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Review: Planetary Physical Constraints for the Earth's Formation
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Yoshiyuki KOIDE and Hiroyuki YAMASHITA
Kanagawa Prefectural Museum of Natural History, 499 Iryuda, Odawara, Kanagawa 250, Japan

Abstract. Planetary physics aims the accurate determination of orbital and physical

constants of planets at the present. These physical data reveal the present and feature

movements of planets. One of the most important purposes of the planetary physics is

estimation of the planetary interior. Systematic differences and similarities among planets

are derived from their origins, raw material and histories. Comparison to the planetary physics

should constraint to the Earth's formation. In this paper we compile the basic data on planetary

physics.
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Vega2 U.S.SR. 1984/1221  1985/6/15 flyby THE, KZAIZKERZE#T

Magellan US.A. 1989/5/4 L — & — CREEH Ol
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Phobos1 U.S.SR. 1988/7/7 1988 49 A 1 HIZH8({Z &4

Phobos2 US.S.R. 1988/7/12 1989/1/29 JRgE - ERRH. 7 o+ K ZISEHEEE R VIAORTO 3 B 27 {58
Outer Planets

Pioneer10 US.A. 1972/3/2 1978/12/3 AREIZRUDTEREL, ERRMICERD, KBR % 2 ah =S80 ATH
Pioneerll US.A. 1973/4/5 1974/12/2 ARBAMAT 5 2B OFER CRERSIC KT

Pioneerll US.A. 1973/4/5 1979/9/1 B3 U0 TR LRI iTh

Voyager2 USA. 1977/8/20 1979/7/9 ARBEHSE Ui

Voyager2 UsA, 1977/8/20 1981/8/25 TEICER LR, HILWHELSHRR

Voyager2 US.A. 1977/8/20 1986/1/24 KEEICESEL., ¥

Voyager2 US.A. 1977/8/20 1989/8/24 WEEITIEL, ¥

Voyagerl US.A. 1977/9/5 1979/3/5 AREHOR L

Voyagerl US.A. 1977/9/5 1980/11/12 T EICHR U R

ICE/ISEE-3 US.A. 1978/8/12 1985/9/11 Vyavm - Yrh—HEITEE

ICE/ISEE-3 US.A. 1978/8/12 1986/3/28 N —EETHEST

Vegal USSR. 19841215  1986/3/6 N —EEITESE

Vega2 US.SR.  1984/12/21  1986/3/9 NL—BE TR

X RY HA 1985/1/8 1986/3/11 NL—EE AR

Geott - ys% 1985/7/2 1986/3/13 N —BEICRLEL, 2 YAIZEA

T EEN 1985/8/19 1986/3/8 LB A

Garilao U.S.A. 1989/10/18 1995 4F- 12 KRB EED T E

7' — %12 Cattermole (1994). Colin (1983), Snyder & Moroz (1992), Wilford (1990), Wilson (1995) %#eXZ L 7=,
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19744E3 8 L9 . 197543 H D3MDERL % 35 Z I \WEH
k%% U 7= Mariner 1012 & - CTAKEDOHERSIEERIZH
LidEs

ERRBEVWKZRIZEBHN T3 20 Ml 5 FKHD
BFERZZENTERV, L —F —EFATIE &
ARBEZENTES, FO-HFEEK TR EE D RS,
BENS V=& — ROV TREME BN 25 5EE .
Probek 52 U CEHEIT 228D OFEN B Z hbhiz,
U.S.S.R.DVenera 471% T EKMIZHHERE L , Venera 7
RBREMMCBEETZECT -4 -DIEXREBI Lo,
Venera 13.14 CldFE L OERE M2 6 Z bz, —H.
L — & =2 k5803, U.S.A.DPioneer Venus 1%,
U.S.S.R.DVenera 15. 16 BFMIWE L7 6 7 k-7,
U.S.A.®OMagellan TD L — & — &I I3 2HMl 701X % 1
NBIFELICT—4—EE o7,

EEELEHITABRZ HEROBORE T 5 K51 dH
3NN )  RAID RT3 IR R < BT & 72 2
W< 2 5 KUEFBI K Z b W D R A
BT LMo KEIZEMPINEDTIRIENWLEELSNT
Wi, E 22 OBAER O L S IZRA 2 En s S
o KB ADTHEOTEEMNE L SNkl d & -
= KEBEBHEETIE. USANUSSRIZEALU THEWH
Mariner 8% 3% 5 7z, L C. _£229,850 km#> 5 224D
U—X7 vy TEREY%5>TE =, DDWT, Mariner 95
SABEOREHEIZRED ZDEREERE-TE 2L
T RIREOVEEIL U.S A.OViking 1 & 212 & 2 A dfko
BT 5, Viking 10FEANZ 2 ) L PJIZ, Viking 2
OFEMT - T FRIZEhThERE L AHkof
2B 5 B BFED T & b Tk o e FRE R0 64
WMOGFHESER KR Shar o7,

HNREOBEEIZ USAOMEIE CH -7 (%K5).5
THRE R W EOERFEI I A RERLGE LR 6N
75 724, Pioneer 10.11% L TVoyager 1.2} 88 21
Br L7 AR 2. REEZ L CHBTEEOEMEGIC
BTN TOANE & Rid - 72, 72 Oz ARE T3DO0H
B+t 2 csfilofe . KTE C1oflo#E VL E Tofl
O 2 %3 R U7z, Pioneer 10.11% LU CVoyager 1.2i%.
KIGREL BN TV EDDH 308 KIGROIRANE Z &
THh 5D EEIBPEAGT V5,

L —EERRKFEICESE L 728 U.S.SR./C.LS, HA,
US.A.32—0 vy sOREIEF 6O HEKE L —%
Bizf@rbel, ZORBREBEEOEENTENBZS %
THDBZELrEHENIZ LI,

HEDU.SSR/CISOFHEEE FHAT -V 3 ¥
D& UFHEZEBOMASTHEM B LTy
AEANDOHEL EOMBIZERVEIN TS, USA.
OFHEE)L . Space Shuttle & FlFH U 7= &5 D 5255 - 1f 22
N ENTWE NREOFEISHLEHDOI v g v
NEEINTNE SETFONT TH o/ NREHFOR
R 2=y MZEh T3 REFEIISERLERN
5729 . USAUSSR/CILSE H T RN CIdk
(Lo TE, ZDOTHEFE S 5 VIIEEIIRY 38
TREL BZEREREG IO & T I hbhb ki
e,

i HEDiE

ZZ TR IR B EOTEEIC Lo THELN-RE
OYIERREIZ B 2 W 2 8 U+ 2 SRE0#EE
HMHEE T M 2w nsy — % &% 61C,
HEOYHERE I, VOYHEBEESIZE LD,

1 HEOHER

KERIZIE 9DDRE & 2 DR IZRFEME T 558D
2 51,000 0 /NRE BUIREE N BEBEET L EEZ
bNBZEENSHEK IND,ZD LS ZEREKLINZ . KEG
RADZEBIZIZ KE» SR ENTWE A4 v R5F
(KIGR)  FHEEL & O/ EE, & £ EHb Shiz
BTFRA L R E WD B KT OB (S EREERHE T
2—5{@l/em? & 75 T\ %, F 72 KfG» 6 138 RN
B E T 3 ERBLE R E T, 2~5X 105 gauss?D i
BOME EFHDOUED LS R DOPKIEROMBER L
55,

KGR O L HbERAD & BT 2 KA CIX BT 2
CE¥BESES.9X10° km) Th - 722 BEELE L hFHll
OB A OREPIERNTREEIN/-, 20 X5 h KRk
DETHHMEE 44 735—-UL b (Kuiper belt) & ’E&, 7
OMIZIZ K EAPERLEEFOBEN D 5 FIEIIHE
ATEROWIEENEKEE > T\ 54 — L FZE (Oort
cloud. FHPEEE: 3 ~15X102 km ) PR XN TWwW5 K
[ERE S O K S 4~ Y 4 2 7 = 7 (heriospher) & I
BN FOKE G RATH %,

Offfl DRZEE 1T BRI R & K BRI D 2D 12 KAl X
B MERAEE 3 KE -2 - HERE KB TH 5, HidH
IROBE Th 2 PHERARE L AR RbI S Z &0 H
B B 13 S g/em3 L T E1FHI2,000~
6,000 kmTBEDELOLEBM S LI RIETH 5, KEM
OB IZHERAURSE K D K50 & BN 2 OB AR5 |
HERAEEE IZ N TER T HYBEAVN & (Ho b He %
FRE L EIDICELOR/ER) VI EFH DO BT EIT—
FIMUDORE T 3 7 ABELBE OBEIZ T A T RHk
PPTHZRELEETH S,

BEEOBEERIIRA L UCEEIRMEBE 4+ e T 5 25,
RE RO B B SR CEA R ICEN S, 2D &
> B ESC AR R D REDFEIZ L5 80
PGz 2 ORKE RO PIEBHEE & Kk XT3 88
DORAREITEE B T REOHEEMEDIZONTE
LS B L 9i00-> T &2, RKBOHIIZRIKPE O M
BRWEEEREE KM LR D 2 EMTH 30N
, 1995),

2 KE

KEOPBER TOREUT, B0 (0.20564) & HiE{EH
FA(7.00077°) NELERIZRNTRENWI L Th 5, HiE
JEIH (58.646 H ) i3 AT (87.9693 H) D 2/3 TARG D i
WEIY ) CHIEBIR A D 3L 5> T B,

T (5.440 glem?®) A4 1F (2,439 km) 12t
TREW=DHHFR TOENMBE (370 kg/sec?) & K % <
HoTW3 KB EECIRAEL DNV KEER
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#* 6. BREOYHE

2E Hol ¥ PR AE HoHEp A * BEL3R AR AERFE AR AR R R SH LA

(10%km) (AU) (8) (10%gem¥/s) (km/s) (H)
Sun - - - - 7.15° - 25.4
Mercury 0.5790919 0.387099 7.00077° 0.20564 0° 87.9693 0.906 47.872 58.646
Venus 1.0820893 0.723332 3.39352° 0.00677 177.4° 224.7006 185 35.021 242.98 (R)
Earth 1.4959787 1 0.0065° 0.01671 23.45° 365.2564 26.7 29.785 0.99727
Mars 2.2794048 1.523688 1.8458° 0.0934 25.2° 686.9797 3.52 24.129 1.0259
Jupiter 7.7833273 5.202833 1.30813° 0.0483 3.07° 4332.554 19400 13.064 0.41362
Saturn 14.269785 9.538762 2.48824° 0.05603 28.08° 10759.76 7840 9.545 0.4264
Uranus 28.709912 19.191391 0.77308° 0.04612 97.98° 30688.81 1700 6.803 0.7
Neptune 44.970719 30.061069 1.77408° 0.01037 28.83° 60181.69 2500 5.434 0.7442
Pluto 59.135146 39.529404 17.15320° 0.024864 121.9° 90515.74 17.9 4.751 6.38718
RE AEHE FIgLE AR # KEM# jen s FIGEE KRS KIS # KRB

(km) (km) (kg) (kg/m?) (nT) (K)

Sun 696000 1304000 1.99 - 10% 1410 . 5800
Mercury 2440 2439 0.056 0.1466 3.3 10% 5440 370 6.67 620(s), 100(s)
Venus 5988 5988 0.857 0.8834 4.87 - 10 5413 30 1.91 750(s). 240(c)
Earth 6378 6371 1 1 5.98 - 10 5514 31000 1 275(s)
Mars 3397 3388 0.151 0.2831 6.42 - 10 3936 64 0.431 250(s)
Jupiter 71398 69953 1316 120.539 19107 1326 402000 0.0369 120(c)
Saturn 60330 58130 745 83.2 5.69 - 10% 691 22000-69000 0.011 90(c)
Uranus 25400 25200 63 15.6 8.6 10% 1303 25000 0.0027 60(c)
Neptune 24764 24623 58 15.05 1.03 - 10% 1710 10410° 0.0011 50(c)
Pluto 1186 1180 0.006 0.033 9. 10 1840 0.0006 40(s)

F— 2 ZEFZRXE (1990), $#AK (1991) L WBIH. *122000F 1A 1HDT — &, #133R%E 1 & Lok, B0 R IR, REEEO s 2T CcRED

IREE AR T 5.

U B % 350 i3 (370 n'T) 13 JUERUEE Dt ¢
IEHIERIZROD TR, Z DRI Y -7 L s
B % WG IR T BEE CHE L D 1@ TW 5,
HoFs

KERMMDO I Mariner 1003BIDESLIZ L D 4F
FEE10°~190° D A8 5 712 75 - TV B TS TR
e 2Oz L > TAT g ., —FEVDIZKND
L — & =M T . RWTEE Y v 7 b (Caloris basin)
RIS ESE Th 5,2 L — 2 — il iz B o
JFiha 13 B Ozl TV 5720 A EERO 7a v 2K
EOMENER INZEEZ OIS, UL L KED[VE]
ElEH D2 AIZEEECII AL ERLARHETH
%,

U —& -, 2L -4 —FEHE (heavily
cratered terrain) & ZOMIZH 5547 L — & —[EF
J& (intercrater plains) 2> 5%, 7 L — & —EHEHT T
— O T RERE DM LW B o 7RI
INbDEEZL 5N T35 (Spudis & Guest, 1988),

FLR S 13 T (hilly terrain) 12 fE D kb
(lineated terrain) IZFE L TV 5 FRIRFEIZ. 7 L —
=5 o720 EMHEE LTS L —2—Him kD
EL FTHEENRVZEELOSNS IEE L LT,
BEWMOLmELWWECH LB L > TfEoh 3
scarp. CalorisZIMN R LI FET 5 TV A 2R »
D 7L =4 =05 BEHRIZHOTT W B RO HIERO b
T TEND B AFRRGEIZY =7 A4 Vb (lineament) & #8
MEN . NW-SEENE-SWHBED & OB EHT 5
(Dzurisin, 1978),#iAREE 1 K E 2 IZ &SR
o THEEL. ZOBEBHAIL CTIGEL 2R S hiz &
EZibhTw3,

Calorisit# (Caloris mountain terrain) . H%

=

1,300km D BRIRMEE T F01330°N . 196°WITE T 5,
R EH T B A ZRD ) » URENENEEL TV
5.\ D IFBRILAED A SMIIZZ < OB v D
FREHARIZOTW 5 Caloris@ 2 NRESEHZE LA
I B N EH N A Y 72 L £ 2 5T\ 5 (Schultz &
Gault, 1975), 23U HOWBORIEE R U EZH TH 5,

Caloris#ih o 5k 1 Fr Bk - #4037 (hilly and
lineated terrain) AFEL TW3, 2D L5 ZHEIR
CalorisZ i % 1E - 7=/ NRIEOMZ- & - THA U 7= s
WHBBENR DD SEEOHRAPHE L 12720 T X
2D TREVWIrEELLNDS,

YR idsmooth plain & FEIEH, HOWIZHN T 2, 2D
SO BRI A ED BRI Lo TTEREELS
NBERIZIR WRAIC NI L — 2 — TR 2 N
L — & — 3R C L BERRIIE S B T E Tn
% L A K (rayed structure) ® KA 7 L — & — 23288
53,

Mariner 10D #HI T3 R4FHEIZ A L D@V 2d K@
BISHERD 5 D X7 PILARIZ L D A O & RS
ZREEBELVIY 2P TCVnZEFZLN TS
(Veverka et al., 1988)

ACRIZNE VKK T H D KRGS 728  BERER M TR
IZEA ERETRRD hnE Xz, Ly Lok
EIIOROBER & 5 O Tidia W& F L 55 &
&L et 88°NLIE . 320° WD H 350 km D
FEI . B VT 0D 88°S . 150°W D fHlsk 2328 1F 5 LTV B
MURFEEIZ E Ty,

AER S

KB EFICHNTEEARE WD IFEICKE 5%
MNdHBEEZOEND,BHDHET I LIUTKIZEFEN LK
EDT5 % HFET42 % EE T BIZFETHEEION
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® T HEOYEE
e #5 WEL RRE FREF aEREE AEEY aBEEY  BOF  GuEERlA REE e
() (10*km) (H) (8) (km) (10%kg)
Earth Moon 38.44 27.3217  27.32s 0.0549  5.15°* 1738 734.9
Mars M1  Phobos A. Hall (USA) 1877 0.9378 0.319 1.026s 0.015 1.02° 13.5 X 10.7 X 9.67 0.000126
M2  Deimos A. Hall (USA) 1877 2.3459 1.263 0.319s 0.00052 1.82° 7.5X6.0X55 0.000018
Jupiter J16  Metis Voyager2 1979 12.796 0.2948 - <0.004 ~0° ?7X 20 X 20
J15  Adrastea Voyager2 1979 12.898 0.2983 - ~0 ~0® 125 X 10 X 7.5
J5 Amalthea E. E. Barnard (USA) 1892 18.13 0.4981 0.498s 0.003 0.4° 135 X 82 X 75
J14  Thebe Voyagerl 1979 22.19 0.6745 - 0.015 0.8° ?X 55 X 45
J1 Io Galileo (Italy) 1610 42.16 1.769 1.769s 0.0041  0.04° 1815 894
J2 Europa Galileo (Italy) 1610 7.155 3.551 3.551s 0.0101  0.47° 1569 480
J3 Ganymede Galileo (Italy) 1610 107 7.155 7.155s 0.0006  0.195° 2631 1482.3
J4 Callisto Galileo (Italy) 1610 188.3 16.689 16.689s  0.007 0.281° 2400 1076.6
J13  Leda C. T. Kowal (USA) 1974 1109.4 238.72 - 0.148 g% % ~8
J6 Himalia C. D. Perrine (USA) 1904 1148 250.57 0.4 0.158 28" = 90
J10  Lysithea S. B. Nicholson (USA) 1938 1172 259.22 - 0.107 0% ~20
J7 Elara C. D. Perrine (USA) 1904 1173.7 259.65 - 0.207 28° * 40
J12  Ananke S. B. Nicholson (USA) 1951 2120 631 - 0.169 147° * ~15
J11  Carme S. B. Nicholson (USA) 1938 2260 692 - 0.207 163° * ~22
J8 Pasiphae P. J. Melotte (Eng) 1908 2350 735 - 0.378 148> * ~35
J9 Sinope S. B. Nicholson (USA) 1914 2370 758 - 0.275 153% % ~20
Saturn S18 Pan Voyager2 1980 13.357 0.575 - ~0 =0 10
S15  Atlas Voyager2 1980 13.764 0.602 - ~0 =0F 19 X?X 14
S16  Prometheus Voyager2 1980 13.935 0.613 0.0024 0° 70 X 50 X 37
S17 Pandora Voyager2 1980 14.17 0.629 0.0042 0° 55X 43 X 33
S11  Epimetheus Voyager2 1980 15.1422 0.694 s 0.009 0.34° 70 X 58 X 50
S10  Janus A. Dollfus (Frenc) 1966 15.1472 0.695 s 0.007 0.14° 110 X 95 X 80
S1 Mumas W. Herchel (Eng) 1789 18.552 0.942 0.945s 0.0202  1.53° 197 0.38
S2 Enceladus W. Herchel (Eng) 1789 23.802 1.37 1.370s 0.0045  0.02° 251 0.8
S3 Tethys D. Cassini (Frenc) 1684 29.466 1.888 1.888s 0 1.09* 524 7.6
S13  Telesto Voyager2 1980 29.466 1.888 - ~0 =02 ?7X12X11
S14  Calypso Voyager2 1980 29.466 1.888 - ~0 =+ 15X 13 X8
S4 Dione D. Cassini (Frenc) 1684 37.74 2.737 2.74s 0.0022  0.02° 559 10.5
S12 Helene Voyagerl 1980 37.74 2.737 - 0.005 0.2° 18 X?X <5
S5 Rhea D. Cassini (Frenc) 1672 52.704 4.518 4.52s 0.001 0.35° 764 24.9
S6 Titan C. Huygens (Orand) 1655 122.185 15.945 15.9? 0.0292 0.33° 2575 1345.7
87 Hyperion W. & G. Bond (USA) 1848 148.11 21.277 & 0.1042  0.43° 175 X 120 X 100
S8 Iapetus D. Cassini (Frenc) 1671 356.13 79.331 79.33s 7.52° 718 18.8
S9 Phoebe W. H. Pickering (USA) 1898 1295.2 550.48 0.4 0.163 175.3° * 115X 110 X 105
Uranus U6 Cordelia Voyager2 1986 4.975 0.335 =0 ~0.14° ~15
U7 Ophelia Voyager2 1986 5.376 0.376 ~0.01  ~0.09° ~15
U8  Bianca Voyager2 1986 5.916 0.435 ~0 ~0.16° =80
U9 Cressida Voyager2 1986 6.177 0.464 =0 ~0.04° ~35
Ul0 Desdemona Voyager2 1986 6.266 0.474 =0 =0.16° ~30
Ull Juliet Voyager2 1986 6.436 0.496 ~0 ~0.06° ~40
Ul2 Portia Voyager2 1986 6.61 0.513 ~0 ~0.09° ~55
U13 Rosalind Voyager2 1986 6.993 0.558 ~0 ~0.28° ~30
Ul4 Belinda Voyager2 1986 7.526 0.624 ~0 ~0.03° ~35
Ul5 Puck Voyager2 1985 8.601 0.762 ~0 ~0.81° 75
Us Miranda G. P. Kuiper (USA) 1984 12.978 1.414 s 0 3.4° 235 0.689
Ul Ariel W. Lassell (Eng) 1951 19.124 2.52 s 0 0° 580 12.6
U2 Umbriel W. Lassell (Eng) 1951 26.597 4.144 s 0 0 585 13.3
U3 Titania W. Herschel (Eng) 1787 43.584 8.706 s 34.8 0° 790 34.8
U4 Oberon W. Herschel (Eng) 1878 58.26 13.463 s 0 0° 760 30.3
Neptune N3 Naiad Voyager2 1989 4.823 0.296 ~0 ~4.5° ~30
N4 Thalassa Voyager2 1989 5.007 0.312 ~0 ~0? ~40
N5 Despina Voyager2 1989 5.253 0.333 ~0 ~0° ~90
N6 Galatea Voyager2 1989 6.195 0.429 ~0 ~0° ~75
N7 Larissa Voyager2 1989 7.355 0.554 =0 ~Q° ~95
N8 Proteus Voyager2 1989 11.764 1.121 ~0 ==0° ~210
N1 Triton W. Lassell (Eng) 1846 35.48 5.877 s 0 157° 1350 1214
N2  Nereid G. P. Kuiper (USA) 1949 551.34 360.16 0.75 29° =170
Pluto Charon J. W. Christy & 1978 1.913 6.387 s 0 118%™ 642
R. S. Harrington (USA)
7=k Burns (1986). /AR (1992), KICHEME (1995) 12k 5. EBREISEVIRIZIEA:, BEAHO SIRASL T3, CIERF, BulERAE0 <12 TRE DAY,

HEEIE Y AET, Zh ML RIS T Sl % Mk 5.
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#8. JryrowHEE

BE Bt PEAE & EZ e
(10%km) (km) (km) (kg)
Jupiter halo 10~12.28 22800 ~20000

12.28~12.92 6400 <30 ~10%
12.92~21.42 850000

main ring

gossamen ring

Saturn D 6.7~17.45 7500
(o] 7.45~9.2 17500 1.1 #1088
Maxwell's division 8.75 270 - -
B 9.2~11.75 25500 ~0.1~1 2.8+10%
Cassin's division ~ 11.75~12.22 4700 - 5.7 = 10%
A 12.22~13.68 14600 ~0.1~1. 6:2*10%
Encke's division 13.357 325
Keeler's division 13.653 35 -
F 14.021 30~500 1000
G 16.58~17.38 8000 100~1000 6~23 * 10°
E 18~48 ~300000 ~1000
Uranus 1986U2R ~3.8 ~2500 =0.1
6 4.184 1~3 ~0.1
5 4.223 23 ~0.1
4 4.258 2~3 ~0.1
a 4.472 7~12 ~0.1
A 4.567 7~12 =01
7 4.719 0~2 ~0.1
¥y 4.763 1~4 ~0.1
) 4.829 3~9 (0.1
1986U1R 5.002 1-2 ~0,1,
B 5.114 20~100 <0.15
Neptune Galle 4.19 ~15
Leverrier 5.32 ~15
1989N4R 5.32~5.91 5800
Adams 9.293 <50

7'— &k Burns (1986), /R (1992), KXEE (1995) 12k 5. MEERIERE
6 DEHEE HIKT 5.

% MO 51 % HA HM O HERRUESE D4 (12 vol%) b
Bk (16 vol%) . K E (9 vol%) . H (0~4 vol%) 12 e THEEE
122 < o 0N B & HIIAT 5 12 3B EOFEIEAR
B[R TH 2B IEAEOEA 25 B0 E S MTENTE
W HBERO BB & 4 FBEERIC & o TR O FiEhz
Lo THMENTNBE KEDBEA BN H >k L
THHIERMNEN 2D EA T ENRBME 0 ZF D720
JBAEDTRERIS CHAT 2L b SN ELHH ST
N,

WD SHAN IS EERIGSI 0 67 B~ v POV EHRD B
5,72 LTC600 kmIZEREVW—HKDY)V IV 2T 2 7HH 5
LXINB KEDY VAT 72T Z10EBERNIE E
e WHEHNIEL ) Y 27 = 7 BEROEENI =L
LEZOND,

3 2E

S EIT MR FE¥EE (1.08X10°km) L B E (4.87X
102¢kg) HFERIZ LS BTV 5 7200 HhERE W E LT
ND O FEE (5.44 g/em?) IZHIER X D2 BIZ EN &V FK
ARG (30 nT) 13HERD 10053 D 1R DFRE L A e\ &
EOHEEEN243 0 LIEFEIZO-< Y L2 DT iR
DAl E 3N ) & TR GBAT) T db 5 o S8 O NERE
13224. 70 TdH 3 S8 LHEROZATEHIZS84H T &2
D55 (EED1RIZ116.8H) & o ) HEk» 5I3EED
WIZRICHE 2 RTW53 Z 212k %, 2 Aud—FE D e B %
THIERE DWEIHIZ LB 4D EEZ N SEOWHEI

B0 (0.00677) BERE DR TR &/ & < EAIZE W
BB AR - T3, UL L BUBEERIA (3.39°) 3. EEXE
EXRBIZRWTIEHIZAX D,

BT

SEOEMLENVKED H B 72D R A LN 2D
JEWEEBOIRT 2L — & — I k3 5EE, FHICEREL
TOBRENLETH 5,42 13U.S.A.DMariner 2.5.10
$U.S.S.R.OVenera11.12.13.14.Vega 1.2 lyby D
2B U 7= D probe & ¥ & L7z D L 7= (Moroz, 1983),
U.S.S.R.I1319604F-X % 5 70412 521} T £ < Dprobe#
& B2 X2 7= (Surkov, 1983) ., U.S.S.R.®Venera 9
13 IR O A BIGEARE & 7o 1 probe & /B D4 IC#EFE X
HHERRFE LI TRE L7, U.S.A.OPloneer
Venus 1i3. 75° O @B {ERlf ¢ RIgLE 125 - 7=, F R
BV — & - TREMWE £ B L 22 R REDIS % (74°
N~63°S) &EHE L TV — & —#RIAE S hiz, 2 D,
U.S.S.R.®Venus 15.16XU.S.A.dOMagellaniZ k- Tk
DG D B WA T b,
b2 157

FEORMBLV —F—BUIC Lo TrEDFLLS
Mo T X RMOMIEIE 2726 »RiRE & DOFF
(rolling plains).@ith (high lands) % U T{&HE (low
lands) D325 515, FRIZ ERAD60 %25 D .
AR OFEH 122 km & Z X 700 (K S22 O (G
1%6,051.6 km®[HH) & DK\ b C . 2KED27 %I
3 i ML D2 km & O @O LS E O T,
SRMD13 %It 5,

IR AR R O o L — 2 — 3D,
PRSP EROBINE & 2 WV ZWENZZE L TTE 1
JE % kb5 O channel (I§1.8 km. 7,000 km &) X
&4 7 J % (Diana chasma) 2 &M RO 55 Ty 3, Fhih

BWhEEZIL6ND,

B, A > o 2 ILEH (Ishtar Terra. 65°N. 0°EiZ
)R 7 797 4 7 AR (Aphrodite Terra,5°S.120°EiZ
Hly) X — & sk (Beta Regio.30°N . 280°EiZ L) 5 &
U7 L7 7 g (Alpha Regio.25°S.0°EiZH0) 23 3
(Cattermole, 1994), 1 ¥ 2 ZI)LEHIZEE DR EIE~Y 2~
2% x vl (Maxwell Mounta.11km&) 2% 0 .3 DD
& FATIZES ) 9y VLN D B, 7T 70T 4 T Rtk
TR THRMIZED 3 FRERARORBTH %, — #Hl
i RIE V2D O Kl A LB T 7L
7 7 Mgz W kIIIE Ch B LFE L b NG,

i, kil & FEERLAR. Z 6 OO BIZ AT & %
{1727 & 7 (tessera) 2° 5 7% % . KILIZIZEFE200~1,000
km®DEKZMFAILT 99 (corona) B\ M3 A KA F
(ovoid) EMFEN % & D 2w L h/hEwnFvvkil7 I
27 ) 4 F(arachnoid) & EWdH %, 3 0 F i NI 164
HRREFEOROIRD ) » V2R OBRIRIBE TH 5,2
QTR FEOBED LIt dB 2 s Bty b
ARy NDF—=LTIREVPEVNI TS DB B B
10 mgalD IEOEHEEAAD SN FIZiZE WYY ML
WERERLTWBEEELZLENS,

Z O B 2 & U C AR O EHE I b BIE
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60 km$E X100~200 km®D V) » VR /37 (parquet) H
ZWNET v X T (tessera) LTINS U v U L EOHEIR
DYVZTAY MEEDBDH B4 V2 ANEHO T2 ¥ 23
BRIZH o772 v VLD ) =7 4 v M3 RELZEN
HASFESE L =R IZ LT 5, 20 & 5 alirfEid Ak
HEDESEPRFIZH T 5722 &R LTW5,

EEOY L — 2 — 13 s L — 2 - ENEN L DI
XA X35 (Barsukov et al., 1986) fHZE 7 L — & — i3,
HEF8~140kmD/N E VDR Y ILA KE W DIE
FHY) Y IENE>TH D A3MEAL RO - T 5 AR
B L —&— 3. EHE10—600 km CEFEARHO S D £ T
E¥ 5 L6000 RO0 o TV B,

SR OEE ST £ (6,051.6 km) & FEHEIZE
Z 5% . £1kmizERKEDE0 B HERT 5 (McGillet al.,
1983) , Z AUZ IR L 5 ke & g0 Sy A s BIRE 2
VAT REEBOLER LR 5 Tk T A4
U RAE Y= LTV aEWzdh s Lk,
T X

SEOWHRKBERE T 7 b=y 2 BB DL
ENTWE BERRNRR W anwZ s w7
V=t T b 2RFEEL O EWEEL OGNS B
WAERD 72/ NUOBHIZR AR ECLE W HZES km
PMTor L —x— 3R INENZDD 7 L —4 —5
FEEEIIARITENETH 2, Lo L HEE SN ERIT TS
3 E10fBFRLEE BV BN Lo T s L — & =
BEAERWEY BB EN S 55,

S EOFMIZIE HERD X 5 iZbrittle R @2 72\ /28
HER L 1B 72T 27 b =0 ANFET 2 B> 5 ) v 2
Tr 7 EdER 728D E L > TWLHRENEN H 5, FD
720 ML A DTN — LK R LD H RO
Wi e > 72 & F 2 5Ty % (Phillips & Malin,
1983; Stofan et al., 1992) , Z AU JERDO YV 27 = 7
TTRZISTWE TN —L-F2 oy AEHEER WS
AHEMES B B (Fujii, 1994)

AER S

SR HIEREEECE B EENEDI LTV B2 )
72k MR EN D X ) A=A L THEES 2
EZ26N5, FO0EEOEIL HER L D7 EE
EED RNEHEL P tDER TR EEZELIGN
B, UL FFLLS RS EBEENIEREL D2 BT &N X0
72 NEHRSEIIDEWVSE L TR EELENS . ZD
BN ESIZ AN S0 HER L DRIV X W20 E
[ESE A 5 S BEEAVIN S SR O IR & D SR
D 7= HEUEEE U 7= basalt/eclogite lh 23 Kk X W1 22 A
INE B B UVIZHIERIZ IR TOA B B B V3 FehSh
DEWEDREEIZESTWS ZENEZIGND,

