB Bk - B

JL—8DTTI3T—YavnEEICAITT

[.U}%f%‘?‘o , %Eﬂéﬁz (ﬁj{.}g)

RWAHZADTO b UBRICLSEBEELDAE

PREET CREHD, MREE" GUKE), oo
ARG TR YRR, it (EELE),

FEFER (FHA)
NERESAFT 2L HNBREREOHR

HIE AR GBI - 5’523), ....................................

AR GRK - RfEtr ¥ —),
MHIE FFX - B

MERAES/NEEE 1 98 OML Dith HEH
REIEE® (FHW), EE8, HARE (EIXXE)

B



10H 3 H (K)

12:50-13:50 RAE—t w3 1
P11-P18

14:00-15:00 FERIGHE  (8E T
KBERETNICLSDAGEEB S IaL—>3Y
BERZE (uk - B)

15:00-15:10 fk&A
15:10-16:40 Y3 4 (EE : PHET)

15:10 401 AODEHEHISGROE-AABIEEDOHT
@Eﬂfn;é&‘" , Iﬁj’]Eﬂéﬂﬁ’ 7 ('3’_—7%'5}) .................. P 57

15:25 402 LUNAR-ARR FL—42EAEARAS AT L
BIEZ , BAEE, BPE, iBh—, EBgk, - 58
KRBT (FHPD, WWAzhk &k -8, MUIE" dbk - 8],
R (@K - B, ARE BEEfk - 8],
PR (oK - #), AHER (&KX - ),
LUNAR-ARR FL—F YA = R S

15:40 403 LUNAR-ARAR FL— 2 EHMBAEE (2)
HAEE , BPE, RS, BNek, miEm|, - 59
KB (FHEPF), LUNAR-ASER FL— X BRI —7 .

15:55 404  LUNAR-ARR k L—A2 #FBERA S R T LD
HAPE , KB, BREER 05— IS, oo 60
ZEIEE, AAWEE (FHW), EHfF— (AEASE),
LUNAR-ARR M —Z P f = R T

16:10 405 JL—4—MHEMOERBRTICLIAMWBEEEERTOR
&
MHEEESL (FHPD, AEBEE Gk - EH), e 61
fEth—, MR, BAEE kB GEHD

16:25 406 FOFaIT - L—2—ICh T 5hBBEEIE
A, PP —ER | FRIR— , e 62
B3 — (BK - H#), 0. Campos (Univ. Nacional Autonoma
Mexico), R. Hernandez (Geoproyecto Tepetl),
P.H. Shultz (Brown Univ.)

_._8_



I10H3H (K) F#%& (FX)

16:40-16:50 k&4

16

16

17:

17:

17:

17:

18:

18

:50-18:20 w3 5 (JEE : AAE)

.50 501

05 502

20 503

35 504

50 505

05 506

RERERBOBIEHE L REBRORE
BEER (LK - HERBBED), DB, e 63
PIIER— Uk - B, HEA GEX - HIR%)

ﬁEBﬁrMMJMMS%yoKBH%$ﬂ%ﬁﬁt%@ﬁ
REE

KETH® GRK - #), /MUEA (Univ. Neuchatel), - 64
Vex Rdl (BK - BR)

KEDILBEDREE & EMRE
FRIIFEBE (TR« TREHTILE), ooovvemmeemreeoieeeieeainnn, 65
A CREEERK), FHAE—(HRen)

KEREDEAELIZHESHTKRKOKE

;E:é:if‘)jm" , @\:E}ﬁ;z ' (ﬁj( . fﬂ) ................................. 66
NEKILDE KRS A )L
E%%ﬁ@" , M}#%;ﬂi (Ej( . f@) ................................. 67

Varieties of the Martian Meteorites Based on Their
Lithologies, Compositions and Ages

RPIEES (T + T0) coveerrermmemiiii et 68

:30-20:30 BERE (FHB¥EHBE)



10 48 (&) %Fhi
09:30-10:45 w3 26 (EE : BaE)

09:30 601 HWYKBRIZEFTIHIBENXEOHENER ’
%%%%0 , 7](%‘.{: (?%’6}1:) ....................................... 71

09:45 602 EEEHEAY LY OUHBBORE
e , *E;F?Kk%tj—ﬁ, HAE (BT - HB) oo, 79

10:00 603 JREMEDIATLY A XKEH
l:}j*j‘&jl\o (ﬁaﬁj( . A%ﬁmﬁf‘\/yw)’ ........................ 73
BWHESL #ER - BR)

10:15 604 FABEDOSESHRET |
INNRIEER (UK - $08), HEHE GRTK - B -oeee 74

10:30 605 RIAEREBOHBRAFMOBHEIRERE
EHEP?%%D (ﬁlj( . @) ................................................ 75

10:45-10:50 {K&EA
10:50-12:08 w3 217 (B - P E)

10:50 701 IR ThDKKREERE L MH kDR AERE |
: ﬁﬁﬂ%i (ﬁljﬁ . @) ................................................ 76

11:05 702 SEEHOMKOEL LKE - BREOHE
:‘:*Kﬁ;ff‘ﬂo , *ﬁ#%lﬁi (ﬁj{ . ﬂ)) .................... e 7 7
BARE (EK &Rt 2—)

11:20 703 MERFMYDO KT - T2 FILOBILEED L

%*7";% (ﬁj{ . /R:\,@é“h :/57.__) ....................................... '78
11:35 704 MIKOBHR-7ILIHHENPRBE-BFOSRT—4 %

AN -EE

B, LLBRRE, MHEE R H) e 79

__10_



11:

11:

11:

11

11

12:

12:

12:

12:

12:

50

52

54

: 56

:58

00

02

04

06

08-13:10

P21

P22

P23

P24

P25

P26

P27

P28

P29

mﬁ4a(&)¢%(ﬁ%)

KEINFO—T 4 A F Rampart Crater ) ejecta
fluidization — Yuty Crater #liIC¢& > T —

HAHRIE® | BEMRAL B « B o

KRBEICL HBERREDIRS)

JIPRIETRE (BRI » JH) vveeervvreeeomeeeineeeeeineeeeiieeee e

PLANET-BIZ & 2 X ED & E D Al

EHEZ® , AD. Toigo GBEI « FEK), oo

MFFIE (FFFER - B

Jovian dust streams [ZDUVT

HIBA (K - B, MWHE R - B oo

KKFEDHNHHEAL

AT |, BEEEL (RIS + HE) cooovvvreeennneeeeeeineeenn

RREFRICLLIERERDMAMOEL
FHEEE |, FIHE (B« B oorreorreeoeeeneeneeeineainns

BRERRICLHFMREDOH- T ML EBREOHE

DTS |, ¥R, FEEE G s HER) e

SIMSICK ABEREDPDEERRGELED AR Y Fo4

tt@*ﬁ% (ﬁj( cHH) e

Carbon and nitrogen in iron meteorites

*Z(mﬁlé (ﬁj( . @) ..................................................

B

_11__



104 4 H

13:

14:

14:

14:

14:

15:

15:

15:

15:

15;

15:

16:

16:

10-14:10

20-15:35

20 801

35 802

50 803

05 804

20 805

35-15:40

40-16:40

40 901

55 902

10 903

25 904

(&) Ft&

RRE—tEy 322
P21-P29

Ty a8  (EE: EHEER

EMEDO#ARFELTRDHH
KIEHET |, /MB— (BT o ) cveeeemeeneoneneeeinineeeen, 95

[RIBAKBGREZETOD Fe, FeS 4R FDERIZOINT
WA E , LI Bk - #3), ES— (LK - BH) - 96

NaDEFEMN LAY K a— LAEREHOERE
— Closed system evaporation o RJREME

FIBE° ek CHE), BEAEE (JLIC « BR) e 97
MEZRWEKEETOHS,FRBEIaAL—3Y

WHE— (F K- BR), BEIETF GEELFE) 98
KEREENDT XA FORIDITRILE—5F

Eg%{;g (ijT . I@) ...................................................... 99
PRI

tyPal9  (EE:LBEER

EREMET CTORITE - ENEBIZL 258D ER
HRAES, IMEBES , £FME BRrREKR - T), - 100
FEASR (LXK - KB, FE EX - FHED

BRI R EARERICLIYERLEE-OYX Y S
9a1)E—-ay

IHRREIE® , RBIBE, &7M% BEEKX - I), e 101
FNMEZ M), FERE K - FHEHD

RIGREBRARICE T EH9THEOLEHELE —FHBICS
HEN-FEETD C N0 ODEERE—

MG GRK - B BN RH), fEHREE (LEK - 3),
BULIER, ORE, Wl — (ESLRE) e 102

kN ES FRFELAYMOBREY
FHTEALS , FIUBEE (L s B o 103

_.12_



HAREHZS
RUBERT IR LS H b

ttyral 1

10H2H (K) 40
No. 101-106

._13_



101

BT 72 FHEEDTH DOprecursor D TH
The information on precursors of melted cosmic dust

OxkH ., W Al R 28, BS %, B 58 Cuk- 3

Spherule is one of cosmic dust, which have once melted during their atmospheric
entry and thought to occupy most of cosmic dust collected on the Earth. Though other
unmelted cosmic dust, IDP(interplanetary dust particle) and micrometeorite, are thought
to be cometary or asteroidal origin, it is difficult to guess the origin of the spherules
because they lost most of their precursor mineralogies due to melting during their
atmospheric entry.

We focus on stony type spherules including relict mineral grains and compared
concentration of minor elements in the relict mineral grains with those in minerals of
each types of chondrites. We also performed numerical simulation for atmospheric
entry of comic dust to realize a cooling rate of the relict grains estimated by a profile
fitting method and constrained entry speed of their precursors.

HER AR B ZE AR ICR Y - HE, Bl b A7 o v—vid, kL TRETE A
FHEOHTL LAY OWSEHDOTWEEEIONS, MOBMT HICES %
o 25 e, Bl 5 IDP(Interplanetary dust particle), Micrometeorite DWFFEA5HE €24 H
Th, TNOHRAT 2 )V — VIiTHEIC RS HED DB RXEXHEETH S, IDPIZDOWN
TIEEICERGEI PSR AL DO, FICHARIEW P OHKA D DITKNS N, FrFIERE
Bar F54F EOGWMBRO BN S/ARERIEORE, i idHalleyBRE & Fe/
(FetMg)lbO—F 2 Lo BERBBORE LEZON TS (B, 1991) .
MicrometeoriteDH T BIREBRIRSH W E & LD DI DWW TIL, F0#PHUEHCl,
CMI Y FIA4 MIBLTBY (Kurat et al., 1994), ZhH b F/hRE 2 RFICHED
DTV REEZLNTWVS, LAPAL, A7z V= VIZ2o2WTIE—BEf L T
57 DA O OVTORFRIEIP VB L2DRTB Y, ZORELZ & 20T
5HDITEEL v,

FLAEZVT A PEDAT7 2= VOHThH, BITROEHH T &b DI
ZHL., #0RTFHYOLBLEDRBIZONVTIVY RIS LD LB 2175
7o T2 BMTRBROKTFROBEA A D TUT 7 ANV RD LN AGHEED,
ED XD BEMZEDREERE AL > TEREINRLIPIZDOVT, FHED KRS
ADFTERYI 2L - a i To7, TOREK. £DA 7 2 )v— VDprecursor?
KELEAREL PR YPETE, BETHHZORBICOVWTERTATFETH S,

(5 | R 3CAR)
Kurat et al., Geochim. Cosmochim. Acta, 58, 3879-3904, 1994.
W, iR, #520%, 105122, 1991,
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BRUEEHEREY) b O S H IR ER R

Cosmic Spherules in Deep-Sea Sediments

WHZEC (FERA - H) |, HEg Gk - #®)
T. Fukuoka® (Gakushuin Univ.) and Y. Tazawa (Kyoto Univ.)

More than 10 elemental abundances in 6 spherules (9-152 1 g) separated from
deep-sea sediments of the northern Pacific Ocean have been analyzed by instrumental
neutron activation analysis (INAA). A chip of newly produced alloy has been used as
standard sample of Ni, Os, Ir and Au elements for precise INAA. The results strongly
suggest that the spherules are cosmic origin, because they have high abundances of
siderophile elements. X-ray diffraction and SEM/EDX analyses have been carried out
on the spherules after INAA.

FBOKIRZRE ST 2 2 LICX ) KEDFHEL IRET S HEIEATH S, —52
FROKKRTOFHEOHARZ BT A LICLY, FHEORTROLE/IZO
VTR FICAD TR S 5. BRI o O R DB b & M
L7fE, FHEMTHERELZEPLDOME ORBIIEELAFEREN—>Th
%. FHEDEIFED micro-meteorite 70, EEH», FhE T O, Tz, ERk
HOFHEL, ZHE TSR SN T A - RIEEHAEY T O R IE Rk 255 o
MTHDYP, EVoMBEERLLI AT, ZOMEHBEIEETH L. “hb
DREE @S SRS, KEF L S N7 AR T2SE IR RIETH S 54 I
PIZTHIED, FE—ILETHA.

FEABOK 1 D KL T 12DV T2 DALSEALEL % 50 75 1521 B e b M T WU b o v
(INAA) B 5. ZDLHEMBA S FHEE,PEI P2 F 2y 7 F5HEE LT,
Ni, Os, Ir, Aub Vo Z2BIBRTR ORI X B HEE, 02 F5 4 MNEREOETH
BALL A L TR FEEIC L 2T ENH 5. — IR ORERIE B T Ok
FTR100umA = —HIVIEELITIE G, DX D RBNEEWEOINAAIL
&, BHERIY P LN CHE RS LETH L. KFRIZETL, e
BRUNFEWEOREIY) Fo ik 2 BR L, #sk T EAERSE X L TN, Os, Ir,
Ave BLEEEERL/:.

AW TR BIBOK K R R OB O B L LT, LAt BEiE
WA XD BEL 72 6 3RAL (9~152pg) 1DV, Foa DEIZE L7 INAA % &
L7z, ZORR6BMAETIIOWT, BEHTHEIRIE SN, TERERN CH D =
EFPIZR 572, 6BRRD ) B 5 ERRIT OV TIE S & 12 XGEENT, SEMBISE,
EDXIC L A BMOMB AT 21T 072, THOEDRRA GO TERET L,
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TR ORISR L B L7, ABSEE T OB RIES A X5

ORTCHE (FhE RS - BREE)
ATy R =y (Ry 22752 75

Model calculation for particles' size/mass distribution inside IAU

OlshimotoHiroshi '’ , Ingrid Mann?’ ,
1) The Graduate School of Sci. and Tech., Kobe University
2) Max-Planck Institute

We have numerically estimated the particles’ flux and number density distribution inside IAU
taking into account the particles' collisional evolution and Poynting-Robertson orbital decay. It
Ys found that the large particles with masses of m>1 0" g are destroyed before they approach
near the sun by Poynting-Robertson effects. Furthermore, it is found that the flux of particles
with 10713 g<m<10 13 g tumn to decrease near the sun if these particles are in hyperbolic
orbits. For the middle mass range of particles (1 0713 ¢ <m<10 8 ), the flux increase
continuously. Our results indicate that the dust particles inside IAU form a hump in their
size/mass distribution in this mass range.

INTT, HBEMISZIARONTEX-REBMEDE LT, BEDBEE DK
PODEMIFL T r I3 BT AL LA bDTH D, UL, MR AL T 4
ST TN DY YRR L B BEE ORI r IO E o #E LRI SRR
BUBKFRLOHERBECLIBHEEOLANEEL b D EELLNTE 72,
RA T AT - 0N VRRD, MFHEBELERY L S5 A LR r—
VBT, WFHERLOBHBEIEMAERIY S 2, BEEICHT 2 r LR,
Helios 1 /2 R4 DGalileo, Ulysses 12 & A BEDEHEIBIOE L L FF L 7245,
BB OB O8I L2 BEEOKEYE (~ r 19 L iz—3 L,

ARG T BA T 427 - 0N— b VIR LR TREOE s 28 L,
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Gegenschein® {00 7 — & 4T
CARIER, MR, MIHE GIFK - B . BH RS A - ALY 5 —) |
HighiEs (J\EF17) | J.FJames (The Univ. of Manchester, UK)., A#4}%2. P.Hillebrand .
I.Mann (MPI fiir Aeronomie, Katlenburg, Germany)
Analysis of Gegenschein photometry

M. Ishiguro®, R. Nakamura", T. Watanabe’, T. Mukai’, H. Tanabe® J. F. James®, H. Kimura®, P. Hillebrand® 1. Mann®
1) Kobe Univ.,Japan, 2) Hachiohji-shiJapan 3) Univ. of Manchester , 4) MPI fiir Aeronomie, Katlenburg

We have analyzed the photometric data of zodiacal light and the Gegenschein obtained at Mt.
Haleakala, Hawaii, beétween the 19th August and the 25th September in 1995. The instrument
consists of 16mm fish-eye lens attached to cooled CCD camera with B,G,R filters. We will
report the results, (i)a center position of the maximum brightness, (ii)an excess brightness of
the Gegenschein, and (iii)a comparison with model calculations.

Gegenschein (Xt HRE) & 13, KIGAEASBREMBEIC L o TRFHELINEDDOTH 5,
ARl RAVPBEBNTLE20E, 1995819825982 5 HiZHFTAHLT
717 (3055m,/NT A ) DB TIF 5 N 72 Gegenschein® P T — ¥ T B, 4 L7
il 1emmBIR L v ZIEHCCD I A 5 #HUHIF 2 DTB, G, RD3IABDT 4
V& —TREEIT - 720

OB DOEBIIL, Gegenschein @ (i) HULOME (i) BB S (i) EFILEHE &
DHETH B, OICHL T, ZOIWLVEZASKREES 18 0ED AL —3 T
BWE) BB INTELD, RAOBUKBECHEETRL Y HICW 2 BTN
Whlbholz, COBHKELEFVEELORBICOWTOMET S,

#11) X 1172 Gegenschein
(9A21H 9WE3 04 - G714 v% —%EH)
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FEA Bl (RK - B AT LHARE 2—), B8H BF (WEL - BR),
| 21— 2— (FOULK - EI)
Light Scattering by Interplanetary Dust Particles :
Their Polarimetric Properties
°H. Okamoto (Center for Climate System Research, Univ. of Tokyo),
A. Kamei (The Graduate School of Science and Technology, Kobe Univ.)
and Y. L. Xu (The Department of Astronomy, Univ. of Florida)

Recent progress in the light scattering theory has been reported. This work has
cleared the way for reliable scattering calculations for relatively large scattering target
and provided the promising approach to model the interplanetary dust particles. Fluffy
aggregates have been the focus of recent studies of astrophysical interest. The method,
the al-term method, can be applied to such particles. Firstly we have made comparisons
of the results by the al-term method with those by modal analysis, which is the exact
method, for randomly oriented linear chains consisting a hundred of monomers. We
have shown the al-term method has a reasonable accuracy and is especially suitable
when the target is oriented randomly.