SEDOBIBNIEBITH D LETH 5, FDFERIL,
ARG NDH B - T H/NE W HERATEN 2D 12 4 4
FEDM@ A T E e FRBEOWRINIC S 5T S
BENREZLNTWS,

—Z IS EOMIIHIERD & D L h e/ & < EiKkD
EEFeli i > TWELELONS EEFeTH % X N3
B P 2T 20 & RS SRS A
TWENh6TH5,

BOSMANS IR 22 6 TETWBE Y Y P L TH
5,7V PO EEIZIE RN B BRI brittle T
1275 < elasticiZiR 25 L BEL NS F I EEDE
HAERTH 2505 Th 3 HHROFE XIE.11~18 km
(Solomon & Head, 1990).10~25 km (Sandwell &
Schubert, 1992) .50 km (Grimm & Phillips, 1992) & B
FEL DIZIED B B, Z AU R E - 7oA E > T 5
D TH B, NTAUILTE EEITIZ10~50 kmTEED
elastic’tiFZ N o2 &EL 5N 5,

4 HbIF

HIERD KFGRDBE O Fh T—3R/EE 7 - 72558 KD TF
HETh 5 HEREERE L TRAZE ZIE HODRIZE W E
VAV, L LoKER DK i3t R o K ISR T
% 728 KRERMTIRIERIZE LR E 5 hFEOK
HIZ 72 F BWEIROH0 (K) 13 EFEDT0 %h Bk 5 .k
KA D RO B WK IERDOH0 (KK BWEE It
DB ULWVESE L T0n B AR E D i E RO H0
O 2 ZEMZENI & B VT 5 HiERIZ H000 341,
RMERZ UTR@ERHIT L 5 2IEHICIR 6 Wb 245
DERBETHHELEVA D,

FUORZUZ

WHEREM T BT BEEZ>TVE LA L HIIE
WERWAT T MBERERIZB L REVNSED 6D,
Bzt 0D SP-457 v LU ACHE TR 4 FEHE & 475 £ 0.84 kmiZ /p
D BEROHEEIZ-3.8kmTH 5 Feid ACHEE D%
EANSWEADENER S TE TS I3 KHED
FEAKEVEAOBEVNE,NS TEX TS (£(9), 20k
SLEDBEFEINIIODHSTED . 74V 24V —
(isostasy) BN V. » T 5,

KBFRMHEIAL BB > TWa 20 R 2 v sZilE
DRREENIBFIRIZ D B o U (mid-ocean ridge) &
W (trench) T % , PIVBEISUREIN XS U CRRTRT
B B BTt U CIERR T B B MRS I kR
P& HRIZEBEROPER N & 5 ORIz I kL
DR L TATIZA0 AT B SIS O KNSR O FERE % 1%
D7 Bl (island arc) & WAL, KEER O K1l ek
(continental arc) & FFIX L 3,

HSE VI B B 03— D L E IS & K,
ENDBZEND DB KEOHOMS k728 F Didilke
X 5 ity E&- LHIRIOW LU WILkiE. 4 >~ Fog
(B I VIUR— I - LEE—1 5 VEE—7T F
Y 7 ER— S F 7 IIk—7 L T 2 LRk—E L & —
Lk & 45 < FEREILARC 8 5 AR L < YIh iz 2 -
720 2~=-3FDILIRIZ D P E A B85 o £ 72 B A A
PZE VRO LIRS LT AER AL U 7= L BRBR A AR 25
Wiz 5,

Z D &5 RS T — b (plate) DEIFHRIE
HENTWE, T — b ERERRIZIES > YV 2T
7 (lithosphere)D Z & T Mk & Fii~ > FLd—ih 5
EHHDTH0~100 kmEEDEXAFHEO, VI AT 27
BERE L ITELS 23 FHIOBHED ) VA7 2 7OFEX
D) iFRE) L L 3I2.D=T75 - t2OESTHLS, 2
D LS ATV — RO FMIZIZ108H D . 2 h?
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AEEB LT3, L — b H D T 6Tl
F TV b TP REINE N DB, TV —
& OO AR ] 7 i ER F T D KRS 2o i I 0 M B S 4 32
BLLCW3, 720 A — Fid Flem—108cmfEE ¢
b5 MEDT L — T OFRHEE) LR O RIS 5
ew S BHAEOMB)IZVLBI(very long baseline
interferrometer. BEFR T HEHCHMEh>20H %,

T — b OB TIIHE AR IIER i
T3 BRWIZZDOD & A Sy b b THENE
R OFEEER NCRBERD3DTH 5 B4 2D DER A
ALTWBZENRDH B,

FTIEWVWERIZ N T V27 4 — LW (transform
fault) L IRIZNB D TT L — A THES TVWBFHFT
b5, PR A REY) B & D EE D B SRR LB
2%, b9V AT - Wi L — PRItk E LT
B AcCE AWM THB, T - bELTURD 94
WEZIZN T VAT —LENRTEREWVWA S,

FEWER (divergent boundary) (212 HHIEEE T DD
T — BN TN T TH 5, PIRIEE TIZGEH 5 B
W Y ML ER U TEICKBIEEIN R 5 TV 5, kB
WENC X D RREEE TR LWR AR S hTn 5,
ZD &S %A HZZ LDEEHGROR A>T 5
JEE TR LR e ik 2 s (MORB: Mid-
Ocean Ridge Basalt) BER T\ 5,

INHREESR (convergent boundary) (2. ~ 2D 7L — b A
ROMNBTH B, 80057 — bOFEHEIZEL-T3D
DEATHEL NS BHETV — FRILBETL — b
LKL — b KT L — FELOMAE N B B IEE
FU— VateWBETL — N EKEET L — F OEEER
213 VR ATE & B UEEIE R km ~ 10 km D IFXIFRD
IBAE LB hAALT L — NIBEEOKE LT L — b
T 5 0ETV — FEATOBA R HWEET L — b
FWBEET L — P O TIZRAAA T s Z G BN
L— F OB NEL TRADNE TH B FH—) 7 FillH
ZOWTH 5 ML KBEET L — t DRBIT BHETL —
P SEEIZEV 2D TRAR A TV S FBIRD F ) B3 F DFIT
BB hAAENT L — MZIZEEEIZIR - ThILFIATE
B & B JHEAE T R AVEBI SR 5, kBT L —
I -z EoR A #EHRLAR 2 TR B  FEHHILR
TR AERE v 7 2 I2 X 5 KBIERRERER R 5,
IDEIEEA TR LTI Y—F Ry b BEOFIE K
B

T — PEREBLSHC KLY 6B Ry bR
K b (hot spot) EIFIXN S & DT KBERLHEHEEBEDHT
AT % HBUAKILRR BRI 7% & O EBRTFRAE D /N s
SO 6 WEEMINS KRB KLETH B8y b
ARy MZV VA7 27 K DEHISREZFRDKLTH
5 HBKILD &S BB KL TRboTLEI D
R B KILR B KL DT TR T 513 E DRWEREIC
blzo THE DM b 5 E E1ES Kb REE O K
B R BRIEEN Lo TR AN,

ey + ARy Md AL v v P IVERERICHER T
3K 2 X — )8 — - T — A(super plume) & FFIZ 5
LD FEETEEEL 6N TS (Maruyama, 1994)

9. KFeiR & VTR OB N

Ocean Continent
Thickness 5-10 km 20-60 km

ave. 6 km ave. 35 km
Rocks upper : basalt upper : granite

lower: gabbro lower : eclogite
Mineral mafic felsic

ol+px+pl Q+pl+Kfeld
Color Index high low
Si0: 50 wt% upper : 70 wt%

lower : 50 wt%

Latitude 0.84 km -3.8 km
Density high low

2.8-3.0 g/em?® 2.6-2.7 g/em?®
Age young old
Geotherm small large

ave. & average OB T, Mineral @ ol: olivine. px: pyroxene. pl:
plagioclase, Q: quartz, Kfeld : K-feldspar DB T H % .

A=)N= TN = L B} Uz & DAV &
FAERy beEoTNBEEVNIEDTHE, DL %
A== TN =L HWEHEINES T T4 —IZLoTE
ZIZH BN EL bhroTE 7 (Fukaoet al., 1994)
EEFHOL DI A ¥ FEE—FR-I67 7V 7—KPEEIC
BAGT B, 77V A A —3— TN — b EBRFED A —
AR —B— YT —= o —H T BT EEETE
A =)S— TN — D220 H 3 (X 2),

AEREE

HOERLZ ISR EH A 12k & B RER A2 OB 5B,
FOREFIMAEIZ LT EA S, <~ P D3O
TP XD SMEBEOEE O ELIZEEEICL > TR T
D VBRI RE SEPHOBE VI Ko TAEL B
HROEMEREEE (0.3315) 7 6 P OICEBEOME N E &
DIMINZIENE DM DB Z EDHE N TH S MR-~

ML BED3 DD BN MR E DB IE N ED 12D T
» % (& 10),

MR T VR T3 8 km PR KR T1320~60 kmTE
JEDE X 25D, R IESI0:0 &H 804k WK
HEOBEEOEATTE TV KA LB E IS
$E (mafic) §i % F & 3 % a5 % (color index) A3k X WY
BOTH 5 JRERBEL VSO TH2BEREE
Uy, —77  KEEIIR 13S10:5 6 D £ WGRHAE D
KEEOEAD ST E W5 JGE 13 ERE (felsic) §i
Y BT & Tk D afgud/h v KBt OB 13
AR G < BEOEBRAERCEEREZ T T\ 5
DML R PHER D < O K S ichER+#EER S
Z EMNTEIL AR [VE O 3TERL [Eih D5
WBHL RA 21T TH 5 H & N THEROBDOE 5h %
< BOFH FHAIZBE < SR 7r 1) SLCTEHRA B 4 R
DO LR Ch 3 IR EFiin 5 RCEWMOBE 70«
ZAHRADEDERES L BHENTH S,

WO TIZIZ~ Y Pvhis D R EERoEF v F 41
FEi5E A (Mohorovicic discontinuity. W U -CE R [H]) & I
B,V PV HEPSEE DN S E5IC LEE TE
VST 6B DOBEFNZ670 ki O ARG
THb, L~V FILIZi3,100~200 km T2 H R A
YE< 75 BARHEEE & 400 km (T 1 HUERIGERE 2314 5
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FiHid 3,

vV bW A S A (peridotite) &I D 7~ T Vv
Fi (olivine) & ¥EF (pyroxene) & 4> B D AloOs % & L0§1iH)
(FHE (plagioclase, A ¥ 3 )L Ispinel, H — % v b
garnet) 7 5 /% % . £ OB DIE S D E R/ i d
B DAL AT Y PILIEER I T WS,

TESEE S B BDBAERE LTS EEA 6N,
EERERE Lo~ Y ML TiIENE L ELT 5 08
ERE LD Fovy PVRiRE UTRS 80 AREREIT
IR DB X 12DV TN R\ 7 D 7z DRINARD EB 33K
EROFEBDRTL A5, ZORIKE LTRSS #5
MYVZATr—DEDTL— & LTHBETI,

i~ v P TOMBHEERE OO F D BEEEND
B . 400 ki AT, 400~670 km[ElD T4 . 2 LT
670 km ANEFE T d 5 . FFZ670 km AL S T km
DIFTH I > T\ 5,

400 kmfHEDOREFE Cld . # ¥ 7 VA (o M) 23D
BEED p AN £ 4, 2 2 TOBRII M
OBV GHHOBENETEEELONS,

400~670 km D HFEHSEE O 28T —DOME(L Tk
7503,400~480 kmDEE THA & 57— X v P BAIDZ
LWH =%y b THBA—Vv T4 b (majorite) NDIH
7541, 600~700 km T A — Y ¥ 74 }A3CaSi0s X1 7' X
#14 b (perovskite) D%, 500 ~550 km TD A ¥ 7 ¥
G5 RN S MENERET 2, 20 &5 R EFOEEE D
T 2400~670 kD HIEHHHE & B OB
HMETE 3,

670 kmDEIFUIAME L LD TH B, 22 T3 AV 7V
ARA =T x4 PRELIIEEEONT T IS4 bE

T3 YA Y XA &4 b (magnesioWustite) 12 bH 5,

IS T Y v P ILOBERER Y B SRR ZE L 2 ) T
BO» e s BB T~ b )uflﬁo T AL %
BEODhNE FRENRDNTO RV AR OB D D
LT3 E vy s EEE T~ v ML IR
WD B T D HITHELOBIR ThH B L5 &
—BOHRTLINZ &2 h ) s &b v v P Lok
RSB IMER X NS,

VML ERO BT J114 GPaRRE THRE 432,600

K7 54,800 KTh 5,7 Y MO FEIZREYE TD" &
LIEEN G D"BIIEEEOME, S “cff TW3LEEZX
EN5 D'EBIEY VY P L—EEREBIZHEIZH 5D T L
HBERI 3T % Ao@D“I%;ﬂﬁthm*o 5,75 AHD
SLHO. # ¥ a®OSLHA. % €7 ~/\7 4 DSGHE. 1 ~
F2 52 OFREHOSYLL. YN 7~ 3 5 #OSLHED
4OMMER SN T (X 3) . T B BORE DZEIZIE
MM b % (T, 1995), D"BO#HEE LT A&H 6 ik
ENBEN 2 F 52283 AT ON TV PIIZIRE o7
LB DR 5 E 37 E DD b - 7= BEIREE §5 &
WELEE LGNSR e LEBRE LT 5 L ERE
PEHHERGEE DB 55 25 BNERE KT 5,
BETIE. TV — PAMBRAATY v PL—EERE %
BIAAZEEDEWVWIEZEINAENTH S

113 13,480 km b 1 EE Tiujw)fr’ﬁ‘é} BE
T32 %% 5 5 MIIMEE D — Dt 6h 3,

SIGIZPIE A EEU RS 2 D STRIBE X o\, Z 205t
BT H 2 Z L hbh b SRR DOFe ENIiDA
ENETETWS ZE»D RS LFe-NIAETIIEEN
RETE OSSILHEEDELEID LETFh TS &

Africa Super Plume

\/

X 2. Plume®D/ .

super plume &cold plume, plume@ﬁ?fu%%-r U7z, super plumeld%EE2,900~2,600 kmTOEZR L%,
EH,(@)idplume DL ERT ., T—#FIdFukao (1992) k0 5IA L7,
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#* 10. HbERO JEHEE
P-wave S-wave Desity Thickness Depth Temperature Pressure
(km/s) (km/s) (g/em?) (km) (km) (K) (Pa)
Crust 5.9-7.4 3.54-4.1 2.8 17 270-800 0-60M
Ocean 2.8-3.0 5-10 0-10 270-500 0-30M
Continet 2.6-2.7 20-60 0-50 270-1,000 0-150M
Mantle
Upper 8.11-8.90 4.49-4.76 3.38-3.54 376 24.4-400 800-1,750 60-1,335M
transition 9.13-10.26 3.72-3.99 3.72-3.99 270 400-670 1,910-2,075 1.335-2.383G
Lower 10.75-13.71 5.94-7.26 4.38-5.56 2,220 670-2,890 2,375-2,934 2.383-13.575G
D" 0-300 2,890
Core
Outer 8.06-10.35 9.9-12.16 2,260 2,890-5,150 2,600-4,800 13.575-32.885G
Inner 11.2-11.26 3.50-3.66  12.76-13.08 1,220 5,150-6,370 3,500-7,600 32.885-36.385G

7 — & Z Dziewonski & Anderson (1981), Turcotte & Schubert (1982) (2L 5.

BEALoND BEROEETH 5720 Wy 447
F L UTHIERBE SR & 15 KRS0 1 cPRRE T
HERBED KD L [ C T db % BB ORENRRE & 0 G
DM IZFY10 m/hour TH 5 L HfEE ST\ 5,

PIBZIEF#21,220 km C VB & TIIEERD 1.7 % % 58
%, B 13913 glem? TRe-NiAEDOERTH 5 SHE—A
HOBRIT EE3,500~7,600 KT, F/133~36 GPaT
H B IR TERD S 5 B HNZ & 5 TFe-Nifd il 23
gt U R OEiciE 5 28D Th B L EL 6N B
¢ Fe-Nifb 5O S IF Tl b HERPE 0 BF oo —>
tEZbN3,

5 B

HigEk» 5 B2 —HFARE RADIKEKTH S, 2D
FeE M HAERE LTRSS Lo THER SN TE Lk
EE£131,738 km T BRI E OFE O Cid ik T,
KE (2,440 km) 128 £ 344 X T % AERBE O
BEHUNRTEH AT 44 4V T as iR T4ATE
HOKE X Th 3 MERIUBEOHE L LTI AEIC
THARALEEA TANDH BN AIREEICRX VL, FRE
IZHANT 7+ A2 (BEETL0%E) & 44 T 2 (10°%) 139k
BINXVOIZH LT AIRA %) RERAD YA T
HBEVAD,

HIiZHERO B Y #27.32H 27 CAKKL . H#xi327.32
H DRI & #5D Fe4i 8 U ¢l b JBERICH IR U
EHENT TS Z &7 B HEROFESERIZ 3o TR
Rl E26Nh5,

AR HER»ER2 A5 RABEZAEEHIEL
RABELT2055,A-I1Z RA % LA E[EIB] LT
B ESIFKRZA 3L ZARMBIETFIENS WRH 5
D3 H O T SHAE TN TEITH S,

HERUCEHIZ 70 % 54 HOERIM TR S &80
TIZFET B EHNT HAES0~100kmD 7 L — & — B EH
b5 728 HERD S BT MMMAR L 797 L&
BT B,

W HERMA T30 % SN 92 %, A O &K TL17 %
U7 O BEVHE 12 A ORI %Iz Lk b
Wi MO L£EY) v E A ABRRILGEE L0 S
CDD2ODEA THH 5,58 V@O EX
BOV—F =1k o T TCERZEELOGNS IIHITITL

EEEL - TED A3 XMW TIADFEYEFELDS
km & {4 AFREN 2 O ¥ 134k 4 Z TR vy 4 3
WTNWBEEDTIRERELESDIZRDUE T FEFEL
D2kmiE E{K< Lo TV 3 BIZRRE DBE 2D T
TEZLDTH D, ZTDEDEIIKINMERED 61
% HERD B E A DB A TR TS (B A F v X
L) EEROSe RO FH IR TH MK S TRV B — 20K
e &R & M5, 7 ORI Z 3 VEE OO BN
Lo TCTEEWELEZ 5NBEMIRPLEHRO B T
IZE S CBEBEMNED EN o EIONBZ Y Y 2Ly
Uhd B,

J—4—

U —8—3H4 2L > TEDOHRIZEL H 5 HE
20kmP T LU —2—iZ HECERRILIRIZEST
W3, L6 EETC2kml TOBIKRED D 5 i
U L0 b EESTEOFEEEE TIAN 5 T 5 A S50 km
EWA D2V — 2 —1ER IR E NS E 20~
200 kmD 7 L — & —ZEHES TT I ABFEL TV
% H1%200~300km?D 7 L — & — 3 i g A3
K= ) v 7L 77 2 &H0 EE&E300 kmb Eo
V=4 — 3. ZEDY VG EF DO OB DE
MEE) V IREEOMAC ZHPNIIRREBE TEY 5
NTED AUIRIKOHIE ) v 7 H8EIZER > T\ 5,

B D#E

7ARUMRE L HEENC X o TAL T FrDE» 5 D
HBFZ H3 S UM X 7z, BOHEE IR IR LRI CRFcg =
BT EMEVNHEEDOLX y P72 REEIZHIIE X W
1,000 km DO #ERHEIZ I 5 vy, L LoD
B2 ME U 7235 2 615 Pl CUEREA50 LI BN 72 &
DD 572, 2D N5 HLFIZESRNZET TV 5
ISERNZELT 12380 A & B ATBEMES T T X 72,

A OHFEWIZHIERD & D & 13- TV 5, ADHIREIZA])
DN E & BIZRkELS D MR TNEL 55,
M7 R R INR 12 R & ey, H O HIBE D SEE 013
INEL BARDEDTEY I ZF 12— F4DEDTH 5,
A[8)3,000BIDOHFE D FEER ST W B 8 2ot T 3o
F —2X10" erglyearid ik (102 ~10% erg/year) iZ N
TIERIZN &, HOHBEO B IZ14 H EH & 206 H
D 55, 14 HEHEIHER E O WY J1C.206 H EH
BKRIGEDEINTHBZ EEZ NS, ZD2HHOHE
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S =
- J
=
g Pd
L
SLHO =
e Y
P k& S
\ -
SLHA
g
/?} SGHE i

3. D'EBoOSm.

DB CABRRONP o TCNBE LTI AERLE, 7— XI2EF (1995) L0FIHLE,

BN E->TRI->TWEEELLND,
MBS

AOEMEREEEH0.83901TH 3 7 &2 6 ALERN LA
RESTH D BB EVNEZEZ OGNS, L L ADERD
A AR E DR L 3RS s b LT nB 2 e n
5 AL AR LRI 52 EL 505 A3,
BDRE & 2B 2R GRS 2 7ok 2 TR ST
ZEERIKRT 5,

AoFEMENZIZY T X (regolith) BdH 5, LTV X &
BIERPBIZ Ll < B B a i gl 7 6 7% 5
FLTH 2 MEBEOBENMTIEM~KIOmDF & & X
NS A HUBEZAERID 52~20 mODJF & 72 & Hr X
hTwsa,

FE1-2km E THIEFEHREZEMU TV, Z0 LS
T HESEE DB D KRB DO BA 2N - CEtho
FEAOBESEINT S 20 & FHRHOHNEOHE M
BB ERIZELT 220D 0NI200DFINH 5,

B X225 km ¥ THLEPEORE 23 S84 5 (4~6
km/sec) , Z DFEEDOMBEFRE XA OBOLHED & O
CRICTHBZ NS T LTEHAEERTTETCW
BLEZONG HEOEMIEHNIZE Y 5 v v BENIC
EoTHLCTWA 0 EEELEND,

B 25km CHIFEERE 736 km/sec)* 5 6.8 km/sec™ & N
FIFIZZL L. 25—~60 km ¥ Tld—E D HIBIEGEE % 1%
D EDOREIR HOENWWERRIEER Y T v 70 %
WERADMIZEN 7 D 72825 km D ARG IS K
B o fHEREHIVNVE S L BBILWEIZZE Do T
B0 HIZY 5y 2O RWEREIIENENL LTS
DTH 5 BINVENDENZ L LT 25 kmPIETIZE
BAD 2 5y 7 BEEITEAD LTwL,

60kmE CIHADHR THZ L ELONS, 7H D (1
BRI D FRE AT D EI T ¥ T58 = 8 km . @i T75
£ 5 km D FTIZ Z OAEGE 2 R X 7z 1 Hh R
THE< ZAITEVBOMREDE X 1330~50 km T, 24
ORI TOHFRDIE X1390~110 km . F 60 km#s
EiZEBELEND,ZD XD BHGRO AL 550D 7%
I HDEIZHR L2 5225 kmT W3,

60 km D A TPk 136.8 kim/sec 57.7 km/sec.
Sii23.9 km/sech 54.5 km/seciZZ{b$ %, 2D kS5 ix
HEZEACIIRO E A E R CEETH %, 7 D7=860
kmPIRIEAD Y PLEEZL 615 60 km» 5150
km ¥ Ti3.7.7 km/secD HIFEHRSHEE 4 5>, 20 & 5 b
EREORTIR. I Y I VREEREER ST AN A
LARTHEEEZEZOEND,

BEI50kmFE Tl ATHEICE S TEHLLLEANG N
C&E72, L L. 150 kmDIEIZ BAME IZHH 2 KA b
% JUERDINER & 38 - CHAE BRI A AN 2 Th
7=ORREEHEE LD S W ADEF I DRIE X
TS H HFRED T — 4 RT3 15 7= D FEER 72 % DI
WV PIIZ0 km A 51,500 km F T8 km/sec TIEIFT—
JETH % 7.1,500 km PIET5 km/sect 2 1% 5 Ly,
60~300 km ¥ TIZSTHEE 234.7 km/sech 5 4.4 km/sec
25,300 kmPIECIZE L < DT 3,

PEDES%5Z 05 .60—300 kmiz—HELGMNAS A
BB TETED.300~1,500 km F Tid & D IBRN ¥
BTSN TS RN 5 2  PESEE O WA L b
1,500 km & DFEWETCIEI AR L T 2 8EM 0 &
% . F 15200 km F TOHULHEIZIZ PREGRE 2N X < VA
W 7-Fe & 72 1dFeSOMN H 5 & LG, 20D L5 k%
Do TEHOEMREECHEIZIIFEL 2,
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6 XE

KEIT . HEREH (1.02596 H) & HfiniOfE % (25°2') 73
HIBR (0.99727 H.23.45°) L BT\ 5 HiisiliAMEW TV B
TR AR D X 51T T B, 7272 UL AR
12687 H T HEROFK2ME & > T 5 728 FEHIZEN G2
FBOREITESTW3  KEDOHRDLFE(0.0934) 1ZKEIC
JNTKREWV, 7 + 8 X (Phobos) & &4 E Z (Deimos) ®
20DHEEFED,

KB O F1E (3,388 km) 13 3hER (6,371 km) D F%
EETH 5 AR HERD0.1511% T B & (6.42X10%
kg) 1ZHIERD1/10DE Tdh % % (3.93 g/em?) idH
(3.35 g/em?®) 1230y, Wit (64 nT) 12442 (30 nT) D 5L
ETH %A HER (31 mT) D1/500 L 2\, E TS 133
BREFLC < 6 WO 72 23, JER IZRES 23890y 72 DI IRD
iz EZ N5 HhFe-NiZB»6 TE TV 5L
T35 EFEDUIU T T FeSNETETCNE LT3 L)
BOLRLLIT & 72 3 NG, 1992),

BE

KSR L FERNFNCIER ISR LRE ThH 5720,
Z L DBEEHEN R DIAEN TS, U.S.AlzMariner 4,
6.7.9% L CViking 1.2% ,U.S.S.R.iZMars 5.6.Phobos
2% KBk 5 72 . Mariner 913#$ 77100 mC. Viking 1.
2032 F110~200 m TREDO KD EH % HuEkiZ % - ¢
X 72,20 &5 HEEE § LICAE TIREROMKAMER,
N T3, Viking 1.20Dprobeld. Zhzh 2 VL &
2— P ET7ERICERE LEROREORESZED 5
T o7z,

Hof

KEIZ BT Z OMIISENAFED 65 AREIZR
UR95CfE 72 K T4 5 5 AU & BT AR
bNb,

iz, 7 v — % =2 £ 135 DEVWEETUKUE T
A BN T\ 3 SERI ARMEO /3153 5 A0
RN RT3 kmiE ERVy, 7272 L kil i <
BoTED. 7L —Z =D & oFHOIRHIZIEZK
ENF=EEZONBE, 2D LS H I EH»HANZADWEIZ
T3 EELZONS BEOFFICET S L 5. Hn
B DEKZ L — & — D ISR & Atz kil o arheg
HrRfEREh T3,

R E CERmMDO23E HD 5 . 2D s L — 4 —
W& B I T HRARD D TR > T 5 o Lioi
{EENHER L CEREMLL TV 3R 5 5,

KD k& U T ERAIL (shield) w537 7
(patera) &0 k23572 — T Z (tholus) 23 & % ./NIIA
i etk il (cone) R F — 4 (dome) A %8 d 5 k1L
BRIV A LYY b AT ZADSDOMEIR-> T5H
LT3,

&)Ly 2 H (20°S ~50°N ., 90°W ~140°W) i3, KD
JERAILAER LT 3  NE-SWHANIZHE 350 ~400
km . SE 17 kmO KA D (7 Ly 7l SR =210, 7
22 L9 2BV, Zy ZKILBEE RIS F 72,
4V »238Z11 (Olympus Mous) & Z DIz H % .4 ) ¥
IS ZUNAE 600 km TRFOFE & 0 25 kmiE . KF5

RTC—FREVKBALTH 3 I8 HIZIFHEETO kmDHE
BHNT I 0D B B0 ITEEAREOWE TE Y B E .
300~700 kmii < aureole & NI N 5 fEiEik 23 B 5 , LR
DR ENTWE 2 L — & — XD 31,0005 ~ BB 45T
Il E B L b5, 40y ZHgo iz 7 v
IN-25F 7 (Alba Patera) & IRIX I I HLF F Db 5
KIKEED B 5 RO EFEIF1,500~1,600 km & 0 ik
DT T IFEENL00 km d % KFRE KL CHB K
WELTRAETRR.ZLTKIBRTERATH B, 4
L ZHIRO iz &)L Z 23 )L Y (Tharsis balge, D
0°.150°W) 23 d % ARl D s £10~11 km. B 493,200
kmDIMENR@EE DR H B, 2V AN D2, 72K
EADBUIROENE 238 % FII BRI & - T
MEH ST, ZhU, 2L Y AL DO &
IR L B Z e AR NI ED & EOMEE %
DZENE TV PADBWEM UL KLOEAE L DI
EB2EDTEENPREEZELLEND ANV XN DITIE
<) 3 2l (Valles Mareneris) 233 %, v 1) X 1) Ak
LAY Z LV OTE B 6 HENER £ T R
4,000 km . JFIZRAT700 km & S RAFET kmiZET 3,7
U3 AR BROA TR AL HAEDE5E hiz
L AWM £ 5 2 5 HERD ) 7 PR E DT
5,7 2 ABIIWAKOREERALEDENS,

I ) ¥ A (10°N~40°N, 200°W ~220°W) i+, T
VYDA TILART -V —F A AT RA-) — & AD3
DOKIP BB T Y AT ER9 kmiZ T B B
JEKILTHE EEZENS,

AT AR B ER TR 1 D B R TR E N
TRWINE U 72 D9 O KIUD b 5 i 230 25 DRV
FThs,

KEBEZFFEOT 2L U T, F v %)L (channel) .{E
IR v — s — PR BEN D D,

71 4 Z iy (15°S~5°N.15°W~40°W) 7 5 7 1) £ J5
AHITANE TET BN DD F ¥ FILPBH B, ik
ORBIEFDH O KBOKRPERER CHNZZE D Th
3, Z0OF v 3R ) 7V AL I BRI K &R
LTWebEZ NS ARV — 2 —I3KBRFFED B
DCTH5,ZD 7L — & —I3EE69 km T AEFEIZIAL
%o CWDJEFIRY L — & — i3, TR DK & D5
B AR RIS R D AR E OEAZEE X
SNB P E (pit)id. 2 LV — & —Dhizd B T
TONRBIZE - TR XN LE L 5 N5 MRt fifk
IZd D 2 DA AIZEFZEAT S MR H20 & COD [i]
K26 TETWDS,llH, 5RET10°4D L2 5 &7
DIZIERICB L WM A TV B, F ZIZIZBIROHER
WhiB 65, ZOBIRHERIZIZ I v — 4 — 03
WOKBETRIBFWVWIEBTH S EEL 615, ZOHRD
G & o TS IR OET TV 5,

K

AKIBFEFPIR Y L — & — Wi & > T HEDKEIZTF
HT5ZEFHNTHD E/ F v ALNEHIH D
ZEeNE POTEPEDDEBDOKMFELIzEELON
3,F v FUBEMIZDH D T LR BROBRLDZF v L
MBI ENLHARDEMHZ—E TR ELAEL D7
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LEZONS KIIBE T ThL HTITKARLEDORE
Nd DAKDBHEIRE x> TWB EEL6ND DT
K E DR B o 720 S EdLE Pieri (1980) i, W53
AL T H B2 RN S, 2 DRBNL B RESR
WRBESOHENFEET 52 Th 5 LEERD15 %
DR TEDITWzE EFHN T 5 ,Greeley (1987) D
FHE T NED & B & MK JEBR 2084 TR E
£M%46 mDEXTEHSIIEEDRBTH -7z EhTwn
D
AER S