The analysis of scattered light from the zodiacal cloud provides information on the
micro-physical properties of interplanetary dust particles. The present study has been
motivated by observations of the linear polarization. We have considered the following
different types of large particles as a scattering target; linear chains, fluffy aggregates
and rectangular solids composed of monomers as a candidate of interplanetary dust
particles. It has been shown that both the monomer size parameter and the shape of

the aggregatéd particle play a key role in establishing the linear polarization.
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Post Flight Analysis of Hypervelocity Impact Signatures on SFU Spacecraft: Part 1

O &REFRl, dLBEAN (FHH) . AKEHLEZEH. Sunil P. Deshpande, Michael J.
Neish (fif3Af) | IUAER (REX - BR)
O Hajime Yano!, Yukihito Kitazawa!, Seishiro Kibe2, Sunil P. Deshpande?,
Michael J. Neish? and Satoru Yamamoto3
1. Planetary Science Division, Institute of Space and Astronautical Science, Kanagawa
2. Space Technology Research Group, National Aerospace Laboratory, Tokyo
3. Graduate School of Science and Technology, Kobe University, Hyougo

The Space Flyer Unit (SFU) was retrieved by the space shuttle from its 480 km
operational altitude after the 10-month mission in January 1996. Here we report the
findings from the initial visual inspection for hypervelocity impact signatures, especially
on aluminised (Al) Kapton multi-layer insulation (MLI) and silverised (Ag) Teflon
radiators. We logged a total of 337 impacts in nearly 18 m? of the various material
surfaces. One of the largest impact damages was a crater on the Teflon coated Al body of
an infrared telescope with the inner crater rim diameter (Dc) = 2.5 mm and the maximum
damage extension (Dm) = 13.4 mm. On the Al Kapton MLI, whose twelve layered
structure works as an effective "capture cell", 221 impact penetrations were counted in the

area of 10.3 m? with the detection limit of hole diameter (Dh) = 7200 um. Some notable

features include evidences of inclined impacts indicating impact directionality and
embedded impactors in Velcro tapes, promising subsequent chemical analysis to conclude

their origins. As for the Teflon radiators, a 4.5 m? scanned area marked 86 craters with

shock wave induced ring features larger than Dm = 700 pum. Other components

including painted Al plates and Teflon coated Al plates also counted 30 micro-craters.

Since the octagonal spacecraft was maintained mainly in the Sun-pointing attitude,
each peripheral face flux should reflect its "meteoroid vs. space debris" preference. The
data is not inconsistent with the EuReCa result favouring for the Earth's apex, which
supports the meteoroid enhancement on the apex faces. The anti-Sun face flux exceeded
the Sun face by a factor of 1.7. Causes of this bias are still under the investigation.

The size distribution index of the impact maximum damages on the Sun face
Teflon surface agreed with the certain size ranges of the previous spacecraft (LDEEF,
EuReCa and HST solar array) data set. The cross impact calibration tests amongst Al,
glass and Teflon are currently in progress. For Kapton films with various "projectile-
diameter-to-target-thickness" ratios, we conducted the impact experiments at ISAS and the
University of Kent at Canterbury, U.K. by using light gas guns at an impact velocity of
475 km/s. The results seem comparable to Teflon plates rather than metals (i.e. Al).

Furthermore, our current investigation leads to the whole area scanning with

higher resolution: Dh,m (min) = 200 pm. We are using a scanning system combining a

CCD camera for image capture and a laser microscope for dimension measurement
including crater depth profile, essential for empirical laws to derive impactor density.
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Key problems of lunar science from geophysical view point

KE £ (FHAENRRRENER)
H. Nizutani (Research Division of Planetary Science,
Institute of Space and Astronautical Science)

The lunar science data available now are not sufficient to
understand the origin and evolution of the moon. Theoretical research
on these problems is also insufficient to put the data into one
scenario. In order to better understand the origin of the moon, we
need to know the bulk abundance of the various elements in the moon,
and the initial thermal state of the moon. The lunar bulk abundance
of the elements requires the data of the internal structure of the
moon; crust, mantle, and core. The initial thermal state of the moon
requires the data leading to estimate the depth of the magma ocean and
the abundance of radioactive heat generating elements. These data in
turn are obtained by global mapping of the crustal thickness, heat
flow measurement, seismological determination of mantle structure and
composition. The origin of the lunar magnetism is also very important
subject, which requires more general development of lunar magnetism
research. This paper discusses how these problems should be resolved
by future lunar exploration.

HORIF EENDOHEEPST S 7cdIzid, BERKA AT LT 3805 —
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A= v VORE ., B URBTRGEHEELEEZNELENH B, ZNS5DT:
OITFHBE DR XD a— Vo, BREIE. < MVOMHRK &G DR
W78 EO BRI I E BIE LA D F A ORUSEDIIE b HERM B 112
BEDOOTEHLMETHY. ARKFORBEAVEE LTS, ZhoD®
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Mineralogical and Chemical Review on Lunar Science
HHE 5h Hiroshi Takeda (FEI X -{+RHRes. Inst., Chiba Inst. of Tech. )

Mineralogical and chemical topics on lunar science have been reviewed for mission planning employing
NASDA s H-Il rockets. To establish a new concept on evolution of planetary materials, it is important to obtain
samples from the far side, where key pristine samples of the original crust were preserved. Studies on Antarctic
lunar meteorites and Clementine data suggest difference of the far side from the Apollo and Luna sites.
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Science Objectives of Lunar Polar Orbiter Mission
Y. lijima, S. Sasaki (ISAS) and Lunar Polar Orbiter Project-team
A Lunar Polar Orbiter Mission is under study jointly by ISAS and NASDA. The mission consists of a
main orbiter in polar circular orbit, a relay satellite, and a lander The mission is expected to take place in 2003
using H-II Launch The scientific objectives of the mission are. 1) study of the origin and evolution of the moon,
2) in-situ measurement of the lunar environment, and 3) observation of the solar terrestrial plasma environment
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Spectroscopic Observation of Lunar Surface in Moon

Exploration Observation Satellite Project
Lunar Imaging Spectrometer research group
PIs: Hisashi Ohtake(NASDA), Tsuneo Matsunaga(GSJ)

In our Lunar Imaging Spectrometer group, we are now considering  the observation for
mineral distribution on the lunar surface from the Moon Exploration Observation Satellite.
The observation instruments consist of Multi-band Imager and Spectro-Profiler. The former
takes almost whole lunar surface images with spatial resolution of 20 meters and 10 bands.
The latter get reflectance spectra (0.5~ 1.9um) of the limited lunar surface with S/N ratio of
more than 300. By using these instruments, horizontal and vertical structure of mare basalts
or crusts can be estimated from observations of layered structure which can be seen on the
wall of craters, material distribution of ejecta blankets, craters' central peaks, etc. so that we

can get a clue to make the moon origin and evolution clear.
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APlan of Lunar Global Mapping through XRF Experiment
T. Okadal, M. Kato?, A. Fujimural, S. Tanakal, T. Masuda?, K. Suzui2, and H. Mizutanil,

with XRS Group

(1 :Inst. Spac. Astron.Sci. , 2:Nagoya Univ.)

X-ray fluorescence chemical mapping of the Moon from the orbiting satellite is being planned
early in the 2000s, to cover about90 % of the lunar global surface with 10 to 20 km spatial
resolution, relative toonly 9% and 100 km, respectively, mapped by XRF experiments during the
Apollo 15 and 16 missions. A large-area Gas Scintillation Proportional Counter with a 25 micro -
meter thick beryllium window is being developed and improved as the device for this purpose,
whose testing models show good performances in the laboratory.
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Gamma Ray Spectrometer

OB B17. &% BX (FX) - %N ¥EE BEEEER) -
ExR R FHit JE (BAR) - AR kR (NASDA) -
; pafT #i. fAR FlA (MR
ON. Hasebe, R. Tanibata (Ehime Univ.) E. Shibamura (Saitama College of Health)
T. Doke, J. Kikuchi (WasedaUniv.) T. Goka (NASDA)
J. Nisimura, T. Kashiwagi (Kanagawa Univ.)

Gamma ray spectrometer system including 7y -ray spectrometer (GRS), a -ray spectrometer
and high energy particle monitor, will be carried on the lunar mission scheduled to be launched in
2003. It provides fundamental information on the chemistry of the lunar surface and is essential for.
developing maps of the regional and global surface composition of the Moon. GRS consists 01‘
large Ge detector cooled by Stirling refrigerator. It measures 7Y -rays emitted from natural
radionuclides(U, Th, K) and cosmic ray-induced nuclides(Fe, Mg, Si, Al etc) with an excellent
energy resolution less than 3 keV,and a spatial resolution less than 60 km.

HARDOKE AR FRE AR FEEITH T, 200341213 AR AEEGRES
1 ST E LT oNLTFETH S, FIIHRRELSEIC B ATEEO T O—IbT >
EVT7%2iTH2d0L LT, vy NEPEBREINS, AREOTEMREZMA - Lit. B
BB 5 A DROBINCEERFRIPY L2 5,

Yy BBRIOBZENE LCid. HORMEROKIH, AOREORIE. BoMsL
T2 MVO#ELL - HEORH. AFHO/-OOEERAE. RO ZEHH SOBEDT-
ODOFBEFENETON S, ZNOLOBZEHYEZER T AH2010 v 53 %ETGRSSIE. vig
TGRS, o MRHHIARS L BL AKX R FRHSBPMTHR L. AEED TERS
BITO—IN by BT RITY,

GRSDEMHENL., T AIVF —3HRFEDNal(TH BT LR TREN BN TV A
AIGHEGRIIBEZEH T 5., B E L CIICIT)THR L T EREE b KRS
ﬁ%wFfﬁWéﬁﬁhCﬂm,ﬂy7byﬁﬂnmévﬁﬂvﬁﬁﬁﬁyF%M%?ﬁ‘
TR REBEEI SOy L BT 513850, Geli3IAy —1 > Yigw
BTI0 K TIZWEIT 5, 20Oy #3EEHE100 km® B G EREE D £0.1~10 MeVOE;
YBOLRVF-ANRT MV &3 keVUI TOEDREETCHEIEL. AEELE 1z
Bl HERHENET S,

7 ARE15%, 1650 AIREOFEBIL. FEREIE ST W, REHE Tl
2EHOALBOTEAMOPFENTEETH S, U, Th, K, Fe, Si, Al, Mg, Ti, Ca, Na, 0%
TCEE ARSI 0 1360 km FO MBI BEE CREDHDT Y C U INTE S,

Y ANV AT LI ARKED y BBEEOE L 2 AB TV E R TFEF. ~
U LyaE ety —T HALPMABRINATETH S, /2. o BHRHEEARSIZ S -
THOHBIEEIE > TREINSG T RS0 a i HET 5.

_28_



SP4
ARERERBERSAT AN

Cosmic Dust Analyzer to be on board circumiunar orbiter
ORBER(HFKEXE) (E2RR(HX-B) . HLH—BHEX)
AR ILXRR(HMFEX-B), S HRE (X hE
OHASHI Hideo, Department of Ocean Science, Tokyo University of Fisheries
SASAKI Sho, Geological Institute, University of Tokyo
NOGAMI Ken-ichi, Dokkyo University School of Medicine
ISHIMOTO Hiroshi, YAMAMOTO Satoru, Department of Earth and Planetary Science, Kobe University
MIURA Yayoi, Earthquake Research Institute, University of Tokyo

LDA (Lunar orbiting Dust Analyzer; tentative) is proposed as one of the scientific instruments to be on
board H-Il launched circumlunar orbiter mission. It is an dust impact plasma detector with mass
spectrometer with the opening area of about 600 cm’. We propose to mount two sets of LDAs to be on
board, one to the moon side and the other anti-lunar side. The scientific aim of LDA detector is to
measure the elemental composition of the impacting dust particle as well as dust flux, velocity, mass and
impacting time. As a result we may clarify the mechanism of the lunar origin dust ejection, formation of
the regolith, and the more various interplanetary and interstellar dust. We expect to deepen our
understanding of the dust environment of the earth—-moon system.

Lunar Orbiting Dust AnalyzerlLDAY{R#R)IE. BELR AEHAMEFNENIZH 600cm? DB R D HZE
T5XTHXDFARHRBTHD. LDA FRERDFT AT ATFIE—HREBLETSVIR  BERE.
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Lunar Terrain Camera for Moon Exploration by Orbiting Spacecraft

© &M — (NASDA) . HEITTHE (R ; LISWRE L — 7
Jun” ichi HARUYAMA (NASDA). Motomaro SHIRAO (JSPG); LISM group

We propose a camera as an instrument loaded on the Moon Orbiter

which will be launched by H-II rocket around in 2003. This camera will take
stereo imaging with high resolution of 5-10m/pixel. We are especially
interested in mare regions. We will investigate such regions in detail with high
resolution mapping. We are also planning to take global mapping under
appropriate solar elevation conditions in long operation period of 1 year. In
this paper, we will present our scientific goal and current status of
consideration of the hardware of our proposing camera.
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TREL TS,

LTCREoTHBILLTWAEDIR, (1) SMSEERIC L 23507 B &b
- WERA. (2) BHIMOERICL 2845 KBS ELEECO B LI 1
ERER.  (3) oML ORBSERIC L 28872 AWE - BEEE LR Y Th D,
BADPL o LAEELRFEENZOVEDL LTELTWLDIE, Holchs, 7
EXIE, AOBDWEROEE LIED) &, i L 72 H OB ER &0
BEOODTH > 1M bND . T, BIMEEORIZICE > Tk ) 84/ %
JUV—=SFEREPLRDL ZEHTEETH 2,

LRED & ) EEOBWER Y TERICT A L912, UTFT0XI4LT CHEED~
—ATA YRR SN TE TS S MEES—10m, B/HO. 6DAFLAF
B XYL 7. 5km, MTFO0. 2@F 1 % & FMEWERK. 4%, BEgEe
3V a VRROBHEEIGED 5 L L b1, BRI, AENL. B EERHLT
WS FETH B,

AHEETIE, THhITRFA SN TELREEECBNEE, N— FE b &0 72
HEEHL A,

__30_



SP6

V—PRERC X 2 HOLBOREME

KITERM, FfEt SPAEE hE3Ek pESN WHEZ BFRE (H
MRXE), HFHFE— GUERAERD, FHEES, AHER (FHRBAREX
B, AT Cuk - 8D, SfulshE (E bl

AELEEERHEO—DTH S V- EEIHIL S B OB ORIE T,
A h>TELZ5 A — MUEETORBEMEEIT) TETH 5,
ZOREIR. AOEERROKERE ERICEMPERES) CL5ARNEDOT
ALY Ry = EBNBEOT— ¥ L4bBINEEENHEOMMEROWEEZ LT
HinE 326D THBHH, FEIC, FEIARY MVERIPLV—F—Y T 05—
LOMHAEDBICLE, BT —TELTDY U—F —RUBRBO KA R
MOBEHEABNE L. THHARUEARBIICE T2 ABRMIEDIOODH OHh
EROHB FEtmET) LEBEEEOEHEEAOIDIZBREBERIE SN
20D EHFEIND, HHETE. BRHAROBR, HEERICHT 2EREN
FREDOREL D, TMDTF—5 EOBEWISENTOIZDD Y/ 7 FEFITD
T 5B,

_31_



SP7

BRERAREEICLD
B TREELCICAR - REEHENEE

/J\ﬁgix ﬁ% %\ ﬁ% HH (ﬁjbﬁ? ¢ ﬂ)
BARLE GEK - T | i B Gk -3
o 3% (BK-H | Eeokd K- 3D

Lunar Radar Sounder Experiment from a Moon Orbiter

Takayuki Ono, Hiroshi Oya, Akira Morioka (Tohoku Univ.)
Kozo Hashimoto, Atsushi Yamaji (Kyoto Univ.)
Yasushi Yamaguchi (Nagoya Univ.) Sho Sasaki (Univ. Tokyo)

Abstract

The Lunar Radar Sounder Experiment (LRS) is proposed to observe the subsurface structure of
the Moon by using an extension of the plasma sounder technique which has been developed for the
plasma observation of the Earth's and Martian plasma environments. The LRS experiment is also
aimed to observe the characteristics of the Solar and Planetary radio emissions' spectrum in detail
and to identify their source regions.

The main objective of the subsurface sounding is to study on the Moon's tectonics. A subsurface
sounding of the Moon by using HF radio waves was initiated by the Apollo 17 ALSE experiment,
however the recent technical advantages makes it possible to obtain global map of the moon's
subsurface structures with high resolution and accuracy.

On the other hand, the main objectives of the radio wave observation are to investigate the origin
of the solar and planetary radio emissions by identifying the source region of the radio emissions
based on the radio occultation signatures of the Moon's body. Another importance has been pointed
out for the plasma wave turbulence associated with solar wind and magnetosphere interaction at the
Moon's distance and solar wind and Moon's body interactions making an wake signature in the
downward region of the solar wind.
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Estimation accuracy of lunar gravity coefficients through the RISE project

OrAEE". BBEAMN. BN E) EEXRX". KIEH. AFEZ"
1) BIRXA (KR) . 2) BEREHIRPT (BER)
H.Araki. K. Heki(NAO). M. Yoshikawa(CRL). H. Hanada, M. Ooe, N. Kawano(NAO)

As a part of RISE(Research In SElenodesy) project in the moon-orbiting mission of Japan scheduled on 2002
or 2003, the differential VLBI observations of the satellite is now under investigation. The accuracy of lunar
gravity model is expected to achieve the great improvement through the observations which enable us to measure
positions of a moon-orbiting satellite with the accuracy of Im. The method of analysis is analogous to
GEODYN which uses covariance matrix for inverting the orbit data to lunar gravity coefficients.
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Gravity Measurement of the Lunar far Side by Using Relay
Subsatellite

VV-EERE V-7 BB W, T . B R XF A (FEE .
AN EFE, BF FKREE, FLM— (EHRAREEH) . 7% B2, HE =5
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RELAY SUBSATELLITE WORKING GROUP: Yuuichi IIIMA, Ben ICHIKAWA, Tadashi TAKANO,
Hajime YANO (ISAS), Mina OGAWA, Eijiro NAMURA, Jun'ichi HARUYAMA (NASDA),
Nobuyuki KAWANO, Kousuke HEKI (NAO), Mizuhiko HOSOKAWA, Makoto YOSHIKAWA
(CRL), Yutaka ABE, Sho SASAKI (Univ. Tokyo), Risao HAYASHI, Shigeru YASUDA
(Kagoshima Univ.), Seiji SUGITA (Brown Univ.), Yuji TACHIHARA, Masao NAKADA,
Noriyliki NAMIKI, Kiyofumi YUMOTO (Kyushu Univ.)

Synchronous rotation and revolution of the Moon prevent us from direct Doppler
observation of gravity field of the lunar far side. While Doppler data from Clementine has been
integrated with those from previous Lunar Orbiter and Apollo missions and has been
extensively studied by Zuber et al. [1995], the analyzed gravity anomaly map over the far side is
likely to include serious uncertainties. We propose indirect Doppler measurements of the far
side and over the limb of the Moon by using a relay subsatellite. Combined with geological
observations from other instruments of this first ISAS/NASDA joint lunar mission, new gravity
data will provide clues to the origin and evolution of the Moon.