KEBIZBEEHINXNT &0 5 b HIERAIZRE & 13 (b
B R D AIREMED b B IR 230.365TH D Z & h
5 EILERNIC AL T B Z L ARL TS,

KB FICEEENH BT & ANV XN VDN
LAMND DT LD HERICPEDARYETH D, HD
FOAKEHO,» 521 kmTH NS, ZD 02 KEMNIZ
BT A Y AE Y =3 LT,

MR FEI0 km DX REBEE LS5 TET W5, Z L
TEm.XREVRIL XD LER R S . 2D
BIRAEET AELERERVELRETNS,

7 ¥ PLIZBEL,100 km T EE - FEOBR D 5,
vV MDD EE MRS N TKED ST AL Lo T
B,V MILZHIER X D FelZ & A FEERESI N 6 T &
TW3EEIONG, LE~Y bz vy 7 VA &5 E
H.HAERE A — Xy M6 TETED. . Z0EHIZ
NZFN50.25.15. 10 wt%lEE CTh 5 L BEAL 6N D 7272
U HENERE H — % v FOERENTEEEL6N
3,20 &S5 KHEIZHERD i~ Y Lzl Tn g,

FdFehnFRTHBEEI 6N 5,6 LOFe L
T3 EBEDH A XIZKED3. FeSEET B 12U LT
B % 2D DBA TGS T D % 2 5 FIEDOKEDIIL,
FeL A TNiLABDOEITRK(0.84 L) P56 TETWVS L
Eibhb,

#Ee

1877412 Hall WK B DO#E D 7 # 7R A (Phobos) & &
4 & Z (Deimos) #F R U7z, 2200 213 BELZEHN X
< VHETEIZKEDFREIIZI—RL TR0 JEFHETDH
%,

7 xR 2 T TR TTATE L T B ISR EREED
FizBl->TkD 2y fBROFTIMUTH 5, BEnE A
BRIZRII L T3 720, 7 4 A 2R FEREICWDO B FE U
BT CVNS 7 4 R ZDTEREIZ . 27X21 X 19 km D AHH,
A L0 3 Rl AEOH #ANTW5S, 27 L —
2 =22  ZOEEIZHAOEHNIZE, 7 4 R ZRKD
7L —&— 12 HE10km®D X 7 v 7 =— (Stickney) T
B AT w7 =R LS TC TR REELI OGNS E|
PH BEEHRIZEEDSC Y % (Thomas et al., 1978),

&4 E 2T EERE A¥E(30.3E:R) O A RS LTk
DUKEIZWDEE CHAE AT TV 5, 2 OBEIZAED
B EBETH 2. 44 EAE 7 4 KX LFKET.SX6.0
X5.5 kmDWU DAL LT3 RIZEEL0 mfE
JED RO ZFUDAFRD 5D RKITIZEESS km %
Wz 500 —2 =130, A L= 2 TIHZWERSHAEHR
iz 5,

T2 IO KB TR ATREIZAY6 % BIRE H B IRER
BavFI4 MI-E Th b EE L 5N S Mariner
9 ®VikingDprobe® 22 ML TIIKRBEIY F 5
4 MIZRITWB Z e bbb o7z, 7 4 K X DFEEEH
20g/m*THBHI N6 BRNMKRIEIV FF4 T
TETCWVWBDTIREWSE XNTW S (Pollack et al.,
1978) JfETEDOFEREIZ MO L T ) 2 TEbIL T W5,
74 A X TR0~ 100 m, £ 1 EZ TiRE m~—$10
kmDEXNHBEELZ N5,

7 INREFE

KEBEAREOMICHEE R D/INEEN ZHEE > T»
BEER D B, Z D & D R A /NRER LIPS, N
BEFRONEEOEN S WE Z A13.2.2~3.2 AU(CKX
Bifi:1 AU = 1.5X108km) DIz H %, L L—HEiI04
HLTWBE DI TIE%<.23.26.3.1AUD H 7z DIz
BhE0,

NSRBI B EDNREN B B M. ZDOBUL19954F
6H £ TIERICHEZES SN2 D 76,4652 5(K
A, 1995), X 6 1A RIRI500MED X — 2 TR SR A
ATWB 2T WINPT X 21T D kx X LB
585FoEDTHEINNENEDDH S WTEN S
D RHREMES TRI6 VWL DREEE LB & INEE
BIZAD—HUrRBRENTHAEVIERTTH 5.,

INEEDOHTHRAD SO HHEIL0 kmD L X
(Ceres) Td % . &M Galileolz ./ NEE 7 4 & (Ida . EHIF
30 km) IZE AL kmD 2 (Dactyl) d % Z L #F R L
72/ NEEIZIR F mOEEDND § DR ERTIE %<
WOD LA L6 D ZER D05 T 5 2 D /&
BN oDV DT LI B0 H B A THVNE
WEENLNIWEZD WODOLEESRODZENTE 3,
Fh ABEROTRTOREKERLC X ITNREIZE Y
V= —=NbHb,

EFHYME

NI RE S K A2 LIk TR XN T
W3 RHBECK S A VI REWE & R LT
%, JATBED0. 1L T (low-albedo) . 0.1~0.3 (moderate-
albedo) . 0.3LL L (high-albedo) D & DIZ KB N3, F
72 B ARY P LD & 4 T 5 low-albedol3Class C.
D.P.T.KiZ.moderate-albedoidClass A.M.Q.R.S.V
!Z.high-albedoid Class EiZfllr 25,

INSEDOREBWE & HIEROBELRHM JBA A N3 2
LK T/ NREDRBWEAHEE T2 Z L HWHET D
%5, W DM DClassiz. FaBAE ST TH 5,
Class Ci3CI& CMa ¥ F 5 4 FiZ.Class V3B % 21}
72REEIV F54 b ClassKIZCVECOaY F T4 b,
Class MizgF8H . Class QIZH.LELLI Y F 54 |,
ClassRiZ 7 V7 VAIZEL T ATV F 74 b . Class S
1325704 b &b BFEOHEA . Class VIIHEAE 4
IV FIA4 P ClassEIZT Y2244 b2V F54 Mz
R X Ty BN, 1995a),

ZD &S 5K ClassD/NEEIZ—FRIZIRIEL T B D
TRHALSEHTE Y -V hidh % NEEHFDO T~ st
fl(25~35 AUNIZIZREEIVF 54 b EZHRNS
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Class C.T. KB 72K SAGHLTCWE , A2V FF4
LEZ 5N 3%Class A R.V.E 3. F~L b REFHDOHE
ERO MV FIA FEEZLL5NSClass Q. FEN
N R TRAEL 7TART - 7EIFEE S ka5 720
EDNW2 D F 3 EROEO K E WBEIZ & %, ARGk
fEF13Class M.ST.RIZD/INRERDENIL MZdH 5,

FAUL b AT BB DT B REB IV F 74
FTHB, LU HERIZAS ZAED TS 3@V F
T4 M. T7Ra -7 'O A THRAMERIZED T
ZHENHHTE S, LALIDOTHRD - 7E—LEDOKR
T NEEFPRIFICE > TNWEEEALLNE M. 2D
HERABEEIZ R < Do W JBH OSERE 540 & /N
D& A TOFERAEH—FL 2L\, ZIUTRET 2R F
TRTWRLONREEET T EERREEIVFI4 b
THAERI Y F54 PEDEIRNREND D EE L
53,

8 HBELZOHE

ABARER AR LB RIEBLEEDADTH 5,
EENKEXRBRETDH 5 HPHeZ FE LTV 572
DI EEIIN O ARERRBERBERZ ) v
EROZENEMTH 5 AR LEVFHIRELS KE
EEWTRII3~14TREDOYF A e h->Tw5 H]
TR2 L EREOEREOTHIIAREIZH D 28T EN
RHOZ LI SMREIZR ABMRETCRANVWETE
BdHD AEAREIN A FRETIRETHE N E
T2ik#E FRE T 28E C ARBAREOHZE IZEML
TWw3,

RE

KEDFYEE 1T 1.33 glem® TR FHEE (1.41
glem?) 1Z3E\ Y, & 72 FiRfEIH 25302 (0.414 H) 72 DR
(0.065) ik X\,

REOFHUL GBS0 I fafsitk T b 5 fatsitkid PR
<BL RA 8% %4 (zone) L MG R I1IF R A
B8Ry % i (belt) EIEA TV B iR I3 /08 & 171
TARIE ATV ]S 0O IZKIR T B O RE O 5
R TDH B OB RS TELYE < FHo T
BT fEIZZOEIMEA T L E S TRAFETH % G
11,1979), & 72 KARBEIS 2202 H/0 23 d B o KR
BizHMSELS DL L300 LR LT\ 5,
KRBT D & 02 KiZEEL  REL R < LRSS
RIDELED ENRS>TWE,

KEDKEHIAZE(H) "B TECHD SEDANY
U 4 (He) R E - T 5 B2 T km TH2d KSR
KFIED 2 JEEREBAFE L 0 T3 FERIESI & Fe b
H20D BEIR OK) ERBEORD B 5 SEEH» 513 2§
L EAEREE LW KB ERICHEER A E O L%
A5 EHRIEHS D D 5 120 EaEBFET S EE A
FWEETH 5,

KEDOHBAELFEDIF~20 %27 ) GEHED =0
FE20 g/lemP A HIZ#ET B EEZ 6N MOWEIZ2H
K2t EL IBESTELDEED =0 SakiEE LT
WA HREMEN D B,

AEIL KIS 6 2 HLS B 3oL — D25 DL Kot

LTWBZ b TELE, ZNIARERNP T XL
F-PREL TSI LERBKT 5, T 1 LX—HiI5X
10"WTah 5, L3I F = EIGHCMR S NS E
AT XLE =2 B TTROET AL X -7 EE 2 6
n3,

AREIZIZ BR VRS (404 mT) 23 & % HBERD 400015 L)
LORREN B B ABOBIBOFAERIT RSB AKED
F4 FEHRTHPEN TS AR IZERAEN0D1C
WEREIRAKR DO U sxifiinid: U i e kiss 3 gk X h
hEEIOND,

AREIZIR) VIR L6 & % Z & 53 Voyager 1
IR o THRR SN, & L EE 2 Voyager 212 & -
TR ENZZARBD) V73 FREMEICH B, v 708t
BIBIEFIZS 5 XD E LT BN NRIIARENCH 5,
U V7 ORFIRARDS| N ERKBEOMETKREIZED
RATHWBEEZEIONBZDT. ) VI e E5WE IR ML
TEB SN TWB T LT h 5, 20 L) BWE 12 EE
DR 4 AOKE EERBEOWR 75 E»
EZZ 5N T3 (Owenetal., 1979),

14

AREOFEIZ 16{HD 54, ZOHRTEA T IIERTH
%o A4 ATIIE KL B B, 19794 Voyager 1 72 6355
AT & 2z G ALK 2 IR S T e, £ I3k &
X (1,815 km) R EE (3.57 glem?) 3. HIZBL TV 3,
HRIESME T T5MENS TE TS EEZ NS,
4 3 FRHIEL KHHREIZEN Y, UL L OKEEAR & g
ZEs SRSDIeTtELh (W3 EELLND,

Voyager 1.2 12 k- CHR &bkl 108 7%
3 klidmgaERIc L v a7y 258 vk
D3DODE A4 T2 5B LRIk S IE KD K
WA T B B EMEOE X13300 km. F& T3 1E$%1,200
kmiZJA % RV RD KNSR R ST, 7 e
7o AN AL Rk D RO N S o i X i
100 km CFE FHERWI O £13200~300 kmTH %, 7 0
A7 2Rk R Eh g, o xRk E
X100 km. IE20 km O K = A #HIIH » S5l Z - T 5 I
JEIBECT 2 KO ICREE Ch 5, F - v kNzidEs
WH % % (Loki Patera) . /a7 #3300 KFE TR X 0170
K@< 27 0K & S BOR % F DB 2SO Tdh 5,

A F ORI ERIED v 7 v E D (700~1,500 K)
MSD Iz U 7= & ESHEAL LT AR 5 L9 3
[ERE— 4o -7 & BEBOERE~ v b Ledh
OB X 5 TSOWEHN TESDUFIZIE L /2SO0 5k L
THEKLEET B4 A Y—S0: EFNL]D2DD A H =
2 L03E 7 6 15 (Kieffer, 1982),

ZDED B4 FOT I =T AL & A 4 ORI
SERWIA N ToH B EEZONE .4 K &ZDIMUDREE
Iyu g LTk . A X I3EET 5 BH 0 -0k
DE0.004DFEMBE 4 >, Z OREOMIEE T LA
EOFWY I & o CEE D E PRSIz E#3ER X T
BhXhbLEIEND,

B

TEIZ) VRIS CH 3 I 18 TRE

DHTIE—FELZ WV, LB ARRITR O C2HEH IR E VL
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ETh 5, FWEEIZ0.70 g/em® TR E/NE L AKED¥
S UD 0 JAEERIZ, 0.108 CEREDH TIdR & M-l
LW 5, BiiRfEEIZ0.444H T AR THEY,

TEDOARRIT AR L RN BTS2 L. 12
BAELDEHINX WD KEERHEL L5 K8
HWARTEEDOEIIENE ZB12d %, L ENHDE,
NHSHDZE , —F TIZH0DEN & 5 BBk & i o
B iz . LE2OFBAE X DHAEME S 72 D OKFD
BEIZKREX Wz ABICANTLEO@ENHL ik
DAV FMPHELRZ 5,

T2 ARBICHARNTEEINEIWT L2 5 WK T
KAED o AEBAR ST 2 BRI H 5 &
EZ 6515 ,H0% 530,000~27,000 km i RNYE 7z B
H 0.7 DT HEEEBAROIIZY 2 5 ks IR
KREDEEEFEARRIZEE T 5 &4 (EH300 GPa.
10,000 K) Tid . HeDEBARNDBHREN N %5,
BT HEHeD HlENHEZ D BV Held H1F1
cmFEDOWE LTRD L3125, 2D 725K Hh 60
o FARROFES CHen A 70 TEARSEAEZ T TldHe
PV LRI I3 GEET 500 kmD & 7 AITEA L #h
ERDIEND B,

TE2IZ KB 6 TS BB D2~2 550D T 3L F —
EHOH LW B EHIGEIZ X 5 T L — O 4 kR
3LEZ6N%, 2L HeDWHEIESL Z LItk > THE
AT INE—DRRE N B Z & THHET X 5 (Stevenson
& Salpeter ,1976), HeD ¥ #435,000 km¥& 4% & 2X
108 J/kgDEE I XL F — DBMFEE X M5 (Smoluchowski,
1983),

TEORZOE = 128 L < . AREHIZ500 m/saci @
T 50D VA7 L3 FREEBICHEILI IR TH 5,
£ Binihid WEEZX U7\ S F D 22 E
Al (—1329.59) B3 13§74, B - 72 i3
XNV AETEAEY» S DRHFLINE DX b
THWDTH S5, TEXROH = 3. LENHBO T x
AX—IZLB8DTHBEZFELOND,

TEORKMN L ) V2 TODESIZA—GD ZRi A
Freh g, ) Y7 IZABCIETIZ &< R REIE(DH 3
WIZTFEDNE) 1255 N2 =0 Ic N2 5 .D.C.B.AF.
G.E& 3,V V723 . CassiniD2efii 7z E IR IZE D
DL ZANH BMELD) V7MWY VT DEAK
ThH3Z LA VoyagerDBRU L DEHE D572, ) V27
IZALBNDONRAIE Y VB EHELDHBIZL 23
DEEIN3B,

e (%

B4 L4V TBOBRADOEHE T REDH = A FTITR
SKREXC.ZOFEEERETEkm)IBAKELIDKRE VW, 24
2 V13 FEE1.88 glem? T 5F (5.2 %) & HoOD kK
(48 %) METETWEEEZ OIS,

248 VFIREEROREKE UTRHETH 5, K5E
150 kPa T . No%& 55 (65—98 %) & L. RKR TH 57
Ar# B 518 (912 %) B A TS EERED & 5 (Owen,
1982), % 4 & Y DRKDFH 5+ 228.6035 5 1. Na (4
F2:28) LDRRKRE VD Ar(H5TFE: 40) 2312 %F2
BEREEEZ OGNS,

g4 2 YDOEREEEIZISKTCH:D =8~ (90.7K) iz
NG F DIz, B A &V CIRCHMN TR TR k& L
THEL I 5, 2T HERTH0 R 22 LT 3D E[H
U &k af# %Rz LT B aREMD H 5 ,CH.DYEN &
DCHDZENH D . CHsDK M B 5% LIy,
XEE

KERIZ.HlilA98° BN TV REHLBRETH
3 REEIZIZISOBENR D D N Y YRR ENT
W3, v S EOBE KT EOFEIIZI - CREE
U CAREHNIR L0 T WS, Z O RNEHA RGN E
ILTHRI 5 B bho TR Wn, FHEET
1.27 g/em® T %,

REEOHFEORIZIZCHDER H B L EL 6N 5,
KETEC B, S E TIREENMILAE TN &
Do NBEORBNBBRED A XL HdEELLN
%,

LIBT3 R D H00 % DA ADKD 5 5 &%
AONTELN REREFHTEZENTELV,ZD
TeOBRATIZ RV EERONBHZ EELX6NB LS
2> TC&7,

Vv 273 VoyagerDBEELDRI P SRR AT wi=,
Voyager 20T E Fi7-72 ) VI BPRE S A5t11E
DAY 7 Hid 5,1 v 7 E IR EEA—RE T <.
TR HB L b TER, c BIZ) Y rOHhTE,
oL PHELRDOKRESIBEZEMN T 2 BRI FRE IR
EEPELS GEVEETALS L D, 0 & BUZ S ABRDOMEE M
HBoy.y BIU pRIZHBISLOBEEZH  FELIE
RAMENZZELT 5,

BEE

WMERIIAREMREL Ui, —FI/HMIN BT 5,5k
HIDERS D 2\ B2 T 3 - 7203 Voyager 2 DIHIMNC
Lo THEDDT ENEENITR - T WS ATRDBNE
(10.0090) i3 &2 12K T23F H i/ X vy, F izl o) 8 %
1329° BEREHHIZ16. 11K/ TH 5,

WBERIZIIBENFET 5 A FEEk 3 < L AbEEks
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Review: Planetary Chemical Constraints for the Earth's Formation

Yoshiyuki KOIDE & Hiroyuki YAMASHITA
Kanagawa Prefectural Museum of Natural History, 499 Iryuda, Odawara, Kanagawa 250, Japan

Abstract. Planetary chemistry is based on the analyzed data of planetary material. Major

and trace chemical compositions reveal characteristics and origin of the planetary material

such as mineral constituents, rock type, magmatic process, metamorphic process, source

material. Isotopic compositions lead to many eventual ages such as the formation age,

metamorphic age and radiation age. The analyzed data are as the total results from raw

materials of the planets, formation environments of the planets and planetary evolution. The

most importance of chemical data is history behind the values. Comparison to the planetary

chemistry constraints to the Earth's formation.

Key Words: the Earth's Formation, Planetary chemistry, Planetary origin and history
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Fz1. BE -

181 DK AL

Planet Pressure Atmosphere Composition
(Pa) Major (%) Trace (ppm) ratio of components and isotopes
Venus 9.2- 107 CO: 96.4 + 1.03 NHs 100~1000 D/H 1.6 £0.2
N 3.4 +.02 SO: 0.05~150 BC/2C <&1,19
H-0 0.14 £ 0.01 (6} 69.3 % 1.3 180Q/1*0 2.0+0.1
co 20~1400 “Ne/**Ne 11.8+0.7
Ar 18624 3EAT/AY 0.197 % 0.002
Kr ~9.9 “Ar/eAr 1.19 = 0.07
Ne 73
G 2.67 % 0.30
N 2.49 + 0.30
H.S, HCI, HF, Os, Xe
Earth 1.013 - 10° N: 78.084 co2 333 D/H ~10+
02 20.9476 Ne 18.18 2o ~89
Ar 0.934 He 5.24 HN/BN 459
CO2 0~2 CH. 2 CAY/ AT ~295.5
(Sea H20: 3 - 10"Pa) Kr 1.14 122X e/¥2Xe ],
(Limestone COs: 5~10 - 10°Pa) Hs, Oz, Xe, NO, H:S04
Mars 700 CO: 95.32 Cco 0.07 D/H (9+4) -10¢
N 2.7 H:0 0~0.03 12C/18C 90 x5
Ar 1.6 Ne 2.5 UN/N 170 % 15
O: 0.13 Kr 0.3 0/ 490 + 25
Xe 0.08 SSAT/AY 55% 1.5
Os 0.04—~0.2 ©Ar/eAY 3000 £ 500
129X e/32Xe ~2.5
Jupiter E= H: 89.8 2.0 (Strat.) CO, NHs, CzHs,
He 10.0 =2.0 C2Hs, CsHs, CsHs, C2Hs
CH: 0.196 + 0.016 (Trop.) NHs, H:0, PHs,
GeHs, CO, HCN
Saturn — H: 96.3 124 (Strat.) CO, C2Ha, C:He,
He 3.3£26 CsHs, CsHs, CsHa
CH. 0.4+0.2 (Trop.) NHs, PHs, GeHe
Titan 1.496 - 10° N 65~98 CO 60~150
Ar 0~25 C2Hs 20
CHa4 0.5~20 CsHs 4
H: 0.5~1 CsHa 2
Uranus e H: 85 (Strat.) C:H:
He 15 (Trop.) NHs
CH: 2
Neptune — H. 81+32 (Strat.) CHa, CoHe, C-Hs
He 19+32 (Trop.) CHs, NHs
Triton 1.6 0.3 N ~100 CHs, H, Hs, C:Ho, C:H4
Halley's Comet — — — CO/H:0 0.015~0.07
CO2/Hz0 ~0.015
CHvH:0 ~0.02
NH«H:0 <0.1
No/H20 <0.02

7 — 213fTE8  (1993). Donahue & Pollack (1983), Horensky et al. (1978), Kiefferet al. (1992). Zahnetal. (1983) (2L %,

Strat. (ZEEE % Trop. IXXGE % Bk T 5.

HENBIZEEL o T3, o  KREFOAREOHE
&4 &V (Titan) . BEEOHE 1) b (Triton) DL
M HENT WS, —EE $ 198650 KL DI
1B B 5 N BREOHEEMIZ S o TS A S
iZEhTWw3,

EEEAE 1 & 2 AR T 5 KT & 55 70 i
BRETH 5 SEEHRENT — & D WAHHEIZ F D%
B 2RO EBIZANT B2 2 U on ek DSt
THMENEE L H THHE IR TS HEIRE A 512
E L0, US.S.R.OLuna 16,20, 24 T3 A Tl
%L B0 TEE L CTHUMERZR - T B 20 S B
NEERLSTDT NS, ZD3HEEFABEE SN
Apollo11.12.14.15.16 % L U170 6 EDOAF o T
H 5 EORE ZR WO ES G MEOEIZ S £ DI
DN L L BHEOBRELHAADESL Z Ik D,
ADERMOEERBIEIBITA T AN GLNE L2 -5T

XT3,

FEE S RS B AIBBIRON T B EERNEDIY
D T — 2 IIEEIZHD RO BB D B, 7 Ok
EEHIZBALTCRIBREOT — 2055 A0 6RATE
7B HERR T 6 U, 1995a) K ERFEOIER
LHEEH AN TS, 2L ORI /NREHILRETH 5
EEZEND 2D FBRINRER O ZFEDRKED
EEEMBDIZENTH S,

LU KB A WA WE BT 27— 2 Th
%o UL ZDOYIE NI E - 72Kk % B JREDIRE B r i
RELTOBREEGATNS  ZD7=80 PWHEEHR LD
LALFERER I KEOBEL AR EALTIZEEETH
% o AR 22 & KD 5 B BFEOHER D F — 21213,
v h b U7 R & 52 22 R TR
HEAHAEAR I ERYE T ERB RO FR 2 D 5,

ARG T3 BB ORI O BTG 5838 L 8
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% 2. KEOAHRET L

Model 1 2 3 4 5 6 7 8

Crust+Mantle

Si0: 40.8 45 47.2 43.5 43.6 32.58 38~48 45.04
TiO2 0.49 0.37  0.33 0.72 0.15~0.3 0.14
Al20s 9.6 72 6.4 4.7 0 16.62 3.5—~7 3.26
Cr:0s 3.3

MgO 40.5 40.8 33.7 47.7 54.6 34.58 32~38 32.06
FeO 0.05 0.04 3.7 0 0 0 0.5~5 15.07
MnO 0.06

CaO 8.6 6.6 52 4.1 1.8 15.19 35~7 3.03
Na:20 0 0 0.08 0 0 0 0.2~1 14
H:0 0 0 0.016 0 alittle alot
K (ppm) 0 0 69 0 0

U (ppm) 0.053 0.04 0.034 0.026 0
Th (ppm) 0.19 0.14 0.122 0.12 0
Core

Fe 94.1 92.4 935 945 945 92.48 88~91 76.22
Ni 5.9 7.6 5.4 5.5 5.5 752 6.5~75 6.2
S 0 0 0.35 0 0 0 0.5~5 17.58
Mass

mantle+crust 61.6 60.9 32 352 352

core 38.4 39.1 68 64.8 64.8

7'— % |2 Basaltic Volcanism Study Project (1981). Goettel (1988) XV BIFHL 7=,
Model iZ 1: Mel, 2: Me2, 3: Me3, 4: Med4, 5: Me5. 6: Extreme refractory-rich

model, 7: Preferred model. 8: Extreme volatile-rich model Iz /53 5.

BUORNT, $28FOWET — 2 MK L TRD 5N T
WEBEDOILFEHERTET VER T,

1 KB

KEOCEABIL I E AL Do TRV 7272 KR
IS T2 80DT -2 23 % AKEBICIRKTRIB AV E &
TV 5 A, Mariner 10D terminatori= & - CTHF DI
BEEAFNS Nz, La LU Hunter et al.(1988) D7 — 4
& Mariner 1007 — Z3—3 LW, il 21X . Held
Mariner 10C132.6 X107 /em?® . Hunter 5 D7 — % Tid6
X10% /em?*E &L T 7BV TH B, L L. H. He. O,
Na.K.Ar.Hz, 02, N2, CO2 . H2OD i F DIFE DR 2
T3, ZHIBKEDKS T < TR & KBS R
Lo THENS - EH ENEZRFTREVWNEELS
hs,

KEOYHEED S REBONFAETIUNME EN WD
(3 2) BEDOETLARBEN TS B ERABEL W
NEFREFRZODOVTNEVD WTRODTEFILEKED T
BENKE N2 O 5D 5 81338~68% L K& WM
Ll oTW3,

g

KEDHFFUZ DN T L DHDETILHFRIE T
% o (1) EEEIBGI O R ST I IR IO S T
KEOWED 5 Wi TU & 572 (Lewis, 1988) & 119 EF
I (2) KIBISEL Bl TH % -0 AFERN 5 2 THR
B A I B T & Fe  EERRIRSI A R T X
Lo 7z (Wasson, 1988) & 1Y EF )L (3) giant impact
IZk o TR E B~ v P LM EELS 7z (Benzetal.,
1988) LW BTN L ENH B, L L. ENBEENT
FEPEE DT WV FEFD E T )L Agiant impact
ETADPBHEERTCF 2 v TEDLEIAONTVD
(Cameron et al., 1988),

KEIZMUORRE & kIS REEOEMI L - TTEL
EEIOND ZOZKEDIEs V-4 —BEME T HO
BHIO LI IChoTWE EEL NS BiRAEWZ THh
IDEEDSTERG & L AR e (LA AN T 7= SR E D
BIRIZ L o T T E ABIERIC Lo TREAER &
NIz KRN E W72 DI HI A RE GG 45D Y
ST RV PR ENI MEIZ) =T A AR E N
32L05 20K Y X7 2 T RER IR TV EZ LIS
K5 RIZNKEDHRIZCL>TEEH) V7 #HD
Caloris#iith & xIR&RID Fr LHFHEE ST & 7z, Caloris
T TITKBEEIC &> THRRE BB Eih % ) TF
REBE L2z mHICE > TV VX7 2 7I3EL & D10
RBEMICIET 7 =9 2 ZWEHHRE LD VIZEIZESL
ol TOHIBKEL N EBEOFERIZL ST L —
B =W END ZTDOREE K- T,

AREDBEET — & I 1 IREDOHEREEFE E L S HEM] X
N5 KEOBEENAF TRV O THIM TR
IZEBERPEIZ ENTOEVA 7L —& — I L 3FER
JFE 6 HEE Tz LW BEIC,

-Kuiperianf{; (—10{84F i)

-Mansurianft (10~ 354 #i)

- CalorianfX, (35~ 39{&4F- i)

-Tolstojanf (39 —40{E4-H1)

-Pre-TolstojanfX; (4084 51 LLHT)

12X 5y 0y 5 (Spudis & Guest, 1988) , B D & F4
. ZORRICER =2 L — 2 —D4IcEkd 3,

Pre-Tolstojanf\ (46 ~40f54FH1) 1213 £EH Y 7 Hl,
V=& — 2L — 4 —BDOFFEOWE N X T
% . TolstojanfX (39 ~40fR4FHI) i3, 7 L — & — /g P
JRHIE2 5 72 % GoyafgBE LIRS 2 BN S Ik 5,
CalorianfX (35~39f4F ) 12 TR . 7 L — & — /Nt
DYE» 575 5 Caloris BB & WIE N B HE» 5 1 5,
MansurianfX; (10 ~35fE4H) & Mansur 2 L — 4 — D 2
V=& —¥'8 X 0 % Kuiperianf{ (~10fEF80) 2.
KuiperZ LV — 2 —D 2L —2 B XDk 3,

REOWERMEREELI HOLDIIxd a5,
Kuiperianf{iZCopernicanftiZ .Mansurianf{iz
Eratosthenianf2iZ.CalorianfiImbrianitic.
TolstojanflidNectarianftiZPre-TolstojanftitPre-
NectarianfSiZxflb EhTna, L LEARI L -4 -0
TN —E L VWO CRLIZRIERETH 5,

2 2B

FEENFLAROGND LI IZh DR RETH 5,
SR HERE DRGSRV PEE - Tl BIXER
LHOMERORS Wz L BRI TE Rz L B
WARRIZE DN TV B 0IchENG L2 RA WD
THo. LU FEEPL -4 —DOBEMOREIZL T
FENWEOTOWELZ RS ZEWAREIZk-TE 2,5
T B EAKONAMBRERENS 2 & LB D
M AEFENS Z L ICHEDRE»NT X ),
x5

19624F Mariner 212 & » TE&EREMBIEREIZENT &
Db 5T & 72,1970 D Venera 7D BHEI Tl3FRAGRE
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% 3. SRR

Spacecraft Venera 8 Venera 9 Venera 10 Venera 13 Venera 14 Vega 1 Vega 2
Si0: 45.1%+ 3.0 487+ 3.6 456+ 3.2
TiO: 159+ 045  1.25+041 02+0.1
Al20s 158+ 3.0 179 =26 16+ 1.0
MgO 11462 8.1+33 115487
FeO 9.3t22 8.8+ 1.8 7.74 £ 1.1
MnO 0.2+£0.1 0.16 £ 0.08 0.14 +£0.12
CaO 7.0 £0.96 10.3*+12 7.5+0.7
K20 4.0 £0.63 0.2 £ 0.07 0.1+ 0.08
S0s 1.64+ 1.0 0.88 £0.77 4.7+ 15
K 4.0+1.2 0.47+0.08 0.30=0.16 0.45+0.22  0.40 = 0.20
U (ppm) 2.2+0.7 0.60+0.16  0.46 =0.26 0.64+0.47 0.68 £ 0.38
Th (ppm) 65102 3.65+042 0.70 £ 0.34 1.5+ 1.2 2.0+ 1.0

5 — &3 Barsukov (1982). Moroz (1983), Surkovetal. (1977) L1 F[H.