BiSHEREY E NGRS —H L TWwa 22012, BICHIKICE CE A2 EITwb,
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Crystallization of the Silicate Component of
Cometary Dust

WA A (ERER) , /MERES] (MFKED) , SEFE— bkE)
IM. 7V =2 =7 (FATVR), AV (5A4F0K)
Tetsuo Yamamoto (Dept. Earth & Planetary Sci., Hokkaido U.),
Takashi Kozasa (Dept. Earth & Planetary Sci., Kobe U.),
Sin-iti Sirono (Dept. Earth & Planetary Sci., Hokkaido U.),

J. Mayo Greenberg , A. Li (Huygens Lab., U. Leiden)

We propose a mechanism of formation of the crystalline silicate component of a
cometary dust particle as observed in comet Halley (Campins & Ryan, 1989; Hanner
et al., 1994, see also Greenberg et al., 1996). The mechanism proposed here is crystal-
lization of the amorphous silicate core by the energy released in radical reactions in the
organic mantle of cometary dust triggered by solar heating. The degree of crystallization
is calculated by solving the equation of heat conduction and the rate equation of crystal-
lization with taking account of latent heat deposition due to crystallization of amorphous
silicate. It is shown that the crystallization degree higher than ~ 10 which can reproduce
the observed infrared spectrum of C/Halley (Greenberg et al. 1996), is realized for the
radical concentration larger than a few times 10% in the organic mantles of cometary
grains.
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New methods of making an amorphous icy grains
for cometary nucleus simulation experiments

EN R, RINBE Juk - KR
A. Kouchi and M. Arakawa (Inst. of Low Temp. Sci., Hokkaido Univ.)

We have developed a new method of making an amorphous icy grains for cometary nucleus
simulation experiments. When thin amorphous H,O layer on the surface of thick CO layer
was warmed, we observed a sudden evaporation of CO at temperatures between 30 and 35 K.
This causes an instanteneous destruction of amorphous H,O layer. As a results, amorphous
icy grains were formed. This is a novel means of forming an impurity-doped amorphous icy
grains.
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Measurement of Impact Vaporization of Water Ice:
Impact Velocity and Temperature Dependence

£ RX #mIBE, FwN R JdLK - EED
Norio Sugi , Masahiko Arakawa , Akira Kouchi
(Institute of Low TemperatureScience, Hokkaido University)

Impact experiments of water ice were carried out to simulate the accretion of icy satellites. We developed a
measurment system of H,0 gas vaporized from low temperature ice by impact. The system has an
electro-magnetic accelerator, an ice sample and a mass-spectrometer in an ultra-high vacuum chamber. We studied
impact velocity and initial temperature dependence on impact vaporization. The copper projectile was launched to
the ice target at velocity range of 60-180 m/s and the target temperatures of 130-185K. As a result, it was found
that 0.01% of the impact energy was distributed into vaporization of ice at the velocity lower than 130m/s, on the
other hand, 25-30% of the energy was distributed at higher than 130m/s. The estimated shock pressue was
330MPa for the Cu-Ice impact at 130m/s, which is close to the pressure at the Hugoniot elastic limit for ice.
Thus the drastic change of energy partition into impact vaporization may be caused by shearband formation at the
Hugoniot elastic limit.
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BEMRME LT 2MBREOHBRERIC Lo TR EINE, ZOBRBICBI5HEOM,. HEIX
WF—DO—FIKORRBIIHEDLND ZENTFHAINS, KOBBRERIIFEBARI[EHR LD, #BR
MBED S BKEGERNMIBEI TR EICXDKREONIV 7HRICHEEEEX-EEX5N., K
BEOHNEZEX D LTEETHS, o T, COBHKZHLARILENDH D, FITRLIZE
R BEEOREMRREZ2ERSTHEL, HRIZX 2K HOOXRZ2ENIT S Ial—va
VEBRETo . i’

[REAAK] HRERIMER OHEF 2 O N—HTHo . HEMGAKIENIL 1x10° Tor T, W
ARERTHAL 72 KEMITH U THO A (250mg) 2HRIVL, HREIFEKRICRELETRE
Y7V TU, BESHEH ZAWTRAR. G TEEZAFE L. 2T BELEZHRAEF
SIN—ARBET 5 AREEZR T 5720, KREHTIZEK (D,0) 2HESBEZDOEANVTVNS,
FMEEBIZIIHADORENDEL, DOBEAR—ADERNHEER OO ZHAEL THVW?E, £
U CiABHEE 2£130~180(K). HRHE 260~185(m/s)ic B LI § T, AARRBOBRE, #EEKFEEHA
Nz,

[RREEBR] EROKE. BECEL TIDKFEE BRI 126> T, HRICKKEREN
BN 2BMNROSNEN,. ZERHEETIIAN > A& aho /. —ABREEICEL T,
HEBRGHNTEEOHMME & BIARBRIIMFULBW AU, ZoBmidES T XILF— OBzt
RTATHok. THRAERICAVWS N3 T XN F—DEN—E TR ARV EERLTWS, TT
T, RRBIARRBOBEEZMNI TRERIRINF—2RD, BALLEZEH XN F—IIHTHEE
(ZXINF ) 2ROz, TOEE. HEFEENBLZ130n/s 2EIZ. THELF TIE#K0.01%. £
NLLETIE25~30% & TR NVF—ZENBBHIZELLL TWB Z & ho e, £ koadF»
SLRXNF—HEIPRBMCEDIEEICBIIBAREE ERD S E330MPakizo iz, TOENZ
KO T FEHEEA (150-300MPa) IZIFIF—KTHI EnS. HREROIXINF—HRO LI
AT AHEHRREZBIDEHNTKINEERZES AN LACHBEL TRETWS I EERBT 5,

__39__



204

BIEEN 7T HMREFEOHEREER
Crystallization of the Silicate Component of
Cometary Dust
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Hidetosi Mandai (Dept.Earth & Planetary Sci., Hokkaido U.),
Sin-iti Sirono (Dept.Earth & Planetary Sci., Hokkaido U.),
Tetsuo Yamamoto (Dept. Earth & Planetary Sci., Hokkaido U.),
Sei-ichiro Watanabe (Dept.Earth & Planetary Sci.,Nagoya U.)

Numerical simulation of collisions of two fluffy planetesimals composed of fine grains
is carried out with taking into account of the effect of plastic deformation by the SPH
method. The tensile stress of a planetesimal is inversely proportional to the square of
the grain radius. It is shown that planetesimals composed of the grains with interstellar
dust radius, ~ 0.1 um, are broken into pieces when they collide with each other at speed
higher than 20 m/s. Sticking after collision occurs only if the grain radius is as small as
molecular diameter.
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Velocity Distribution of Impact Ejecta from Regolith Targets

OSatoru Yamamoto!’ , Akiko Nakamura?2’
1) The Graduate School of Sci. and Tech., Kobe University
2 ) Institute of Space and AstronauticalScience

We have performed new impact experiments onto regolith-like layers of glass spheres to
investigate the spatial and velocity distributions of ejecta with a velocity higher than several
hundred m/sec. Spherical nylon projectiles of 7.0mm in diameter were accelerated to about
4km/sec by using a two-stage light-gas gun (ISAS).

The high velocity ejecta concentrated toward downrange azimuth of impacting projectile,
because of the oblique impacts of the projectiles into the targets. Though our results of the
volume of ejecta with higher velocity lie below the extrapolation of the lower velocity data, the
differences were within one order of magnitude.
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The Influence of the Spin and the Ellipsoidal Shape of an
Asteroid on the Regolith Formation

Ken-ichi Maruyama®, Hiroshi Ishimoto!), Tadashi Mukail)?
YThe Graduate School of Sci. and Tech., Kobe Univ.
?)Faculty of Science, Kobe University.

Ejecta generated at the impact of a small body on the asteroid are thought
to fall on the asteroid’s surface and then form the regolith layer. For the case
of a small asteroid, however, it is thought that the most of ejecta cannot be
captured because of the asteroid’s little mass.

In this work, we investigate the effect of the spin and the ellipsoidal shape
of the asteroid on the recapture rate of released particles and taking into
account this recapture rate, we shall estimate the amount of the asteroidal
regolith.

Craters on the surface of the asteroid and the Moon indicate the im-
pacts of small bodies on them. Ejecta are generated at such an impact and
released from the asteroid to the space. Then they return to the surface of
the asteroidby the gravity of the asteroid and form the regolith layer.

The previous estimations show that the asteroids which diameters are
around 1 km might have only thin regolith layers. This is because, con-
sidering the result of the hypervelocity impact experiment, we expect that
the velocities of most of ejecta exceed the escape velocity of the asteroid.
To estimate the amount of regolith layer more quantatitively and to derive
the distribution of ejecta on the asteroid, we have to consider other effects
like the spin of the asteroid, non-spherical shape of the asteroid, radiation
pressure(if the sizes of ejecta are small).

In this work, the effect of the spin and the ellipsoidal shape of the asteroid
on the recapture rate of ejecta are investigated by pursuing the orbits of 1,000
particles for several different hypothetical asteroids. The results show that
some part of ejecta higher than the escape velocity could be recaptured by
these effects, although some part of ejecta lower than the escape velocity
would escape.

Using these recapture rates, we shall estimate the amount of the aster-
oidal regolith.
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Laboratory measurement of light scattering by rough surface
analogues of asteroidal surface
OA. Kamei”, A. M. Nakamuraz), H. Okamoto” , and T. Mukai”
1) The Graduate School of Science and Technology, Kobe University
2) Institute of Space and Astronautical Science
3) Center for Climate System Research, University of Tokyo
4) Deptartment of Earth and Planetary Science, Kobe University

Most airless bodies in the solar system are covered with regolith layer. The light scattering by
regolith surface, therefore, is an important subject to study the surface materials/structure of
such airless bodies. The Japanese asteroid mission for sample return from its surface
(MUSES-C) will carry a camera to observe the surface of the target asteroid of NEREUS in
2002. Visible-polarimetry will be performed by this camera. The in situ measurements enables
us to obtain the data in wide range of scattering angles. To study basic scattering properties of
rough surface covered with regolith grains, especially its dependence on roughness, we have
done laboratory measurements of light scattering by rough surface analogues of asteroidal
surface. Anisotropic scattering feature observed in our measurements seems to be descnbed by
bidirectional reflectance in Hapke (1993).

Acknowledgement: We are grateful thankful to H. Koshiishi, T. Suzuki, and H. Kurosaki of
National Aerospace Laboratory for their helps in the measurement.

20029 1ZHT b BT FEEN TV AMUSES-C2 v ¥ 3 » & 3R /IRE D 1 o
T®HHNEREUS DY 7V & — VEHETH 505, M 7 A 5 (ONC-T) D%
BAEFEEINTV S, MRERREICBET 2 2L 12 Ly, AREETYE O
FREM, REORTF ORAE S, REO NS A SOV TOBEIES WD, 75
TRAPRED L HICL TYATELNAEEOE T ML 2 W% 0% %
BE - AROLRE 2 ENER CHIE L7z, 2 D#F % Hapke (1993) O L T 2B 17 & 238
LGS & HBHRRES L 72,
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An estimation of the surface reflection characteristics of Phobos
using Computer Graphics. (1)

MlEEzs, Rl (FARER (KR )

HINE, A% (BEBE BERSIIZT)
AKIYAMA Hiroaki, Jun SAITO (Nishimatsu Construction Co., Ltd.)
YOSHIKAWA Makoto, KIMURA Kazuhiro(CRL)

ABSTRACT

The changes of surface reflectance in response to changing illumination and viewing
geometry, depends upon physical and optical properties of surface materials and overall
shape of the body. We are trying to estimate the surface reflectance properties of Phobos
using the computer graphic (CG) of detail model of Phobos, on which reflectance conditions

can be freely changed. Here we report the system configuration and procedures of the
simulation study.

WEN\ BTz o 2D, TV RNVEGEL - IRV M RET OB RS bEE L
TN sND, TOMEIREYEOMBEEDOEFICL - TE{LL. phase angle I
WHEFTLIEPMOENTVE, NEREICBVTY, REROMEREL T BT 2
LT, HRIZOWTOEREHEL LN TELLEEZONS, Lo Ltk
WCBWTIE, AEREDOIKIC L % phase angle DIFENS 51T TWHR W0,
EWELZ A ROBEREEIER SN TR VOREIKTH 5,

KEIHO ZON7/NERE L EZ SN D Phobos (2B LTl BAEREERE ST
AR SN T A 0, TOTF— 71DV T, BIKIZ X A phase angle DR IE %47 2.
L LY IEREL AR O AERTE L RO D Z LML £ b5, 22 Thae
. RBERIE 3RTLOTF VY V7 —F{LL. CRL DELEMIT Y AT L2 CG & L
THARATZ 2, COYBERITS AT 213, BEEE - FATEESD T A—5 %
ZALEEDH Z LD TE D, F72, Phobos DILIRIZ & % phase angle D IF A5 B Bh 1Y 12
b bz, MARENLWEOKFROHEREEL FHICERTE 2, oh
W2 XA DIF72 Phobos DEIE T —  ICHLERENT > A 5 A HH D Phobos B O K
WREZ 7407407 8T EBD Phobos FIE TO RS RIFH % i+ 23 %
1T272,

ABETHE—BEREHOREL LT, VATLOMERPYI 2L —2 g VEER
DFEFEIZDOTEBNZITI -

D FEEE b BEEE/NRENIAER 8796, 1992
2) AKIYAMA et al. : Proc. 29th ISAS Lunar. Planet. Symp. 1996, (in press)
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Orbital evolution of cometary grains

“R.Ohgaito", H.Ishimoto", T.Mukai®
1) The Graduate School of Science and Technology, Kobe University, Japan
2) Depf. of Earth and Planetary Sci, Kobe University, Japan

Some grains ejected from a parent comet cannot stay in the solar system due
to the effect of radiation pressure and the Poynting-Robertson effect. The
surviving grains are dragged into the Sun. Secular changes in perihelion
distance and eccentricity are decided by the original orbital elements of the
grain. They are controlled by the orbital elements of the parent comet,
material, size and density of grains and the solar distance at which they are
ejected from the parent comet. We will consider the orbital distribution of
cometary dust from various comets, assuming that the ejection of grains from

comets occurs mainly in the vicinity of the Sun.

BEIGERZHET ABEIL, MERIEOREMED3 0% % 555 LE2 5NTWa,
KB EABEEEERT 2L, 3700 %4 XOERARIFEED — L AR Rz
RIESNDo —F . KBRMICEEERIEIZ, KA VT 42 7-08— F Y Uahss
LoT, RVEHZ 2T, KBEA2 > THEDLRAATHL, SO, Y0k )%
BE ) A oE BAG I E, SR & X ICEAWET 5 F7 A0 S -
Lo TRE D, MM SN LEDEDOFH - MEER L, BEREOWEEEC . B
DALFEMT, K& S, BWE, EIMHBEN L EOKBED SO G T 2,
CITHE, BEDPOESMHINL D, KEEEICERNE-EXDATHL
LEZRICANT, MEEZESBAOEEY - HEAMER2 S B S ED . A
RN TORME R, REMZEEICBIRIMEAT— 5 & DHEEIT) o
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Effect of percolation on the thermal evolution of a cometary nucleus

SIRONO Sin-iti and YAMAMOTO Tetsuo
Department of Earth and Planetary Sciences, Hokkaido University, Sapporo 060, Japan

Abstract

Thermal conductivity of a granular material which is believed to be constituent
of a cometary nucleus is derived on the basis of the effective medium theory. Each of
the grains has a silicate core with an icy mantle composed of a mixture of amorphous
and crystalline HoO ice. The theory is applied to derived the thermal conductivity
of a mixture of amorphous and crystalline ice. The thermal evolution of a cometary
nucleus modeled by Haruyama et al. (1993, J. Geophys. Res. 98 E8, 15079)
is examined with the newly derived thermal conductivity. It is shown that the
crystarization of HyO ice proceeds completely independent of porosity and contact
area between adjacent grains.

BERIIZOHAS XOT LA DCE> THRIN, ZOZ7 LA 233U 51 ko
7 EHO KD MVINSRESNTVND EEZ NS, EEROBBICBWNTIT.
RERTHOMRDBRERINET YRR TH 5, AP TIE, /N—aL—2 3 8%
ERAVWTHAROREEREFEL., TOMRAEERKOBEIIGA L, TOME, BE
ZOREL 150K £T LR L, KOBEAIIZEITEITT 22 EDHEN &7+, EH
TREZ L, COWRITHEROERR, 30 L1 CEOBMERICIZE Sn s &
Thd, ZOBMTROMY TH 2,

1) TEIVT 7 ZRDOHFITHERE KO T v T =2 DR E NS E T HEO #zER
WEWEETHD, MBIBFMICERTT 5,

2) MEROKDFRY T NRIND &, BEHBIE EH UBD S, UL, 20
R R TIAE EIC KD WA BYRBIC L AR ADZRZE KIBIZ EE > TWa =5,
FAEMITIREN AL, KOFRLIIERITETLTLES,

Eiz, BEERITHES VLA CHOBKOMRbHER L.
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Velocity Measurements of Ice Fragments made by Oblique Impacts

FRINBGE, —F R EEAY  (ERAEZ)
M. Arakawa and M. Ichinoe, (Inst. Low Temp. Sci., Hokkaido Univ.)

The accretional growth condition of icy satellites was investigated by laboratory experiments
on ice collisions. The impact angle is an important parameter to affect the velocity distribution
of fragments. Then the oblique impacts was made for the ice spheres with the mass ratio of
0.13 at temperature of -18 °C, impact velocities of 150-650 m/s, impact angles of 0-50 °. As a
result, the minimum ejection velocity of the target was observed to decrease with increasing the
impact angle (6) and the relation was described as Vi, o (cos 8)>*

(IBUBID)  SNBEERL, KEEBEBEME LT L SIKERNKS SHEET S, Zhi
DRAEDTHRBIEEERINEKRL, ZORAGBIEEY 5T 3701 IDKMERE 0 S iGRE
ERDBENDD. TITRLIZ, BEEMORBEE L TEETH 5K MBRE OHEIERE
EERBBITHANTNS. FEEORER T, EEHRICL> TRET B WA HE ORI £ 20
U, BREORERHZRD. LHhLans, EBROBREHE TIIAOHEOH ML 0 XRHT
HHEBONDLOT, SENIHF#EOHEAEKEEERDZ LI L.