475AC. EHTEI atmiE L TWBE ZENbhroTE
7= JTRAE T IR NRE 13420~ 485ACT KR D FH 74
CO:2(96 %) .N2(3.4 %) . H20(0.14 %) TdhH 5 Z L hibd -
TE R EEDKRIZH00D e S FEBICHZBR L T B 2
Lo TER,

EROKRFHEE L Ch b MR TR 5 L BIEO N
R % B RE LIS [Y] &2 Ii LR OB R
A BEHENIZIT4AH CTRD §5, Z0MEITTED
BH#R (243 H ) 12 lNFERIE < L JB#100 m/sec & FHEL &
N BHERD60FIZEET S, Lo L R TOESRITER
DZEMNEL0.5~1 m/seck EFBITBEVNLDTH 5,

SEORTITIIENFEEL T D, LEB . T#7 L
TR FEEIZaT o ns, EfEL D Bizuierd
3, FERRBIZE S 68~58 km CHIIAIIIZEN RE R H
2 HE BT =S8 ~52 km T S 2EMN D 5, =
135248 km TIRWVVEL & 5 & b/ 1348 ~36km T
WERPROEN D 5, ZOKFITEEL~3 ymD YA X
DEDN SR I N TS - FEFEIZIZT7~8 pmDK
FAEL -T2 FFIRERTHREE R TW5 ,ZED
FHIZREELT75-85 %DHS04D EFRED H 5
(Espositoet al., 1983) & ENEGL RA 50134 4 ¥
S)D7=ThH B EL#EZ N5, FOMIZIEER (C) RIEHE
(HCD) & BRoh T3,

HEE D RFAZ B B ILAEBEO Iz L b, By —
YR -V Z LT Y - D3 DI R G E N T\
(Florensky et al.,1978) , F&>/ — 1352 km Bl L CHAL
EEFEAHET 5 TCWN5 E T ATH 5 IALFEFE & 13CO:
— CO + 0.S0: + O = S03,.80s5 + H:0 — H2SO&ZD
JBTH2S0423 T % %878 T H % (Krasnopol'sky &
Parshev, 1983) . FF " — ¥ T3, 52~36 km TR
I & BRSO RIS - T3 Tl — v Tidwf
Vi O T TR RS S ICE LT\ B,

EEORZEFHMITTOIEBD L EIISTH 52,
APUZIZ2DODETANE L6 NS 1 DI3HFRICH 58
S (pyrite: FeS) M2 DGR TH 2 L35 ET L TH
3 RO HE TCOPH0 & Kt L THS R COSH R
AN KEHORAERIE TS0 TES EEILND,
T O RISIZ IR 20 WEFN R A — F T 5 <
DESOBKRRIZ/HIMASGNATWEEEZ LGNS

(Zahn et al.,1983) . % H 12 iEAk LI LB 45 5
LT UKINIZ & - TS0 PHS0 A KRS s & 3%
AN &R TIRELEKAUIRR N T WHTRE
4 % H RePE I3 58 Y, 19785 D Pioneer VenusD EIHITIE.
ZOEHTOFRENSS0:PHS 04D RIE M T B 2
5Ty 22, 19834 Z DIRAEIZ90 %A WD L TR bk
LD ME KD BIBEM: 73 88 X 177, Pioneer®Veneradi s ih
THEANEREE BRI 2228 FiE s AUEAIZ X560
TlrEWwhkiEREEh T3,

EEDOKTHE TD/H (1.6) 1ZHIERD & D (~104) I2
HRT10,000/51Z E K2 W DHDO KX WEEDKRKIL.
WLUWH0DBFENHRT 5727 L 4R L5 ,DUE
HE2) BHEEEL) I TERE 265 5 72 KA
225 1312 <V HeOD I ko CT—E D DML
IZRFUHHE S h BOHZA I AT T v d v 27
LEELLE EROKZLDMELYPHATE 3,

S RREH D0ArAr (1.19) 1ZHIERD & D (~295.5) 1=
HART1/250 U2 70 PArZ KO B C T X %, L
72 o TEEDRIUZIS B PEEIE O ©Ar h MG 12 75
W BT B, ZIUSEENER D 5 DOArORE A 2 A F5
BIEbILTWNEWZ & #BIEKL T3 T 2D
B Z &3 KBTEE R ERREE) AR & LR CFE L L A
BHWZ EIZR 3. SORREMDFERTH 5 HERE D
EHTE AL LEEB L TWS Z &tk 5,

ERDOREHIZH00 D3 JRIE AR EZ o
THIERIZ NGB II KRR < BRI Cd 5 72 AR
ELTEESEH0MD Dol VW EINH L, Lh
L.b e 8 EH013H - 72T H0 2 0 25kt 7= - 2
BHEMAENTH S, FHIIDMEEA KX LY 7 T
% KR LFBIZ B4 o 72 HaAdZ IME TR AR X NHE X
D FHZZRANL T OdRPLKTH S 2B L Ths e
EEZEND,
xREEA

FKEOWIED3H713  Venera 8.9.10. Vega 1.27Cid y
BUZ L B U Th. KOS A, Venera 8.9.10.11.12Ci3 1
DY EM A Venera 10 TIZFEMWE DOZERE (2.8+
0.1g/em?) A1 Venera 13.14.Vega 2 I3 X B 12
LB RGN T Z bz, Venera 8135 s
(10°S.335°E) . Venera 913\ — & Hilsi b v (32°S . 291°R) .
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* 4. RO LFHHEET L

Model 1 2 3 4 5
Crust+mantle

Si0: 52.9 53.9 49.8 40.4 45.9
TiO: 0.2 0.2 0.21 0.24 0.3
Al:Os 3.8 3.9 4.1 3.4 3.9
Cr20s 0.87 0.3 0.3
MgO 37.6 38.3 35.5 33.3 38
FeO 0.24 2.1 54 18.7 8.1
MnO 0.09 0.2 0.1
CaO 3.6 3.6 3.3 3.4 3.2
Na:0 1.6 1:5 0.28 0.15 0.1
H:0 0 0 0.22

K (ppm) 1442 1318 221 185 129
U (ppm) 0.021 0.021 0.022 0.019 0.021
Th (ppm) 0.073 0.075 0.079 0.066 0.075
Core

Fe 94.4 84.7 88.6 78.7 86.2
Ni 5.6 5.2 5.5 6.6 4.8
S 0 10 5.1 4.9

(¢) 9.8 8
Mass

mantle+crust 69.8 69.1 68 76.4 71.8
core 30.2 30.9 32 23.6 28.2

7'— %2 Basaltic Volcanism Study Project (1981) & ¥ 5IH L 7=. Model
i 1: V1, 2: V2, 3: V3, 4: V4, 5: VBIZHIET 5.

Venera 1013~ — & HusiFi H¥H O F/R (16°N.291°E) .
Venera 13137 = — XMl H ¥ D FJF (7°S.303°E) .
Venera 14i3 7 x — Ul Fg R O P (13°S.311°E)
Vega 1k 7 707 4 7T EME T OS2 2 (7°N,
177°E) . Vega 213 Vega 104 LE DR (6°S.181°E) iZ
e LT\ 3% (Cattermole, 1994) ,

Th? 213 Venera 8.9.10TIX 62X 4 b 5 (% 3),
Venera 8OZFFEH K. U ThNEL A VI VT 4T
MLTEEK (incompatible element) iIZ & 3e v 7" v b & JEEL &
N=mh’z L BE Sh3  U/-K0% #FiDVenera 130
AR R S10:0 D I WHEE T M LA Tdh 5 .
Venera 14%°Vega 20D 3B fH 1L . Venera 9.10& {172
K208 7> ,Venera 14D EFeil 1513 Venera 13X Vega
2L D RRSI0DENVWERETHDHEELO6ND,

HIROER L X% & Venera 14 & Vega 20D 7 et 15
DEAHBIVTA FRI VT VATREOHBR DD
12X U Venera 1I3OEHIET LA VEHED L4 T Th
3L #EZ 55, Venera SO (2 K. U, ThAiHhEk
DIEHEE (K: 3.24 wt%.U: 9.09 ppm.Th: 21.9 ppm)iZ
BT & b IERRRTARCE O TR S R S T 5,

EEORMIIFRIBESLERO Z < BREREEDOER
MNETETEN . —HA VI VT 4 TLTEDL T
7 ) LR RTRGE (F 213 6EE) TR EhTnwa &
Eibohb,

TSR ET IV

SEOYEEITIFFITHERE IV 5 RREIZHIERO
0.8571% B &130.8154% . VI E 13098215 Tdh 5 A%
HIERIZHEARNT—RE DN X W& PRRENS BHIEBIER 1259
Wi F4 FEHROLVNEREGEE LTS EEAD
na,

SRR ET L% F QTR L2z ERD EFILIC
BT 2V PR OSI0NE VO BRHRTH 5. &

ISR DI FeD ENRKRENVEWVWIBH-AH 5, 21
B EEOYHBELRMLTWEDTH S,
S

ERIZEFEVNKEY b T IBEIRA 2D Hr 20,
BRI NN LT L —Z—NTEIZ VN, ZDD . Y
L—g —ERESEHTE W E LTS H 5 &
EZON EEEMOEH AR - T3 ERY
Mo . ov—a—FREOBELEFELTIITTH S, %
D=t LR D o o F b A b D 1IZNEETH 5,
U2 U, MagellanZ: & OME{EO AT 23D 15 L ibsR
WAL TENDZTHS I,

3 Mk

HERDAVAABIL . SR GBO A Eh B b
MoTWBEIIZRA S, Uh L, ZOSHHEIC IR »°
B 5, NERFIZANSNIWED HHHEILE < . FITA
NoNEWEDIRHEET 2 Uk Mk 2 1E 2 B0 %
THEPER S WA 3 1ZEVS W dh 5, Ll v ML
B KIS ICE 5 ffEE (mantle xenolith) a1
HE) TR b _ LT 517 & D(Alpine-type peridotite). B
AL U T ES U T %72 4 D(protorusion peridotite) 7z &
MHb,ZDLH7%~ > MVIEIZ~ v FLO R
B OB Th 5 ,—FEFHE» 5z EhBF 03—
74 I (kimberlite) T$100~200 kmDHEX ThH 5,7
FMLD1BIZ B0, i~ VL TER Iz
VEEND Z LDk o THEBWIZ Y Y P L OGRS & HEE
THILIZAD MV e TR EEDT - 4138< &
WO T HEFNT — g R@BaE R E DT — 2 h oHEEd
% Lipdgvy, U U ERIZABOBRE I TR ERIC £ <
Do THWBERETH 5, HIRO BREE OIS % 2% 5107
L7z,
b

WSRO T —BREICT - 20 HD b,
W RIS T H 5.5 < 26 Z DA
TN T3, Clarke & Washington(1924)i3., kH5 5,159
D BVHHE % & & o bE e & RES - 72,
1% 513 HERDOREFI D95 B KFBR EBHA T . HED
b BHHEREE & B A - G L BATIZES Ko T3
PKBE EEBREN S TETNWE LB LMD T — 4
W BHED & DD 50D T RBER O L 5 A
5N %,7 — & (3 60D Model 1)i3. KA & G5 O H
BB E R > T3 K6 DA I T 2 BN & U
T MTED R A oMRE-> T 5 2 & BRI Fy %
LB AEORD AER S h QN2 & AHHED
BERAEFEO MO LENER I N TN &%
FHENTWES o NED GHENIET A h e a—
Ty NEONEL 67 AV &3 -1y SkPEOFIE
EEIOND L2 L HELDT — 413 A AR
Ko THTHEDEIRD 238 5 DI FHEI IR » 23
ThRWZ Epvbh o TE AR DAL KEEBR L &
DEGENRDENDE Z L AR LT EIZEEND S,

Goldschmidt (195403 A0 7 7' 11 — F i & HmR D4
B % K& 72 (F 6D Model 2) o KM DKt % KEEmbH: % X
9 2 0 2 R &35 A A KA ORI KSR
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5. HUERO FEREE

Layer Components State Thickness Volume Density Mass
(km) (10¥cm?) (g/em?) (107g) (%)

Atmosphere N3, Oz, H20, CO¢, rare gas gas 500%* 0.000275*  0.00129** 0.000005 0.00008
Biosphere H:0, organicsm, born solid, liquid <20 - - -
Ocean H20 liquid, solid 3.80 0.00137 1.03 0.00141 0.0236
Crust silicates solid 17 0.008 2.8 0.024 0.402
Mantle silicates solid 2883 0.899 4.5 4.016 67.19
Core Fe-Ni liquid. solid 3471 0.175 110 1.936 32.39

*: Thickness IZ#E % T, Volume IJ#E & TTEHEL =, =

Lo TR DA B2 R 727KIC L GERXIWEE -
726D Tdh B KA IL TRV KEED FWE & Rk ¥
3 o THED RS 1D FIHE % K8 7=, £ DAfERIZClarke
& Washington DfEIZI T3 . 7272Ca0 L KON EFH &
BAKIZETRTWIEER TH % Z &5 5 GoldschmidtDAE
B L-Tna,

Poldervaart (1955)i3 . Hiik % GG MEH I8 KRB Ry
I8k KBl & RRERI . BRI D4 D I B X 4y L
7o ZNFNIZ DWW TEHEAED B & DMk #iEE L . F
HE %KD 7= (£ 60DModel 8), 7 L TIRTHRALT
R DIl % 3K ¥ 72, Clarke & WashingtonDffi & [
N3 & Si02& AlOs KODEH BN 5 < (total FeO &
MgO.CaODEREMNE < o T\ 5, Z USRI D
Sy MSEEJIZ IR X TV B 728 T % Poldervaart®d -
YIEZIEDO TR % BRE X = & DT RO FIE & 5K
D7D hEE D,

BIEHRR

W 1ZDSDPXPIPOD., ODP /% & DB EEIERD JEHIEH
HIZEoThEDFELLD»B K2k ->TE 7= W0
RITHREE B BN NEBEO KBS 6500 B BBk
BB EE > T3 BERE DL 3FXHEA I
MORB(Mid-Ocean Ridge Basalt) L i N 55 F H 5,
HRZHOMORBIIALEM B IER B TCH S,

MORBIZ D ZRE 12T . Na:ORK20D EF &4
D TiOXP0:DEHEN L VONRHMTH 5, &
7z S ERIEA TR 6T XA L UTHEET 3,
MORBIZ¥EH T U EH T IRB B & L 3 TR
723 EMIRBEOBRE LI2BIRIRD FL o4 MiZk3,
SIS IR S AR 2 WS & 55, 2
NEDTREREEIKATY Y PLEh D,

MORBIt. BiREEFERIZ L % & .0.8 MPa(BE 25 km
12H).1,200°CT. 7 v P LEESTWEEZEZGNhE S
v 7 VHR(Fo86). #HRA . HEMEA  RUTMA 2 U Tl e £
45, Z0DFEBRIZIMORBAY Y LD LY T4 b
(Iherzolite) 7> & ¥B4E T 25 km. 1,200°C O St TR
LT S = Z & Bmme U T 5 AR O R &
HAEROTEEIZKE D 572 L HEE XN B WEhE(ocean
ridge) Cld BRI L v 7' VAR E v 7 v EIfEIZ L - Tl
PR TECOL BT U~ BT HERE O fk
e L2 KB EIBRZ > TS, 2474454 b
(ophiolite) & WX 2 Bl b2 72RO 72 5 |
bz & Y 20fEFERIZH 72 - T(Kontinen, 1987FE U &
5 BB AR OV 7 v OBEIRN TN Z Lhbh B

Density i3ih# TOffE % vz,

(/MM 1992),
KREHRR

KEEHGH DT 2 LA RILNEE TH 5, 2t
HLETFYTH - CEFRI EEAEEEL. TEH1XK
BREBRL G- TV . XREES . Al BERFTIET
s Vx4 b (eclogite) EIFIEN A EHIZEDH > TS L
EZoNb, Truvyv 4 F3EREEOLAR &=
ERETHD,T7uV x4 ORI BEEL L 4 —
Gy bEELIIELE) ARELEATH D H—F v b
IEEENRKEL(3.6-4.3 g/em?). T 0V x4 b DEE
(3.46~3.64 g/em)E KX LTCWBFERTH S, 271
Vrx A4 VOBEZ vV L EESTWER LY I VA
(3.31—3.52 g/lem®) L h KX Wy,

fEEE L EREFE OB A Th 5, HICBRIREYN 5 5
N RRBIRELELC AMBEIZv Y~ - A — vy
VTRWERIRAAEE S CTE LD TH B HOFHE
B EHIERO GRS & 13 2 OFIPHIEORIFE S £ 572 < E
5 HIERDTERB OFIFIT A2 LT T ILA b 54,
RBE V7 b O REgh 3 UFE B (crystallization)

v 7 v Rl DRA (mixing)

- v DIRA (contamination)

- [ {t4E F (assimilation)

B A DRFE (melting)
MNEDFELEDDH S, LOad>F fema~ s vDOBAIZ
NP EPIET 5 TWB T TH 5, Lo L ket
WOMEREDEEE LD & KB~V & EB A H =
X LPRBET 5O2BOERDORBENEETH 5 . A5013.
HRETLIVWL ERETE LWV, 7272 LLH0 L B R
BRTH 5,

TEREIENE  KBEBOIER 0D T AoA it R0 | KRl L o 2
TZZB L AT 5, 20 & 9 iz L & i h s,
B TIRAERE AR S 5 &I Lk, 7L — P A
KABRAA EDPE T 5,7V — P O I HER
Whin X8 6 NEL D RIRIZE 5 JEREYNZ I3 H0%1 72
L EAEENS H0%EL & ERIBIIRIHER CHE Y
3 MAIA A TIZH20 W TEZSAT T 'L — F OyREH
ENBhBAL T L — P REREBE S . ERE T
ED EAIUREET % 8 ILH CHERE S XA 2 H. 00 77
AT TR TRBICIERAENTEX - EL6NS, 25D
TU— RSN BT E T THE LD AAALLED
T35 7L — AR S B HIERD fERE S I3 H0 D7 E 5
SHERT LD TERD 572D TH B NKEIZNDTARNBF
LT VLF - T — -T2 b=y 23k L (6w
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* 6. HERO LZEM T T L

Model 1 2 3 4 5 6 7 8 9 10 11 12 13 14
crust crust crust crust crust crust crust crust ~ MORB  MORB MORB MORB Ophiolite Ophiolite

Si0: 60.18 59.12 58 57.3 63.3 47.8 49.8 55.2 50.68 50.19 50.93 50.53 50 50.27

TiO2 1.06 0.79 0.8 0.9 0.6 0.59 1.5 1.6 1.49 1.77 1.19 1.56 0.95 1.08

AlLOs 1561 15.82 18 15.9 16 12.1 16 15.3 15.6 14.86 15.15 15.27 15.85 17.48

Fe:0s3 3.14 6.99 - - 1.5 - 10 2.8 - - - - - -

FeO 3.88 7.5 9.1 3.5 9 - 5.8 - 9.85* 11.33*  10.32* 10.46*  10.08* 8.04*

MnO - - 0.14 - - - - 0.2 - - - - - <

MgO 3.56 3:3 3.5 5.3 2.2 7:8 7.5 52 7.69 71 7.69 7.47 9.08 8.21

CaO 5.17 3.07 75 7.4 4.1 11.2 11.2 8.8 11.44 11.44 11.84 11.49 11.23 12:3

Na:z0 3.91 2.05 3.5 3.1 3.7 131 2.15 29 2.66 2.66 2.32 2.62 2.52 2.42

K:0 3.19 3.93 1.5 1.1 2.9 0.03 0.14 1.9 0.17 0.16 0.14 0.16 0.17 0.11

P:0s 0.3 0.22 - - - - - 0.3 0.12 0.14 0.1 0.13 0.12 0.09

H.0 3.02 - - 0.9 1 - - - - - -

Model 15 16 17 18 19 20 21 22 23 24 25 27 28

Mantle Mantle Mantle Mantle Mantle Mantle Mantle core core core core core core

Si0: 45.23 47.9 4458 47.3 45.1 44.65 45.96 Fe 86.2 1.1 85.62 86.2 84.5 80.27

TiO2 - 0.2 0.15 0.2 0.2 0.16 0.184 Ni 5.2 4.3 5.16 4.8 5.6 5.46

AlOs 4.19 3.9 2.43 4.1 3.9 2.46 4.06 Co 0.2 0.2 0.237 - - 0.27

FeO 7.82 8.9 8.27 6.8 7.9 8.14 7.54 P 0.5 0.2 - - - -

Cr20s - 0.9 0.41 0.2 0.3 0.42 0.468 S 4.5 5.9 - 1.0 9.0 -

MnO - - - - - 0.18 0.13 [¢] 2.7 7.7 8.99 8.0 - -

MgO 38.39 34.1 41.18 37.9 38.1 40.94 37.78 others - - - - - 14.00

CaO 3.36 32 2.08 2.8 3.1 2.42 3.21

Na:0 - 0.25 0.34 0.5 0.4 0.29 0.332

K:0 - - 0.11 0.2 - 0.09 0.032

NiO - - - - 0.26 0.277

CoO - - - - - 0.013

P:0s - - - - 0.019

Model 29 30 31 34 33 34 35

mantle+crust

Si0: 48.5 47.2 48 47.9 45.8 45.9 45.7

TiO: 0.18 0.17 0.27 0.2 0.22 0.3 0.1

AlLOs 3.5 3.4 5.2 3.9 4.1 3.9 3.4

Crz0s - - 11 0.9 0.5 0.3 0.4

MgO 34.5 33.6 34.3 34.1 37.3 38 38.4

FeO 8.3 10.6 79 8.9 7.6 8.1 8

MnO - - 0.12 0.14 0.13 0.1 0.1

Ca0 3.3 3.2 4.2 3.2 3.1 3.1 3.1

Na:0 1.5 15 0.33 0.25 0.37 0.1 0.4

H20 0.13 0.026 0.11 0.21 - - 0.3

K (ppm) 1324 1289 262 200 129 - 387

U (ppm) 0.019 0.019 0.029 0.021 0.026 0.021 0.026

Th (ppm) 0.067 0.066 0.1 0.076 0.094 0.075 0.108

Core

Fe 68.9 71.8 89.2 84.5 86.2 7%

Ni 5 5.5 5.7 5.6 4.8 6

S 26.1 227 5.1 9 1 16.4

(0] - - - - 8 -

Mass

mantle+crust 69.2 71.9 63.9 67.9 68.9 68.3

core 30.8 28.1 36.1 32.4 31.2 31.7

7 — %% Anderson (1983), Basaltic Volcanism Study Project (1981)., Clarke & Washington (1924). Condie (1982). Elthon (1979). Goldschmidt

(1954), Hart & Zindler (1986), Jacobsen etal. (1984). Jahn (1986). Kontinen (1987). Maaloe & Aoki (1977). Maaloe & Steel

(1980). Melson et al.

(1977), Morgan & Anders (1980). Plodervaart (1955), Ringwood (1966a). Ringwood (1977), Ringwood & Kesson (1977). Taylor & McLennan (1985),
Wanke et al. (1984), Zindler & Hart (1986) LW 5|HL 7=, Model & 9: Atrantic MORB, 10: MORB of East. Pacific ocean, 11: MORB of Indian ocean.
12: Average. MORB, 13: East Taiwan Ophiolite (15Ma). 14: 2 GaJoruma Ophiolite, 29: E1, 30: E2, 31: E3. 32: B4, 33: E5, 34: E6, 35: E7 %

BT 5, * Feld ¥ NTFeO & LCEHEEN TN,

BHAER EhAr o2 EELENS,
E@TI2

vV PMUVHIB IR & ERIUEZ DT - 213 7
D77V P NOAFMBIE D OARGE 232 T TR
» 515 . Ringwood (1966b) 1./ S4 2 F 4  (pyrorite)
EIIEhE Y P VB AE LCw 3 (6D Model
15),2%4 254 M2& 4 b (dunite) “ MORB#%3541C
WA LEEDTH S &HE 72, Morgan & Anders(1980)
BDPABABREREBIV T4 Y rbHEE L (36
DModel 16) .Zindler & Hart(1986) iZ/xEBHI >V F J
4 b X DHEE L7z (3% 6Model 17) .7 DfBIZFH D IT
REAEATT U CEMEL 26 D (Model 18) . 0 A
b AR & HEE L7z % D (Model 19) . T2 1
V¥4 bEeHA—F v b LLYS4 FERERZLED

(Model 20) .22 A b AETIMERS L DHEE L 724 D (Model
M REND B,

vV PO MgOAIERIZE < . MgO &
Si02T80 %% ¥ % RN T . FeONT~8wth & 75 %, 7
Y PR YTV RPFES ERNE A A e
BEANETETCNWSE I EETRT,

EHwy PLETFEH Y P LOBERIZ670km T IR
% CRARE 20 RER A 388 6515 670 km O AERIANIZ
AV T VAREAMNRT T X4 b (perovskite) & 12
BEbdDTH5EEND 670 kmiZSIHEIES & D
127 5 T B2 AL ZE L L T b nE S iz R <
Hh S TNENY,

D"fE
F0 53480 kmE TR TH 5. v ML L%
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OPENE L B % HIZEEEA0 g/em®)D KT
Fe-Ni&RE4 R T2 BTN GRETH S, —H. 7V
N IVIREE (5.5 glem?®) EERRIESIM & AR L 4 HER1LAY
B THB,Z0DEI 5T 00 By MLOBIZM
ENDORISTH B WVIIWEH Y HZEELOND. TD L
5 Wi L DB ITIEN TV DB v Y b L—
BOBRHI—kRIZH 2 DT < JFVW & Z A Ti3300
kmPl Ed D EnE 23 TIRBEIT X ZWVIEE Lk,
D"EBOEMIZIZIOkmIEEDOEHO > b sk Sh
TW3 ,D"EiR. v Y FLOEE{L & BOSRBEA B L
M DR INTVWBEEZ 6N 5,

D'BORER—E T VDIZ. T —L-F o N2 R
IZE o THIBTE2EEI6NE ., T—L- T2 P22
Z I, A= BT — ADTRARL O T2 h
Tv Y P V—EERMNEIZE T LTL % (Fukao et al.,
1994) , Z DM B TIRD 6 Wz w v LB KENT
A=I8= T N—LE LTRSS, 205 & KRR
WEO T FAARET %7202 DRI IC,» ZilLEh
TWBEEIOENE AN - TLh—bE A=
V— L0 ETERIT HE~BEBEOY A 7 L TR -
TW3 5 LT & MIFROHEZN T — & 2 GHEll X4
T3 (Maruyama, 1994)

D' _Eo e F O B T2 O BEIE R
<bhhoTWRWN,

#%

b 51,222 km AL & 0 Ml S,
P 2 IR & I AT B SRR CINBR L A T b
%,

KD I 13Fe-Nid4 ¢ . Fe/NitLiz16F2E Tdh 5 &
Zibohb. L2l i @mEERIZLS L Fe-Nidd
DATIZ HER»P B ONIEELIN1I~2g/mMTE K
X5, 207 DTN L Fe-NiA4 Tidk <,
BOWTLEREBATWIBREN S 5,7 DRITCRAM 2
Lo TEMOETLREIR SN TS TR E LTI
H.S.O.P.SigENEL 6N,

HRREBOFIRIBL DI b oTn5 /-,
HiZ OBRE - FHELETRERE LRSS T & h
5 2027 572 (Mao, 1981) .2 F D HIZBICFHETX
BT L5, E2.81R01V v Pz XAGFHET
BILRCTH DI N bEEFeDHIIIETAA TV S AR
M2 % ,SidFeS& 5 o CIEAIZ/A S SAEERT
W3 Z L ESEFel 3R oot 2 TR THE I N5,
BRI IZ 72 < S AU A EN/-THEM A D 5

HERDFEEFIZ DWW TIIIEREIZ A TADT — 403D
225 DR MREN TS LA LT
ZTCIRAD LT 2PN T 5 2 ENTELNHERDOR
FERICE L CEEARD THET S,

4 H

HoORRHZ. Apollo®6[ED I v ¥ 3 ViZ k> T381 kgD
ARAMERIEIX N2 USSR & AGEEHLuna 16.
20.24THE DR NWEDNS HOER EH b M- 72, 72
AR EE# Lunokhod 1. 213310 kmiZ 7= > THIf %

ML 7= 355 0 6 Mz iehs IR SO WF2E8 12 Bl &
N EE RS e E iz,

A TR SN2 1310058207z 8 IEE T LOHERD
93,0001 TV, —DIZiE BN B B R
BWEWTH A, Lo L, —FOREI. AR
BORTCERE - WREDIENT & Ch 5, AT
< KEPED RIBHH X 72\, 7 D 72 BALR B E I
SO TR ENZFMETE N,

AOBERIZRE 0TS KIS AEESE 03D
236 NB  HDWTIZ 0 %2 KIEE T FRD O
10 D SBRRE AR B E - 2AEE Th 3 BO KA
BEHE TH 5. B TIE85 %A AEEA .10 %GR
5 %03 KIS Tdh % o EHIOEBR IS AV E 5 6 FHES
TORERERE Th 5. SHAE AR C - 72 As
138 32 M AEA (polymict breccia) & BRI 5 FEH
OFRIZE > TR ERERERILEGTH S,

HOBROAFKIZ A»oR2BEE ) EANS
b o W-aamE8kH (& 8) 2 5/ 56T 5, Apollo®
THEHIRO =B BRI > 2D LT DS
HENT= T — 4 DEEZ O MO BRSO T % 5,
Lo UJBRIZWDOBEE Z 25RO L2 RTH % 7=
B HPEAOHSEIZRE OO 20038 L v, UL LUARED
ZHMERLECOFNL S A ORFEAOE T % %, A
AIZIERTHRAZ L WS HEE N —FORETHA S,
;:

L E DRSS ROV EEEG.  v T vaE T
ELTCABDFAVEIH A I  F—7L254
(armalcolite) 72 & T & T\ 5, HOWO FHila 1  hERD
SOV 2 2 KRR E < FEFS MR AT &
AEBENWT L Feb TG VOB TH 2. AOMmOE
1213 K7 12870% (REE: rare earth elements) & P
WEAZERDS OO BB EL L.
KREEP&IEITH 35,

WOLTRAEITIZ HERD E DIZIZ RS I VR 0
ELTOBAHTORHE LAEF LR L s DY 5 v
O A Y 7 Y EOHEMR. YD g VRO E & DR
A 4 b a7 =7 (pyroxene vitrophyer) 7z Ehid 5,

KREEPIZ. Si0:-(Mg, Fe)2Si04+-CaAl2Si0s (Q-Ol-An &
& 47) D pseudo-ternary TH{Bl T = . 7 DILFEMBUIpx &
ol.pl?dperitectic pointD I < 128 % IO EF & Q-Ol-
AnTEM T Z %728 KREEPIREILOEG &3 TH %
EEZEND px+ol+pl B LTV A DF ) ta
b4 b (troctolite) % / —F A | (norite) & YTk &
LTEB L T 3 v 7~ 2 R O & TR 1
LUBHEE L Tzt DN KREEP Ch % L% % b5,

HOBGIZ Feld&BE LTEENBZL1ZHH-T o,
Fe i 3fFE LWV, 2. v/ YOBESTENR EHYH T
KVCETNERBR Ch -2 2 L #BKT 5,
=5

AOBHOBRAIR. & & & L I3HRE & LT L
D THEINATEAENPNRY I 27 FEEEEIZ LS
T3 FHE I Cak ANCEORIEG# TR &4 5471
REBEDALABOAEE) % FHRESIFEG L
BMEHOBIZ LT . REAHEZVIEIZFRES
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#7. RAEADZHE
Rock Type Reg Reg Reg Reg AnBre Lunar Lunar AnBre AnBre AnBre Lunar
No il 2 3 4 5 6 it 8 9 10 11,
Si0: 44.4 45.7 43.9 44.9 43.14 43.59 45.67 43.05 44.34 43.64 45.36
TiO: 0.22 0.25 0.34 0.23 0.35 1.52 0.53 0.22 0.24 0.03 1.66
Al:Os 28.1 25.6 26.1 28.9 26.01 12.89 16.73 27.78 28.35 29.08 11.49
Fe20s - - - - 0.04 0.28 0.48 1.47 0.37 <0.05 0.6
Crz0s 0.109 0.129 0.130 0.090 0.13 0.11 0.15 0.10 0.06 0.09 0.17
MgO 53 8.2 6.1 4.0 6.22 5.75 9.52 5.64 5.26 5.03 6.41
FeO 4.7 5.4 6.4 4.3 7.02 21.17 13.57 3.69 4.96 5.03 21.18
MnO 0.065 0.075 0.082 0.065 0.08 0.18 0.09 0.08 0.04 0.03 0.25
CaO 16.0 15.0 15.4 16.9 15.33 13.25 12.28 16.28 15.76 16.63 11.99
Na:0 0.43 0.30 0.33 0.33 0.33 0.40 0.42 0.45 0.44 0.44 0.50
K20 - - - - 0.02 0.13 0.08 0.02 0.05 <0.02 0.04
P:0s - - - - 0.31 0.29 0.08 0.15 0.09 0.06 0.05
H20- - - - - 0.1 0 <0.05 0.10 <0.05 <0.05 0
H:0+ - - - - 0.48 0.18 <0.1 0.63 <0.1 <0.1 0
S - - - - 0.41 0.48 0.19 19
(ppm)
K 180 194 220 237
Th 0.20 0.29 0.32 0.39 - - - - - - -
Ni - - - - 180 21 108 100 84 - 29

7' — % | National Institute of Polar Research (1995), Warren & Kallemeyn (1991) {4 %. Rock Type @ Reg i regolith, AnBre
{2 Anorthositic Breccia, No @) 1: Y82/86032 D F-15, 2: ALH81005 D1, 3: Y791197 DFHy, 4: MAC88105 DF4g, 5: Y791197,
6:Y793169. 7: Y793274, 8:Y82192, 9: YS82193, 10: Y82194, 11: A88175 #/R¥.