( REBAEEER) HRERIERZMNC -18°C) KRBELEBH AMERA VT, —%0
HEBILERDKIRR( BB 15g & 12g) ED L% 150~650m /s D TROEZE X 4 Bioefpe
W%Oﬂ,%0%%%ﬁ%%§4x~9jyﬁ~5wﬁX7T%H~Mﬂm@®ﬁﬁfﬁ%b
. TOBERED LI, FHREBITI Z 2KEROZH0 w5 Y OB EESME % 2HE L 7=

FROBWRIC K VBRIES N DA OEENGIE, ERHEOHE EITRED, Frems y—2y k
OHLZEBDHITH U TIENHNTH S, BHASAED KT 208, Sov k, ¥ kNS OB
B EHE B TWS, DS, HBRAMENSKEHT Doy b OBRKEIZHEISEED 1.6~
BUMHITET BT EAhMo 2. ZOMER, HREESABIIZEAEL SR, £, ¥—7y MM
m%%@&?ﬁﬁ%gwﬁmﬁ(wm)ﬁ,@%ﬁﬁﬁ—ﬁ(0:ﬂrwmat%m=3xm4Q”
EEY, EHEROPEL VM 2HEEEIVNI W EMtbho 2. 22T Q RtLoES T X)L
F—&5—7y F OERTEH LIV E—FE( J/kg) ENIT XY —Th 5. HEEEN—
SE( V;=480 m/s) DB, V... \3HEMAENLE TS ERDU, Viin = 49(cos > &705. &
NS ORAFENS, Viinld, Q' = Q(cos8)PEWNIINT A Y —THERENE A — 27 TED &
Bbhs. 27—y roessnsRil,

Vinin = 0.092Q"0°

P A

COERNS, MOBROBE, K AL OB EEIIERHZROES L D DIEL, X
E@ﬁiﬁfﬁ@b%éhé ZEMbhoTz. UnhURNSERSEEDSHKET Sy b OFEEITE
HEROBELEDSTEELZDOT, REICIIHEI NI WEEDbNS.
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Numerical Simulation of Temperature Distribution

under Shock Compression with Elastic-plastic Model

C ZBHMF (RAE/RIAR), BOH—ER (K18

Temperature distribution due to the shock wave generated by an impact is investigated
numerically using a'n elastic-plastic model. In a region near the impact point, the target
material is heated violently and is vaporzed or melted. As the shock wave propagates away,
however, the stress and temperature decreases and the material suffers plastic deformation.
We have studied the stress and temperature attenuation in this plastic region where the effects
of the solid strength becomes important. In a spherical symmetry system, the temperature

at a point of the peak stress decreases in proportion to =3 or 4.

HRICK > T RELLFEWEL Y —7 v MR 2T 5, HEANETIBTED S5
IS BEE BMEC D, WEBESMEHREEPLEEND IR o TS, BEEDICREL.
=7y MM 2 U MU ZT 5 & 912k by 2N OREEDTR IR O BIH
WKBWTHEREE L L, BFY. B OBICOVTOMZEIZIINT TICb Vo I NT
ETVHA, BHEBTORESHICOVTORZEILZ STV n,

T ZTAMFE T, BEEET VA v, BRI TORESH R F DIFRZ(L % 55
RIS L DBIEETBETRO 720 BT VLG HDERZ MR 7255 HIREY 7 — v i L2 F
FEMRIERAED L 9IRA E ) LW SD T, 2O VT — AL DU O AT HRE %
CL. MERBICEBEORELY B (T 5. IREERINII AV EF— L EEORLAH L BT
RRREZHVTROLNL , #ERO—FIE LT, BRHRTIE, IR~ 7 0 TORER
2205 DFEFED -3~-4 FIZWFITHZ LA h oz,
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Towards a Quantification of Degradation of Craters

OliFERT GRK - B) | BEHEM GIK - H)

YASUKO YAMAGISHI (Dept. of Earth and Planet. Physics. Univ. of Tokyo)
AND

KEI KURITA (Dept. of Earth and Planet. Physics. Univ. of Tokyo)

The aim of this report.is to explore efficient methods to characterize the degradation of craters on the icy
satellites. The final goal of our study is to establish a quantitative measure of degree of the degradation of
craters, which can be used in crater chronology. Here, we demonstrate that a wavelet decomposition with
multiresolution analysis is an efficient procedure in image processing to characterize the degradation.

LEOBEREICL D, Bifbhbhud, fHE, BLAUREROBETFT—¥ %2 KARICAFTEZ &
BTEB, LhL, #2323 ABRECZOHEICELTHEONSBROIFE AL, BEF—4
DI OBITEKFL TWD, BT, REOEREZHMBEDIC, 7L —YOBIFZEETH LN, %
DEEAFICEL TRMRANRBRINTNEHDOD, FLXOI L —FDFFS5F— 2 3> 0ESOER
Eid, TRZB) DA, BEDRINTHARN, 20, JL—FDFVS5F -2 a > 0EADE
BT, VL -5 ERRBIZES T, BANCEELRBEHBTH S,

Ele—7., BRLABEOREIIBNT, x—T Ly FERERAWEERERE WS O, =2
FTRIBIICESL TETWS, 20U 2—T7 Ly MERE AW EGRITEIL. bEOERT— &
B, BRRBIREET — S HMRTHIENTE, -, REMNAKEORBICLBRTVWS, Ba ik
DRRET —F WM THI L. BIE ., BEghSELXBEBEKRSZHETS 2N TEZ LS
LETHD, ZOXDBAHEIL. ZEMGERIT (multiresolution analysis, MRA) EIEIEN 5,

NBREOHER., ZTOXREMNKIEDLNTWS KEE] Thd, T0h. BETSZ7 L —i.
R OREE & & BIT, FHERI 22, caviydibh, rimZ M52, Bb. EERRS I ED R
T BRERSOHNGED, HE, KEELOY L —VEGIZIYc—T Ly MEFERWD &, 7L —
FDTTI7—2a b OESITE-> T, filiahi, daRAEEEST—FIcE — WEET 21T
ThHb, COE—VEANWT, FU/5F—aoRBANTREEELZ Sh 2,

LD EEBEERT, AT, Yx—T Ly M ERERW-EHERITORKE %, BE.
WREOERAT—FIEATAEZEIZE> T, FEREDLI BIERMNESND O EHET 2,
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Measurement of proton radiation effect in glass polarizer

PR (FE) , BREZ EAKE) , figgiE (@A BYRTE) |
Fi & (EZRXR) , ®E 5 (EHH)
A. M. Nakamura (ISAS), Y. Tazawa (Kyoto Univ.), T. Fuse (Grad. Univ. Advanced Studies),
T. Nakamura (NAO), and A. Fujiwara (ISAS)

Samples of glass polarizer were subjected to proton radiation to examine their acceptability for
MUSES-C mission. Change of transmission was not detected. The contrast, i.e., extinguishing
efficiency, even after the irradiation is higher than 10°, which is sufficient for polarization
measurement of asteroid surface.

20024 1 BT 5 LI FEDFHMOMUSES-C | /INEEHAEIZIT, LEH0ER I
CCDIRIZEN X FHHEHEIND. ZOH AT LRERFEMASHLET, /INKENereusd
REWEONFEER, HWESH, LMEZHET S LRI hATn.

ERNETERIAVCONLERODLE/EHRTFITY XL 5 L FTHBDS, /INE -
HED (M) BARUREOERDLDIIE, BRI 1 TOF T AERTF (K-
73aAT) BEATHAH. COHTAREEFIZ, FIRAREMT LI IcLoTHS
AHDPFRAFDT AT FESIUEIILAEbS DT, STELVERILSAL — 9
—EBRHICAVON TS, FIAFOTRMYIZ L L REHRBEES, TiLh) .7
W7 RA )T A MG 2N T T AR EMA b DI EED 7+ P 703y
SRR, Tu b VEFICLAEIT S FEREAEREICL ZEBRRERELOE
TSP EIND. 22T, FIAREFICHERBELE L RS2 R L, 3
BEREERIEDRELT LRV E) hr T,

MUSES-CD / I FVEIE TN EREEBHMENOBERIZANBI b b 10,
HERRSTRTEORBIZEZ 2T, KB 7LV THFOEELE MY T L .
REKFRFRDOY > FAIERTT O b Y 2 10MeVIIIEL, 20— A% 40
THELS Y, 800mm BBAY I ARIEF 6200 b 1 02 BL, 50108452 T
BHIELL E-2li6 NI AREFEACTOF v — V7 v TOREBOEESFM
DLHIZD, 200K T AMEHFRIEICIZT VI EES B/

WENDREFIIONTS, BB CEBRIIAELEEE N hh ot B
FHRDHAIL S, 800nm MR T 10° L& +5128 <, 107 BEDRILEDREIE
HTax5ZEMELDLNT
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Measurement of light scattering by asteroid surfaces
using LIDAR

©T. Shirasaki”, H. Okamoto® , and T. Mukai”
1) The Graduate School of Science and Technology, Kobe University
2) Center for Climate System Research, University of Tokyo
3) Deptartment of Earth and Planetary Science, Kobe University

The Japanese asteroid mission for asteroid surface sample return (MUSES-C) will observe the
surface of the target asteroid, NEREUS. The LIDAR instrument is mainly for measuring the
distance from spacecraft to asteroid,but it must also have the capability of measuring albedos.

In order to understand albedos measured by LIDAR, we have performed numerical simulations
and will plan for measuring in the lab. The area revealed by LIDAR light (1um) will be like a circle.
Its diameter will change as the distance from spacecraft to asteroid changes,and its value from 20
km distance from NEREUS is often about 20m. The albedos reflected by large rough regolith were
estimated by taking into account the roughness of surface ,consisting of many small facets with
differents slope angles. Results will be shown as the albedo as a function of slope angle
distribution.

2002412475 B FEENTWAMUSES-CY v ¥ 3 v ki, sBEHEIKED 1 5T
& HNEREUS DY ¥ 7V & — V5 TH 5 . {FEBOREF DS YL LT, LIDARD
BEOSTFEENTV S, LDARE K% NEEICRE L, Z0%0REERNL. 20
R IR S BEZ W5 b D TH B R ICIRE T 2 K05 & KEHE OFD M % il
EIIE, TUNRPOUETED, TARFRWET 22 T NREFREYE O
ERL, FRE MM KT%LO‘/‘T@%?&?)‘ bhb, #2CHL41zL o JATCEbLNT
MEREREE, REAHWHSH R b > oM INRHEEOEASKE LTEFMEL 7 =
DERGHIZIET T 2 LIDARL =~ (51 pm) OREDEREREEL. EHT LA
N & GBLAG & ORI % sk 72,
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Ground based observation of Near-Earth-Asteroid 1989ML

LIIEE (FHBFEHZH)
ik B, RAEE (BEZRXA)

Masanao ABE, (The Institute of Space and Astronautical Science)
Isao SATO and Hiroshi ARAKI (National Astronomical Observatory of Japan)

Asteroid exploration is planned in the Institute of Space and Asronautical Science, and it will
be launched in 2002. The Exploration candidate body is (4660)Nereus, and now 1989ML is regarde‘
as the back up body of it. Because observation opportunity of 1989ML is few than Nereus, the orbit
of 1989ML is not still settled.

We succeeded in observing 1989ML which had opposition in January, 1996 with 1.05-m
Schmidt telescope of Tokyo University, Kiso Observatory. We carried out position observation and
light variation observation. It is understood that as a result this asteroid was very irregular shape and
its ratation period was long.

FHAFMAFCTIX2 0 0 2E:5 LIFFEO/NREFEFEIED O N TV 5,
BREBEHREZ (4660) AVIATHY, #ONv Ty FRIEELTIIBAEL 9 8
IMLBEZOLNTVS, RALTANDITL EITYA Y FYid20024E1BThBDS,
1989MLNEF2002FED8HICHLETAZ EATE, FEENENLEEINBE
DFEEBRBEDOEEDIFLALLRVED, 198 IMLIEALYADNY 277 v FRikE
LTHBICEELRNERETH S, LPL198IMLIBALYACHRTREREENLTES
DERBD L iz, REARS P VR HERBICET 27— 7 BB 5R TV R WET
T, BUEIHEE L TWiWwE Ww) K& REED - 72,

1989MLIZ1996F 1 BICEZ A FHEANLEIZISIERZTH 72, Fa
WRERFARASEIFTO105SmY 2 Iy PEERFELHVWT1IAL2, 13, 16, 178
D4 HRBRTAHICHY) LU, BREITIIALEEH & BB 4T o 720 MBS
WZOWTIMBOBBEIFTThiTbh, ThobDF—3b5hbeT1 98 IMLOHENKE
SNTze COMGRHEDITIZHEE LSBONEFROBEIMERICIA L L, ZXGERIC
DWTIE12HE 1 3HDT— %255 BB DL CEGIES 1 & L v ) EEE
bhiz, AR BZL 2 0RMEELEEO/NREICHRTEL, T RESALE W
CEDPLEBFEEICNTOTH A WEEEIHVWEFEINS,

2B1989IMLOXREIDEIZL 99 9ETFHREARNEIXILOEHRTH S, 20
0 2FDFLETIA Y FYUBITRIOENKEOIHEL ., HBEEICT4— KNy 2T
ZHMEERR L L TRRBOF Y VA TH L, SHAOBHTHERNS L OENIEICEY
DV LERREPBEONLZ LI, 199 9FOER 2RI &5 ETIHEBITERIE
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2T ICHEEOBES 2R LTRELTE /. L2L, 6 0 FRoRFLVHREKR
(ST DRIEE D o728 OMESERALRY, ZOHTRINFOHELEE:
B HEA SO 2 ERIE X h, 25 OEEAICE S W THRB KGR D HRER 7 B AT i 72
BRcE LY. BAETRIAL 2HEE LT, X)REANE PBARAOEMR MY
THIRSERL TS

4 OWZEE Tl HE KR DB R ) TN KEHR RAKRIERE TV %
L, HRBAERAERRNEOWE, TRARL THRABEHERRLDIYT) V7,
BB AV Y8 L KIEREE 2 EOMEEITo Twh. KEE TIEINODIFED—
AL LTV, KR AEBEFVEIAROKERY I 2L - b T52LIL o TR
DGR - 122 - BfEh COMZRET) L2 BRI LEBEET VTH Y, SHEEDRE
LT TR GO WHBREITEA SN TYS, PRERARAKBERETNVIZZ DX
DEHN)FHBRAENT I 2=y avifTI LI o THBRRAKERRNFOME %
75 EREME LT WD, FRAKDIERICIISTE D HERE LT A 724 OREIC
EBIANF— - EEEOMERNTEE L S ORI S SEE L REZH TS, b
PELCEET A0 TR REAEREFTNVEVZ EDIRBELEL (KRBT 54
DY, EFVIELROISTHHRE LSS THAE T T2 EUBALRIOTELEELER
v, 209 2, TEHABTEFNRI ) TROKKTHERTE BESERTER S
5. HEHBRIC OV CTHRFTRTEHORESHNIERFTATE OBRsTBEL ZEY 5
DERSH L. T2, HERBEOREBLZII AL+ v L HHRADEHZIC & 5 EH=3H
VEHTET, TR A4 VED, a-VIYYHOETETNVICRY) AL TR,
X510, FFHEEST BEEC L AHERAVIERICL S ZN LAY, £EALOH)
BHWY ANBLEDND 5.

1o hbdZE L ZAEREFNVICELY VI 2 b— b SN 7ZFEHRE LIRS
WBEORESES 2R, COBRPHUEARPCOSME QKT DL, FRK
KTOREFBEENL DL VRTES. T/, KBEABKOBEMETESL. ZhbHo
R—BOERIE, TFVCRERTERWNSREMAS -V FOREIC L 5EH=
IR RELTWAZ LICRBET A, LWV L dEHOPHTHAT 5.

KBTS B AR 2 B I I HEBRRESS O H LS 8l s, b@m%fmm B2
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Estimation of internal structure of the Moon from lunar gravity field
OKazuaki Kanda, Tatsuaki Okada, Hitoshi Mizutani
(Division of Planetary Science, Institute of Space and Astronautical Science)

Crustal thickness of the Moon is an important factor on estimation of lunar internal structure.
We estimated global crustal thickness of the Moon as the first step to study on lunar internal
structure, by using the new data sets of lunar gravity field (GLGM-2) and lunar topography
(GLTM-2B) obtained during the Clementine mission. We subtracted gravitational perturbation
caused by surface topography from lunar gravitational potential, and performed the estimation
assuming that the residual potential perturbation comes from the regional variation of the crustal
thickness.
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LUNAR—-ARRFL—4SEBEERS R T4
Operation System of LUNAR-A Penetrator

CRINE, BELE, BhE, HREH—, BHEX, KA(C(EHH), IWEThXR(4 X - 1),
MUR=(EX-38), #EXR@EOX-E), BREHRTX-E), FERGEA-5),
FAHE#EX-B), LUNAR-ARR FL—8HY LT URFIL—TF
M. Hayakawa, H. Shiraishi, S. Tanaka, Y. Iijima, A. Fujimura, H. Mizutani (ISAS),

I. Yamada (Nagoya Univ.), J. Koyama (Hokkaido Univ.), H. Murakami (Kochi Univ)),

Y. Ishihara (Y okohama City Univ.), K. Ito (Kyoto Univ.), N. Suda (Nagoya Univ.)
and LUNAR-A Penetrator Science Group

The scientific objective of the LUNAR-A mission is to explore the internal structure of the moon
using seismometers and heat-flow probe loaded within the penetrator. Owing to a limited capability of
battery power and data transmission, design of the efficient operation plan and construction of the
powerful ground support system are required. The current status of LUNAR-A penetrator operation
system is reported.
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LUNAR-ANA b L= S BRI V—F
LUNAR-A penetrator impact experiment with flight model

H. Shitaishi, S. Tanaka, M. Hayakawa, A. Fujimura, N. Ishii, H. Mizutani (ISAS),
and LUNAR-A Penetrator Group.

Experimental equipment system for the final design of LUNAR-A penetrator is developed

and the impact tests are being made at flight conditions. The flight models of lunar penetrator
are shot at the velocity more than 300m/s and penetrate into the lunar analogue target with the
finite attack angle due to aerodynamic instability. According to the acceleration record,
LUNAR-A penetrator will experience a shock more than 5000G at impact. To achieve the
scientific objectives, both the scientific instruments and the other supporting equipments must
survive such a high impact load. We report the current status of development.
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Development of heat flow measurement system by LUNAR-A penetrator

CHET B ke £ BRER ERF- BIME RREE GAEE (FEHHD
THF— (BEHEBHHE)  LINAR-ANEK hL—2 S 22T~

S. Tanaka, H. Mizutani, A. Fujimura, K. Horai, M. Hayakawa, M. Abe, H. Shiraishi (ISAS),
K. Hirai(Nissan Motor Co.,LTD) and LUNAR-A Penetrator Science Group

Heat flow measurement is designed by using the LUNAR-A penetrator with seven absolute
.and eleven relative temperature sensors (including 5 thermal conductivity sensors). Recent
real-size penetration experiment confirmed shock durability of sensors, and EMC experiment
have verified the resolution of temperature within =+ 1/100 degree. These results
strongly support to be able to measure the seleno heat flow with 10~20 percent in
precision. We proceed further experiment to obtain thermal properties of penetrator
constituent materials to refine the thermal model.
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Investigation of Lunar stratigrphy by image analysis of ejecta deposits
Y. Yokota ° (1), R. Honda (2), Y. lijima (1), S. Tanaka (1), A.Fujimura (1), H. Mizutani (1)
(1) ISAS  (2)Kochi Univ,

The stratigraphy of the lunar crust is investigated by analyzing the Fe content and its spatial variations
of the oblique impact crater ejecta deposits. The distribution of Fe content around some large craters are derived
from the Clementine UV-VIS images by applying the method of Lucey et al.(1995) to them. The result of
Tsiolkovskiy crater (diameter=180 km), which is one of the samples, represents that the iron content of the
subsurface layer increases from about 3.3 wt% to 5.3 wt% with depth and that the iron depleted material (Fe
content : 3.6 wt%) exists below that.
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Heat flow measurement at Chicxulub crater

M, PR, FRE— R (RA-H)
0. B ARA (AFIHKEILK)

R. L)V F>F A (Geoproyecto Tepetl)

PH > a)VY (757K

T Matsui,Y.Nakano,K.Horai,E.Tajika (Dept. of Earth and Planet. Physics. Univ. of Tokyo)
O.Campos (Universidad Nacional Autonoma de Mexico)

R.Hernandez (Geoproyecto Tepetl)

P.H.Shultz (Brown University)

Using the 14 boreholes for seismic refraction study of Chicxulub crater,Yucatan,Mexico,we
measured the heat flow in and around the crater.This crater was found in 1991 and has been
considered to cause the extinction of dinosaurus. The preliminary estimate of heat flow suggest
the trend that the heat flow is high at central region and decrease with distance from the center.
The central region of the crater shows the heat flow value about three times higher than the
outer region of the crater .this suggest that the central uplift just after the impact affects significantly
the mantle. To interpretate this observation, we may need to consider that the depth of the transient
crater penetrate through the crust and reach the mantle
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The integration of the runaway greenhouse state
and determination of the runaway limit

OB Mt ( Atk - HEREE ), BB @A (K B),
s B— ( Ak - B2 ), 4 B9 (A - BEERIE)

OM. Ishiwatari(Hokkaido University), K. Nakajima, S. Takehiro (Kyushu
University), Y.-Y. Hayashi (University of Tokyo)

The runaway greenhouse state occurs when the value of solar constant exceeds the critical value
called runaway limit, according to the results of one-dimensional model. In this study, the long term
integrations of three-dimensional atmospheres for various solar constants are performed. The results
show that the runaway greenhouse state occur in three-dimensional system and that the value of
runaway limit is 400 W/m?. This value corresponds to the upper limit of OLR (Outgoing longwave
radiation) of one-dimensional radiative-convective system in which relative humidity is considered.