(anorthosite) . #tH&EAEE / — 7 1 b (anorthositic
norite) . / — 74 FEFHEE (noritic anorthosite) {2748
ENB DABAER IV I VREREAPERS b
74 P EREFERN6LKS ) T4 P AL
EHVIVAFRAENOEEAEEINL-Lus b T4 b
(spinel troctolite) . # vV I VAN BERB X T A b
(dunite) 23 5%,

fa b 74 Mz AREELL T wEROE 62
ROoMmoTE D FBTWw- < DR LM RGN
5, 74T A4 F VA4 44 b . 27aLAERNE
7% % symplektitei® ) RE10~30 km CIEH S 172 T
ENDPoTNE EHOBRA TCCak AlEF T LT3
MRAEMEZEEDELE THD.— ./ —74 +Rtusy
P74 bFidFe®Mgh EHG & T2 0REETHD,Z
DI EEANEBHEES TS Z 6 ADHRNT
SAEREART 5 T3 T Th B B 8 5 T
MENZ 6 AEERPET 2 X aFrd 725
A6NB,ZDED EFEE s~ A=Y v Y (magma
ocean) &I ATV 5,

VU= vy YRR ERORRAICEL YT
PRIBRIZI R -T2 EEI6ND 7 UTHER T~V b
NEFIZ) =54 Rt b4 PS5 TETNWSE
Eibh3,

AOBEMOERIZAZEAEIRY I 7 FABRETH
3, BBOEGHE P ET S TERELZ6DTH 5, AEE
DERFOVA XZREFELI m2 51 mm TE THAZED
N B BEOMWMZEIZ L - THOERD X BOME
FAOWRIZL > TElm-\mEICE DB LZEEA 6N
% o I A B AEE D 10~15 %3 7k D DEE &
T T30 B R MERRERIR T b 5 . MEERIZIE,
H5AEDEDEREHBED S DDAEIN B B 2 ALFN
IV B R Y 3 7 P AEE ISR TR R S han s
FEBHD &S BRKRKRE R 7z WRIK TR Of%

R ERERTRIKEROEATHEIEEIONS,
1R

RAOERORRE . HRMITH (Na. K. TL Bi.Rb ) iZ
Z UL VHEFERMEICER (Ca AL Ti  Ta. Zr Nb. U ) iZ &
A HFTCR (Fe NiIr . Au-) 122 UL A TTE (Li.Sr.
Ba.Be.Th--)IZ&¥r (3 9) JHFMITTRIZ600 KL T T
RETH B HOERIZICIA Y F 74 MHiR1/10~1/
1,000, FAGAFGREZITHANT1/200 3ERkO < ¥~ P v
HRT1/50Z Ly, 20 &5 e U R AR DSt oo 2
EXRHETIRONEWRRL D ThHh % (Taylor,
1992) , R HEFRMED TEHRIE . 600~1,300 KCEHET %, H
DEAIZ BUEKEREZIC N T1103tEkD ~ >~ b
IZHANTLR2Z L0 HERMITRIE.Cla vy F 74 bk
R T10~100f5E 8 ARG I RS BWZEZ
L k»TWw3,

HOBADOICFEREEIS ERD = ¥~ Lo LS
Pcns (K1), 20 X A 2EIR O R % 55 % 0
2R D L) R EOETFLSRIBI T3,
K

HOEAOFRIL BFEO HETRD 5 T3 (K
10) WA 1E 5 LA L BHOFHES ZHE »I1ES (X
2) JEDO LKA BHE VL DML L BHOFHEFR I H WV,
FHRETEEO D EVWEDE IV I VRO KEEN» 6
46fEERTD E DB RO S5 TNE, UL L IERAEDEL
1343~ 40fBFHT & B VFER AR, ZHUIEREOHEZIC
SO THERMRBR -2 EE X 615 B DOELGDOSHIAE
filf (37Sr/Sr initial ratio) i3 &V (0.7085F TH %), 2 D
&9 RO ERIERL/SrHLO @ WVIERIFE 2 6 T % /-
ZEERT,

H O+ (soil) TlZ46fFHERTO DA RO TN S,
Z USRI 46 BRI DO DT % b Rz K > TH
P EELSRZZDN L bhroTngly,

FEE O HERIT 4038 5MEETTOERD L DA S
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H &R DP9 LA

Loc. A-11 A-12 A-14 A-15 A-17 L-16 L- 24 ave. ave. ave. A-11 A-12
R.T. MB MB MB MB MB MB MB An Nor Tr S&RB __ S&RB
Si0: 40.46 44.88 - 46.68 39.03 44 46 45.57 50.6 43.5 41.99 46.21
TiO: 10.41 3.62 1.97 11.94 4.77 1.02 0.08 0.3 0.18 7.94 2.61
Al20s 10.08 8.93 10.21 9 13.83 122 33.4 17 24 12.58 12.13
FeO 19.22 20.48 19.87 18.82 18.7 21.58 1 8.2 4.1 16.4 17.19
MgO 7.01 10.64 8.76 8.54 6.4 7.4 1.21 12.5 15.1 7.93 10.42
CaO 11.54 9.81 10.63 10.82 11.82 22 19.1 9.9 134 11.74 9.85
Na:z0 0.38 0.25 0.3 0.39 0.53 0.23 0.4 0.38 0.37 0.47 0.41
total 99.1 98.61 98.42 98.54 100.05 100.63 100.76  98.88 100.65  99.05 98.82
(ppm)

K 540 912 409 440 970 - 123 520 1370 2100
Ni 46.7 21.5 57.5 2 79 43 199 260
U 0.252 0.6 0.154 0.123 - - 0.52 1.68
Th 0.91 = & o 0.2 0.04 2.34 5.2
Pb 0.42 - 0.24 0.278 - - - 1.61 3.9
Rb - 1.83 0.76 - 1.65 3.54 0.22 3.8

Loc. A-14 A-15 A-16 A-17 L-16 L-20 L-24 A-14 A-15 A-16 A-17 1-20
R.T. S&RB S&RB S&RB S&RB S&RB S&RB  S&RB BX BX BX BX BX
8i0: - 47.19 44.89 44.47 44.37 45.2 45.4 48.9 45.48 45.21

TiO: 1.46 0.53 2.84 3.3 0.5 1.04 1.51 1.68 0.64 2.23 0.49
Al:Os 14.32 27.23 18.93 15.68 22.75 11.95 16.72 13.96 25.11 17.82 23.18
FeO 14.98 4.98 10.29 16.75 7.46 19.55 9.53 14.04 5.08 9.8 7.11
MgO 10.95 6 9.95 8.78 9.69 9.87 10.18 10.25 7.24 11.55 10.46
CaO 10.47 14.56 12.29 115 14.7 11.07 10.67 12.78 15.14 11.42 13.75
Na:0 0.4 0.47 0.43 0.35 0.39 0.28 0.73 0.46 0.45 0.53 0.42
Lotal 99.77 98.66 99.2 100.73  100.69  99.16 98.24 - 99.14 98.56 55.41
(ppm)

K 3500 1300 800 1050 920 630 238

Ni 411 216 378 211 174 252 158 - -

U 3.46 - - - 0.36 0.325 - 3.9 1.11

Th 15.1 - - 2.44 - 0.975 0.4 15.8

Pb 8.3 1.81 1.9 1.47 0.96 9 s
Rb 16.5 3.8 2.2 1.6 - 1.7

7 — # {2 Heiken et al. (1991) @ compile ik %. Loc. (Locality) @ A it Apollo. L& Luna DFEFEHR % . ave. 12 average % 7R

¥

BX & polymict breccia # 7R .

W, BRI S N ICEIC L5 TR E N6 DTH 5
ZEMS HRIZES>TY Xy P ENEFERTHEEEL
5N, AEEEDIES000 74 &\ 5 BWEEHARIE., 2
OHARICEFRNICE U WERS R o2l & AR LT
5, ZHUIHDLBEME DATOREEREZZLALHLT
LESIZEDRFHTH -7 L anT [BROE L
FEORHANAIZD 57235 & HERS D OHIERARE
b HVIIKGRERNERORH Th -2 Z Ltk 5,
IR ROBEDRERIZE > CIEFRICEE R HMET
»H5,

BORRA 1343 -31EFRN R SN2 D TH 3,
B3~ 31EBAFI O BIZWER S EEIN & - 72, H DB
26 UREDOEH E CIoBEFES S VOBERZENH %, 7
AT RO RO BSMETTRO BT XL ¥ — 23
EM SN T AREOE BRI TOICE T 5 H» %
LIy, & 5 VI RS A O RIK A IR Uk
WS BRI E CETH A AV EE LB REXIZIZDT
AUl o 72 AIBEM: S B B MO KA 1L SrOWIEME A IE
BN XV ME (0.6992—~0.6996) &2, Z AU FEE
A3Rb/Sri0.005F2 E DR\ M 2 55 5 . BABID L 5 K\
SriEfEARE - Tt ELLGNS,

b AIFE AV RD/Sr L T b - 7= iyt U Mg
TR E PMERD/SrILTd 5. 24 H Oz < &
ERbESrO AT 5727 & 2 BT 3,

R.T. {2 Rock Type T, MB I3 mare basalt, Anid Anorthosite, Nor {2 norite, Trid troctlite, S&RB i soil and regolith breccia,

g

BORERE BN L Db o T3 ERE 2T L
WHRE
- Copernicant (0~ 10fE4-11)

-Eratosthenianit (10~ 32{B4-H1)
-Imbrianic (32 ~38{E4EHi)
-Nectarianfc (38 ~39{E4F-5i)
-Pre-Nectarianit (39~ 46 {4 i)
L 7% (Heiken et al., 1991),

Pre-Nectarianit (39~ 468 47) i3 . Nectaris impact
ML B ETORRT. AORIBIITH 5. Z0OHTH N
KOPDARY FHEH Eh T3, 7. AOEEN H
%o ZDOHDEIIZDONTIRBEAR T 5, 2D T ALK
BERHUAHE Z - 7z, RIS i B AC2ERT 2 B0 1E . sy
SUER RO 7a -7 4 ¥ 3 v FHERRICED B il
DERESD 572, ZD &5 BRI~ F =V r U
BTN E L 55 50100 kmDBE & & THEG
T2 B3ETNED 50T, 5 S VEZOR-ES
EAERRIZE L W L — & — D22 & - 72, Wilhelms
(1984) 13, Nectaris & D #\ 27 L — & — 2330l 5 % &
HLTWE, ZORN DN IE HLWERE L—& —
IhRExnEEhTng,

Nectarianit (38 ~39{E4-81) 13, Nectaris#th 735, X
N52,000 FFIZEDHMITH %, 7 DMEiNectaris IFHs
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#9. HoftFlEET v

Model 1 2 3
mantle+crust

SiO: 43.3 45.6 44.6
TiO: 0.4 0.2 0.3
Alz20s 7.6 4.6 3.9
Cr20s 0.3 0.4 0.4
MgO 29.1 32.4 33.4
FeO 13 13 13.9
MnO 0.15 0.18 -
CaO 6.1 3.8 3.4
Na:0 0.15 0.06 0.05
K (ppm) 78 60 100
U (ppm) 0.041 0.027 0.028
Th (ppm) 0.145 - -
Core

Fe 61.5

Ni 32.5

S 4

Mass

mantle+crust 98

core 2

7 — &3 Basaltic Volcanis Study Project (1981) kW 35[HL
7=, Model & 1: Mol, 2: Mo2, 3: Mo3{ZHI5T 5.

KEZHDETTH LMD ATER E T3 EHE
20kmPl LD v — & =3 A< L1700 I3 H 5 &
RfE® 5% (Wilhelms, 1984) , Z ORI K& &
I AMES LI WL WBEOBRED D WO RIS
BoKERAPRI 572 EL 605,

Imbrianit (32—38fE4A-H) 13, A DHERAICidImbrian
DR R Th B EREWHRI B o 7272
B Imbrianih & OIS HICH 72> THofm L
T3 ImbrianDitidtEO B~ — 71— & k5T
W5 Imbrianitid B Imbriantt & £ #HImbriantt iz 5

e T3 B Imbriantthid L WFSEMFE Z 5 72
AT, % < Oimpact melt WL iz LB 2 55 4F
RIS IEMEIZYRIE X TR WA IEIE38~ 39 RiLE &
N5,

B Imbriantitiz, 7 L — 2 =R RREL N6 B
FNTER D KIUTEEH O L WEETH % BIZRHE )
KE 2L & L. EratosthenianfZ it ISt DIZ & A E DR
oz KA D B Th 5 MR O RIIZIE .
ImbrianX°Oriental DA #2720 3 BEIZ37.522 5 3218
FRIEE STV B,

Eratosthenianft (10 ~32f84-10) 1%, 7 L — & — R
EBWETARIZE-2TWE, L2 L. ZORDHDIC,
Eratosthenian? 3 2D 7 L — & =PRI N T .M T
BOLHAE DOEEHHEDH D Eratosthenian? L — 4 — %
HHTWEEREN—FH L VLD E L5 BORRE %
¥ LIV Z (regolith) ix. Z DRFHIZIZEL X 117,

1% D Copernianit (0—10fE4-71) 13 A DO HIRAA T,
Copernicus 2 L — & — (96 km) MIEE & N 7zKei ¢
& % ,Copernicus? L — & — X D FHWEES0 km % Hi A
BoU—4 =T L AE RV, ZORIZIE N SR
DIFEMNEEL 5 5 720 TATE A EOMBEERENIFEIE LT
W3,

HEIR

A ORIEIZBT 5 7V, S T30 R (fth
A Z U CHRRE CLE3) 2 2 1npBah b » ok
mINTEL,

BT < 132G, H. Darwin (1880) 12 & - THENE X
NI2EDTH B SERAES BER L TN 272812 kD
WEPIROCH UTHEEE LIz E T 55035 5 ik 5
A ENiZ 2o BIREFINTNE,ZDOET

3
5[ o +Mooncr . ;
10 e Moon/Mantle I & i e
‘ &
° E|
° L 3
1 » “ il
10 o ¢ e ° %t it
+§ . ¢ +& O e &% . S5 sribeitists ')
..... * : Y
+
ro . ° :‘Hﬁo.. + + +
10" ¢ e o +
o s iy ¥ + +":H - =
+
s * +
10 + + I ++
[}
+
F* +
10'5 1 1 1 1 1 1 L 1 I 1 1 1 1 1 L 1 1 l 1 1 1 1 1 1 I 1 1 1 1 L 1 1 1 I + 1 1 1 1 1 1 1
0 20 40 60 80 100

Atomic Number

B 1. AL ECIa Y RIA b EHERDOT D ML & D LK.

A D{t2# %% CI chondrite (Orguiel) &#iZROMantle &L L7z H D, 7 —%1dGanapath and Anders (1974). Ringwood

199Dz & B,
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#*10. HOH

Sample Lithology Sm-Nd  Rb-Sr K-Ar U-Pb
average KREEP basalt 3.83

average Crystalline melt breccias 3.82 3.92

average Clast-poor impact melt 3.84 3.83

Apollo-11  Low-K basalt 3.88 3.68 3.76

Apollo-11  High-K basalt 3.57 3.55 3.53

Apollo-12  Basalt 3.20 3.18 3.5

Apollo-15 Q-nrm basalt 3.28 3.34

Apollo-15  Ol-nrm basalt 3.30 3.27

Apollo-17  Basalt 3.74 3.67 3.74

Lunalé Basalt 3.35 341

Luna24 Basalt 3.30 3.6 3.40

Luna24 Ferrogabbro 3.33

Luna24 Metaferrobasalt 3.24

Fra Mauro HL low-K Basalt 4.32 420  3.97

Fra Mauro HL inter-K basalt 4.13 4.13

average Mg-rich lherzolite 4.18 4.18

average Mg-rich dunite 4.45

average Ferroan mafic rock 3.98

average Mg-gabbronorites 4.21 4.23
average Ferroan anorthosite 4.44 3.99

average Sodic anorthosite 3.9

average Alkali anorthosite 4.03
average Norites 4.40 439 4.10 4.30
average Mg-rich norite 4.31 4.30

average Troctolite 4.26 451 421 4.26
average Granites 4.11 4.00 3.89 4.19
average Quartz Monzodiorite 4.37

7'— 4 {Z Basaltic Volcanism Study Project (1981), Heiken et al. (1991),
Nyquist & Shin (1992) ® compile L7=dD &y FHEHFTEL =, HLIZ
highland. inter it intermediate, Q2 quartz, ol it olivine, nrm i norm % &k
T3,

NOR I, A OFE B EMEE kD~ » P L
DEDITPLTCND 728 HERD ¥ ¥ FLBTROH Lz e &
Z5EBAEDBR W, L2 L, AOBFICR B ERKO ~ |
VB L HRTZ LW E B TdH 5, 7 DB
33 RO FEEENE 2 TN TADE T (FAGOHEk
DTV T)DMETE . AR 2138 0Bk
BIZ3BbENWT &ETh B, F 72 25Tk FREH -
2R D A OBLE & M EROFRET LT H 13T 2R,
5°09'fE\ YT 5,

HHES S KRG RIS B0 & i3 § ORERED
—DOMNHERIZHIS 2 6T 5 TH 5 HiERE 134<
HEROES D ETS A 220 MMAFR EREN S, 6 &
BEFETIEALACIIGENEEDS13T TS .H
BTV RAEB . KX X TCRAEDHESN = 47
(Ganymede) . 7 J 2 b (Callisto) . 4 # (Io) . T /¥
(Buropa) . TR O#E & 4 # v (Titan) JELEDOFHE
) b ¥ (Triton) D622 5,2 DI b4+ ryarig
IR CPFHEE 2D, AL b b VI3 FEEEOFRE
iz Fhtns B Moso3REm it %, 20
LI EneHEZ B HRHERE ORI AFEE TR
L. DSNEFHEDO—DIZTELVWEEILLNS L
2 UBERS Hogk & H OWE I R o 2 bEERIE T H
% AR F—E 2 5 ORIEE BT 5,

BRI H OSHERD S CHuER & —flcfES iz &
BHTH B ABERDPED LS TH BT Ln b A
& BHIEN D HERUZIE U O & O AR E ) 6
EE N334 Th DI FHEERLFHBITA X 08
WIHBZETH D,

PlED &S5 12&F0id 2T hF - i  ED
FO—FO D E FRF ROV W, & RO
MU OFEEE 7 U C H OWRET A HIEROFREI 2 5 ¢
L‘% & ER—H R o fEE)E 2 b BRI N TR

IZREWZ & HOEEIN ST LB LT
m;ttcb LW,

D% WEFOEIRE 5 5 N Zgiant impactFih’
FEE SN T & 72, ZOFIIMERE H HERIZ SO0 0 2D
L XIIROB S 22 P EE > THIZ A 2T 53T
B 5 LIBNE RO 2 HE N ABIRTH 5 -0 i kE
FEEENTWE P LU ali—Y g LT Bk
PRI 1 R E AL, 000 MIE LA EA S
N5 ZDDRRENERT 5K 522 - AR UEE ISR
ZolbEIL 65 (M, 1994),

glant impactiZE DW=V I b=V 3 YAID R DE
LS k&b L5257, Newsom & Taylor (1989) D
BT ML D E KB LD RRKE L FAERE S5 km/sec
THIERE T 2 LR L& $ 5, 20K Fif
B EWERIZT T L O CReD B & BEBIESII O <
Y RMZE ST\ T 5,20 &5 KK H e L
7z g HBEROD BERAIE S % FIAEE O BT HhERD %
ZAKL R ED~ ¥ R IV IZHERO B FIZTROH
LT A A7 05 PN OROCH L2-WE £ > CH%
fEol& ENB . FeODEHEN S RFEE 5 & FeON'8
wtDHER < ¥V L% 15 wt%.FeOh314 wt% D Fhibag
785 wt% W EE - T . ADFeODEH BH313 wt%h » T
xhbtEIOoNS,

giant impactET7 NLOREMNE U T £ < DILEDOLF
WA AT TN TOEVETH 5,

5 KRE

KEDOLZEMBUE. A2 R G WAEE LD B D
2o TN D FAUIKRE D20 B & b FE 2
BEzcEs b KERRBEEZEZNBBEARON 5
TNB 70 ALEGINTWBENE Th 5 HEk» 5%
SR BRI D 2 X7 bIVIRETIC & - CRINDE & 55
ETHIENHRETH 5,
x5

MBEDKEIL . KEAT00 Pa b K< #ERD 1/100F8 5 ¢
a*oan%U)EJiﬁi‘ltb?—"‘ T EEDOKRTIZM TS S KED KK

I BRFAEDOCO%F & UNoAE S MME DR S C 48
a))csmb_ DEVDFED 515 &2 TldH07'0.14 %5 %
DIZH U VKR CidBE ic B OH02 5 % 0 7253 KK,
H11ZH20i30~0.03 ppm & JEF 2D, 72 OAEIZI
0:£%0.13 % & D ERILA) 2 K520 45213022369 ppm L
Mg RTCH A KK TH % KEDOKRKIZ ML H 5 2
LItk S,

PEBORFHEBIIZ, 2C/53C, 50/30 13 kD & o & —
LTV B KEDODME ESA r FSArIZHIERD ¢ D12 X
TR EVDECArIZBHMER TH 5, ZHUT BN
WP DRH ZANPELLLI 52T L ERLTNS,
UN/BNIZ HBEROD 1/2.5 U A2 70 vy, Nt 3 I8 1 4 858 1) 1
MHEDEEFRFUFAET B UNOEFEINXL BN
& D KK Bz R W (McElroy et al., 1976)D T .k
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15 R
| Bl Rb-Sr
» Regolith By oS
10
g [
o
5
30
-
20
10+
0
5
20
| Highland
H Rb-Sr
§ [£] Ar-Ar
- [J U-Pb/Pb-Pb
15
10
5

O oy .
o 4.5 4 3.5 3Ga

2. ADAEADERFERDOHEERN.
ADBADHERERE, AEEE (regolith) BLUYE
(mare) . &t (highland) O#R - AGEFEFITRL
7. 5 —#13Basaltic Volcanism Study Project (198
1), Heiken et al. (1991), Nyquist and Shin (1992)
k5.

EDH L ORKEITHERO 2565 E . 1-3KED
COkNoFERD ARG o7 ZELOND, 2D LS 55
BUIIRIE n KA & HEAKDOFEE TR EE 5,

KEBD &5 7CORA T He 0D =HHIZ0°CTH %,
& D72 IRE TIXH03 [k & UTIFEL 9 5 .8 ¢ E
DB B EIFFIET Z0I UK TIRED
TROYBDADIPEL D 5, Lk L AKEMEN 20T
FEFHLTLEITTTh 5. HOIZKELMMOBRADLRE
TRIFBIZFHELD O WL DI TH B, b7z s LT IaT
IR E UCHEE & Tn i 2 k& T 50
WEEL W I IZ R S B Bk O NG BIE OB B &
PO D B VdEL L TE T & ERT,

*+

KEBED 27 P IV Kuiper (1952) # ik & LT
B 6B I HmbNT WD, ZOREE MILE @
(Fe20s) BT BALEFM THA I E ENTNB . BT 6
< limonite (Fe203 - nH20) D Z WD THAI L EL S
N2 HERD T v A )L (latesoil) EWEENS 5T 54 |
PPN Z e s TREVRIL Lz D EE X
5N%,7 b4 ILEFeOk ALOs K84 & A ik
ZIROEEE TR E NS, La LIRIED KB I L /-
WRKEARIRTH % 728 FRED TR S h 3BT
BV, ZIURKBIZB DD TRD S - 700 b D
ARG TENER SN BE B IE K-> T\ 2 & %
T 3 RGO TN KELREE > TS0 KE
BARSIZTWEIZRA 3,

KEORMIT HERD 5 RCESIF R A 280
5. BT R A B0 MR OBGHE 5 7 5B (A
Ty F)RFH(Z M) =2 ) BEREE 5 22 Th B,
B s ol BedisgEd 5, 2hudiz k- ¢
MR E BB L T B 00 EEARIZ L 5T gD
FKEALDORBIAENTNEZDHIDEBL LA THAD &
BAEND  BEMEDERIZ IR 5 DR 2R |
IV CEERRIE H DAL 58— 8k (FeO) DRI A X & 1)L
ERioTWE Z &S NI 7z 2oL U H
LCWaWnZ en o HEOEMIEIM & 5 L g X h
%, BALD D WHEE R XHE PP A B AB D B VE
LHREEOKIRBH ThHDEEZIOEND,

#2113 Viking 1.2DprobeS&FE U 7225 0D 34 A1 &
72, Viking 113196742 V) 1 ¥ F5(22.5°N . 48°W),
Viking 2{3 2. — } ¥ 7 P (48°N . 226°W)IZ ¥ ke U R
T6emDEEDTHEAREI L Tdh - 228 XKW E
THM L7z,

O L FAEN(FE 1), ERS IERIZ 5T
% Fe:0s 23 %\ D MR 3 BRIV e KRR D BN TR
fLIFIZFeON 5Fec0si2 B L Lz £ X 6 ND, T DR
Wid 22 bOLARECHEE ST Blimonite TH A .,
MgO#435.7~8.6 wt%F2 [ T, KA DL 277§, TiO=i3
DAL AFIZHENTEL HWEROMORBD & 5 &
tholeiitic basaltZ EbH¥ 2fEE2 RO LU O & kb &
T AT A I XKRERETHE LEL NS U
toZ &k KBOWROR LI KRE 2 FEHEK
Mo TWsEEILNS,
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(=¥ a)

KERIFEE X 5BHA1E. 2D Tidshergottite,
nakhlite & O’chassignite D38 T. Z DX F & & 5T
SNCEMFREN TV (R 1) REH LKA TELT
#I1EE (orthopyroxenite) B A 6z, T4 A 7
4 } (achondrite) 1213, 7 ¥ 5 V BRTMEEH (augite) %
B DRIENDHEVDOT . SNCEEDb-[BRIZLEE
Abhd,

shergottitelZ SO BILIZIZT 6D &3 H % 1 . FlEA
7310~20 vol%. M 7311—37 vol%. Y'Y 3 Y #if
(pigeonite) 4126 ~59 vol% CEELERIM L L D5, 7V 7
VA ALHT770051 K53 £ RUDERIZEETA79001A
2B 5 NB FE) Td B shergottiteld Al:0s 73 % < FHE
ADEWT L&KL T\ 5, shergottiteld S S iz
MREEED HIROLKHERE 2 74 MZRIE L KED
W AR L W= EI6N5,

nakhliteld EBEG#FE L.V 7 VA ERERE
5 SNCOH TIECaODEHEN—HFZ 13
FEBER AL W & & KL T3  nakhliteid . @i S
TR EAEE DRI A F5 5 Bk XEA 1SRG U R DY
AR L TWE=EEIORS,

chassigniteld 7 ~ 7 v EEFE L UT R RA & il
A . SHER D B & chassigniteld . SNCOH T
FeORMgOIZE A, Al:0:CaOlzZ LW, ZhiEh v 7
VAEFERE LTS Z & & KB L T\ 5 chassignite
R AR DA S ABED & D HHEER B HEROPA L A
BIoxIB L. vV PLEMBR L TWEEZ 6N D,
FK

KEEATREOIER DR D —2 12 ERERDEN T &8
ZEF B ND(E 1) 80 SHRAESIL. ZDHRT
—FH < 30— 40BFHDFRA/OEN TN EH ,RNT,
nakhlite & chassigniteld 13{84F-1] T & % .shergottitel3
1.8~ 13fFFRT & —FH ), 20 & 5 RERI RN TR
FCKBAERAN D o727 & #3T  HIERAUEE 3 BER
PN TR—BFBREE CHEEBIL WA LIl b, /2720,
KEIZWEAKIZROH o Tk,

IEZET IV

KEDCEBRE 7L 3 14107 U 7o KRG IERIC

s
o

Y. KOIDE & H. YAMASHITA

HNT R RCOPRRTH %, AU FEE 2 i
BREHANTPNENZ EERMLTWE, 7Y PILOHO
FeOD BMMIRIZINRTEL Lo T W5  BRELKDFe
THAND LHIERDTTHKE & D B4 Feld KE T3t
HE£FDESTYY PLIZERD BOBE B D ik
holzbEZI 6N,
FgEw

KEDHIZ BT K& LRI KL 21 KK
R DA 2 BEALFERD 531k TharsisD BB A 2 5
% SNCIEA DR AL & DB ERDE T
EERETH o7z E X 55 (Treiman et al., 1987) . K
KOBWD/H RN IS KE ORI A 2 & K5,
DT 5722 2R LTS, ZDH%. vV MLk
KA B LA ML L ) Y 27 = TR BRER L0
SMAMIE Y v PR U < BuR & 7 B B IR
PHRIZIRE LT L E ) 20 10F< 6 noRiz—5%I
#r¥ < (Schubert et al., 1992) . AERAEE DR D V)
FAZNDEDMIRDO &S v LF-Tv—F+-Fo b=
U AR 5N ZIURKBDFEINEL T — |
DUMBIAB G OYHEHTIZ. TRENI 70V v 4 D
SEEMEIZE LW 28 T H 5 (Taylor, 1992),

KEDHEE T Mariner 9D ERIZ &k - THRIID AL
BENTWBEHLWED, S5 LTFO3DOMBERIZX
GENLTND,
- Amazonianit (0~35. 5847
-Hesperianit (35.5~38{&4F#i)
-Noachianiz (38 ~46fE4EH) -
VikingDorbiterDE{§IZ L - T L b fliHk .
AmazonianfCi3Hl - - HiZ . HesperianfC i3 57 - £ H
12 NoachianfCi3 I - H - B 730 5315 RIS R IERE
THhEB N DOPDETILMPRIBEN TS, Z T Tid.
Neukum & Wise(1976) # ¥k L 7=,

Noachianftid K ESKIZER LR TdH 5 51 H
Noachianttf (46 ~45{F4 1) I3BE D 51k impacthiE D
TEB BARRTEE) 7o & DR A LB TH - 72 (Banerdtet al.,
1992) & ZDHETH R o N2 i BREREOWIIL Y
L — 4 — DB L WK TH 5, H ¥ Noachianth
(45~43{R4FH0) 13 Tharsisiis THEF 2 VEE) D 5 - 72,41

11 KEOWERSHHE
Sample S1 S2 S3 54 Ce,11 U24,6,7 C1,78 U35 C25,13 C1 Cé average
Locality Chryse Utopia Chryse Utopia Chryse Chryse Chryse
SiO: 44.7 44.5 43.9 42.8 44 43 43 43 42 43 44 43.0
TiO: 0.9 0.9 0.9 1 0.62 0.54 0.66 0.56 0.59 0.65 0.61 0.6
Al20s 5.7 n.y.a. 5.5 n.y.a. 7.3 (7) 7.3 (7) 7 7.5 7.3 T2
MgO 8.3 n.y.a. 8.6 ny.a. 6 6) 6 6) 7 6 6.0
Fe20s 18.2 18 18.7 20.3 17.5 17.3 18.5 17.8 17.6 17.6 17.3 18.0
Ca0O 5.6 5.3 5.6 5 5.7 5.7 5.9 5.7 5.5 6 5.8
K20 <0.3 <0.3 <0.3 <0.3 <0.15 <0.15 <0.15 <0.15 <0.15 - - 0.2
S03 T 9.5 9.5 6.5 6.7 7.9 6.6 8.1 9.2 7 6.7 7.2
Cl 0.7 0.8 0.9 0.6 0.8 0.4 0.7 0.5 0.8 0.7 0.8 0.6
(ppm)
Rb <30 <30 P20s 0.8
Sr 60 £ 30 100 * 40 MnO 0.5
Y 70 £ 30 50 £ 30 Na20 1.3
Zr <30 30 =20 Cr203 0.2

7 — &t Baninet al. (1992), Toulmin etal. (1977) 2k %, Sample 2 2{HLIES 5 DIFFHEERL TS, ny.a ldBERESE

AT 5,
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# 12.

KEHALIRFEA D LA

No. 1 2 3 4 5 6 7 8 9
Rock Type S S S S S N N N

Modal Composition (vol%)

Pigeonite 36.3 36.5 59.3 39.5 26

Augite 33.5 36.5 6.1 20 i 78.6 major major 3.8
Opx 5.4 tr 4
Olivine 8.9 52 15.5 min min 88.5
Plagioclase 23.3 21.7 171 29.1 10 3.7 tr tr 2.6
K-Feidspar 1.4, tr tr tr
Ti-magnetite 2.3 2.1 2 3.5 1.9 tr tr

Chromite 1 1 1.2
Sulfides tr tr tr tr tr tr tr tr tr
Phosphates tr tr 0.2 0.4 tr tr tr tr tr
Mesostasis 4 2.1 0.1 0.7 tr

Major Elemets (wt%)

Si0: 51.36 50.8 48.58 49.03 43.08 49.33 46.9 49.5 38.16
TiO: 0.87 0.77 0.64 12 0.44 0.35 0.33 0.35 0.1
ALOs 7.06 5.67 5.37 9.93 2.59 1.64 1.55 1.74 0.69
MgO 9.28 11 16.31 7.38 27.69 11.82 19.9 10.9 31.6
MnO 0.525 0.5 0.469 0.452 0.46 0.55 0.79 0.67 0.526
FeO 19.41 18 18.32 17.74 19.95 21.7 22.7 19.74 27:1
CaO 10 10.8 7.05 10.99 3.35 14.3 13.4 15.8 0.6
Na=0 1.29 0.99 0.82 1.66 0.44 0.57 0.36 0.82 0.13
K-0 0.189 0.14 0.033 0.065 0.027 0.166 0.09 0.43 0.041
P:0s 0.8 0.54 1.31 0.36 0.103 0.058
Cr:0s 0.203 0.3 0.589 0.183 0.963 0.25 0.18 0.21 0.63
S 0.133 0.16 0.19 0.06 0.025 0.012
Sum 101.12 98.97 98.88 100.05 99.41 100.80 99.2 100.16 99.65
(ppm)

Rb 6.84 5.7 1.04 1.78 0.63 <4

Sr 51 46 57 67 <100 75

Nd 4.5 2.89 14 2.9 1.15 2.85 2.8 0.7
Sm 1.37 118 0.75 1.56 0.42 0.78 0.83 0.16
Th 390 <100 <200 <100 150 <200
U 116 154 <60 <100 <50 49 <100

7 — #iZBaninetal. (1992) iZL%. 1: Shergotty, 2: Zagami, 3: EETA79001A, 4 : EETA79001B, 5: ALH77005, 6 : Nakhla, 7 :
Lafayette, 8 : Governador Valadares, 9 : Chassigny. Rock Type ? S i& shergottite, N i nakhlite. C {& chassignite %, Modal
Composition @ opx i orthopyroxene, tr i trace. min{Z minor % MK $ 5.,

H~ v HiNoachiantt i3 /N % F v+ AL E NS,
#%JINoachianttt (43 ~38{E4Fi) i3 Valles Marinerisihls
THEEVIEE 5,

Hesperianft i3 22RO MEE) 2 & Hulsk i 2 B~
BATHICH 2 SR HAK D b D F v 2B S
% . fi i Hesperianft (38 ~3 7{F4FH1) I3 . impactifE D JE
BB EAE AR T B TH %, % Hesperianttt
(37~35 5{FFH) I . KEDOSERANEA T &,
Elysiumisk O ZAEH 2344 £ % . Tharsism O 2T
ZDETH 5, % Noachiantt ~ i Hesperiantt it
ERFERDBER D FET S,

AmazonianftiZ ik DR & /=GB & % %, Z O K
12 BB OHEREI AR E 5. % U C T OHERIZERIE S
VTV 5 Wi Amazonianttt (35.5~ 25 FHi) i3,
Olympus Mons & Elysiumilk O ZEAEAAER T2 L
133 Z % HiTharsis & Valles Marinerisiilsk T C & @) H3
YT W3 Marineris#t 423 Z DL S N5, H
Amazoniantt (25~ 7{84F#) iZ. Olympus MonsHilsk TG
RGN B - 7273 Valles Marinerisihlskod 3B 73 5 2
% #& ¥ Amazonianth (7f&~ 7,000 17 4F-417) 13, Tharsis.,
Olympus Mons. Valles Marineris. Elysium3t ko vh)
MEALD,

6 /NEELIRA

VEAE NSRS B B S HER 0 B 8 7 U CIEE
B4 TRAMIZIT DI D K2k -/, TORER. »
BOFLWVEBRBAFTE S L)1k - 72, BRDOFHF}
R CIRNERER LY X E X =y MLy Vv
L) & — VOB AT TS B X s ERHT. DT
710~100 gFBE» { LIV WK BELATF -2 K5 T
H3,

NSRS K AR Y PRI S HEE S h
TWABM BESEELTEAPD L 55,5856 BRI
KEBFANRED STRACE L ELONBENETH B,
R X NAEROE T HEARY 2 Z LA HETH
% JRAE E T MO BADELRD 5T B A 3
CEHBINEED T FOHIZH 72 0 BN FEN
LS EDTH S SR GEH RUHERO PE & D A
fThs, 2% NEEHFHLSMSENOMETROT L
7=FBAE A IR A REY) 2 BEORO K 2 WPEEA RO L 9 I
KolkbEZIbNS,

FERfEEO % THEEE 22 L g 4 THOHEEIT—
HUEWH FBEDEL DF 4 TINRED 27 P LD
27 ZEXHATRE T H B JBa» /NGB EHET S 2 &
MAGETH B LT TR BROMES L0 3,
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* 13, KERFELOFT

Name Fall Year Location Rock Type Age (Ga)
Shergotty 1865 India Shergottite 0.18-1.3
Zagami 1962 Nigeria Shergottite 0.18-1.3
EETAT79001A 1979f Antarctica ~ Shergottite 0.18-1.3
EETA79001B 1979f Antarctica  Shergottite 0.18-1.3
ALHT77005 1977f Antarctica  Shergottite 1.3£0.13
ALH84001 1984f Antarctica  Orthopyroxenite 3-4
Nakhla 1911 Egypt Naklite 1.3
Lafayette 1931f USA Naklite 13
Governador Valadares  1958f Brazil Naklite 1:3
Chassigny 1815 France Chassignite 1.3

5 — #}2 Banin et al. (1992). Grahametal. (1985). Miuraetal. (1955).
Treiman (1992) ik 5. Fall Year O fid found # &K $ 5.

fef

PEAT 12 RIS & Fe-NigBHM 2 5 fEE Ty
3 EEMESMET LT 5B A& AEEE (stony
meteorite) .Fe-NiB 4 1 & 9% & D % #kFEA (iron
meteorite) . EEERIESIN & Fe-NigRBHMWI N 5 TE T3
& O % A B A (stony-iron meteorite) & W) GBI H
123 FY a—J)t(chondrule) ®$» %3V F T4 b
(chondrite) ¥ . I Y F ) a =D 2 FF A4+
(achondrite) i 5N 5,

AV P74 PR ACFENERPS T YT AT IA L
(amphotelite. LL I ¥ F 74 b)) I v T VENA =V
v+aY FF 4 b (olivine-hypersthene chondrite L. 2
R4 M) AV I VE-TaFAL F-a Y F74L
(olivine-bronzite chondrite HaZ ¥ F 54 ) TV A 4
%4 F-32YFF4 b (enstatite chondrite.E 2 ¥ F 74
N REBEBEY F T4 b (carbonaceous chondrite.C 3
YETA MR AENS EHIZAVETA PR DA

< 14.

HFEORH» 51~6F TXAHETRTE )T
B3, 7VTATIA MIZ~T. AV FVTNAIS—V -
AVFEIA MES~6. H VY I VE-TUYA F-a Y FT4
Fid3~7. 202844 F-aV FF4 FMids~7. REE
AVEITA MRI~6IZX G ENE XGDHFEFIHKEL
% B15E5 TZ OBZERAFAORE N o T 3
YEIA DAV FY 2 -uid X F I F B bR
T SN0, 3V F o4 MRTCIRIEERPEEIZEL
TOWEWEOFNZ A TOFRFHREL 551FEA /T
D a = ILEE TR D VBTN,

aAVETA MR DHEIEEOBEREZIT TSN K
BRI >Ry, I Y Fo4 M3
AR ORE#RTE L CWB EELONE T &
o MRIFEMIEA SIS S IEENBGORIKT 5 & 25
BEED S & & o 2 RIED AL LA L
KEL L BRI TTETOERER 54 5FEEIZ LK
BLTWERsZ EIZk 5,

—H. LA TV EF T4 agkiaa . giaa g
B E NI 2 o LA A T U OB S his
EDTH D, FDDHELL7BREFIENS 4 L7z
fEA FBREORRED bFrckES ALz D h
SHRL TV,

MERAIPE G I KR & B 5 IS E R A RIE T b
%0 F 72 AL LB KGRI & - 72 Kik& 20
KEOWHAZY 250 5 HE L BR E 75 5 e Faa 2V
Bz b00 %52 Z L3 ASREERO FCl3ESE
R & 2 B AR S BIR IR O & &
1502 b L7 [ D A HHE 22 161578 Lz,
Carkz4 b

Cav Fo4 b MomENELILNT,. 2V F
YVa—ILDOEZEIHD~ ) vy 7 A (matrix) A EV, 7

KB E 7 v

Model 1 2 3 4 5 6 7 8 9 10 11 12
Crust+mantle

5102 43.6 43.9 41.6 36.8 40 394 36.8 43.9 41.6 44.4 45.1 44.4
TiO: 0.16 0.16 0.3 0.2 0.1 0.6 0.2 0.16 0.3 0.1 0.2 0.14
AlLOs 3.1 3.2 6.4 3.1 3.1 3.1 3.1 3.2 6.4 3 4 3.02
Cr20s - - 0.6 0.4 0.6 - 0.4 - 0.6 0.8 0.5 0.76
MgO 31 31.2 29.8 29.9 27.4 32.7 29.9 312 29.8 30.2 38.3 30.2
FeO 17.2 16.7 15.8 29.8 24.3 20.8 26.8 16.7 15.8 17.9 7.8 7.9
MnO - - 0.15 0.1 0.2 - 0.1 - 0.15 0.5 0.1 0.46
CaO 2.9 3 5.2 24 2.5 2.7 2.4 3 52 24 3.5 2.45
Na:0 1.4 1.4 0.1 0.2 0.8 0.5 0.2 14 0.1 0.5 0.3 0.50
P:0s - = = - a = 0.16
H:0 0.47 0.44 0.0001 - 0.9 - - 0.44 0.001 - - -
K (ppm) 1190 1199 59 218 573 1100 218 1199 59 305 260 305
U (ppm) 0.017 0.018 0.033 0.017 0.017 0.017 0.017 - 0.033 - - 0.016
Th (ppm) 0.06 0.062 0.113 0.06 0.077 0.06 0.060 - 0.113 - - 0.056
core

Fe 59.8 60.4 88.1 63.7 72 63.7 60.4 88.1 77.8 77.8
Ni 5.9 5.8 8 8.2 9.3 8.2 5.8 8 8 7.6
S 34.3 33.8 3.5 9.3 18.6 9.3 33.8 3.5 14.2 0.36
(o} 18.7 18.7 14.24
Mass

mantle+crust 74.7 74.3 81 81.8 88.1 85 81.8 74.3 81 78.3 67.6 78.3
core 25.3 25.7 19 18.2 11.9 15 18.2 25.7 19 21 32.4 217

7 — &t Anderson (1972), Basaltic Volcanism Study Project (1981), Jagoutz et al. (1979), Longhi et al. (1992). McGetchin & Smyth (1978).
Morgan & Anders (1979), Wanke & Dreibus (1988)., Weidenschilling (1976) &0 5[ L7z, Model it 1: Mal, 2: Ma2, 3: Ma3, 4: Mad, 5: Ma5,

6: Mab Iz GY 5.
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Py 2 ATEERTEEL -0 KRR TEEL 2 &
D.F LT & AL DIRSBRE 5728 D ThH
%,V P 2 —JUGHIRME RIS X 5 TN TR
N=DIZ L. v MY w7 23ERIZEE IR &R
WV 7 D70 ARIR TR L 7 B0 Bk A 1< R
FLTNWS, 20K R ERBLTCaY F74 Mg
R 72 TAEATHS,

Cav 74 bOFEFAEBIIE MDY P74 b
B E S BB RH B ,Ca Y F T4 Fid.Ca/Sith. Al/S
o BRI FeD B A % < WIZEBFeXFeSHAF D
FeD g3 A%\, & 72 KFAKO (EEMBUL A H R 75
EOERMOBNTREBRTIE.Ca v F o4 b IR
BTV 3, ZHUEIEAGEECa Y F 74 MR UH
BroEREN 2L ERBT5,CaV P74 MEoK
BRI E iz 6 O B AR T 2D F 5k -
TV DTH2EELLND,

EFIRNTA K

LLLHIYFI4 PRETHEZRZL . Z<HhsN
BEBAETH D= . EHMTY F T4 (ordinary
chondrite) & IE.&, £ FE45M S hizfBA IR BG4 4 T
LB RN 228 b % Z & < S iR S Ik
(Prior, 1916;Urey & Caing, 195372 &) @ 7
A P OGN H v 7 VA R . Fe-Nig&EHY . 71
© BA. a4 54 b (troilite: FeS) 72 5 7 % i D E 1L,
Sk, BEA (lamellae) fRLCALEME L £ 12 & R
BEARDD NN TERZELTRTHA—DDR
LTI AL FELL B2 & &4 4 TOE BT
5.7 —AHHEEBIZONT K44 TE—DDHIFED
FBE» 5L L T XD T3k < ENFNFI DR A 1
DEFEIEND L SIIh 5T &7 (Ringwood, 1959,
1960;Wood, 19637 &), 22D & 4 THBIORER K
ELTHBILLTEZEELENS,

EJdKNZAM b

E2 Y F T4 M, 2O EE R A a pilio 2
VEIA P EFLLBES DI WB RO T
ELTEFmBEN T SBHEOGM S £ < £ -EEMH
ODHONIGERBLY RV, 294 )2V A8 54}
(clinoenstatite) # FEELHERIEGME L.V T /AR
TEEA#IZE AL EE LV 2O LD BRFBIZET Y F
74 FPAIERIOETCN B TR S h 22 L 2R LT
W5,

I(a>RFZ4 b

IAaY P74 Mok Skaaass DERO ST
EXAILIZS VW, 24 TV F T4 Mg, AL AERFELS
DEDTIE. A —754 b (aubrite) . 214 74 b
(ureilite) . &7 & 4 | (howardite). 2—2 7 1 b
(eucrite) . &£ 4 4 ¥ = 74 | (diogenite) b3 % £ D3D
BT & 5> CHED TN S,

=T 74 PR MgIZlEOL Y2424 +h6TET
B . &E# s < EE T Fo/Fe+t M) 0.1 F ¢ %
72ALOs & CaODEREND VOB TH %, IEHIC
BN AR TR INETY F54 P a#RERRE L.
AU CEE L2808 X =T 54 b THAHIEE
Abh T\ (HH, 1982).

LA T4 NRAY T VREYY g VLSRN T
»H 0 DEOFe-NIGBIM 4 &t Mk icEEhs
RFIZ. 257 74 b (graphite) &4 YTV F
(diamond) & L CHFHET R D8 H B, 21 T4 bid.
AlOs £ CaODEFEND R VORRRTH 5,

AKX Y =4 MEFellEORUNEG & TR & 7
% o BB S bronziteflEK T d % . —ARIZABIRD €
3 7 b AESE (monomict breccia) T % , BIGIEH D iz
KRNI EIIHER L TWEAZ A T EFelzEHB
BATND 5,

2—2 74 MERHRA (Ansesr) & A & TG &9
L MEREY s VA TH S, 21— 2 74 FRIBAERU
BOKSMBAROZE DB B9 . L<I3E I | A
HThB,

HED® 35 5 F 7044 NI FEA (Anseer) &8A &
D75 MEEYY g VIR (pigeonite) & i H
(bronzite) TH 2, FA4 AV F4 b a—-254 D
B oTWER ) I FABREFRTILE A4 b LI
REDIDEATVxFAL Vea—r 54 b KT LA
A ME—D2DORRETER ENEELLNS,

7 V774 b (angrite) iZ2ff U »FER Xk
RG24 T ThHhD,—DRLHROE L1274 - 72 Angra dos
ReisC. & 5 —D3BMEIEGDA-881371D20TH %, 7
Y774 MISRERALHRMEA A FEGME L ARD S
VI VREZE XN G AN KB E R,
¥ SES =Pl

GEIER IZFe-NigBEHMO ~ + 1) o o ZIHEEREEE
WEELR) 20 ARETH 5 AgkiEa I HEEE
OERFIZL > THEHEN TS,

R @A & VY o VA REAaOMAE
3.4 Y5 F 4 b (mesosiderite) & 15, EEREIGSIH O
MEERETLLL FEERL TS 720 BEaE A7
a4 FTOEREMEZEIOND,

I 7 VRADKRBOBRMEMAE R T LDE T ¥ A4 b
(pallasite) &MES, 71 v 7 Y EOIEREIZE 4 Td % H . 1L
FHBEETH B,

nv I vRERIEAE T RHERBEIME T 0%
O F 794 b (lodranite) & W8, M 2 FEA 5 LR R
ENTHE LT, bAEImMmBIAA Td 5 MO 5easE
DKM AR T 7 v T VHE EREH. Fe-Nid/B 84
HLL1DLTEENS,

BiA & HERE(SiO) e k38D TaT 47
(siderophyre) & FEA BEAIZ HEAHEG C.Si10242 M) 7+
4 b (tridymite) T % M BA CE £ THHL 15 X
LTV,

7 3f=ral

GO Fe-NiRBgWELBD g T4 b
(troilite; FeS) # ¥ 5 .Fe-Ni& Bz N F ¥~ F 7 4
} (hexahedrite) & 42 2~ F J 4 | (octahedrite) . 7 %
FH4 4 b (ataxite) D3 DX G ENBE AFHAR T A |
13Fe-NIEBIHH O BIRD « O 4<% 4 | (kamacite)
MEBED F I EINFTA MEIATHA b EFe-Nid RS
YO ERD o« DT —F 4 I (teanite) 254D . 7 F %
F4 MET Uy A b (plessite) & v LT VA b
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7 15, RAEAYFEA O (LA
Type CI CI CI C1 CM2 CM2 CM2 CM2 CR2 Cco3 Co3 CVs Cv3 Cv3 C4 C4
Name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SiO: 22.56 22.42 22.71 26.99 28.69 29.07 31.49 28.15 32.05 33.23 32.41 34.23 29.83 32.84 33.71 32.45
TiO2 0.07 0.09 0.07 0.23 0.09 0.13 0.16 0.15 0.1 0.13 0.15 0.15 0.07 0.11 0.25 0.16
Alz0s 1.65 1.92 1.62 2.26 2:19 2.15 3.3 2.61 2.13 2.93 3.41 3.27 2.06 3.16 3:12 2.72
Fe:0s - - - 2.32 - - 0 7.62 6.34 - 4.3 - 17.94 0.47 9.6 12.93
FeO 11.39 9.4 9.45 10.85 21.08 22.39 21,91 13.88 16.64 24.8 19.58 27.16 9.38 24.59 18.36 15.58
MnO 0.19 0.15 0.23 0.31 0.21 0.2 0.25 0.24 0.22 0.2 0.23 0.18 0.2 0.17 0.19 0.23
MgO 15.81 13.71 16.1 20.19 19.77 19.94 23.71 20.17 23.25 23.54 23.88 24.63 21.32 24.45 25.26 25.12
CaO 1.22 1.34 1.89 2.04 1.92 1.89 2.22 1.91 185 2.64 2.09 2.61 1.89 2.51 2.42 2.38
Na:0 0.74 3.24 0.75 0.87 0.22 0.24 0.66 0.37 0.26 0.58 0.34 0.45 0.17 0.41 0.45 0.39
K20 0.07 0.36 0.07 0.13 0.04 0.04 0.04 0.04 0.05 0.14 0.04 0.03 0.02 0.04 0.04 0.04
P20s 0.28 0.11 0.41 0.36 0.32 0.23 0.37 0.27 0.3 0.32 0.24 0.23 0.3 0.44 0.28 0.18
Crz0a 0.36 0.12 0.33 0.48 0.44 0.48 0.5 0.44 0.46 0.49 0.51 0.52 0.47 0.49 0.52 0.48
NiO 1.23 0.86 1.34 1.28 1.5 1.75 - 1.15 177 - 1.65 - - - - <
CoO 0.06 - 0.06 - 0.08 - - - - - -
Fe 0 0.33 0 - 0 0.03 - 1.88 13.83 2.19 3.46 0.17 - 2.35 - -
Ni 0 0.07 0 - 0 - 21 1:1 1.47 15 1.22 0.36 L1 1.24 1.18 1.26
Co 0 - 0 0.039 0 - 0.028 0.047 0.046 0.07 0.049 0.01 0.043 0.048 0.045 0.054
FeS 15.07 16.11 18.38 20.08 7.67 7.24 11.45 9.28 3 6.49 4.94 4.03 5.42 6.02 4.23 4.45
NiS - - - - - - - - - - - 1.6 - - - -
CoS - - - - - - 0.08 =
C 3.1 2.7 4.83 2.78 1.85 0.46 0.29 0.061
S = = = - 2 0.49 “ - - - - - - - 1.604 -
H:0+ 19.89 21.66 18.68 8.01 14.42 10.09 21 11 4.15 14 2.62 <0.1 6.1 0.6 0.1 0.95
H-0- - - - 3.94 - - - 3.01 0.8 - 1.23 - - 0.7 - 0.68
Volatile  6.96 - 0.62 - - - - =
Type Cé6 LL3 LL3 LL3 LL3 LL4 LL4 LL4 LL4 LL5 LL6 LL6 LL7 L3 L3 L3
Name 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Si0: 32.2 40.63 40.36 40.16 38.21 386 41.95 41.43 40.18 39.61 40.96 38.86 41.78 40.39 40.54 38.22
TiO2 0.14 0.09 0.1 0.1 0.12 0.11 0.14 0.1 0.11 0.11 0.18 0.11 0.12 0.1 0.15 0.12
Al:0s 2.64 2.63 2.57 2.23 292 2.8 2.64 2.3 2.76 2.62 2.23 2.64 2.54 1.59 2:23 2.67
Fe:0s 6.47 - - - 2.25 - - - 0.05 0.32 - 1.68 0.25 - - 15
FeO 20.65 16.29 18.14 17.57 17.68 12.1 17.43 17.52 18.25 17:.2 18.9 18.55 18.15 14.32 11.89 15.07
MnO 0.25 0.32 0.36 0.35 0.33 0.28 0.28 0.33 0.27 0.31 0.35 0.33 0.35 0.35 0.32 0.33
MgO 25.42 25.14 25.6 24.86 24.93 24 25.25 26.5 26.23 25.76 251 25.31 26.44 26.15 25.06 24.99
CaO 2.4 1.55 1.83 2.04 1.81 2.1 2.12 1.8 1.82 1.8 1.62 18 1.99 3.15 1.83 1.8
Na=0 0.31 0.75 0.99 0.96 0.9 0.9 1.02 1:2 0.9 0.98 0.84 0.9 1.08 0.67 0.95 0.82
K:0 0.05 0.12 0.09 0.1 0.1 0.1 0.07 0.07 0.11 0.11 0.12 0.1 0.11 0.09 0.1 0.09
P20s 0.09 0.36 0.18 0.24 0.26 0.19 0.28 0.14 0.24 0.2 0.2 0.29 0.22 0.22 0.3 0.2
Cr:0s 0.52 0.7 0.62 0.49 0.51 0.48 0.56 0.54 0.43 0.48 0.59 0.49 0.57 0.35 0.51 0.5
NiO - - - - 111 - - - - 0.77 - 0.52 < = - =
Fe - 3.02 0.6 2.05 1.69 9.2 2.86 3.07 2.16 2.74 1.46 1.83 2.73 4.55 6.62 523
Ni 1.66 0.96 1.06 1.16 0.76 1.4 0.9 0.91 0.95 0.94 0.99 0.94 0.91 i 1.05 1.03
Co 0.039 0.04 0.05 0.05 0.031 0.05 0.06 0.04 0.033 0.032 0.06 0.043 0.003 0.06 0.06 0.04
FeS 5.28 6.44 6.08 5.32 6.55 6.3 5.81 5 541 6.66 6.36 6.1 3.39 6.52 6.47 6.56
H:0+ 1.4 1.1 1.78 1.62 1.69 1 0.04 <0.01 0.15 0.16 0.13 0.48 0.17 1.15 1.37 0.96
H:0- 0.65 - 0.44 - - 0.04 0.07 0.24 0 - - 0.26

(martensite) 22 5 £ %,

Rk & NiBHA EI2I13HB A H 5 (Wasson, 1974), N F
PAFITA LONIBEEIZ4~6Wth A 27 A~NF T4 b
136~13 wt%. 7 & F %4 Fid13~20 wt%TH 5,20
wt%l EONIDERED & D370,

Fe-NigJ@gimz £ < I & 2a o
Ni.Ga.Ge KU TrDEBFEIZ L - C15D{LE T L — T2
i 5B (Wasson, 1985),IA.IB.ITA . IIB.IIC.IID,
IIE.ITTIA  IIIB  IIIC . IIID . ITIE . IITF . IVA.IVBD 15T &%
% AVEERBC & B AR E I & B X A iE—3 L 7y,
BXF

FBA A3 Hask U 7= KRR & BEK (K (parent body) & IE5, W
KONDHRENIEBENTNEIN, FOEKIRLS b
Mo TRV BRIZIIFR L 2L 5 1. AL AEBEREK
KET2LDMH 5, L. 2L DOREKIZ NREHIZ
BHolzbBEAONENBELTATEINE I bbb i
W Z U BA & e 5 720 18 U WFZED e o AU
59 ZDORRIREINVNE S HEL ey L Wh 6T
B35, D& HWROKHIZ B E THRLNTWB XS
T BN, 19952), FZEDO L VR  FHIRIRAHE
K& DR &I 14HBF50. ofFEF 0. 6B /1. 4FF A1, 2

BAERT UMEERILINIC S 5 =2 E03bh B,

HMEU7=fBaR BRESET 3IEEDHGENH - 7=
ZEERLTW3,ZL DIBAOEERFERIZIZITL5 5
FEHTH D I Lh b KB LRSI KGR B
HiclZ 572 EI6NS,

BREIZGERFEIV P94 MR BRIV F S
A MRERE AT LEA P RERIR. 204 54 PR,
=774 b RERE GIBE O/ KK & 5218 X T
W3,Z09 52— 54 M REREDOIEMETTF L4
FE 17T U,

REBEIAY P74 P BREKZBAESNRERIZHS
KEZELEZOND  ZIT . FANL FOPMREDEL T
REBAY FI4 MoBERKHARY FLEdEON LT
BB KRBADOREEIY F 54 MEC1I~C37n . Fh
1ZC6D K HIZBER A ZT 1284 THDH B, 2D78.C
AV T4 PIR—DDRREN S H7- T3 & Ceres (H.
%910 km) O & 9 1ZEREL,000 kmiEE D4 XD/
mEEIEND,

Wil Y P4 MERFIZ.LLLLLHDI Y F54 A
LSRN E—DHE Y 5 BB X hanwZ i s A
%< LS LL.L.HOBRKRELESBETH 3,
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* 15, RENEAOLHHER (0D%)

Type L4 L4 L4 L4 L5 L5 L5 L6 L6 L6 H3 H3 H3 H3 H4 H4
Name 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
SiO2 39.53 42 40.61 38.76 39.63 38.43 38.81 40.32 39.29 38.77 37.64 35.4 36.84 34.71 37.45 36.59
TiO2 0.12 0.09 0.12 0.41 0.08 0.11 0.09 0.12 0.12 0.09 0.1 0:1 0.08 0.08 0.08 0.13
Al20s 2.14 2.48 2.63 241 2.46 2.73 2.32 2.19 2.49 2.42 2.23 2.06 2.4 2.27 2.28 2.23
Fe:0s - - - 0.47 - - 1.2 - - 0.58 - - - 5.03 - -
FeO 14.17 15.3 15.63 14.18 12.68 13.09 14.63 12.43 14.96 14.88 12.86 17.7 17.54 11.96 9.34 11.14
MnO 0.32 0.34 0.33 0.29 0.36 0.26 0.32 0.34 0.33 0.32 0.31 0.31 0.34 0.26 0.3 0.32
MgO 24.43 26.6 25.32 25.37 25.15 23.36 25.37 24.94 27.78 25.38 23.8 22.28 23.79 23.65 24.18 22.84
CaO 1.88 2.13 1.56 1.82 1.67 1.81 1.81 1.82 1.62 1.7% 1.42 1.64 1.61 1.74 1.79 1.78
Na:20 0.94 112 0.95 0.89 0.59 1.07 0.89 1 0.93 0.87 1.97 0.64 0.95 0.73 0.96 0.95
K0 0.08 0.12 0.11 0.09 0.14 0.1 0.09 0.11 0.1 0.09 0.09 0.07 0.04 0.09 0.08 0.14
P:0s 0.28 0.06 0.26 0.29 0.27 0.07 0.28 0.18 0.3 0.53 0.27 0.33 0.21 0.24 0.13 0.32
Cr:0s 0.51 0.54 0.46 0.41 0.32 0.61 0.44 0.52 0.55 0.52 0.5 0.46 0.73 0.86 0.55 0.52
Nio - - - - - - 2 - - 0.5 - - - 0.63 - -
Fe 6.71 3.07 4.89 7.15 9.28 8.45 6.02 8.37 6.68 6.47 12.65 5.09 8.1 11.06 16.7 14.87
Ni 1.24 0.91 1.2 115 1.59 1.24 1.12 121 1.3 111 1.52 1.56 171 1.38 1.49 1.54
Co 0.05 0.04 0.08 0.049 0.06 0.1 0.048 0.06 0.08 0.043 0.1 0.08 0.1 0.056 0.07 0.11
FeS 6.56 5 6.25 6.58 5.35 7.77 6.33 6.42 6.46 6.39 5.95 6.36 5.34 5.15 4.82 5.31
[¢ 0.13 - - - - - - 0.08 0.18 - - - - - - -
H:0+ 0.69 <0.01 0.3 0.41 0.03 <0.10 0.35 0.05 - 0.19 0.33 3.5 0.95 1.63 <0.01 1.08
H-0- - - - 0.05 - = 0.04 - - 0.07 - - - 0.44

Type H4 H4 Hs5 H5 H5 H5 Hé Hé E3 EH3 EH4 EH4 EH4 EL6 EL6 G)
Name 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64
Si02 37.81 35.15 37.07 36.62 39 34.99 36.74 35.09 32.58 36.31 35.26 38.7 33.69 39.83 32.8 38.98
TiO: 0.1 0.18 0.15 0.13 0.1 0.09 0.12 0.09 0.08 0.08 0.06 0.05 0.15 - 0.14 0.08
AlOs 2.2 2.29 2.09 2.62 2.4 2.33 2.04 2.34 2.14 2.93 1.45 1.24 2.75 2.17 1.54 2.96
Fe:0s - 3.21 - - - 3.45 - 3.19 3.1 0. - - 0 - - 0.91
FeO 13.76 10.52 9.89 11.04 9.46 10.32 10.24 10.73 12.05 0.96 - 1.33 3.86 - 0.14 9.69
MnO 0.3 0.29 0.28 0.32 0.31 0.26 0.32 0.28 0.27 0.24 0.25 0.39 0.25 0.02 0.14 0.19
MgO 24.37 23.57 23.62 24.04 25 23.45 23.44 23.66 1.q 19.59 17.48 211 18.36 20.94 20.9 27.01
CaO 1.64 1.62 175 1.75 1.84 1.55 1.6 1.58 1.22 1.29 0.95 1.01 1 0.62 1.5 2.68
Naz0 1.05 0.74 0.99 0.91 11 0.74 0.9 0.74 0.63 0.83 1.01 0.9 0.75 0.8 0.44 0.84
K20 0.08 0.08 0.07 0.07 0.13 0.08 0.09 0.08 0.04 0.07 0.11 0.03 0.5 0.09 0.06 0.07
P20s 0.14 0.23 0.34 0.31 0.2 0.24 0.27 0.22 0.3 0.46 0.52 0.24 0.35 - 0.1 0.46
Cr:0s 0.76 0.38 0.54 0.51 0.41 0.41 0.55 0.39 0.36 0.45 0.47 0.35 0.4 0.21 0.29 0.34
NiO - - - - - 0.59 - 0.86 - - - - - - - -
Fe 11.59 13.41 16.21 15.68 16.19 13.54 16.3 12.53 8.04 17.8 24.13 22.6 16.55 22.05 33.09 4.89
Ni 1.18 141 1.65 1.69 1.38 1.52 1.74 1.45 141 1471, 1.83 1.54 1.49 1.68 2.9 0.98
Co 0.06 0.062 0.1 0.13 0.06 0.057 0.09 0.051 0.055 0.077 0.08 0.08 0.057 0.08 0.13 0.031
FeS .33 6.71 0.521 4.63 2.87 6.01 5.48 5.84 13.26 16.31 14.2 9.46 13.41 9.02 6.28 9.31
Cc - - - - - 0.02 - - - 0.43 - - 0.18 - -
H20+ 1.58 0.92 0.39 0.57 - 0.86 0.15 0.83 5.4 0.5 1857 - 5.8 0.12 0.08 0.3
H-0- - 0.2 - - - 0.26 - 0.22 15 0.5 - - 0.85 - - 0.04

7 — 23 (1995a) @ compile & PR IZ National Institute of Polar Research (1995) 2k 5. Name. 1: Orgueil, 2: Tonk, 3: Ivuna, 4: Y82162, 5: Murray, 6 :
Marchison, 7: B7904, 8: average of 15 Antarctic meteorites, 9 : average of 2 Antarctic meteorites, 10 : Lance, 11 : average of 8 Antarctic meteorites, 12: Allende, 13 :
ALH77307, 14 : Y86751, 15: Y693, 16 : average of 2 Antarctic meteorites, 17: A881551, 18: Chainpur, 19 : Ngawi, 20 : Semarkana, 21 : average of 10 Antarctic meteorites,
22: Dalgety Arkanas, 23 : Hamlet, 24 : Soka-Banja, 25: average of 9 Antarctic meteorites, 26 : average of 9 Antarctic meteorites, 27 : Nas, 28: average of 18 Antarctic
meteorites, 29 : average of 2 Antarctic meteorites, 30 : Carraweena, 31: Bishunpur, 32: average of 21 Antarctic meteorites, 33 : Rupota, 34 : Bjurbole, 35: Barratta, 36 :
average of 28 Antarctic meteorites, 37 : Imm Ruaba, 38 : Ohuma, 39 : average of 17 Antarctic meteorites, 40 : Leedey, 41 : Modoc, 42 : average of 91 Antarctic meteorites, 43 :
Bremervorde, 44 : Clovis (No.3) , 45: Tieschitz, 46 : average of 11 Antarctic meteorites, 47 : Ochansk, 48 : Weston, 49: Gamett, 50 : average of 73 Antarctic meteorites, 51 :
Forest City, 52 : Geidam, 53 : Richardson, 54 : average of 45 Antarctic meteorites, 55 : Guarena, 56 : average of 22 Antarctic meteorites, 57 : average of 3 Antarctic meteorites,
58: Y-691, 59: Indurch, 60 : Kota Kota, 61 : average of 2 Antarctic meteorites, 62: Pallister, 63 : Daniel's Kuil, 64 : Y-74063.