1. ARENRUFE
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Crustal stress field and a change of its orientation in Beta-Atla-Themis Regio of Venus
Chiaki Nagasawa' - Masato Koyama?® - Syo sasaki'
'University of tokyo, *University of Neuchatel

Using Magellan SAR images, we estimate the crustal stress field on Venus from surface
geometry of dikes. The stress field does not show a uniform pattern at the Beta-Atla-Themis
Regio (BAT), where a major concentration of volcanic features is observed. On the basis of

stratigraphy of lavas and crater density, we have found a change of stress orientation in BAT.

AHFZE TIINASADS AR L TV ACD-ROMICB ED LN EERT— 5 2T L, €EOXKIIBE®
BT 22L12XY, 2ORBOBIEHHOERLRA TS, BIFHMEL, KT LICH BiE
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Kl REETHBEEHOBE» S KURALOFH AR ELHM T5 I LA TES. TOFETBeta-
Atla-Themis RegiolZ BV THIBE K& {32247 7.

CHLIEHEOEBR I L—y—FEE AN TH L. ThEN3>OBRIRT 7L —5F
TBEWBASH L Ao THhEL B oTnA,

Figure : Stress orientation in BAT
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Morphological features and photometrical properties of Martian north

polar hood

TP (UK - TREORCR) , SRR GUBEEX) , FER— (JAEn)

Tokuhide Akabane(Hida Observatory, Kyoto Univ.), Kyosuke Iwasaki(Kyoto Gakuen Univ.),

Yoshikazu Saito(Rikimaru Build. Ltd.)

The north polar hood of Mars exhibits daily variation. It extends toward low latitudes in the early

morning and retreats polewards in the afternoon. The optical thickness of the polar hood is more

than unity in the early morning and less than half of unity in the afternoon. The mean optical

thickness is about 0.6 near local noon around the latitude of 60°N. The declined polar hood regains

its opacity during night. The visibility of the north polar cap through the polar hood suggests that

the effective radius of hood particles is very small.

1969, 1975, 1986, 19925E O F AKX TOBRNUMN O,
XKEILEROPK EBA BT 2EBECTE® %
FA, BEOBERIBECET RS, BREICX
30°N~40'N IZETCEYVHL, FEIZIX 60N 439
¥ CHIBT S, KEOEFETIE, BREDOKX
40°NfHEICH 3. BMEOBICIIULIZLIZASZ VR
BRMBT 5. EROHFEMI1 BREDLORSE
WA, BABGFETELOLLE. REMOKA
MOFOBRXZEHRL TAHSE, FRITBEIIZ

EELTICH 700km/day DR X CHABE L T\ 5.

BEDOR —H#ADOKZHE I IR CEVEL R
3. FRIEMEECES L, FHCEENNCR
5. LxaL, BEicikaB o & i3iEF CHcE
ELTWE., BEINL S 2AEBLE PRI OB
AFECHRYVEBELTWREMEEIND., £, R—
BRELFOBEOHFEMEIZFOEMNS TO0N U
VECIEIBRAICELRS2TWD. 60N #HTCOESH
EHONFRHEIZMK TLHATH 0.6 RIETH
%. ARiX1969FEDEBED A ELE R T.

__65~

OPTICAL DEPTH

(185 W, 60 N)

T

® JuLY
A JULY
o JuLy
A JuLy

T

13
14
15
16

14



204

RERFORBILIH S TROME
CORE W IER #E ok )

Formation of ground ice under the Martian environment
Tetsuo Sueyoshi, Yozo Hamano (Tokyo Univ.)

Abstract.

We presented the result of the simulation on the process of formation of
ground ice accounting the frost heaving under the cooling of Martian environment
at the last spring meeting. This time, we report the relation between heat flux
and ice formation, and some improvements of our model.
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Eruption Styles of the Martian Volcanoes

OFMEFE K- H) . IHFH GEX - #8)
Tomonori Kusanagi (Dept. of Earth and Planet. Physics. Univ. of Tokyo)
and |
Takafumi Matsui (Dept. of Farth and Planet. Physics. Univ. of Tokyo)

The style of volcanic activity depends on the gravity,atmospheric structure,physical and chemical properties of
magma (including temperature,viscosity,gas content) and so on. This means that we can determine the amount of
volatiles included in the magma based on the planetary imaging data if we know the atmospheric structure . Following
this idea, we computed how much volatiles in magma is needed to reproduce the past volcanic activities on Mars
and evaluated the amount of volatiles outgassed through such eruption to get some informations about atmospheric
evolution of Mars.

KEDKINE, FFREEBITHEATBIEE explosive B H DN S, &£ D effusive b DN EL{L I B TE
EBZONTVLS. MERICASTS, HENEROEWER/ST I EIREN D0 Dhokilig,
ZNFEFHITBBEINTVS. ZIUIKUED, BRI TTERKBME THRTWS D &%
A5ND. —H, FIVTA - TVITLMBIZRSNS, J0HLWALIL, BEAENBERTTE
TWSHEEZLSNTWD., 7272, L) I LAHMBIZH AN T A MIVA EREN S AKLOWEIZIE, b
BRI TE L INDKILURHERYNAR SN D E NS,

CDOXIBHEKAS A NDOEBEZSZRITRRE LTI, X7 YDOFEMRDOEN, 7/ hoiE
RUEMHEBORD, ZU TKBEORGHBEOELLENEZ SND. iz, REDICES BN KL
"MRKAZ A NDEACC K ERZBERITT DL, REMEDOEATHSS. —F, KIUEKIREDE
BIRRARAT OV ABOT, < /P EENEANYEOTEE BROMEE TEE, REAK O
LIZDWT, IS hORIAEZ/L I ENIFBETES,

AW TIE, 1KT - BEEIRELZKLOEAET IV (Sugita and Matsui,1996) ZRAWNWT, BITED
KEDRIERHTTREIDIDKUEKDZAY A INEREL, X/ IXPICEFNIEREEOREF
L7z BRICEEE, BARERTLIOAMAZEZ IR, I/ IHICEEN28REWEIL, Kk
BETEH 10ppm LF TR TIER SN, LML, KBTI, BEOLREEEMNMKL, > TAROE
ZFABEDDIZANKBEFRPEZDRT VDT, 0. ImtBIREE TOBEEEYER THIT, EEWICHS
MEBRBDEBAOGND. o, TR EENHERBEMEMEORN S, KEPIZHBIT D LLEE LWL
e, EOREOERBREMENKIIEKICX > THRICHBINZN2BBLL I ENTES. Lo
&, Greeley and Schneid (1991) IZ& A7/ D KBREICEH LIZT/TOBORE DV & g
HE&, BEMMENHOZSESH Im, CO,785#71,000Pa 1M T 5.
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Varieties of the Martian Meteorites Based on Their Lithologies, Compositions
and Ages. Keizo Yanai (Faculty of Engineering, Iwate University)

Twelve specimens are well known as the Martian meteorites that is one of
the most unusual meteoritic materials originated from Mars surface recently.
They have been classified as SNC type achondrites following shergottites,
nakhlites and chassignites respectively. Shergottites included Shergotty[1],
Zagami[2], ALH-77005[2], EETA79001(3], ALHS84001[4], LEW88516[4], Y-793605
and QUE94201 meteorite[5]. Nakhla[6], Lafayette[7] and Governador Valadares
meteorite [7] are grouped to Nakhlites. Chassigny meteorite is only one
specimen classified into chassignites[8]. Eleven Martian meteorites excepted
ALH84001 meteorite are very young ages of 1.3-1.4 billion to 100~600 million
years old[9]. But most of all known meteorites show the oldest ages of 4.0-4.6
billion years that is the earlier-earliest stage on the solar system evolution. The
twelve Martian meteorites are over 78kg in original weights.

Those Martian meteorites are temporary divided into following four groups
of different rock types for their lithologies, bulk and mineral compositions, and
ages. The rock types are for the dunite, Martian mantle, gabbro and
orthopyroxenite respectively. Chassigny is the dunite type of ultramafic
compsition consisting most of magnesian olivine. ALH-77005 and Y-793605 is
the Martian mantle type because their compositions are very similar to those of
the Martian mantle{10]. ALH-77005 and Y-793605 consist mostly of olivine and
pyroxenes with plagioclase, and LEWS88516 will be included in the Martian
mantle type. Other SNC meteorites excepted ALH84001 belong to the gabbro
type of mafic composition consisting of pyroxene and plagioclase. QUE94201
may be the gabbroic type, but it is showing shallow facies. ALH84001 meteorite
grouped the orthopyroxenite type is quite differe from above three types for it's
oldest age and Mg-orthopyroxene monomineral.

Formation of the dunite, Martian mantle and gabbro type rocks are
expected in some igneous activities closely with genetic relationship each others
at more recent stage on the parent Mars. Therefore some possible process for
their genesis will be considered in the fairly evoluted Martian mantle. Dunite
type rocks are expected a residuals from partial melting or cumulates in the
original magma of Martian mantle composition[10] in the earliest magma stage.
ALH-77005 and Y-793605 including LEWS88516 might be directly crystallized as
an olivine-pyroxenite from the original magma, and they show closely-related to
the composition of the original magma. Gabbro type rocks seem to be
originated from fairly fractionated magma, because this type rocks are high iron,
aluminum and silica so that consist mainly of intermediate plagioclase(Anso) and
iron pyroxenes with and without iron olivine. ALH84001 will be one of igneous
crust producted by the earliest stage magmatism on the parent Mars.
ALH84001 is very similar to the ordinary diogenites which composed almost
Mzg-orthopyroxene and seem to be a primitive crust of the parent bodies.

References : [1] Laul J. C, et al (1986) GCA, 50, 902-926. [2] Yanai K. and
Kojima H. (1995) Catalog of Antarctic Meteorites. [3] McSween H. Y., Jr. and
Jarosewich E. (1983) GCA, 47, 1501-1514. [4] Warren P. H. and Kallemeyn G.
(1996) Meteoritics & Planet. Sci. 31, 79-105. [5] Score R. and Lindstrom M.
(1995) Antarctic Meteorite Newsletter 18-2, 20. [6] Wood C. A. and Ashwal L.
D. (1981) LPS XII 1359-1375. [7] Graham A. et al (1985) Catalogue of
Meteorites. [8] Floran R. J. et al. (1978) GCA, 42, 1213-1229. [9] Jones J. H.
(1986) GCA, 50 969-978. [10] Wanke H. and Dreibus G. (1988) Phil. Trans.
R. Soc. Lond., A325, 545-557.
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Interaction between a Small Body and the Magnetic Field
in the Early Solar System

HRET KB (FHE)
Tomoko Saito Hitoshi Mizutani (ISAS)

It is assumed that eddy current is induced in a small body by the interaction between an intense
magnetic field of T Tauri premieval sun and the fast spin of the body. By this mechanizm, the
rotational energy is changed into local temperature increment from joule heating. We investigate
numerically the heating and the evolution of rotation of the body. The ratio of the time scales of -
rotational evolution and heat conduction determines the efficiency of heating of the body.

KBEALOFENCIE, TH v VI JIENBIEE I IEEIBRA 2 B AT 108~ 107
FfX, TOLE, KEPODOHERER =1~3 AU fHEORKMAEIE, 1~10 gauss (1 gauss
= 10°T) DBVRIC L L ENTWEE L b NG, RIIFETIE. WRUEH TREAH
HEEZ T AR AMEERALYE X, 41000 km L FO/NKEIZOWT, I
Bl HEELICEEREZ 2T LW AN A ARBEL:, 22T, HEERD
VED2THAH, BEROFRERIZONWTTo - BIEFHBOEREYBNT 5,

WAKBES D SRS ZT B EZDIEBLT, a5 x—F I
2. ROCDNREDEUNT A= 25, HEN L REFo TRV EHKER
METH D, I TiE, HEHER TORY., REOE - BREFR - BLECE - BE
C—EEzZH., EREEEOL, BREKEEELZE X TEIEL21To 2,

bigkiz oW H4% 1000 km LT O/RNKRAKIE, S OBBAEOEBREKE o7z

RN D B, COMEEBET 572010, ENIANVF - - A% - T &
VEIOBHMFELEDA N =X LPREENTERD, WTFRDEDFEIL v, K
AHZALTE, BEHRIELSLILITE 2T, KAEISS o TWAHEEET AL F—
BV 2= VBICEREND, TO0, BZEE MEREDS A LA — VO kIS

LoT, ROMBEIEINRE L, BUZENHT ) E02V) LICHENAKE (BE
F5&, HETRVE—OEESTHE L CBITERENT, REOKTE 46
Friichn# s,

BEEMICOVT  BEPSoBYe (o I BRIEYE BIES o HH)
BT B PV BT, BERESEREENCEST 5. SORRIE. R0
F A LI L B,

PDEDEIBRBBIRDO AN X LANFBEKITIES CBEICOWTEREL,
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Verification of the mechanism for the maintenance
of the Uranian elliptical rings

Toru Sugiyama, Hiroyuki Emori, Shigeru Ida (Tokyo. Tech)

There are seven elliptical rings around Uranus. A periapse of a particle which orbits
around Uranus moves due to the oblateness of Uranus. Because precession rate depends
on a semimajor axis of each particle, inner and outer edges of the ring with some km
width have different precession rates. Differential precession destroies apse alignment,
so the elliptical shape of the ring is disrupted. To maintain apse alignment two mecha-
nism are proposed, one is self-gravity of the ring, the other is gravitational interaction
of the shepherd satellites with elliptical orbit. But both of these two mechanisms are
investigated only by rough analytical calculations with some bold approximations This
work is to ascertain the mechanism which uses gravitational interaction of the shepherd
satellites through accurate numerical orbital integration.

REZWCEBH ) Y I IFEL TS, L LREEMEHEICORN TN D 728
Y TRFOYEDEEDE L T LD bhroTWD, FOBENERE LS ELT 0K
F£9 % 72012, $km OIEE D 7 OPYE & I CI3E S DR EATILT W\ ¢ o %
DIz ST Y ¥ ZR T ORERREDNT N T 107 - T TR EN 2 133
Thdb, ZITHAET THRHAICEZETVARIEL LT, V) v 7 BT RL0oaDES
WKLo TRIFL TV AHE, BHBELEOERVERL ) Y 7T & OB HHEME
HIZE o THERIIN TV A L W) 2008 PSHEIA TS, LA L. & 5HDFNZD
VT D RIBZ . BRICIIAE S 2 L % B 2 AT BORIESE L 2457 AL T e b,

AWFETHE ., FEWHRIC X o THAY) v 7 2T 23000WC, BB ELEs
BEATRI LI, ZOTREMICOWTIN, BIEE CIo. EHVERE Y
THADOREERIHEINT A= b ZEMICH ST (b =3 ~ 20 BHPEE % 1700
W) BEABLZZLICE) ., TRETEo XY LTV ho IR iR ENZ 2 3
FHDE S E D ERGT LI ENTEL L I RoDT, FOMELHES 2,
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Ot B (WEX - BABRLEL YY) | EHRED (MEK - BHR)

System size dependence of the onset of runaway growth
| ©R. Nakamura” and T. Sakai”
1) Information Processing Center, Kobe University
2) The Graduate School of Science and Technology, Kobe University

Using a scaling theory of coagulation processes, we show that runaway growth starts in a
protoplanetary disk when the dust size exceeds the mean free path of gas molecules. Furhter,
time development of Master equation is investigated by a rigorous Monte Carlo algorithm
developed by Gillespie. It is found that the onet of runawary growth depends on the system size
explicitly.

BELKBRICBVNT, BERREREEARBERATIESMONATNS, R
F— ) VBRICETS VAR A2OERICL> T, REARRORIZOERG
MICER =, ZORER. FEBERARICEVWTY R MOXEENHIOFEYAHR
FREBIERINR F—2RAICA2E,. BERESEZDIZ DD o, &
S5I2. RRY—-AFAEROBHEREZT O TANAEKICE>TYZab—-—bT52 L
T. BEREOBBBMSIER L TOAROKREZ CL>TRAD ZEMNBHSMIC
AgY ol
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Oligarchic Growth of Protoplanets II

IINAPRIE—BR (BRORECE) - HHE (R KEH)
" Eiichro Kokubo(University of Tokyo)
Shigeru Ida (Tokyo Institute of Technology)

We investigate the growth of protoplanets after the runaway growth stage using N-
body simulations. The growth of protoplanets slows down when protoplanets grow large
enough to affect the spatial and velocity distribution of neighbor planetesimals. It is an
open question how protoplanets grow after the initial rapid runaway growth where they
interact with one another and, as a result, what kind of a system the planetesimal system
would be in the post-runaway stage. We find that among protoplanets, larger ones grow
more slowly than smaller ones, while the growth of protoplanets is still faster than that of
planetesimals. As a result, in the post-runaway stage, protoplanets with the same order
mass grow oligarchically, while most planetesimals remain small. Protoplanets are located
at roughly constant radial intervals. We explain how this self-organized protoplanet-
planetesimal system forms.

WEREOEBREIL., ETOMRETH L L) ICELOTIIR L, HEOKRE X
Bl HEDL, TbbRENREICRLZ LWV T EFMOENTWE, LL, RIGER
B (REREMERE) 0OBREEH2BERRET 5 L AHOMEREORES M & 2B 010 %
ML B720RE LT LT Yo BREREORELURE, FIHREIEGRE LD UMEESE
LGS ED X ) IRERFT. ZOER, MERERIIED L) LRI o TR
bhro Tz, A NKY 2V —Ya vy 2P TRERED RO E#BIE
PFRTN D, FORE, BEREHUFEOREERBR I/ NEOFIEREFE LAY
BT A Ebhrolz, ROERSAIZEMHERE L EREIC 2T 5, FUGRER D
ZERIINET . R FREEREOFIEREITOR S5, FIAEE OLE BFE
FIRIBEERIRR (Fh2ho Hill BETE - ) Th b, REHTIE, FIAREORE M
Bl X)L 0OR, BEF ) RADERANIRLEHET 5,
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Acceleration of Runaway Growth due to the Radial Migration of Protolanets

HFEFHN RIX - #)

, Hidekazu Tanaka
Faculty of Science, Tokyo Institute of Technology

Ward et al. (1985) showed that a protoplanet heavier than Moon rapidly migrate in the radial
direction due to the tidal interaction with the solar nebula. We investigated the accretion rate of a
migrating protolanet, directly calculating the orbital evolution of 2000 planetesimals around a
migrating protoplanet. Our results showed that the rapid migration of a protoplanet can enhance
the accretion rate by the factor 20. This enhancement is due to supply of planetesimals with low

random velocity to the migrating protoplanet. The obtained high accretion rate enables
protoplanets to grow before their migration to the sun.

FRIsREFPHR UAERRHBAZ &, A XMBREDHSHEERICE > TERSBE
BEMEARICHERBISES BET B W, Ward 5(1985)IC& > THBKEhTWL 3,
AR TIE. BEIT D RIABED £ H 1) ICH 1 32000060 MBE D ESHE %38 L
THREDRBRBENDERRERD B EICLY . ZOBEPERZE ORE -
EDRGEBESABPERNL, BEHEOKRE. BRBEOBERE 5518
SRNVEERABENDEBERIZ20EULER L5 2B PICh o,
DER, RIRBREOBENCL T, Z0EHWICT L HLEED/NENMRE
BICHHIESha CLICk3 6D THS, REOEHEREBVE . BERBERRE
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Hydrogen in the core and melting scale of the primordial Earth
B RIK - #)

Silicate-metal partitioning of hydrogen was thermodynamically studied using experimental results at 7.5 GPa.

DYHERP I OB E T TIE, $mE L H2OMBKIE L TRROKENSICEIRT 2. &
ISR Td 2 FRBCMBMRIZIZETICR Y 132 L8 TEF, Z0IBEEkd
22N LD, ZOKEERBEZLEELRP o, A2 TI37.5GPanEH
FTTAAYY 7L P AN N ERRPA TS EDERET, 2SR T % 250
BEBZLick, ABRREEZIICECSE, ABOTREDD TR U WE
ARLETHRR). TOFERAVTEE U ARBRET — X 2T, &Esk -
VA b AN NOK IS BUR IS DB BT 21T > T BRI DN THET 5.

PIHIHERA IR COPHE M4 TOSPAFEHRERIL, TRRBICL > ThiESHh 3.
Fe (metal) + H20 (silicate melt)

I = O (&ﬁf

=2 FeO (silicate melt) + 2H (metal)

-_9H &S
a.Fg Qo /&AK - RT +—§‘
ERICX->THESN-LFE - U#%b%wbwmﬁm&&,%ﬁﬁmwmm%
EFETDROOEURET I EHNTHRE TOEHERKE KD, UTICH LTS
ny b LEEROMEEZ 2 S, ERRIGORIGEAREDS Z LR TE B(X). = DR h#
B LI ABIRMICAE L, SO ERIEESHE U iER 2 Tiond.
YUTA RN VEZAHEDRETIE, V74 NORRENME L anolS K E W
WA ICRRE L, ABRIERITSBRIICOBIENS. V7 A MY EF R E
DIRJE TIXamoh/NE {72 B 7e, BERIGETH B2 bbb O LMLz 8E L,
KFBIXT Y 7 A b AN MTGBRNIZHER SRS,

0.1 T T
- . AHZig%Ej/mol - o :1: HCDVQ.
| i\ R=0.90 4 T(C) silicate dre0 aH20 H/Fe m
RN ° 1200 partial melt 0.12 022 031 80%
2 N o 1500 partial melt 0.14 0.11 0.16 40%
> N 2000 total melt 0.05 004 004 10%
001 ® S | 250 totalmelt 005 003 008 20%
- $
| I
0.55 0.6 0.65 0.7
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The thermal history and partitioning
of H and C during accretion of the Earth

S TR - ARSI
BAE

(FORRF B RBIeH)
(RERESBEL AT ALY 5 —)

® Hiroki Senshu - Takafumi Matsui
Kiyoshi Kuramoto

(Dept. of Earth and Planet. Phys. , Univ. of Tokyo)
enter of Climate System Research , Univ. of Tokyo
C f Cli S R h , Univ. of Tok

New numerical model is developed in order to simulate the thermal history and partitioning of H and C
among atmosphere, mantle, and core during accretion of the Earth. This model takes into account the
following partitioning processes: impact degassing, metal/silicate partitioning under high pressure and
temperature, dissolution equilibrium of gaseous species between the proto-atmosphere and magma ocean.
The numerical results suggest that the size distribution of planetesimals is a key factor controlling the
final distribution of H and C among the volatile-reservoirs. The high H/C ratio observed for the present

silicate Earth (hydrosphere, crust plus mantle) can be reproduced when large planetesimals supply a

large portion of the volatiles.

FUBHIC

SR OHIKICB VT, MBREIZEINLH & C
BLRE UMV ATAED LS IIHEEE RS
DOPEESPIZT BT, B 28 L7 RO
ERBROY I 2 V—Ya v R T ot

H & C o EET AMEE DY 1 14k
TEHLEEZOND, £ TEHEIMEERE DY 4 X4
HOBNADS, EBIZED X D LR EHOODEEL
<§}3]’\‘7‘:o

EFN

B2 B LGB 7% 3 box model (K& - < ¥
MV -a7) 2BV 5, HEREBHREBOH & C 0%
V=N~ DBBNL, HROFFIIETE D
k’;‘%o

BEREOY A 3K D 2 ER EET 5, k&
LREREATHRT AR, H R C IREERE T
HOREN, BETTHRES )74 b EBREEL O
M TOSEEE % % &35 (Kuramoto and Matsui
1996)0 ZIITx LIEREIVN S WEAIZIZ H 2 C
HEOATNTIZ, FTRRFEREND LTS,
HERE OMBIE Wanke (1981) 12, BT
Safronov (1972) 12, EhENHE o7z,

BEDFHIZIE, RRORERREERT 2, K&K
K - AT, WL INE L, EFE S 1Z20
MR ZRBLTRD S, MFREIEFOV Y ¥ X
ERBZBERT I~ % VAR E N, KRELDH
THRERDBBRTEHB Y Lo b D LT 5 (Matsui
and Abe 1986), F7-v Y MUHOH & C . %
NUBROMREOWEIZL > TESREZ TS0
ET%,

R

[K&% ] MEREORESCOERIIED HES
BREVIZE, U7 A b HER (BBRe S a7 R R
WIERT L RR ATV V) O B9z H/C ik
K& Do CNEIBET TOSEIEL 8, H
IZHAT C DIF ) A& Y ELRMI RIS R Oh~E
JRIH, TTNEFERENEDTH B,

BEDY )7 4 b #ERD H/C Wi, Mg L
EALONTVABADZNICHRTREV LTS
NTw: % (Kuramoto and Matsui 1996), LA ok
RiF (K& % | BEEEOHRIZL > THETIZBY
DYERES ) 7 4 b SR OB ERE DB S
WEDDEUNEE R REE R LS L 2RET 2,
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Evolution of the redox state of the early Earth’s atmosphere and mantle

Kiyoshi Kuramoto

CCSR, Univ. of Tokyo

Subsequent to core formation, the earth’s atmosphere and mantle should experience
change in redox state: from a reduced state allowing coexistence of Fe-rich metal to
more oxidized state where the atmosphere and mantle have H;0-CO;3-rich and Fe,O4
bearing compositions, respectively. Such oxidation may be an inevitable consequense of

the partitioning of H,O into the mantle during core formation.

HWIRDORT &< Ui, D7 &b 2 EOBLRIBOEL 2 RER LTz, HERSE %%
TORCITEDEBIC LS. IHAARICEY, KKICHBBESER L. HRE0 Xk
D IIADEALIE, 27 TR I 5 BT RBILRIE—Fe ICE & BHARRICHET
E 50, BO-COBREICHET DREBADETH S, ZIIMBEEDL B e
R, M ORIRS LI 3 BERMBELS, 2OBBITE O TV

RO 4 1%, BRI E S & a AT H,0 < 2 FA~BIRIIC O S his
DIELEMRLIE. ZOLH =y MR FHICBS>TWS &, BT RENSHFEL
T, BALHY R RAFA~DOEALIT LRI L TS 5 5. Blb~ Y LB OB RBRZ,
HyO O—H25 FeO #BTAI L LT H,~BIE &SNS, =0 ML Feo O3 NEMT 5
B3, Thid= v PV ORGSR B2, KEH O Hy 3525 22 ~RIR Ao 8 % . #
DIZHORRIL HpyO-CO % F & T B~ L LT 5.

BEETTIY, BIEORE - < PR TO Hy0 - gkt R EEE S SI0%&Mt L LT, =
DYV FDBREMEOWTRIT 5. £, FOFHHIROE BEEOEILICHT S

BEHmICOWVWTiR~ 5,
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A study on the distribution of nitrogen and argon in the Earth based on
the latest data on the Partition Coefficients

o ZiE BAF HBR B EE EA (EXE)
o A. Miyazaki, H. Hiyagon and N. Sugiura (Univ. of Tokyo)

There is more than two orders of magnitude difference in the N,/3%Ar ratio between the
atmosphere (10*) and the mantle (> 10°). Such a difference couldn’t be caused by the
equilibrium distribution of nitrogen and argon between these two reservoirs even under
a reducing condition in the early history of the Earth, because our experiments show
that nitrogen solubility in silicate melt is essentially constant and comparable to that of
argon for fO; > IW-2 (Miyazaki et al.,1996). Hence, ‘imperfect core formation model’ is
preferred; metallic iron remaining in the mantle after the core formation could contain
a substantial amount of nitrogen resulting in efficient fractionation of nitrogen from argon.

HIRASKD No /P Ar Jhid 101, < 2 FVOD Ny /*Ar 3B ELREN 5 A D Ny, Arsd
Fin o 10°LL L TH B EHBIN TS ( Marty, 1995, Miyazaki et al., 1996 ), K& i %
DIFEAEPHIERNEDLOMA R L TR ETSEE, D N,/Ar o 100 {EL ED &
WREITEDIHIITLTHELDIEAIN?

Z DEWE, Marty et al.(1996) 2AEIRT S & H i, HIERFMHOEHD & S5 75 Hgsny 2
TUBBBICBY BER LTV T VOB~ v MV OBERBETIIB LBV, Y
L5, {0, > IW20BESEEZBHTIIER (Ny) EFHRAOLRE AN P OBREIT
BECOBRESECOILALKELT, BR /TLVIT VOBRERIZIZT—ETH B &
WO EBRBEREMENRLIDOTHS (Eifh, 199 6FEARKAE),

DI EOKRBIERICL D FH AL TREAET Y PIVD Ny/*Ar LESRXH 3B
ERARTHETH S, HENS, BEETLVT VOBHE-BHSRKBRABETHE - &
( Hiyagon and Hirose, 1994 ) 05, AL~ MVOBE(LT Ny/Ar DZ(LT 5 &i3%
AWK ERT VR THEE LI E LT H ZOBEBEIRER S 5 {0, &4 TR/ME L
EHEINSLINGTH S,

FER, [FTRELBBERETINV] BE0 LI AWBIETABNEBERHIZELZZATINS,
Bkl URQCSBSVERET VT VRSB UicE < MUVICED., % OB
IO, BRICZENSEZ TV MVHRRBUET 5 E0W D EFVTH B,

FAHRABEBHITITIZ LA LGB EINE NI 4% Matsuda et al. (1993) THREIHNT
Whe = BEDOY Y A =8V MFEBEIIBESEN{0,=IW TOHEDE
BZDOVYT A MANIMNDBBREDT — 5 EBBEOK AN IPNDBZEDEBREDF — 4
Mo, KM YU A FAIVME, AV MHOZHEBERICE T 345BLE LTHRD S
CENTED, TORKR BREHEAINMIYY 4 FD 100-10000 f5EEL, U4y
A=AV PFRBER / TIVT U EENSHEIENLBRTHL E08bI B,
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KENVFO-7"417° Rampart Crater 0 ejecta fluidization

- Yuty Crater Zf5liC& - T -
CHATAE I SRR GRA - B - HE)

Ejecta fluidization of a multilobate rampart crater on Mars.

- A case

of Yuty crater -

“Hirohide DEMURA and Kei KURITA (Dept. Earth and Planet. Physics, Univ. of Tokyo)

Martian rampart craters are peculiar ones which are different from ordinary craters
on the Moon and Venusian fluidized craters. As to the origin of rampart craters, two
mechanisms have been proposed; volatile effect and atmospheric effect. We consider
that existence of multilobate rampart craters has a key of its formation. We report detailed
distribution of multilobes based on the Viking images.

KBIMW -MV-4-13 B - ERZ LD
I--L Rz D) | FEME L 7 ejecta &
KuEEZ R > TV b, 72, FBMLL

CejectaWELZ N HIYE (H) b
5o ZDKERAEORRE LT, #TF
DIFEFBIHBEE- LT b LT 53
& REDMBHD 2 0D REE N
TWbhH, KFFRIZ VR oipax bas
ELVwO2, WD OHk%EHET S
&z BB L L. multi-lobe type DL F
& EN5 Yuty Crater ICEH L7,
fluidized ejecta DHERENER & K I 4E D
ERE (). BEVOEL ) % H
RLZET, ZROHPFKREDE AR
KXo TTE)2L0PHMTE B,
KRB DOE S 25, ejectadtk
WL 22 gas-supported flow 75 5 72 D
P, BLEWETAGNZ LD 572
DPDFEPYHBHEONL, KEZ
7 =Tk, ENHIZOWVWTKRE L7
CHEREWET 5,

Yuty crater (a stereographic pair: 3A07& 3A08),
location of crater center: 22.21°N, 33.99°W,
crater diameter: 18.7km,
numbers: order of deposition.
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RIBELIC K BB E DIRE)
Oscillations of Solid Planets Excited by

Atmospheric Random Motions.
INRIERS (R LSRR MR E R FL)
Naoki Kobayashi (Tokyo Institute of Technology)

Seismology is important to investigate into
the interior structure of planets. I estimated
amplitudes of oscillations of solid planets ex-
cited by temporal and spatial atmospheric
random motions. The amplitudes are bal-
anced between power induced by the random
motion and dissipation of the elastic energy.
Forcing by the atmospheric motions (pres-
sure fluctuation) are determined using the
Solar energy flux, pressure scale hight and
considering time scale. The estimated am-
plitudes are order of 100 ngal which are de-

tectable using recent accelerometers.

B~ MV OIREIZZERR <BET S
i, KRKBELIC GREFRMBI% Yo THHE
AND) WENDO RN T — > R OE A E K
BRANE EN TR Sz, ULn
U, AUCHEETHUREBE, KKEEOLEY
BY73E B O B O RGEE I I EHR D F Iz b
NTEBWZORESRPEN. I T, K&
@ scale hight (Hp) & D EWREOREIZZE
Z, Hp LT OHEELZ 2, R ELH
IREFHRIRIREE U CEERSOREZ R,
ool

RENE w DIRIEIX, KKBEICK->THE
HIZEA NS power & IERMIC L DM
IXNF—ORERNHIDE IEFHIREEL
TRDHHNS.

Q)

(@) ~ 31

(1)

Z T, QX quarity factor, M JIREDF
WER (4rR?\p) THD. (f) TANT, E
HEED (R N, AREK v ORD) RIE
(6P) ZHWT 47 R*(6P) THEZ 5N 5.
Refk 73 tht 2 BR & RKUEB O T X))
FoRIKBHATHDEEZTELIZAR
W, ARIZFIVF—RK S, K&KD Hp &
GEZTHWORHRE 2r/w) 22T, B
FEIRIEN BB ZRRDL DICEZS.

27 S
o (2)
ZOBEOENEEINED & A TEMITKE
ZoTWBERETS.
(2) X2 (1) RTRATBH I LT, REIR
18 (z) Z2ROZDZENTES.

QS
cpHpw?

0P ~

(z) ~ o ~3x107% [m] (3)
ZZTHEIRRMEE LT, Q=200,5 =10°
(W/m?)], RIEEALFEEEE ¢ = 5 x 10° [m/s],
p =4 x10% [kg/m®], Hp = 10* [m], w =
6x 107 RU—#k/ A X% Y TREALKL
BEOREEFa =10"3 2RALKE. i
IR EIZHIE T, 100 ngal f2E DIRIE
Thd. TOMEIGHIER ET 1 mbar DEHE
b (RKROEEEL) ITL 2ENINEELE
BRLFABEORESTHS. THILIREDE

JIEREE T HA BRI RRIIRIETH 5.
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PLANET-BIZ X A KE D bR O8]
©EEEZ WA - B2 . Anthony D. Toigo (R H - %)
CE =0 )

Martian Dust Storm Observation by PLANET-B

“H.Yoshida “_ Anthony D. Toigo", T.Mukaj ©
1) The Graduate School of Science and Technology, Kobe Univ., Japan
+ 2) Dept. of Earth and Planetary Sci., Kobe Univ., Japan

In 1993 PLANET-B will be launched by ISAS. MIC (Mars Imaging Camera) onboard
PLANET-B is an instrument to take various images on Mars and its satellites.

The phenomenon of dust storms is one of our targets observed by MIC. There are still many
unknown things about dust storms, so it is important to take their pictures. The great dust
storms typically originate in any of several typical areas in southern temperate zone, such as
Hellespontus, Isidis Planitia/Syrtis Major and Claritas Fossae/Solis Planum.

In this study, we searched for the date, when MIC can detect these regions, and the spatial
resolutions, by taking into account a view direction of MIC and the planned orbit of
PLANET-B.

199841, FHFHFHIFERTD & K BRAEMPLANET-B2HT 5 LT SN2 FETH Y
PLANET-BIZ (3 A L E{{Z $r 52 FICCD 71 2 5 MIC(Mars Imaging Camera) A55# £ hT v
%6

PHEMICOBIIR & L TRA 2 S ODBTF 5N TEB Y, B RE(Dust Storm) b % D —
DTHbo FETIZKEDHREIZDOVTE L DRFFEAT 2 ST W B HS, Sk i
TEHHINTH LV ELH WV, 2DZOMICK L ABROBEIALEEETH S
LEAOND, WERDAIFEEOMR, FHICEELLTVERIYD Y., BFE 0
WD DHFICA S AGH ORI, 7 5 VA KBOB M. 2574 AFESE
global dust storm & L iEN 5 KPR OBAERE L LTI MO TWE, Zh oD
THREOFEL 725G, REN LR 2T 5 103 HH ICPLANET-BO#1E & MICH #
BAMZHELTBLIENEETH S,

CCAmE, SEDTHICFHBEMIET 2 53FK S L-PLANET-BO F48 64
o TMICOREF ZZR L, KBEOFEERIRE L TH SN TWE 2 R D345
D WD ENL BV DGHRRE TR RED % A7,
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Jovian dust streams (22T
LA (EA - B | W (Ek - 1)

Jovian dust streams

©S.Iwasaki” , T.Mukai®’
1)The Graduate School of Science and Technology, Kobe University
2)Dept.of Earth and Planetary Sci., Kobe University

The origin of Jovian dust streams found by the Ulysses spacecraft, was considered as (I)
remaining dust fragments from SL9, (II) gossamer ring of Jupiter and (III) ejecta from Io.
Recently, (I) was neglected by new detection of dust streams by the Galileo spacecraft, and (II)
or (II1) are likely.