ARINEA M RERRIEZ HEDBG #6726 Lz B4 BIEEICEMR T o 2 4F X A a6 ¢ KEBaV F
5N 3 HEDDOBEM 6 R 6 AT A4 PR T4 LA T4 MEBRDSH B0 S L s
DIFFEIIHEE SOz BERIRIE Ml 6 R E 2 — 2 DRREEZEZL5HVEETDH 3,

74 b EHA2I—-2 T4 P UELI-2 74 P A4 AV =774 FRRETIERISETN AR OB E
T4 P RS AV F A PEWIERTHERIh T eEILONS AT 54 VR EQVFIA P SIE
bFE L o3 (B, 1982) FKETIZARY 327  AEE HENIZEFEZ END MEITCRORE 6 FIEHDIA
L TED . FNNFINEAL b elEoTWB H—v Y EIBD L) A OEEHDEZEIOND A —T 54 b

FIULEBRTIIAVI YT I4 b Bho72ELO6ND, RREIZESHEE SN TN ED L WERETDH 3,
2454 VERFEAIVETIA MR MY vy RIS #IBRIZ. 1507 L — Tz 5 2 2 . IA X IB(IAB

RENVEZNZ e AR HZ LEL NS, 2L A4 LHg X 5) TMALIIB (IIAB) . IIIA & ITIB (IIIAB) . IIIC
54 M S HEROMEREME ISP TS 2 KRBV F ETID(IIICD) iR 5 L EFEAZ6NE. 2D LS

FORIEME» S Lk, kb a4 T4 b RIZEEZBEBIZANTIHERIZIIO L -T2k 5,
iﬁ%ﬁii KEVKEEAY P74 b vV b)w,n:w4 B2 — T OEIERIZ—DODADIR T < | DL B
74 FEWIKREKEEZ NS, LML KRBV R TdhbdIZeERUTWS SR REOROEEE X

#EBICIZL A 54 o b EERES T *Tfi% BNTELA ZISHMTIZ AW, S Lug, & Lad
tHL REDZ VT LY ~y77\qﬂ“6‘%aaﬂ3b7ﬁ ks & WEREN S FIAREANLERET S L 20K 4 B
BN,V A T4 PHEREFEI VT4 P EERHTIC FEEFL T\ BIEa2E Ly,
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¥ 16.

b U 7= FRA DAL 2RI

Type How How Euc BEuc Euc (cum)Euc (mon) Euc (pol) Dio Dio Dio (A) Dio (B)
Name 1 2 3 4 5 6 7 8 9 10 11
Si0: 48.67 49.34 49.02 48.05 48.52 47.47 48.35 49.83 50.84 51.71 51.55
TiO2 0.11 0.44 0.58 0.64 0.24 0.69 0.86 - 0.14 0.11 0.29
Al:0s 8.87 7.11 13.39 11.73 14.17 1357 11.54 2.33 1.91 0.76 2.23
Fe20s - 2.23 - 0.69 0.57 0.82 0.96 - 2:27 3.49 0.85
FeO 16.04 15.05 17.56 18.17 16.53 19.33 18 13.64 15.14 14.33 18.4
MnO 0.53 0.51 0.21 0.49 0.35 0.52 0.53 0.4 0.41 0.48 0.59
MgO 14.2 17 6.8 8.99 7.8 7.67 8.11 26.62 26.39 26.17 21.44
CaO 6.77 5.81 10.72 9.57 10.82 9.75 9.86 2.61 1.64 111 3.26
Na20 0.34 0.25 0.4 0.44 0.35 0.46 0.5 0.33 0.05 0.05 0.13
K:0 0.04 0.04 0.17 0.05 0.05 0.06 0.06 0.1 0.02 0.03 0.04
P20s - 0.12 0.17 0.18 0.14 0.15 0.13 0.03 0.2 0.07 0.07
Cr20s 0.56 0.78 0.31 0.4 0.23 0.33 0.39 1 0.62 1.79 0.7
NiO - 0.02 - - 0.0066 0.009 - - 0.0064 -
Fe-Ni 1.07 - - - - - - 0.87 - - -
Ni - 0.04 - 0.01 0 0.01 0.0044 - - 0.004 0.014
Co - 0.004 - - - 0.003 0.003 - - - 0.003
FeS 0.96 0.69 0.27 0.46 - 0.44 0.81 1.55 0.57 1.19 0.51
S - 0.33 - 0.23 0.41 : 0.08 - 0.16 : -
H:20+ - 0.74 - 0.48 0.45 0.8 0.64 - 0.35 0.37 0.58
H-0- - 0.18 - 0.04 0.01 0.11 0.1 - 0.03 0.07 0.01
Type Aub Aub Ure Ure Ang Ang Pall Mes Mes Mes Lod
Name 12 13 14 15 16 17 18 19 20 21 22
Si02 57.03 56.79 40.25 38.75 43.94 37.3 40.24 49.59 25.76 30.51 32.21
TiO2 - 0 0.067 0.09 2.39 0.88 0 0.52 0.16 0.07 0.05
Al20s 171 1.19 0.26 0.68 8.73 10.07 0.01 9.81 5.86 4.61 0.43
Fez0s - 0 - 2.82 - 0.63 0.68 0 - 5.31 5.46
FeO 1.27 0.97 14.18 13.32 8.56 23.43 10.92 15.35 6.86 8.91 4.16
MnO 0.19 0.18 0.37 0.38 0.08 0.2 0.28 0.57 0.31 0.3 0.33
MgO 33.51 37.39 38.96 36.45 10.05 14.81 48.08 13.84 6.88 11.52 27.85
CaO 1.5 1.17 0.1 1.49 24.51 12.51 0 6.61 3.63 3.82 1.88
Na20 1.03 0.56 0.039 0.12 0.04 0.03 - - 0.19 0.2 0.15
K20 0.09 0.11 0.012 0.03 0.01 <0.02 - - <0.01 0.02 0.02
P:0s - 0.07 - 0.18 0.13 0.17 0 0.97 0.14 0.4 0.34
Cr20s - 0.05 0.077 0.62 0.29 0.13 0.47 - 0.26 0.45 0.63
NiO - 0 - 0.18 - - 14.28
Fe-Ni 0.22 - 3.73 - - - - - -
Fe - 0 - 1.27 - - - 33.7 30.33 27.27
Ni - 0.19 - 0.151 0.0233 - - 4.2 2.15 1.32
Co - 0.02 - 0.011 - <0.003 - - 0.13 0.089 0.093
FeS - 0.87 0.52 0.92 1.26 - - - 11.89 0.49 1.7
¢ . . - : - . 0.1 : -

S - 0 - 0.12 0.59 - - - 0.24 :
H:O+ . 1.05 - 3.61 . . . 1 0.7
H.O- e 0.13 . 0.2 0 : . < 0.3 0.07

7 — 22/ (1995a) D compile & National Institute of Polar Research (1995)

{2k 5. Typeid How: howardite, Euc: eucrite,

cum : cumulate, mon : monomict, pol : polymict, Dio : diogenite, Aub: aubrite, Ure: ureilite, Ang : angrite, Palla: pallasite, Mes :
mesosiderite, Lod : lodranite #, NameiZ 1: Bununu, 2: average of 9 Antarctic meteorites, 3 : Juvinas, 4 : average of 16 Antarctic
meteorites, 5: average of 4 Antarctic meteorites, 6 : average of 4 Antarctic meteorites, 7: average of 18 Antarctic meteorites, 8 :

Johnstown, 9 : average of 4 Antarctic meteorites, 10 : average of 2 Antarctic meteorites, 11: average of 5 Antarctic meteorites, 12 :
Bishopville, 13 : average of 2 Antarctic meteorites, 14 : Havero, 15: average of 9 Antarctic meteorites, 16 : Angra dos Reis, 17 : A-
881371, 18 : silicate part of Marjalahti, 19: silicate part of Carb Orchard, 20 : Patwar, 21: average of 2 Antarctic meteorites, 22 :

average of 3 Antarctic meteorites # 7R3,

#IR

NS DRRIZEE L T W< DO DEL N D 5 5%
BIZFTHETET NS IMHOEETHE 05 EF
N I—DEBHEEEDOKREXIZEFTCHELALL MG
POBRRTENZLTEETILTH S ZUDTT I,
KIERAIZH - 7= & Sh A MRENREIZE TlEY

VLSBT TR T LIk B, L L - Ak 5
EFBOERL. M 2DRA (mixing) 41t
(differentiation) 232 Z - TW 33T TH %,220HD T
TR, ED L I UM S Wz M e &
% U= RENBHE S h - R/ R, *E@‘?EH‘ZW’FFH iz
F o0 AKEOETHE SN THEISEE IR E - -
Dh TR X OO N BT B AR
ERICHBNE S TE TS, L L AKBHBERE LD
BRI 720 RELBENTCE AN - FRAE L E
BB TH 508 AP AENE N,

7 HEE
NRE L IZ AR LD KRG 5BOBREDRIETH 5,
AR TERITEBIEETE RS . KENBTE

FCRERGHABETDH 2 T & b6 REREE LI
N3 SRR R CIEE S £ 4 & 528 B4 BN
BRBDEND UL L. EETF— 20375 WHEd
MEELTCWEWT & E %0,

KXE

AERZ AGRTAKEEIREED Lfazjw),ui Th
% . H:2He#% —Ltffé,w,rCabéq%m LB T & <
Do TN KEOL M S R L T s e E L
53,

AREBOKFIE. FBTIZHE Hed T L L. CHL®
NH:sZ & % &8, He/Ha b2 0.11 & 72 0 KPR 0.12125k
Lx,HetHeWWﬁ/\"ca)%?%a@’Eiﬂg BYTEREH
5,k 702 2V 20Y130.32. KBEAOYI£0.20TH

%, — MM Z FHIZIZ0.25BI B OY DM 4 > (M,
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17, [EAREREO AR T 7V
Model 1 2 3 4
Crust+Mantle
Si0: 39.8 414 46 39
TiO2 0.1 0.12 0.15 -
AlOs 2.5 2.4 3.1 1.8
Cr20s - 0.5 0.8 -
MgO 28.5 29.5 325 29.7
FeO 26.6 24.2 14.4 28.3
MnO - 0.46 0.4 -
CaO 2l 2 2.5 1.2
Na:z0 0.05 0.05 0.07 0.04
H:0 - - - -
K (ppm) 40 39 62
U (ppm) = 0.013 0.018
Th (ppm) - 0.047 0.07
Core
Fe 86.1 81.7
Ni 13.1 12.2
S - 0.9
Mass
mantle+erust 87 91.8
core 13 8.2

5 — &%, Basaltic Volcanism Study Project (1981) LV 5|H
U7z, Modelid 1: Eul, 2: Eu2, 3: Eu3, 4: EwdiZMGT 5.

1994) ., —H . KREDYI20.18% » 7% DKW (Gautier &
Owen, 1989), F DD 4 & L TH0. C:Hs. C2Hz. CO
EPRFER EN TN 3,160 km 2B L2 FEE . T 23%T
Rl & e B SHEBEINIZ1E. 130 km D B B IZNH: 0 _HEE
MNTE 100 kmD & Z A IZNHSHO 1 EZE 80 kmD &
ZAREKRDTREEN D 5, AKERKDOFROHBEIZ.S
DALAHRLPOLAY (PHs) ARV ¥ 7 X /B e ELE 1
PN X AR B B, LA L. FD XS tAEnIkE
TREAFRINR T AW AREEEL SO aWEIZ L
U ReMES R S T B,

£ 520,000kmD & 7 A F THRKRDFIRAKEZEDL H
% A% 20,000km & D T TIRVEREBAKRICE 3 .88
KREDEERTEERBR TEATEZ &M NI L o7
(Mao.1981), &@ARIE B F B[ gL
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H molten metal (He enriched)
inner: 12,000-0 km
rock & Hz0 ice

H-He molten metal
inner: 14,000-0 km
rock & H20 ice

rock & H20 ice (some gas)
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#* 18, BEJFHHED
Mercury Venus Earth Mars Moon
Satellites - - 1 2
Atomphere CO3, N2, H:0 Nz, Oz, Ar, CO2 COs, Nz, Ar, Oz -
Crust 10-50 km 5-50 km 0-100 km 60-100 km
elastic silicate brittle silicate brittle silicate brittle silicate
continent : granite-eclogite
ocean : basalt
Mantle 2,439-1,800 5,988-2940 upper : 6,371-5,680 upper : 3,388-2,188 upper: 1,738-1,658
silicate silicate silicate (ol+px) silicate (ol+px) silicate (sp+gart)
lithosphere lower : 5,680 lower : 2,188-1,688 lower : 1,200-700
silicate (sp+prvs) silicate (sp+gart) silicate (FeO+prvs)
Core 1,800-0 2,940-0 outer: 3,480-1,210 outer : 1,688-1,588 outer : 700-300
solid Fe solid Fe molten Fe-Ni molten Fe-5-O 3
inner: 1,210-0 inner: 1,588-0 inner: 300-0
solid Fe-Ni magnetite solid Fe
Jupiter Satum Uranus Neptune Pluto
Satellites 16 18 15 8 1
Rings 3 7 11 4
Atomphere H:, He, CH: H:, He, CH4 H:, He, CH: H:, He
Gas 69,953-60,000 km 58,130-30,000 km 25,200-20,250 km 24,623-15,000? km
H:-He gas H:-He gas, liquid (He depleted) gas (some H:O ice) gas & H:0 ice CH. ice
Mantle 60,000-50,000 km 30,000-27,000 km 20,520-15,120 km 1,180-900 km
H-He liquid inhomogeneous H:O ice rich (some gas & rock) H-0 ice
Core outer : 50,000-14,000 km outer : 27,000-12,000 km 15,120-0 km 15,0007 -0 km 900-0 km

H:0 ice & rock —rock rich rock (some H0 ice)
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Clastic Dikes Intruded in Lavas in the Southeastern Slope of Hakone Volcano
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Abstract. Clastic dikes intruded lavas and pyroclastic rocks in the southeastern slope of

Hakone old somma. The clastic dikes are considered to be formed by the liquidization of

water saturated pyroclastic rock. Theearthquake shook water saturated pyroclastic rocks to

become liquidised flow and it intruded theoverlying lava and pyroclastic rocks.

Key words : Hakone old somma, Clastic dike, Liquidization
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Isolated Scapula and Humerus of Stegodon sp. from the Early Pleistocene

of Hirayama Formation in Akishima City, Tokyo

il
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Hajime TARU
Kanagawa Prefectural Museum of Natural History, 499 Iryuda, Odawara, Kanagawa 250, Japan

Abstract. A proboscidean scapula and humerus were found in the Early Pleistocene

Hirayama Formation by the Tama river in Akishima City, Western Tokyo. The bones

belong to two individuals of slightly different size. Species of Stegodon and

Palaeoloxodon have been reported in the Early Pleistocene of Japan. This study explores

the possibility of distinguishing Stegodon and Palaeoloxodon on an isolated scapula or

humerus. The results suggest that the two specimens can be identified as Stegodon sp.

Key words: Stegodon, Stegodon aurorae, Palaeoloxodon naumanni, scapula, humerus
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Fig. 1. Locality of the scapula(k1) and the
humerus(k2).
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AR FEE U3, _ERE A,

teE - B

INE TREAMNADKRERO BT £ DiTabh
TN WH, P naumanni TZ DA DR X
T3 (Hasegawa, 1972 ; Bl - 8L, 1971 ; &
F. 1978 /NRAL, 1990 ; EHEMEE 2 L — T, 1975
B, 1987, HAK I v~ Y Ui L — T, 1981 ;
W LEFLAR 7 L — 77, 1980 ; i - BFXIE, 1980 ; &
¥, 1988b &), IN5DRE T P. naumanni &
Elephas maximus , Loxodonta africana , P. antiquus
LD T Rbh Wb, AR T, BRE, Lk
‘B % Stegodon BNOEFEE P. naumanni & IbE L, %
DFEREDENEI S I Utz Z N NME X N3
DORDOEE, F3KE»6 bL—2 L, kL E, %
D728, TNM-100, 101 & KT 2 MR T 5,

BEHE (Fig. 2)

HAEDO RSO EREAIIRFIREN VDA
A, FRCH TS, BEE, BRlNZzhzhss
G AEA AR | B EE TR, R EERT A
TR TTREA, BEREE X AR RO RE 2 5 3
I ThB, INSI3WTNIE P naumanni DIEART H
5, BHRHEOREZEZMIC BT 3 MKIEINE TR X
NGz, Bl (1972) Tl P. naumanni O
JBHE N P. antiquus 123, L LTW3S, £7-%
FLFLEEZ L — 7 (1987) 13, P. naumanni OJEH
BORBENS OPE2EF TS, LrL, Zheid
Palaeoloxodon JBD dhifE F 72 (3FHER D Kk ThH - T, fth
D& D IEIZIZ & A LT - Tnmuy,

Stegodon huanghoensis (FMHWE/NH, 1975) - 45
JRHE (i)

S. huanghoensis 13 KD Stegodon T, T NM -100
LREDKREEHRLD, BRPEALIHEEL VB,
8913 T N M-100 T BHE U TV 5 723 IEHE 22 Joki3
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WETH 5, Lol, BES»SHIMT5L, TNM-
100 & S. huanghoensis TIZZITRTEE O FEN TE X
N5 P EEEROMAICKN T2 TEO H» 3EHI&1T,
TNM-1002RPKEVNEI THD, H&EIZS

huanghoensis, T NM -100 & $ IZEFIRTH 528, 7
ABIZ TS =7 L, ARz > TwW3, S.
huanghoensis DJEFBUIEIESBIE L T35, L2 L,
TNM-100 % S. huanghoensis % J& RS 1138 FH 4
D R OIZALE 3 5, JE RO Wi 1 AT AR
W CRE RO i OME & TR D devi & i A SRR L D R
e bk, ZORIBMEAT—3HT 5., BTFH%E
BRI S R 5 & T NM-100 TIHIEIZTTFAEDIZR U,
S. huanghoensis 13 Y 47, BFHEBTED
ETAEIMERE SN 700 THhH B, BEIEIRS.
huanghoensis THIH & H T MIZHHEL TV 350, THHE
AL B ZOBREFHEHIZIES | EITRUTcHsMElE 1A
ZHT2RIZK O TE Y, IERIZRSMUTW 3,

Stegodon aurorae (YRAIZ />, 1988) | KBHE (AT
i)

BWERELT TR R A A, B, bR,
BTEERIBL TS, FlE —MICEEN L Bd i
WS, aurorae DIEFHD—2TH 5,

RIS, huanghoensis [Alk00MH T, Hltaib
TPIZLNTHD, TNM-100 & BB 5, Bl
EATRETESZLEAERE LTS 20, £2K0OF
BEISOW TR TR A, L L, BISIEE S 5 HE
5% 5 MISHERHOTTV B i, T NM-100 & LT
%, £, A5 RS EESIMMZIK - T % D0
WTED, ZORDOWRER, KD ORETHWVESHIE
EhRIcH B2 i3, TNM-100 EKETH 5,

Palaeoloxodon naumanni (BRI - BT, 1971) . KB
i

A EREE T AAR TR R X AT, Bl
DO—FEBELTWEN, ZLALTRERIERTH S,
B0 CHAAREAR R TEET 5 4, 30 Tl
FRREOREE Bbhs, BRESMOMmMEIZN T 5
T ED 3HA3, TNM-100DH AKXV, i
FAARIEA T2 BRATE 2> & A E TR FIZRER D | 7
W G EARRIZEAIZHO S, T NM-100 Ti3FE HIL
RTH %, BRI RAARBEARTENSFIROH — 7 &6
<#, TNM-100 3 HEMIRTH %, #AET NM-100
I HIEEIOROICMNE LTV S JBHBORFIER D,
BIEDHNN T NM-100 & D & Fi5 # 1A % | i - 72 JE
ReRT, T2, BREEEHIRLREBNIMNET 5, B
HBORIZIE T NM-100 & 0 52 <¥EfL , Ml & 8
D F &AM I D BB AINE kS, JRIEIZE S
22 T NM-100 3 FEFE L TV 3, 55Ol 5 L 3 & iz
KL TFRZED, TNM-100D S NEEAED H LT
W3, TNM-100 &0 & B FAEATTEET 5. BIEE
BREAETHEDOS TN EHH, TNM-1002 k&< £
%%, MBTA» S BERTX MO DI, TNM-
10012 RTHEL , I T A <EWNIMRTH 5,

Palaeoloxodon naumanni
(B )

bdRE A 2 & BEH U 72 BB 3 A T 28 7
AHoTW B, DS BER, MRS mWARRE Tl
BEfTR -7,

BEAER, %%, BRBLSHE L W5, B LT
FEHIZPR <, TNM-100 & & FEEDOFRE TH N, Wiz
BREEE» G BRE M K U0 B | 8 AL ER
BHSEOANPO TN S AR SFEEH< TNM-100 & i
RusEEE LTS, MEERERIILTWEL00
EIFERAFEETRL, TNM-100 & (3587 5, BAETRAS &l
ERSEELTWS,

(faFF, 1978) | HEEPE

Palaeoloxodon naumanni (F#g - BXi5%, 1980) . A8
e (RBERE)

R BRRTT NIRRT T2 6 B L2 iEAR T Y
iz kE SPHEL , ERBREIC SBEAR G5,

LR 3 OUBHE LT 3 48, FEEDOTRE 3o
P. naumanni DERERREE L BN S, T EIZTER-
TIEWB3EDOFETII R, ZORFEOHE XL =
D &S5 E, BIEIEESE BRI L Wb 2, 5%
FE & R 5 L B 6 IcMA, Zhr b ERRIRIC
WO 5, TNM-100 TI3sE< SFEH <, HFid
B 6 RIRERN TS, LA LT NM-100& D
& 7 OHIERIZR Y o BRI O & 5 I /5 & e
LT3, JBIEDRZEIZHSL NIZT NM-10023%E L T
W3, BAFER TR IR G Sk TR R BT R
IO & TRIGD e & i A2 R & D BTN T B,
TNM-100 & & BI#i_ EAERIASEET 5,

Palaeoloxodon naumanni (HAKG ST o v v ey
L—7 1981) I ARG (BRHISEHH)

WP P HAKGVER] 20 6 BEAY U 22 AR W g
RERLLS, ZOB L LW, ZORHEELREKT, Wi
ERPPHL TCWEEDOD , IEIFHEENL S,

W ESIIR<SHEL, TNM-100L 0 s 2RO M4
B 2 EA IR E WV, BT ORFEIZ T NM-100 & [FfE
EEEbN D, migBfE s 5 — i < i o 221,
EARAIZE IO %, BB 2 5 3R < glhY - 72
%, BHICEARAISHON B, Wi h TR Oy,
FHOEMIZME LD, SEISEWS FARL , BRI
BHEOEHIA TNM-100k D 5 < R & EE ‘A
EREDEBHIhE LS BBIIKEL WS EH 3
2%, Plate EFTRZED, TNM-100 D BFEL T
%, B ERERISISHEL TS,

Palaeoloxodon naumanni (EBJINEH», 1982) | KB
FE (RBERTE)

=G - BPIAR (1980) T & NAEA L [H UARII
BIRIRMENRERE» SEEM Uiz, BEHHE L, 12
AOKEZELHEBETHY, FA—lxERohs, FIZ
A EEOROE BRI OFEDICHIES R 515 23,
IZIEFRELEARTH S,

BEEIETNM-100 LD EFELTNBE LI TH S,
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BTFEIZRELSEREL VT, BRELEII L ED 5
A TNM-100 L[EFEETH 5, HifEIE T NM -100 12
HAEETH 5, B2 TNM-1001 R 5N B EHIET
DOEHNT RS o, #3113 T NM-100 & D & 5 <
A D |, F 3 5 EARAYIZ i B o RAAREA & Bl 7=k
TH5, BFTb TSR TH 5, JBFPHTEDO
EENIZ T NM-100 X 0 58 <, F/l L JRIED J % 5 A
A D SBHITME KD, JBIE L BRI O B & A
KEWZ RS 5, Fl2 kAR, B2 505
IZB W TR AR BIGEF D % D13 T NM-100 3%
FELTW3, TNM-100 X0 & B RN ET S,

Palaeoloxodon naumanni (BRI L — 7,
1987) : HEWE (REH)

BWE EKNEBE RIS D S B L 28R T, H
B & R L o—# 4 RT3, 2 DSHRIZIERSE
KERTH 5,

S BEE e OBAE R 5 & T NM-10023 57 L
T3, HRBTIZITESIRZ S, s Eficho
FREAR L, TNM-100ifl% . BARISEMIK T, TN
M-100 & 1357 %, BRI LRERIVERET S,

2. kg (Fig.3)

BAERSHED g a s BREaRRk, 554k
EARZED vy (Hasegawa, 1972 ; Bl - BT,
1971 ; &, 1978 ; /NR, 1990), & Db} Stegodon
BIZOWTRZOREWIHI L TH S (A,
1988 ; LA™ X 7 I F V&N, 1980%),

Stegodon huanghoensis (BMZIF/, 1975) 1 4
e (e i)

EEIEIER IO %, S, huanghoensis CTHHI Y
BnEDRELTEHD, AIIENT WS, 72, A
EEAREL WS, EREEE, T NM-1013RM2
KE WD, S. huanghoensis TiZ _FFEvEEL 2 EIZHME ¢
FOKREINKESELS LV, £z, EHEHEOHIZ
TNM-101 &b Pz k& <{EL O 5’7 -
Wi PR & AT & O ERIRIE, IEITERICNET 2,

Stegodon trigonocephalus (Hooijer, 1955) : 45 kit

S. huanghoensis[Elkk, — R L < P2BEE LT\ 5%,
LhL, EBEBEIETNM-101 A%EL W5, £z,
MU 3R, A _RE, EMEFRTEIE S, trigonocephalus
BREEL T35,

Stegodon cf. bombifrons (AHTW A7 3 F VHEEH,
1980) . ££ Wi (R TH)

Hadld 2 25 RRUARZHBENN) »5EH L
7ARART, B BRI EIREHO R T, #9200 HEF
RlEHEE S b, REARIZ I E CHARENCEL L C
W% StegodonBOH T, Ix b KAEIDEAD —DTH 5,
BB T, EAMEIAES LT S23, A HTH
27 3 F V#EER (1980) O Cid, £ EiE OB HEM
B En T3,

ZOREARL TNM-101 % T 25 &, kX k&<
Rube00, 08I LIPS, B A,
h HTHEEDEEARDIMEI_ R A 058 <, ] AR
PHELTWBETH S,

Stegodon aurorae (AM, 1988) : # LKiE (ATHIE
#ritt)

BEENT A S B U ZAEAR T, Bk E SR
LT3, BRAESE RS & ERWEEOAIAK X 0
RRZOBRIIIFFEIC LSBT Zehbnd, /22
U, BRIUTHEED S. aurorae TR RIMIlEJERE 2R,
Palaeoloxodon naumanni (Bl - 81, 1971) I &%
i (IR i)

FEN AR ZEE T RAAR A 6 BEHY U 72 AR ¢, 2
Hul, REREBORVERTHS, TNM-10112L
N, BERISMRS AT - FCh B, KGHIVNEEL, L
WA BRII R T L D & K E S HAITNET S, /2, W
2R 7 —7 U, KIGHMAIERICHET S, T0
728, FHSESRET 5, &6/ ERERE, A
FELIFWICRET 5, EHmEEAM, SMUE &, KX
DN E VSO & R = I BE & R
OfERIR I, RAMREAR TR I ET 5,
Palaeoloxodon naumanni (8IF, 1978) : & Ll
(F S BE i)

AU E SR S PEH U 2R T, 2D 0ERIZR S
NB3EDD FHIIZKELENMIROG A WEI TH B,
WA EL LT 22, REBEOAD 5w EiE T
B EiT- 7%,

T NM-101& OFEREDE VS AAAREA L B LT
B0%, FHCOMEl ERERE L RS IR R IS HE L T B
VRN Ch 2, £z, EHiEARE EREHEOEO T
ARKEEL S,
Palaeoloxodon sp., cf. naumanni  (/NFEA, 1990) : /&
lEE (R i)

FA N RAS TR AN 2> & BEH U 72 B2 ¢, i Ml
BhreDERNRRENZ 2, Btk L 5%, A
MIAEEH LT\ 35, KIBEO Dk WE Hid © g %
o7,

KRG, KARGERE, SMU R SioREN R o N s
rgE, D P naumanni & FEFIZPT S, iR
DA ESHUDOK Z S BERO 726 22Tk,

TEH

T NM-100, 101 & Stegodon J& & P. naumanni & 0
DR, TNM-100, 101 & $1Z Stegodon JBIZIF
WIZHEWER AR U, P. naumanni & O ISAE5 121 6
R, PLEO#ER2 5 T NM-100, 10113 Stegodon J&
DOJEFE & Wi &Pl L7,

7z, TNM-100, 101 MilEADOTER I, LT Db
E2 6 S. aurrae ERIE SN AERNEHR L TWE Z &
(Fig. 5), TNM-100%, Seilimih 5EH L~ S
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aurorae & BEBmOIERENEITC WS Z & M LiGEO
FEEMNBNT & BUROEESHHEA TV B 7 E Lo
RTIREVOITNITH B Z &, WADEN U =B
EHHEE (15 0HF) THEIehENE, S
aurrae EHEETE 5,

T NM-101DFEREE 12T, PRS0 5638 H 3
WZ & AMAI FEERE S PN CfE A A2 & _FBETEER D
P AR BN T & BTGB Ol & & R D M 217 T
FHWTWEWZ & 58, S. aurorae & ILFEN LN,
FRHRERERE, ITH B Z & L ENEREDOFERS, S
S. aurrae LHEETE S,

25, Zhoolkizk, S. aurorae & P.
naumanni, BROERO B NN HLE N TIZH 35, B
Mk oz, ZOMRE Table 1, 212F & BTz,

o
fnoyjuay

|

S. aurorae

(Inuzuka et. al., 1991)
S. aurorae (Taru and Taru, 1993)
% TNM-100

% TNM-101

Horinouchi tuff
1.5+0.1Ma
(Kikuchi, 1991)

|"ur g
emWe LRIl

S. aurorae (Taru and Taru, 1993
S. aurorae (Taru and Taru, 1993
S. aurorae (Taru and Taru, 1993

I ‘my (89 twnsey|

Pleistocene ,
Pliocene )

S. cf. bombifrons
(Itsukaichi Stegodon
Reserch, 1980)

IOm]:

Fig. 5. Diagram plotting the stratigraphic occurrence
of the described specimens and other species of
Stegodon in Western Tokyo
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Fig. 2. Scapulae of Stegodon and Palaeoloxodon naumanni.
1: P. naumanni (Hamacho specimen); 2: P. naumanni (Churai specimen); 3: P. naumanni (Tengakuin specimen); 4:
P. naumanni (Tengakuin specimen); 5: P. naumanni (Okine specimen); 6: P. naumanni (Nojiri-lake specimen); 7: S.
aurorae (Sayama specimen); 8: Stegodn sp. (TNM-100); 9: S. haunghoungensis; 10: P. naumanni (Churui specimen);
11: P. naumanni (Okine specimen); 12: S. sp. (TNM-100); 13: S. huanghoensis. No. 2, 4, 6, 9, 16, 13 were reversed.
All scaled to the size of TNM-100.
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Fig. 3. Humeri of Stegodon and Palaeoloxodon naumanni.
1: P. naumanni (Churui specimen); 2: P. cf. naumanni ( Kawawa specimen); 3: P. naumanni (Okine specimen); 4: S.
aurorae (TNM-101); 5: S. aurorae (Sayama specimen); 6: S. trigonocephalus; 7: S. huanghoensis; 8: S. cf. bombifrons
(Itsukaichi specimen); 9: P. naumanni (Okine specimen); 10: S. sp. (INM-101); 11: P. naumanni (Okine specimen);
12: Stegodon sp. (TNM-101); 13: S. huanghoensis; 14,TNM-101(left) and S. huanghoensis(right). No. 2, 3, 8, 9, 11
were reversed. All scaled to the size of TNM-101, expect for the two in the box (14): they are X 1/20
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Fig. 4. Measurements(mm) of the scapula (TNM-100) and humerus (TNM-101).