We propose the mechanism to produce such dust streams. Namely, the electric field occurred
near neutral magnetic sheet of Jovian magnetosphere may accelerate the the charged dust grains

trapped inside the magnetosphere, and result in the ejecta. Our simulation will be compared with
observed evidence.

PR AR Ulysses 1T & o TR R &M /zJovian dust streams (F38) DFZEICDW T,
(I) SL9®kH. ) KEDgossamerring, (III) Io7* 5 OHUIEY D 3 DOATHEIE &
720 TORDEEEIRER GalileolZ L B HIEIX () OWREM A BEL 72, BEDE
ZA ID H» ) &EZS5NTWAS,

ZITHE, BRTPHEICET 2 BHICL AdustDIE L2 E 2 720 TS X - THHE
SN Sdust streams @ ETFNVETE L, MR BT 5,

AKE DS | HIE O stream | F =54t | H L RE DS | Ostream P | B | He L
DHEBER) | 2oOHE @ [## @) |dustB@)| | OEBER,) | S5OBE (d) B ) | dustk(E)
995 0.20 3 2160 38 5 18

562 27 0.25 4 1800 55 21|  ~1000

553 64 1.04 124 1600 32 12 26

1025 28 1.81 7 1340 39 40 145
1480 27 0.83 4 755 24 80|  ~4000
1980 31 0.68 4 220 70 20 5000

F  (o)Ulysses & (F)Galileo (—FF) O, H#Y 2 EES,
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RO B DONEEAL

Changes of Internal Structure of Large Icy Satellites

Ol T GEX - #) . EHE (RX - H)
YASUKO YAMAGISHI (Dept. of Earth and Planet. Physics. Univ. of Tokyo)
o AND
KEI KURITA (Dept. of Earth and Planet. Physics. Univ. of Tokyo)

Ganymede, the largest icy satellite of Jupiter, has the linear features on the surface, called "groove’. Which
was already revealed by Voyager's missions. The surface features are interpreted to be indicative of
extensional stresses generated by global expansion of the satellite. But the origin of the global expansion has
not been clarified yet. Here we examine again the thermal evolution of the satellite, particularly we investigate
variable effects of radiogenic heat sources contained in the silicate core. Development of the internal structure
coupled with the thermal evolution gives clues to the origin of surface features.

ABEROH = AFICIE. S MORBERIC X 2HRBREBO N, TORMIFET D LN,
BA Ty —ONABRBEREICEVEICE<HONTWS, ¥, TOEHOGHBREL T, BE 6
ENREBR L AHETICE > TRELZEEZSNTWSN, ZOKRBEELOBERNRATH S0,
SRS M I TWEN,

HoAFHA X0, ERBKERETIE. EREFERKICHMEL. BEXR” AEE” BEELEEEX
5NTVW2%, BESTHOKRBEEIICIE. 20" AEE OErARLEELRFSE2T 5, Lal.
ZOBMLERIZE B 2y NOEKELELIR. TOYA . BEOBVEEXNRET S, IO
EfMERT. £oT. BILBRKICLAEEEE, HRICBBINTNWS, BERDACEK>THEU 2
W EEEOT BICIE. T NEE” OFLIck D, HEONBEORMZELE ., FMICHENGS T
3725730,

X517, AEOH) LAIvIaitkoT, HoAFICETAHERN, RIZ1 5FERXDIC
HbizsahoDH 5,

FIT, AWETIE. Y USA PIATHOBREAROFEEROHEFES. TS, ITHD
BE RS, " NEE OFAOBICERTS, LT, AKEROMA - BlbzZmL R
DFHE (1995FEEARAS) 2X5I0EESE, H #Mk. BHREONPBERLEETS, T
DR, FokSNTMEELEZLENE BEOBRAERICED IO BHEENB SN ZERA
T2, Bz, UL FIT7ORELROBER. BAEASMNIINZH AT ORBOFEREEE X
LT, BEREKWERLEDIC. KN TEOEEREEDLD BBRICHHDONERNS,
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MR EEZRIC K D RERMMARLOEL
The Evolution of Surface Chemical Composition Induced by the Impact of
Planetesimals

FHEES GEX-BH) , W 2 CGRK-H)
Yasufumi Toda, and Yutaka Abe
(Dept. of Earth and Planet. Phys., Univ. of Tokyo)

In the era of heavy bombardment, impact of planetesimals influenced mantle differentiation
of the terrestrial planets in quantity (Toda and Abe, 1995). It is important to investigate
chemical evolution of magma pond formed by impact to know the effect of the impact of
planetesimals on mantle differentiation of the early terrestrial planets. We examined the
surface chemical composition by the impact of planetesimals, as to both impact melting and
excavation. By comparing our results with the remote sensing data of planetary surface, we

can discuss the early evolution of surface chemical composition of the terrestrial planets.

HER BB B VI T A% ® BB E IS heavy bombardment &I 2 HE IR MERED
BRI > T I ENHOLNT VWS, INETOMIET, ZOMREDOE RN
HERBIEE O M EEROY > MV BZ 5 X TN W I EAVRE
N TS (Toda and Abe, 1995). L L7adts, HEBBREREAED L D RMARIC
BBHOMTDOVWTIREL S TWRW., T OHYEREERKRDORE T EOLERR
EHIDZE, BRI MIMROL D BREENTICERT 20{LEHENEDK D
WESONEHET S L3, HEREREOYHFEER OSMLEZHLSMNIT S E
THBICEETHDLLENZD.

AHETIE, MBREHRBICRAVED KDL HMKITIED D2 melting,
excavation DFNFIUT DWW THREI L7/, melting IZB LU TIHIBE DI (Toda and
Abe, 1995)IZ & » THFE I N MREHRBZOREME L SO OERMERIZE > T
BoN-HKDT —4 (Takahashi et al,, 1993)2FIH L CREMKZHEE T 5.
B S T 229 & Shock heating ICL DT IR RAEREND. DY
TR RIZFFHEBRIRO BIERIE & F DM HH5MAMBERIBE E NS 785, TIT
W, EBAOMERIE T TERZ AN MITARTHRI TREICHITLS B LRE Lz, #2E
ALIREED AV N DAL DIE K FMENL, Takahashi et al. DERT —4 2495
Lk -o Tk, FHITHTL 2HMOBHILX, Vot ABIZZ LIk TH
D EHEATFeO rich K722 Z EITIA T, ENEIANSHTEZ S DIIMgORD
IWBEDEWD ZEMNbho . excavationtZBI L T, MaxwelldZ-model (Maxwell,
197N EHWTHET 5. TOEFIVE, HMBROWHRED DEIOHONLEZX
TEIREEINLIONMNHETEZ0T, HRTIHMOXBONTBELIET
HZERE- THRAKXRBOEOZEHOMBRNHEETES. RRTIE, Hohiis
BEAOXRBHRT—4 LKL, MBREOHRENE I > L& EORMEMEMRDE
WKDOWTiEEwTY 5.
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RAERERICL 2 RIAREDH — V> ML OSBEBIRDEE
Inference of the core-mantle separation process from melting experiments

fiEk T, [T, KHELTED
(FRIRK - HIKFIFR)

Takumi Kato, Hidenori Terasaki, Shiro Yada
(Geoscience Institute, University of Tsukuba)

Melting experiments on the primitive planetary materials (chondritic meteorite
and synthetic equivalents) have been performed under confined pressures to
clarify the internal differentiation process of the proto-planets. Coagulation of
metallic iron and iron sulfide and their gravitational separation in the silicate matrix
are believed to be a basic process of the core formation in the proto-planets.
Accordingly our experimental studies are focused both on the chemical
compositions of the metallic and silicate phases, and their geometrical distribution
as a function of time and temperature. These results are applied to infer effect of
the core-mantle separation at the proto-planet stage on the subsequent
geochemical evolution of the terrestrial planets.

MK REDILFELICENT, BEAFELIOIL, EmEIZE CER MR
BRIBHLEEBAN N EHBIEOEHSBETH D, COBRL, EEBCREND S
BEODKZEIREBI THBOEENTIEL Ao RICHBENIZHVEEEZI S H
TWd, LML, BBEBREIZEEINTVNE LT, MEREH S EEUKREDERM(Z
BNTE, ERAN MNORELBENRETVWEZENBRHIND, Z0HA, B
ORI R 7 — L LR L, ZAUBICIREI W AEEBXERDESE AL F
DRHEEBIEE DRI BOEELATF 21T THD,

KARIE, HETTOIY RS A MERSLUARRARIZHT 2RBMBEERTES L
2RBAN MESHOELE TRIEBERICEDE, FIARERETOR - > ML
DOREBIRDEEEBNET 5, BE, ZH, SR EEBIEOEH A EER/VS5 A —
F—ELT, REIT %, &2, ThoDHERHI S, MEKBBREOFMEICEALTEE
B51T5,
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SIMS ICK BB AEPDEZERGMGLED AR Y Mo

In situ spot analysis of oxygen isotopic ratios in meteorites
using SIMS
HERE (R - )
Hajime Hiyagon (Dept. Earth Planet. Phys., Univ. Tokyo)

A secondary ion mass spectrometer (SIMS) CAMECA ims-6f was used for in
situ spot analyses of Fe/Mg ratios and oxygen isotopic compositions in olivine
grains in Allende chondrules. San Carlos olivine and Burma spinel were used
for oxygen isotope standards. The results of ~40 minutes analyses were
reproducible within + 3%o0 (16) for "0/'O and + 2%. (1) for '*0/*°O.
Preliminary results for an Allende chondrule show that there are two different
oxygen isotope signatures even within a single chondrule: one has relatively
'®0-rich composition (8'’O= -14 to -4%o and 8'°*0O= -10 to -5%o) and the other has
relatively '*O-poor composition (8"’0= -6 to -1%o and 8'®*O= ~0%q). These
signatures seem to be established after the formation of this chondrule.

FEEERKICRE I N R A EHESHET (SIMS, ims-6f) ZMHWT Allende &
FOAY R —VIEENDSA Y EUEROBERMALE LU Fe/Mg LD AR v
}‘ﬁ’l‘ﬁ’&nfﬁ%\to —KRAFELTICsY, Fy—27 v TEBSTEDICEFHEH

V. ERAMERE 5000 TRIE#B ok, BERMAOZY V& —RELTIR. ¥
‘/ﬁ)mxﬁoﬁu EUEEINREODAE RV EZDBEWVWTWS, BfE, BERRAAKL
OFBRME I 40 HOBIE T O /0, BO/180 NENTFN +3%0 +2%0 1o)DIRE
ThHD. SIMS ZHNWTIFERBROEMET Fe/Mg b7z EDONHibiAlz, IEXE
IBHROA ) E UEREICH LT SIMS 2B Iz, % EPMA OF —4% &
BLEr YT —2aezBliol, IWHDE—#E L T Allende BAFOV&E
DDAV RI—=IVZDWTHN &R Iieolz& 25, BBRRALARERICSIZD DRI
BREAEET B I EMNhho 72, D EDIFHXAIC 80 DL NERD (GO 13-14%0 %
5-4% 2. 80 H-10%c H-5%A2FE), H D UEDIT 80 DHBRVERAEGO 2
6% H-1%F2E, 80 1Y 0% MBE)TH D, VEDDFUYE U HERIZINS SHZD
DERDIBBELTVDZENS, BELHL NS OBERMALORHEIII S FL—
WEREIZDL st BEbhs, LNLBEBEBETIIZEDOANZALETIEHIARHATD
B,
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Carbon and nitrogen in iron meteorites
ZHERE GRK - 3)
Naoji Sugiura (Faculty of Sci., Univ. of Tokyo)

Distributions, concentrations and isotopic compositions of carbon and nitrogen in iron
meteorites were measured. The major carrier of C and N is taenite. In taenite, the highest C
concentration is about 500 ppm, while the highest N concentration exceeds 3000 ppm. There are
two types of distributions of C and N. In the first type, C and N are enriched in the rim of
taenite, while in the second type they are enriched in the center of taenite. Carbon isotopic
anomaly of nearly -90 permil was observed in a IIICD iron meteorite.

SRGEHRORE - B@EOHH, B, FMEKEZ ZRA A ERESTEHCE > THIE
L. 5F—F 1 FoRE - EFEOFRFY YT —THD, RFEOREEIRETS0
Oppm<Hl, BHEOBEIEET3000ppmEEASZDORREDN->TN
%, F—F A4 NHORE - BEODHICII2BED D, RE - EEREVRICBEL T
NBEHNE, RE-BHENPRICEBELTVLIHONHS. BEI v IVRE
SEOH DB NV ELPDORE - BROFESEICX> THASND N, BIE
OPEDSHAITHSH TR, W OO BA T dnitide RDOND. D
BT —F 1 FHhORFBEREEICEL, £BANERITIE LIRS Tnitride
BRANEZENMES. —FTTF—F 1 MFORZREDNEVE, 2<OBET 5
Ty A4 RNHDIVITRACBEDONDD, ZOREIFTHEYNREDONSRRVWERBHY,
757514 RHAEWNERIEMOTRIC DOV TIIRAOERNSH 5D0H L.

FEEEMNAELOBIEIZT — F 1 K &EnitridelCDWTHRIEE T H S . #hi R 1dFranchi et
al 1993EFFBELBVNHDTHS. LW E B ERMAKLLOREND 5 &N H
EXNTNDY, SEORFE TRERTERNo. REFMALOBE > T—F
AN, 737745, R, nitidell DNWTARETH 5. NS OEM O TR
KON BSND., F—F A FETOT—4 %55 LHICDEAIC— 8 7 permil D
BISAR LR E DR DM THY, IAB CIABORMIZHHLTNTH HMENNA LN S.
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Evaporation of interstellar dust and
elemental fractionation

KEHT « NB—Z  GEK - )
°Hiroko Nagahara and Kazuhito Ozawa (Geol. Inst., Univ. Tokyo)

Evaporation of interstellar dust and subsequent fractionation of gas
and residual dust determine the chemical composition of dusts that formed
planets and small bodies. Degree of chemical fractionation depends on the
maximum heating temperature and also on the heating rate when chemical
equilibrium was not achieved. Because Mg and Si are the most abundant
elements in stellar environments and forsterite is the most dominant Mg-
and Si-bearing solid species, evaporation behavior of forsterite is simply
regarded as the major process bearing planetary fractionation. Based on
evaporation experiments in the system Mg,SiO,-H, including high
temperature conditions where silicate melt is present, degree of Mg/Si
fractionation in the solar nebula was considered.

Mg, Si, Fe IIBMEZBRT 250 EbTERTRTH D, BEB DILLMR
DENZZNS DLFIOBREIEELTWS, Mg &SIOb- &b EEAE L
UT7RTIFIATITA NTHD, BRBTHD I+ VAT SA N DOERFENHKE
DERFRMIDLEHREXET S, BROBELZET 20IIMEEE. 7
DEITERE L 20 B BGERE BRI TH 5, KEOBEET 2E
BELRVWES, BIOBRHOBETSHEELEVNEED T+ L AFS1 ~
DERERICETE, KBRICBIT5Me/SI HHOBREZEZELE, T4)L2
T4 MIEWRETT—RERTZ20. 74NVAFS51 FAEMELTO
BEEL TVBRBETRONINIBZ 50z, MOTENEET 25115
EREDN I VIR L. TOBEAISIBRMICERTI-0. BRBEIL
MgiZ® &, BHERDFNB I 3, RERICITRHERLEEIRTDEEANDE T
RIFEINB 0. KREREET 2, ZOE, Mg/SINR0B 28R -8B
SRV RERE /RS,
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[RIERBREETOD Fe, FeSHF X FDREREICOINT
% AE-Lih BB GRAE) - BB ({AHE)

RABRECBREOTEILUNDOFRKRABREER. P OE (RBAR) OBV
CEALAMREDORISBERARSEEL T EEEZIOND, FRRERPRICIEH
ARTZAMPRUERSY . TENSERLEBICAD>TET LTINS, BLBICHES
SRONAROEBERIERL, YR MIRREBDD, YA MOERICLVER-T
RETRRSAUSEC S TENESS D, FOBMSOEROBNICL SREABR
EEPTOIRSRICBLTIE, Lewis[1]45, EHEMET TILE Cameron[2]DEIED
EXARNZEFINEAVTHERLTWS, LML, BABERAROHEEFI
SBEDETIVERDPBEYREL>THY, E/-, FEGHLRZR. THDLBREDHA
RTAVREZBRCBRIBE DA TIVIN,

SHIE. RFORBRBERARONWEETFNERN., BREEOASRT4HI2R
EERICANTHREHEZE AV, REABRBEATOFR-SRTOTESRIC
DOWTHRT 5. RRRIEDAMRTFAIRICDNTIR, ChETHEZIATINS
LY OERRROT—& (BIZIE. 3]) #BEICLE,

FISRERABAOY R FOERECARADEESH R EOME R, Bl
CKDFBBERFABRETINICETERELE., YRAMIRELY A XHKEL L
SEHREDERICK> THEHREERD, HRLYBS RLBAEETLTINS
B, sub-mmY A XDFRXMMIFIEHRERUEETHLEAEETLTING, &
DHBETRSZA FOBBROERIIERICANT, sub-mmY 4 XDY R FASHEAO
FAPDREEED, TENSORREEDIBRATORESNCESTIEREL
Tt/ EE o7,

HMHATR., ChoOHEBLURBABREEATOR-SZTORESR =D
T, KURHICHRTIFPETH S,

[1]1J.S.Lewis, Earth Planet Sci.Lett. 18, 286-290, 1972.

[2] A.G.W.Cameron, Meteorite Research, ed. P.M.Millman, 1969.
[3]1 S.Tachibana et al., 21th Symp. Antarct. Meteorites ( abstract), 164-166, 1996.
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NaDZEFENP O Al ¥ B 2 — VARSENOHBE
- Closed systmem evaporation O 7] §g14
Sl B Rk -H) | B % (uk - #H)

Y R 2= VAERBOMBAIZ XY, 22 F) 2=V 5 Nakk EOHEREMITTR
PERETHEFZEZOND, —HEEDI Y F) 2a— )V Tid, NaDEFEIZITL AR
HENT, T FY a— VERBOMPBUIBERENTH 72 L —KIZEFEXL LR TW
% (flash heating, B 2. i3 [1]) o ABFZETIE, NaDZEFEZ ROMBEU I, HLREL, 2
VEY = VEBREEOBREEBI o/, SHCEY, 4T LD flash heating
TR TH, BYRICBIT SR (closed system evaporation) XV, 2> K1) 2—
NVTBHISNABGEOY A X (NBRE L BEE) & NaDRIBOREE & O] % &
BHTEXBZ EDbholz,

FPRDIC. BHERKEREEZN TOERBE 2V M5 DONa,OFT DEFIZD VT,
W EE LB IV, BBLERDIDODE— FHFHAHZ LWL, (1)
HHEESR (BREEEDS) . QEHEKEREZHOBLRTIRE (pH,0)/pMH,)ML)
ICKEL SN RE (REBESRE) . 3) BEEFHOHTRALORISIC X 555 (1),
(2) DHRW M) o (1), (2) THEBEFIZEZOAEITIIKS TIREDADREEH
LB, G)TIEHEREEIZLZED BRI T LI EFHRENL, HERD
Na,ONZRFEEER[31% b L1, FEFEE— FOUB T mRE-FENFMFL, T Th
DEREERHEL. —FH., EBIVFIS PRRFEIV IS MIEEIND
a3y RV a— )V OFe-MeEEBRIE#14 DALM B, solar abundance & V) & BRIVEY 72
SHETENL DAY FY) 2= VAR ENZ EE2RLT WA, 20 L) LY
HEMBETIE, QDERT— FPXENTHLZEHFTEREINS,

RIS, A2 FYa—VOBEE, N, 2ROBEMEERTATIA—-FLLTEY
(N=0TRIIBEKE) . QOERBE-FIIBIT2aY F) 22— VHDNa,OE, M,
DIEFHIC L AL ERD 72, W DPDREIC LD MIEKRKD X9 I HIZ
FEFZENTED; MMy =1-(1-M,[M)1-¢""")o ZZT, M,& M ZZTNENM
DPVE L FHiE, v FFECBBRIBIIERDI A DA —VTHL. M L
3. N LERBEOBBMTH S, Hewinsetal. 2] ICE o TREIN/II Y R o=
BOBEOY 4 X (NBREE L) ENaDRIBORE % FHHT 570 D&M,
open system evaporation Tl, N<10®cm?®, txI min & % V) | flashheating 23 Z & 72 %o
LA L7%eh55 . closed system evaporation Tid, N=10*-10% cm®, 21-10min & 720 | 4
F L bflash heating ZME L LAEWE L b5, Bt ORALARE 555" K)DHE
oAb B[4]1D | closed system evaporaton L FAFINTH B, —7. closed system
evaporation THONDEIZKE L, TV N 2= VOENNEESIFBC b REMES
By, WERICE X, ERDONa,ONBEFEBDO A TIET - FIIAEETHY, LY
FEREOHVERDDIZE, XVBEEOBCARERVSHRLETH L.

[1] Yu et al. (1996) in “Chondrules and the protoplanetary disk”, pp.213-219. [2] Hewins et
at. (1996) Antarctic Meteorites XXI,42-44.[3] Tsuchiyamaetal. (1981)G.C.A., 45,1357-1367.
{4] Humayun and Clayton (1995), G.C.A., 59, 2131-2148. [S] Sekiya (1983) Prog. Theor.
Phys., 69, 1116-1130. ‘
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ORI — (WEA - HR) . SEET GERLERE)

MD simulation for adhering molecules on icy surface

©K. Masuda”, J. Takahashi®
1) The Graduate School of Science and Technology, Kobe University
2) Institute for fundamental Chemistry

In solar nebrae, it is known that the number of dust grains found from infrared observations is
much more than that estimated from the amount of observed molecules. This is caused by a lot
of the gas molecules which adhere on the dust grains.

In this study, we simulate the sticking probability for a hydrogen molecule onto the dust surface
covered with amorphous icy water mantle. The result of this simulation is that the sticking
probability is about unity. .

It is concerned that the adhering atoms would be made eject to space by irradiation of cosmic
ray. But we found that hydrogen molecules created from two hydrogen atoms on the dust
surface can also take off by reaction heat. '

FIHEREREZENCBOT, RUBEINC I o THBIEN T A N7 LS VOB,
G TOGHEEDPHHEENS T A PORICHNTENCEH RES SR TV 5,
INBZ L DREDFFAMRA LI E LTS D THEEELI LN TV,
CIT, ar¥a—¥—I2 X 5578 %5 (Molecular Dynamics) % FiV» 5 = X 12
LoT, 7TENT 7 ADKTTELYY PVEBOEDER ECOXEBREFONE
EREFRT, FOMRE, NMEHRIIILEALITHE I LB o77,

ALK EREFEIFERREOBHRICE > THBUEHERAREB SN L EE 25
NTVWADY, TZCTEINLORFIRELETRE 2RI L, KESFHIER S I,
ZTDRIBEA K o TREDTFPFEHEEBMHE E N8RRIV, FEOMD Y
Sab=rarveftholz, TR, WODPDKESFH., KeHiZk-TS
FLAKRKRELOHBEN) B DD o7z,
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KEREENDOI X POBR/NTZRIVF—2%F

The Minimum Energy Distribution of Dust in the Solar Nebula

ek ik - #)

M. Sekiya (Faculty of Science, Kyushu University)

The minimum energy state of the vertical density distribution of dust in

the solar nebula is derived.

It is considered that the midplane dust

density at the minimum energy state gives the upper limit of the dust

density which could be attained in the solar nebula.

This value is smaller

than the critical density of the gravitational instability as far as the
ratio of the surface density of dust to that of gas is smaller than about
10 times the solar composition dust to gas ratio where water condenses.

Two alternative scenarios of planetesimal formation are proposed:
Planetesimals were formed by (1) mutual sticking of dust aggregates, or by
(2) gravitational instabilities when the nebula gas dissipated and the
surface density of gas decreased and/or when surface density of dust became
large due to radial transportation of dust.
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z BEZOPOEN SO, HBEZEORF )1 b,

_99_



901

MBEMENTORHR - RABRICLIBERDOER
Formation of Organic Compounds in Simulated Interstellar Dusts
by Iradiation with Particles or Ultraviolet Light

SEHMER, IWHEEC, @74 B (MERATL), BARGEAESH), SR (EXTHEH
Takashi Kasamatsu, Kensei Kobayashi, Takeo Kaneko (Dept. Phys. Chem, Yokohama Natl. Univ.)
Akira Kouchi (Inst. Low Temp. Sci., Hokkaido Univ.)

Takeshi Saito (Inst. Cosmic Ray Res., Univ. Tokyo)

Abstract: Mixtures simulating ice mantles of interstellar dusts (ISDs) were irradiated with high energy protons,
electrons or ultraviolet light in order to examine possible formation of organic compounds in space. Alcohols
and hydrocarbons were found in the proton irradiation product from a mixture of carbon monoxide, ammonia and
water. Amino acids were detected in most of the irradiation products after acid-hydrolysis. The present results

suggest that amino acid precursors could be formed in both ISDs. These organic compounds could be used in the
generation of life on the earth.

RISSEAERNIC T AAMERE R TR L7c L2 2 Sh 2 RGO EM & U TER h OGN
HEHINTWEH, CHIZFHEMICBOTERES 2 M TEHEOENBOERIC L -
THEUIABINEIIL ->TOEEEI SN TG, DL S HENERE T COABYD
RS 5700, BRET A X< MUABUIOKITENME b U 1308 T4 e L.
T DA AT Uiz,

—RALIREK « T VEZT  KOBBEERE I SAA RS v FL0K)F DL BHARIZ WK X A
T k) ZER U7ze Z4UC Van de Graaffindgiss (HTA) HSOBTE (4 3 MeV)
U IREIRAERS Ui, RS, SBEREES B2 KRBT TLAEIY, - OBRE
T AN K R BRI BT THE Lz A, BAKER. T I—VEOMER
WERD SN, Eio, BEOHKSMRYHIHED T I ) BhE XA,

EROERHET DD, A5 )=V TUEZT « ROBAEK (BN LDAENS
ARF 2 —TWANTHE L. Zhix() BEEHRFTEEK OK) 1T U7oREB (1) kA
FTHARIE, (111D BISFTLEEDRET. SF cyclotron (EAAEH) A5 DR T74(35
HeV) & U < BABINEE CEAMID HODBTHUS NeVZBET Uiz, BSR4 B
KABUIH A, OThOFRENS b, ZY Py« TSZUBEDT I ) BEBRLREEI A
7o SOT LB, —BLKFE KD SEUIA Y ) —VAEREERE LT b 7 3/ BBk
PHERKLD BT EX2RT,

MKRSHEE DT I O GHDIZ, GHERANDBEIENR0-24 — 5 —Td 2 Diexdt L.
BHA « BADH AR 1 - 2HIEL L 1044 =5 —Th 7o OEDEREELTIE. BFE
RAEOEHE. Wik - BATERAES72 0 O X VE—RIERNE 150 o SRR L 7w
REUNEZ Shich, XD BBHOROVETHER O EEDETFREDERITFIEAEN
Cs AROBBIEEE D LIS Edbin o7z, BAERE LTIE. SAICBTIARY
(BHAE 23R 3475 2B E L. TP E— AT X 38R E BN 50108 LT, E
M SHDOBEEBMNE SREBEIC LD IRAEZIIZ 2 EEL SR 3,

AR, EBBEBETAR U ARYNEE ., 1135086 75 &0 T THIER Iz it X
N VB OEM L1755 1R E R R 2, oy EAOREIC B 3B RYO
FERREOWETHE, REBEOEMOS) SEMBETHT 288 EHBLT. a0
REDUREWEE T 2 KEKDBENLENLE 2 EbELI 5N 5, '

[1] K. Kobayashi, T. Kasamatsu, T. Kaneko, J. Koike, T. Oshima, T. Saito, T. Yamamoto and H. Yanagawa,
Adv. Space Res., 16, 21-26 (1995).
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Characterization of Organic Compounds in the Products of Experiments
Using Simulated Primitive Atmospheres of Earth-Type Planets

INARRIEO, RIRIX, & F/TE (MEEATL), RIS (KWE), M (EATHGH)
Kensei Kobayashi, Shigeru Kajishima, Takeo Kaneko (Dept. Phys. Chem, Yokohama Natl. Univ.)
Yoji Ishikawa (Obayasi Corporation), Takeshi Saito (Inst. Cosmic Ray Res., Univ. Tokyo)

Abstract: When gas mixtures simulating primitive earth atmosphere were irradiated with high energy protons,
hydrolysates of the products contains amino acids. We characterized the "amino acid precursors." The products
have molecules which appeared the very early part of cation-exchange chromatogram. They disappeared after
mild hydrolysis, and basic compounds which appeared in the latter part of the chromatogram were formed.
Further hydrolysis caused conversion of the basic compounds to amino acids. These amino acid Precursors
might have been preserved in Martian underground frozen soils and/or polar cap areas. Detection methods for
these compounds are now in consideration.

FIRHIRIE “RRILIR R, —BRILRE. HE, KB ENOH ZBRETHASEG LTI &
EAOND, COXIBBAKKICETREDTRINF— 25X 1280 A ks a4
HLRRATET I ) BAE SNBENS T ERFMONTHB[NR, MAMRIZED 7 3 ) B
KT MG (73 BATERK) 12 DU TlidStreckerBIRTERiK. &7 ALKEE SM7s &
ﬁ%@éﬂfhéﬁ@®\iﬁi(%&énfhﬁboto$m%fu\ﬁﬁ%%T¢&b
G T REHEEMER LD/ 0 bS5 TEEIC LD MU, T 3 ) BREIERE O
SO V=Y g VARSI,

BBHIIE, I RABBIT—BILKHE. ER. KORESGE BEEREILAS) 2HALES
DL WELERED Y 7 V775 7 Ik 8 5 #13MeVORE 74 % BET U7- BRO AL iy
OKBEH) %Wz, BUEPEOMIERR TLARERIM/K 2 814 1 4 L R BHPLCETRISES 3 = &
ICEDEELIT I ) BOERI XN,

M7k 5 BRI DFRBHX) R UA A VR BHPLCH: % BT 2 O R ERIIC L b 5 5(A~E)
KA Uy BB EIKIRET 3 ) BINITLS & HBENSFROKIBEESE S E
EZONBARENST I ) ORISR, BHT D2 E0bd-1z. BURBC)ES LA
WHPLCIRIC K DRI LIz & 2 A, HFRBHT00iICHYT 2 E— 2 Rl oh iz,

Kicy BBHX)Z0.SMIERR A I T 1 43 ~24B5R00N%3 Uy S IK MR 247700 2D
%m%4%V§@HHE&K;D%Nto%@%%\A@ﬁ®8—7®§<ulﬁ@ﬁﬁf
AU, BESUEEEOWENRG ThE)DE— ek Ui, 20 bEICKSET S
CEIZEDEY UL ZHITENT I ) BEISEINT 2 2 b -7,

Db OFER. HMBFRIEAKERIZLD . SS9 FREEOWEAENNER L. S
EAMAMRCK D FFEEUWEEE N EL 12D, 73 ) BMEKEENRREXH
2o TOEIUT I ) BATEHAKIIHIR ECOLEGOREAR B ENS L2255 DT.
SR, ISR FYIIIVE -V a VEED TS FETH B,

FURKE & FIAHIER S B L e KR SR DK R ZDEFEICE L £ 5N 5, &k,
KERBEOHMNG . FRIAKE LITEGHIEE Uz TREMAGRE X 72 [2]5, Dl &
by 73 BRIBRALL EOFBWIIEE LIS TE . SO &S5 a4
PERET TUBRNBEREZITREIATVL 3B, SHOBIRER TR oM LS T
1) BRI EOFE MM OEET BEREMSE L B, TO LD HEBRYE L UMEY DI
M EEBRERE T TH B,

[£2%3C#k] [1] K.Kobayashi et al., Origins Life Evol. Biosphere, 20, 99(1990), Adv. S pace Res.,
15, 127 (1995). [2] D. McKay et al., Science, 273, 924 (1996).
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FIARERMBICSH T 3 D FHEROILFEL
- FHEHIRICE 5 S W AEIE TOCN,ODTFERAE---

AN AR (B RSCA, Bk - 3) , Mibk 298 Lk - 1)
Bl IR, PEF RE, S M- (EZETH)

Chemical Evolution of Gas and Ice

in the Formation Region of Comets and Icy Satellites
Aikawa, Y. (National Astronomical Observatory), Umebayashi, T. (Yamagata Univ.),
Miyama, S. M. (NAO), Nakano, T. (NAO) & Watanabe J. (NAO)
We investigate the evolution of molecular abundance in protoplanetary disks. We found that
CO,CO,, H,0,N;,NH; and HCN are the dominant component in the region of radius

R>10AU. Our model would provide a vital tool for understanding the formation process of

comets and icy satelites. '

FISRRE RSB L FHBOEILIZ R E R E & BRIWE %o % Cb o & LT Hk
RV TR, BERTRBRE S COEMLTU—T 205 5, B, EERER
P B1) BALFRRA T 2 DAL BRI 2 & & 25T X UE. 28 O(L2 ik
CRBY 5 LIl d o THEDOHBRBRSEHBRIHS M b Th A, /. TiLh
SEFE S SN L B FIGRRE R B O H AT OB & B Oy 2L - Hers % 55
HE D) T HILFHBELD IR AW EL 12 5,

FUGRRE RO MBI DV T OBE DI Prinn 512X 5 b DW5H B, b iok
% EMBATIRFIIEIZCO, BEEN,TATHo b EL LN T VS, Lo LI DR
REROIETH LALFEIGBIE L B O Tidk <, bEFMH 2 HEE LTW5 % CEREY
AT R %RV L e TLWORBRD SR SNAEEF L2 BTS2 NIE
DFNATOBRPSHESND LY DR ) EREETF MR > TV AEDMELNH 2, 2
C T A ITERIAE R & B B WV —% % A 5 minimum-mass solar nebula & 5 )L v, K
IERRE R BV B I AL A BRI L > TR TV B,

AN LR D S 10AU~ 100AU BN 72 SIR C O L MBGE LIS O W CHES 2. & 04
WCIREHZMD L OFHBRAHBEOTLEE TAD AR, SAIMEERIEO LA L ¥ — i
LRATREENSH L, 2 THRABEBMPTECHSONTVALER Gy T — 2 %
WOBIGRE AN B O FMBEL 2 < ERREBRIUTOLBYTH 2,
ORFIEEIZCOLCO, & LTHAET 5o FFIZ60K & 1 b I%I T 1ECO,Alice mantlel2BLY 34

MBI LICLY, W0WERETRENIILALTMADSRTTLE S, F21EE AL DR

FVH,0RCO BN ATNTLE S &, BIEMZ A% X hydrocarbon 5% { A% S L

L9k 5,

OLFILEIZ0,PH0L LTIFAET %o 100K & ) b {EiR % ST 12 H, Ol ice mantle % 4K
5,

@ IIEITN), NH,;, HONE LTHAET 5. NH, 360K, HCNI#100KF2EELL T Tice mant]
DA INL SIUT L o TIRIR T 107442 TNH, iceh i b T B2 R OFE AR
L% b,

AE IR EOMREER KEEOMB & DI A TV 2 NS RO TEBGEAR - 5\ T b

kam L 72w,
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Conditions for Formation of Extraterrestrial High-molecular Carbonaceous Compounds

FMILELO, FLkE Lk - 8)
Tatsushi Murae and Takahiro Hirayama (Faculty of Science, Kyushu University)

Type of organic compounds in carbonaceous chondrites can be classified into two main groups.
One is the group of usual organic compounds (low molecular organic compounds) and the
other is the group of kerogen-like organic compounds (high molecular organic compounds).
Type of terrestrial natural organic compounds can be classified into three main groups, single
molecular compounds, polymeric compounds (not kerogen), and kerogen. Although terrestrial
kerogens are derived from single molecular compounds via polymeric compounds, the two
types of organic compounds in carbonaceous chondrites possibly synthesized independently.

REETL P51 FhOBRILEMD Y A 13, BEOFRIEY (ESTHRL
B Erod . VLAY (BATFERLEY) O 2BBOEN /I — FIia8T
&5, IR LORBEWCEMIL, B FLEY, BATEAWBL YOV D
3DDF A FIGEFTE, EYPEELIHERT I /B i - HESFLans, &
RHOEGRIE TNV —ZAPEAEOREES TICERIN, 2hoh, Bk
MREEHET TEREINTraY 2 U ERENS, L2205, BEHD25DY 4T
DILEME, TN SERKIMNI Z2HEOBH FESYHIBAED &2 ARB XN TV
W HIHER LD 0D 2 VIS G B 5 RIR A 1T X1 B HEREER IS 17 M2 -
LRUM, REEIV NS4 NORKBE T TRELIZEEL Z20ICI3ES,I S 2,

RATORBILEYDS BTy oY« VRMEAWITONTIE, Br ORI LRe
BEEOTZA0ZBRTOCHEFR & UALESSR, VY arh—A REBIZLE
PAHOEEGHETIE, PHICTFEEZEL THALEWIE, SBRBMLKEDS T
HY, T3 BPIEIREDFEIRE LTV, 585 T, IR OHERE/EH D%
HABRRIHYE T A RIGEMEEEZ L by oY o VIMEESIRER AN 5,

COHEIL, BHDES TABCAMORRSENEr o = VLSO &
BMILIZEX DUENH B, BeDT I ) B, EIEMIRESE AR U - iR T
FRINTVS, LU, BEEIY K54 FORBBERTIN S DERS M &5
DEWEBET B7.0101E, BAEORRKISEEOFEAEIRETILENS Y, B
DEZAHZDRRBBBIIRINTOILNDT, REGEL P OES FERILEY O
IS, CORIBETINVEROZMEZEBEIHETEA, Hed, KORETHRERE,
IKFTE, BRFRE, ERBELLLUBOBHESTE NS5y FULREKEREL, 20
WKBEDIRNF -, BEZ LI ETHRRIN LA TFIOOTRI LTV BDT, 20
5a& DAL T ORI DTN 5,
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