(mm) {519{296 439|156 |467|342 (389 181|147 |79 |75 |120
measurements
(mm)
1 464
2 404
C; 123
4 145
5 152
6 60
7 51
8 67
9 113
10 101
11 109
12 78
13 93
14 91
15 74
16 59
17 74




Isolated Scapula and Humerus of Stegodon sp.

Table 1. Keys to distinguish Stegodon sp. from Palaeoloxodon naumanni on an isolated scapula.

scapula
\ Stegodon sp. Palaeoloxodonnaumanni
cranial border Q) sigmoidal straight
caudal border @) straight arched
vertebral border ©) straight concave
supraglenoid tubercle @ [relatively less developed well developed
glenoid cavity ® elliptical square
acromion process (6 straight arched

Stegodonsp.
TNM-100

Palaeoloxodon naumanni
(by Hasegawa and Kanie; 1971)
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Table 2. Keys to distinguish Stegodon sp. from Palaeoloxodon naumanni (reversed) on an isolated humerus.

humerus
Stegodon sp. Palaeoloxodon naumanni
shaft (1] short, robust long, slender
medial margin of shaft (2] straight arched
deltoid crest (3] relatively less developed developed
angle of trochle with shaft @ = 90° <90°
lateral supracondyloid ridge @ developed well developed

epicondyle (6

medial lateral condyles in width| similarly-sized condyles

greater turbercle (7]

relatively less developed

extended anteriorly to

the humeral head

Stegodon sp.
TNM-101

Palaeoloxodon naumanni
(by Hasegawa and Kanie; 1971)



Isolated Scapula

Plate 1. The scapula of Stegodon sp. (TNM-100). 1:

and Humerus of Stegodon sp.

latelal view (X 1/4); 2: inner view (X 1/4); 3: distal view (X 1/4).
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Plate 2. The humerus of Stegodon sp. (TNM-101). 1: caudolateral view (X 1/4); 2: lateral view (X 1/4); 3: dosal
view (X1/4); 4: medial view (X1/4); 5: distal view (X1/2); 6: proximal view (X 1/2).
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Chelon persicus, a New Species of Mullet

(Perciformes: Mugilidae) from the Persian Gulf

Ry v EBEIOFEINT-F SR FLED 1 #Hifd
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Abstract. Chelon persicus is described as a new species of mugilid fish from seven specimens

collected in coastal waters of Qatar and Bahrain in the southwestern Persian Gulf. It is one

of five species of the genus Chelon with both long and short unbranched pyloric caeca. It

differs from all of these in having a pair of long, spine-like, neural postzygapophyses on the

second vertebra. Other diagnostic characters: maxilla hooked downward at mouth corner; no

adipose eyelid; scales weakly ctenoid, 34-36 in lateral series on body; predorsal scales with a

single elongate groove; tiny monocuspid teeth on lower edge of upper lip; lower lip directed

horizontally forward, the edge thin.

Key Words: Chelon, new species, Mugilidae, Persian Gulf

Chelon Rose, 1793 is the largest genus of the
perciform fish family Mugilidae and the most difficult
to classify. The species of this genus are found in
European seas, along the western coast of Africa, and
throughout the Indo-Pacific region.

Schultz (1946) revised the genera of the Mugilidae
on worldwide base; he considered Chelon to be a valid
genus on the basis of the morphology of the mouth
including maxilla and teeth, and other characters such
as the form of the adipose eyelid and scales. He
regarded Liza Jordan et Swain, 1884, Oedalechilus

Fowler, 1904 and Ellochelon Whitley, 1930 as
synonyms of the genus.

Thomson (1954) accepted Schultz' classification, in
general, but stated that Chelon Rése is an unavailable
name which is valid only from the time of Jordan and
Evermann (1917). He regarded Liza as the valid name
for the genus.

Trewavas and Ingham (1972) rejected Thomson's
invalidation of Chelon. They pointed out that Chelon
is an available name according to the International
Code of Zoological Nomenclature of 1961, Art. 68d(i).
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Fig. 1. Chelon persicus, KPM-NI0000380, holotype, 237.9 mm SL, Doha fish market.

Furthermore, they regarded both Chelon and Liza as
valid. They characterized Chelon by having a thick
upper lip bearing horny projections and/or ridges or
papillae. They recognized the following four species in
the genus: C. labrosus (Risso, 1826), C. bispinosus
(Bowdich, 1825), C. heterocheilos (Bleeker, 1855) and
C. crenilabis (Forsskal, 1775).

Senou (unpubl.) carried out a cladistic analysis of
the interrelationships of this family regarding it as a
perciform. He presented a new system of generic
classification. Chelon is treated as a senior synonym
of Liza. The first two of the four species of Trewavas
and Ingham mentioned above were referred to Chelon,
the last two to different genera.

In the present paper, we describe a distinct new
species of Chelon (sensu Senou), which was recently
collected from the coasts of Qatar and Bahrain, Persian
Gulf.

Specimens of the new species are deposited in Bernice
P. Bishop Museum, Honolulu (BPBM), Kanagawa
Prefectural Museum of Natural History, Kanagawa
(KPM-NI), and Department of Zoology, University
Museum, University of Tokyo, Tokyo (ZUMT). Methods
of counting and measuring follow Senou et al. (1987).
The terminology of the jaw teeth follows Ebeling (1957).
Osteological studies, including teeth, were made on one
specimen (ZUMT 59485) stained in alizarin Red-S.
Vertebrae and associated bones were examined with
soft X-ray negatives. Lengths for specimens are given
as standard length (SL).

Chelon persicus sp. nov.
(Figs. 1-4; Tables 1 and 2)

Holotype. KPM-NI0000380, ripe female, 237.9 mm,
Doha fish market, Qatar, Persian Gulf, Dec. 24, 1989,
coll. by S. Hara.

Paratypes. BPBM 21266-1 & -2, ripe female & ripe
male, 248.8 & 247.3 mm, Bahrain fish market, Bahrain,
Persian Gulf, Feb. 20, 1977, coll. by J. E. Randall, G.
R. Allen and W. F. Smith-Vaniz; BPBM 29551, ripe
male, 217.0 mm, Bahrain fish market, Bahrain, Persian
Gulf, Nov. 19, 1983, coll. by J. E. Randall; ZUMT 59484,
200.6 mm, Doha fish market, Qatar, Persian Gulf, July
3, 1989, coll. by S. Hara; ZUMT 59485, 195.4 mm, July,
1989, coll. by S. Hara; ZUMT 59505, ripe female, 227.8

mm, same data as holotype.

Comparative materials.

C. saliens, 1 specimen, 144.0 mm. C. richardsonii, 5
specimens, 38.0-78.3 mm. C. dumerili, 3 specimens,
76.4-137.6 mm. C. tricuspidens, 2 specimens, 45.9 and
71.8 mm. C. macrolepis, 72 specimens, 129.7-281.7 mm.

Diagnosis.

Maxilla hooked downward at corner of mouth, its
posterior tip reaching beyond corner of mouth and
remaining exposed when mouth is closed; a pair of long,
spine-like neural postzygapophyse on second vertebra;
weak ctenoid scales on body; predorsal scales bearing
a single elongate groove; stomach gizzard-like and
biconical, bearing three short and three long,
unbranched pyloric caeca; upper lip bearing
monocuspid primary teeth on its inferior edge; lower
lip forming a thin edge, directed horizontally forward;
adipose eyelid little developed, present as thin
membraneous tissue in posterior region of eye; lateral
scale series 34-36 (mostly 36); gill rakers 36-42+52-
63=90-105; pectoral-fin base silvery when fresh; no
distinct dark marking on pectoral-fin base after

preservation.

Description.

Counts and proportional measurements are shown



New Chelon from Persian Gulf 73

Table 1. Counts of type specimens of Chelon persicus

Holotype Paratypes

KPM-N10000380 ZUMT 53484 ZUMT 59485 ZUMT 59505 BPBH 21266-1 BPBM 21266-2 BPBM 29551
Dorsal rays 1v-9 V-9 V-9 V-9 1v-9 %9 V-9
Pectoral rays 16 16 17 15 16 16 16
Pelvic rays I B I, 5 I, 5 I, 5 I, § I, 5 I, 5
Anal rays 111, 8 1, 9 11, 9 111, 9 11, 9 [, 9 11, 8
Branched caudal rays 6+6=12 6+6=12 6+6=12 646 6+6 6+6 6+6
Lateral scale series 36 36 36 36 36 34 35
Transverse scale rows 11 11 11 11 11 15} 11
Cheek scale rows 4 4 4 4 4 4 4
Number of pyloric caeca 3(short)+3(long) 3(short)+3(long) 3(short)+3(long) 3(short)+3(long) 3(short)+3(long) 3(short)+3(long) 3(short)+3(long)
Vertebral counts 13+11=24 13+11=24 13+11=24 13+11=24 not examined not examined not examined
Number of- gill rakers 38+52=90 37+53=90 36+56=92 38+55=93 42463=105 broken 38+56=94

in Tables 1 and 2.

Body elongate, becoming strongly compressed toward
tail. Back without a keel on midline.

Head small, moderately compressed. Interorbital
space nearly flat or slightly convex in front view.
Adipose eyelid rudimentary, existing as very thin
membrane along posterior rim of eye. Maxilla hooked
downward at corner of mouth, its posterior tip reaching
beyond corner of mouth and remaining exposed when
mouth closed. Connecting tissue between end of
maxilla and corner of mouth scarcely visible when
mouth closed.

Lachrymal serrate on lower and posterior edges, the

serration of lower edge starting from anterior edge of

Fig. 2. A cross-section of upper lip of Chelon persicus,
ZUMT59485, 195.4 mm SL. fs: fibrous strands;
pm: premaxilla; pt: primary tooth; rt: replacement
tooth to primary tooth; st: secondary tooth. Bar

indicates 1 mm.

the corner of mouth. Lower edge of lachrymal
emarginate at corner of mouth; posterior edge of
lachrymal round or truncate, the upper end reaching
anterior edge of eye.

Mouth terminal, with a prominent symphyseal knob
at tip of lower jaw. Upper lip slightly thick, bearing a
row of primary teeth on lower edge and some secondary
teeth inside primary tooth row. Primary teeth minute
and ciliform, invisible to the naked eye. Each tooth
supported by well developed, bifurcate fibrous strands
(Fig. 2). Lower lip without teeth forming thin edge,
directed horizontally forward. Corner of mouth on a
vertical through anterior nostril, or between nostrils.

Tongue with a longitudinal keel on the midline, the
front view of tongue forming an obtuse angle. Tip of
tongue free from mouth floor. Some small tooth patches
present on the margin of tongue.

Ventral inner edges of right and left dentaries
connected to each other by a relatively long
midlongitudinal joint at symphysis. Free space formed
by edges of both dentaries relatively wide just behind
of symphysis, and width gradually narrowing toward
posterior part of mandible. Angle of lower jaw 102.5 to
110.7 degrees.

Prevomer and pterygoids bearing some small teeth.

Gill opening extending to below center of pupil. Each
gill raker with pointed tip, bearing two rows of minute
cirri along edge. Longest raker at corner of gill arch,
its length 2.3-2.6 in longest gill filament on lower arm.

Scales on body weakly ctenoid. Head covered with
cycloid scales. Interorbital scales large anteriorly,
reaching to or nearly to posterior nostrils. Lachrymal
with small scales. Lateral surface of basal half of second
and third dorsal spines with a row of minute scales.
Outer surface of pectoral, inner surface of pelvic, 2nd
According to Senou (unbubl.), only the following four
species of Chelon have both long and short, unbranched
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Fig. 3. Diagram showing stomach with long and short
pyloric caeca of Chelon persicus. lp: long pyloric
caeca; s: stomach; sp: short pyloric caeca.

Fig. 4. Neural postzygapophyse (np) on second
vertebra of Chelon persicus, ZUMT59485, 195.4
mm SL. Bar indicates 10 mm.

dorsal, anal and caudal fins covered with minute scales.
Most of scales on body with a single elongate groove.
Stomach gizzard-like and biconical, bearing three
short and three long, unbranched pyloric caeca (Fig. 3).
Three supraneural bones set between 2nd and 3rd,
4th and 5th, 6th and 7th vertebrae, respectively. First
pterygiophore of spinous dorsal fin set between 7th and
8th vertebrae. A pair of long, spine-like neural
postzygapophyse present on second vertebra (Fig. 4).
Color when fresh: Body dark greenish on back, silvery
on side and ventrally. Predorsal scale with a dark edge.
No dark stripes on body. Upper portion of iris orange.
Spinous and soft dorsals gray, the latter with a dark
margin. Pectoral fin somewhat darkish with a silvery
half-moon mark on basal part. Caudal fin gray with a

blackish posterior margin. Pelvic and anal fins whitish.

Distribution.

All specimens were collected from the coasts of Qatar
and Bahrain, the south-western part of Persian Gulf.
This species is the most abundant mullet in Qatar fish
market; 0.5 to 1.5 tons per month are landed (Dr. Hara,
pers. comm.). There is no record of the species from
outside the Persian Gulf, and we know of no record

from elsewhere in the Gulf.

Etymology.
The specific name "persicus" refers to the Persian

Gulf where this species appears to be endemic.

Remarks.

According to Senou (unbubl.), only the following four
species of Chelon have both long and short, unbranched
pyloric caeca: C. saliens (Risso, 1810) from the
Mediterranean; C. dumertli (Steindachner, 1870) from
West Africa and South Africa; C. richardsonii (Smith,
1849) from South Africa; and C. tricuspidens (Smith,
1935) from South Africa.

C. persicus is fifth species bearing such pyloric caeca.
However, this new species is different from the other
four in having a pair of long, spine-like neural
postzygapophyse on the second vertebra. In C. saliens,
C. dumerili and C. richardsonii, the postzygapophyse
is slightly compressed and hook-shaped. That of C.
tricuspidens is short and spine-like.

C.saliens and C. dumerili are differentiated further
by predorsal scales with multiple grooves (versus
having single groove in C. persicus). C. tricuspidens
and C. richardsonii have large incisor-like teeth
arranging densely along the inferior edge of upper lip
(versus minute, ciliform teeth in C. persicus).

There are no differences among C. persicus, C.
dumerili and C. tricuspidens in either the number or
composition of short and long caeca. C. saliens, however,
has 5 short caeca and 4 long caeca, and C. richardsonii
has 4 short and 2 long caeca.

Trewavas and Ingham (1972) treated Protomugil
Popov, 1930 as a subgenus of Liza (= Chelon in the
present paper) on the basis of having both short and
long pyloric caeca, and multiple grooves in the scales.
They classified L. saliens and L. dumerili in this
subgenus.

However, as mentioned above, C. persicus, C.
richardsonti and C. tricuspidens also have short and
long pyloric caeca, but there are no multiple grooves
in their scales. Therefore, the subgenus Protomugil
as diagnosed by Trewavas and Ingham is no tenable.

C. persicus is similar to C. macrolepis (Smith, 1849)
from the Indo-Pacific in general external appearance
when fresh. However, the following color character

serves to distinguish the two: C. persicus has a silvery
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half-moon marking on basal part of the pectoral fin
whereas there is a golden transverse band on the basal
part of the fin in C. macrolepis, this marking remaining
as dark pigmentation after preservation; In addition,
C. persicus has 34 to 36 scales in lateral series, mostly
more than 34 (versus 30 to 34, mostly less than 34 for
C. macrolepis); and interorbital scales reaching to
posterior nostrils or not (versus reaching to anterior
nostrils, often beyond them for C. macrolepis); The
following measurements expressed as percentages of
the SL are also differentiating (data for C. persicus
given first): head length 23.0 to 24.2 % (versus 23.9 to
29.0); snout length 6.6 to 7.1 % (versus 7.1-8.6); eye
diameter 5.4 to 6.1 % (versus 6.2 to 8.7); interorbital
width 8.1 to 9.0 % (versus 9.6 to 11.9); thickness at
pectoral fins 14.4 to 15.4 (versus 16.2 to 20.5); width of
mouth 7.1 to 7.8 (versus 9.1 to 11.9).
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The Genus Necydalis (Coleoptera, Cerambycidae)

from Northern Vietnam, with Descriptions of Two New Taxa
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Abstract. Five species of the longicorn genus Necydalis from northern Vietnam are recorded:

N. (Necydalis) hirayamai flemonea subsp. nov., N. (N.) marginipennis Gressitt, N. (N.) shinborii

sp. nov. which is surely related to N. (N.) nanshanensis Kusama from Taiwan and N. (N.)

yakushimensis Kusama from N. Ryukyus, N. (N.) strnadi Holzschuh which is treated as a

senior synonym of N. nigra Pu and N. similis Pu from Hainan, SE China, and N. (Eonecydalis)

bicolor Pu from Guangxi, SE China. They are full-described and illustrated.

Key Words: Necydalis, Cerambycidae, new taxa, new synonyms, N. Vietnam

The genus Necydalis of brachelytrous cerambycid
beetles are widespread in the Eurasian Continent and
its neighboring islands and also along the West Coast
of North America. The genus is usually split into four
subgenera and has so far been known to include about
thirty-five species. Although the most members of the
genus distribute in Asia, only one species, Necydalis
strnadi Holzschuh (1989, p.156, fig.13) from northern
Vietnam, has hitherto been known from the Indochina
Region. Recently, Pu (1992) described five species from
the Chinese territory near Indochina; cf. N. nigra and
N. similis from Hainan, N. inermis from Gansu and
Qinghai, N. bicolor from Guangxi, and N. maculipennis
from Xizang (Tibet). In any previous reports, the

faunal solution of Necydalis in Indochina may still be
very poor. In the recent field investigation in northern
Vietnam, we were able to obtain a rather lot of
specimens of Necydalis. After careful examination, it
was clear that these Vietnamese specimens containe
distinct five species including two new taxa.

Three previously known species are N. strnadi
Holzschuh, N. marginipennis Gressitt and N. bicolor
Pu. Necydalis strnadi seems very peculior in having
the wholly blackish body, though it has close
relationship with N. moriyai from the Ryukyus of
Southwest Japan. Necydalis marginipennis was
originally described from Sichuan and is first
introduced to the Indochinese fauna. Though this
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species has the lateral tubercles on pronotum, it is
similar to N. esakii Miwa et Mitono and N. mizunumai
Kusama from Taiwan in some other characters.
Another species, N. bicolor belonging the subgenus
Eonecydalis, has close relationship to N. formosana
from Taiwan and may be regarded as a geographical
race of the latter species.

Two new taxa are also very interesting in the
zoogeographical viewpoint. They have more or less
relationships to the Taiwanese fauna. Necydalis
shinborii sp. nov. is acutually the same group of N.
nanshanensis Kusama from Taiwan and N.
yakushimensis Kusama from Yakushima I. of the
Ryukyus. They agree with such the basical characters
as the broad and voluminous head and pronotum, the
thickened antenna, and short and broad elytra.
Another is a subspecies of N. hirayamai Ohbayashi
occurring in central Taiwan. The faces of two
populations are closely related to each other, however,
clearly separable especially in the coloration of elytra,
abdomen and legs and the conformation of head,
pronotum and abdomen.

As was writing above, the Necydalis fauna of
northern Vietnam is very similar to that of Taiwan and
also to that of the Ryukyus of Southwest Japan. The
members of three different areas are basically
contained by common species groups. This fact
suggests an example of faunal similarity between these
areas.

Before going further details, we wish to express our
hearty thanks to Drs. Masanobu Kubota and Akiko
Saito, Messrs. Takao Arai, Kazuhiro Ishida, Masao Ito,
Haruki Karube, Nobuhiko Katsura, Kunio Kume,
Tetsuro Mizunuma, Masao Nakagome, Shin-Ichi
Nakamura and Toyohiko Shinbori, and Mrs. Sachiyo
Karube, for supplying with materials and helps in the
field investigations. Thanks are also due to Prof. Dr.
Masataka Sato and Dr. Shuhei Nomura for
reexamining the type series of the Chinese Necydalis
species deposited in the Smithonian Institute,
Washington DC, and the Academia Sinica, Beijing,
respectively, and to Mr. Toru Shimomura for offering
photographs of the holotype of Necydalis strnadi.

Necydalis (Necydalis) hirayamai flemonea subsp. nov.
(Figs. 1, 8-12)

Male. Generally allied to the nominotypical
subspecies from Taiwan, but apparently differs from
that in the following characteristics:

Body reddish brown to red, densely clothed with deep
golden yellow hairs or pubescence; antennal segments
1-4 largely yellowish red, often blackish at apices of
3rd and 4th, the remainder black; elytra without
blackish area (apical parts blackish in the

nominotypical subspecies); naked portions of hind
wings transparently reddish yellow in basal 2/3, the
remainder testaceous; legs with all tarsi, apices and
external sides of mid tibiae, apical 3/4 of hind tibiae
and clavate parts of hind femora blackish (almost
blackish except for fore and mid femora and apices of
all tibiae in the nominotypical subspecies); abdomen
blackish, with segment 3 light testaceous to brown
except for blackish apex (blackish except for basal half
of 3rd light testaceous in the nominotypical subspecies).

Head relatively small, with a median deep and
distinct groove running from frontoclypeal suture to
occiput (indistinct at/near occiput in the nominotypical
subspecies); frons as wide as long; eyes not so large;
genae just before eyes medially excavate in profile;
tempora narrow, surely narrower than gena just below
eye. Antennae a little exceeding the apex of abdominal
tergite 3. Pronotum as long as or faintly longer than
wide, coarsely, densely and deeply punctate excepting
median callosities (more finely, sparsely and shallowly
soin the nominotypical subspecies); base narrower than
apex (1:1.1-1.27); disc swollen, shallowly concave along
midline, the swellings more distinct than in the
nominotypical subspecies. Scutellum slenderly tongue-
shaped with broadly rounded apex, distinctly reflexed
laterally. Elytra slightly longer than pronotum (1.02-
1.13:1), just as wide as long (about 0.9 times in the
nominotypical subspecies), more coarsely and deeply
punctate than in the nominotypical subspecies, a little
swollen near each apex which is broadly rounded;
sutures gradually and arcuately dehiscent in apical
about 1/2 - 3/7, then rather rapidly so apicad; sides
expanded towards basal 1/3, gradually attenuate
posteriad in basal 1/3 - 2/3, then arcuately convergent
apicad. Hind wings not reaching the apex of abdominal
tergite 7 (a little exceeding that in the nominotypical
subspecies). Abdomen slenderer than in the
nominotypical subspecies; sternite 3 about 3.3 times
as long as apical width (2.9 times in the nominotypical
subspecies); 5th slightly wider than long, with a shallow
concavity along midline, apparently arcuate at sides
(slightly so in the nominotypical subspecies); 7th about
1.15 times as wide as long (1.3 times in the
nominotypical subspecies), widely parabolically concave
(more narrowly so in the nominotypical subspecies);
last tergite short, about as wide as long, widely rounded
at apex which is faintly excavated at the middle (bilobed
in the nominotypical subspecies). Hind legs somewhat
slenderer; femora more weakly clavate behind apical
2/5, with lateral aspects almost impunctate or sparsely
punctate and shiny, especially at apical parts (densely
punctate in the nominotypical subspecies); tibiae
straight; tarsi not so inflated.

Genitalia stout, relatively small. Median lobe light
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Figs.1-7. Necydalis spp. from N. Vietham. 1: N. (N.) hirayamai flemonea subsp. nov., J'(holotype); 2: N. (N.)
marginipennis Gressitt, d; 3: N. (N.) shinborii sp. nov., J'(holotype); 4: ditto, § (paratype); 5: N. (N.) strnadi
Holzschuh, d'; 6: ditto, $; 7: N. (Eonecydalis) bicolor Pu, J.

79
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Figs. 8-12. Necydalis (Necydalis) hirayamai flemonea ssp. nov., male abdomen and
genitalia. 8: median lobe, lateral view; 9: ditto, apical part in dorsal view; 10:

paramere, dorsal view; 11: abdominal tergite 8, dorsal view; 12: abdominal sternite

7, ventral view. Scale 0.5 mm for Figs. 8-10 and 1 mm for Figs. 11-12.

amber in colour, with apical part short and fully bent
ventrad; ventral plate parabolic with rounded apex.
Tegmen deep amber in colour, longer than median lobe
(4.3:4), fully bent ventrad; lateral lobes slender, slightly
attenuate towards each apex which is narrowly
rounded, with each basal ridge scarcely projected.

Body length: 25-30mm, width: 4.5-5.8mm.

Female. Unknown.

Type series. Holotype: &', Mt. Tam Dao, Vinh Phu
Prov., N. Vietnam, 12. VII. 1990, T. Mizunuma leg.
Paratypes: same locality as the holotype: 1", Mt. Tam
Dao, 5. V. 1995, local col. leg.; 1 d", 20. V. 1995, same; 3
&, 1-18. VI. 1995, same; 14", 5. VIL. 1995, same.

The holotype is preserved in the collection of the
Kanagawa Prefectural Museum of Natural History,
Odawara, and paratypes are in the private collection.

Distribution. N. Vietnam.

Notes. As was shown above, this new subspecies is
apparently different from the nominotypical subspecies
(Ohbayashi, 1948, p.13) distributed in the montane
zone of central Taiwan especially in the coloration,
distinct and deep median groove on vertex, longer elytra

than pronotum, and slenderer abdomen.

Necydalis (Necydalis) marginipennis Gressitt
(Figs. 2, 13-17)
Necydalis marginipennis Gressitt, 1948, Lingnan Sci.
J., 22, p.47; type locality: Suifu, Sichuan.——Hua,

1982, Check List Longic. Beetl. China, p.16.
Necydalis (s. str.) marginipennis: Gressitt, 1951,

Longicornia, 2, p.125

Male. Slender and elongate species. Body black
though appendages and abdomen reddish brown,
moderately shiny, densely clothed with pale yellow or
brown pubescence; head black, with mouth parts except
for black mandibular tips and clypeal base and
yellowish brown labrum and palpi dark reddish brown,
with pale golden yellow pubescence on frons; antennae
reddish brown, becoming paler distally; pronotum
black, with pale golden yellow pubescence on sides and
around discal callosity, and also with rather short pale
hairs on sides; scutellum black, with pale yellow
pubescence near apex; elytra dark reddish brown with
broad black margins, pubescent along external
margins; hind wings yellowish brown, iridescent, with
dark brown veins; undersides of thoraces black, with
dense pale golden yellow hairs near sides; abdomen
reddish brown, infuscate on the middle of sternite 3
and bases of sternites 4-7, with dense pale yellow
pubescence though the pubescence becomes dark brown
on apical two sternites; legs reddish brown, infuscate
on dorsal sides of tarsi and tibiae, coxae black, hind
tarsi pale yellowish brown.

Head apparently wider than pronotal apex (5:4) and
narrower than the widest point of pronotum across
lateral swellings, coarsely and closely punctate; frons
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wider than long, provided with a very deep median
groove extending to occiput, and frontoclypeal suture
also deep; eyes weakly prominent, with lower lobes 2.3
times as deep as genae. Antennae long and somewhat
stout, reaching the apex of abdominaral tergite 4,
relative lengths of segments as follows: 3.4:1:3.8:2.9:
5.5:6.0:6.0:5.7:5.2:5.2:5.5. Pronotum relatively broad,
provided with a pair of subtrianguler swellings on
middle, as long as wide, with base wider than apex (5:
4); disc strongly convex and shiny near middle,
subtriangularly raised on middle near base,
scabrousely punctate though finely so on basal half.
Scutellum trapezi-formed, scabrously punctate,
concave along midline, with weakly emarginate apex.
Elytra about 1.33 times as long as pronotum, 1.2 times
as long as the humeral width, coarsely and somewhat
scabrously punctate, partly with large punctures along
sides; sides with moderately prominent humeri, almost
straightly narrowed to apical 1/7, then rounded with
small sutural angles; sutures almost straightly
dehiscent in apical half; disc convex though almost
flattened above, strongly thickened in apical 1/7. Hind
wings attained to the apical margin of abdominal
tergite 6. Prosternum coarsely punctate though closely
so near middle. Meso- and metathoraces scabrously
punctate; metasterna strongly convex and expanded,
closely and densely punctate near middle. Abdomen
strongly elongate, with depressed sides of sternites;
sternites 3-5 thickened at each apex, closely and
shallowly punctate; sternite 5 as long as sternite 4,
dilated apicad, punctate as on the preceding two
sternites; sternite 6 moderately broad, weakly dilated
apicad, finely and closely punctate, with a blunt
projection at middle of apical margin; last sternite
gently arcuate at sides, 1.75 times as long as basal
width, subparallel-sided in basal 4/7 then narrowed to
apex, semicircularly excavated in apical 2/7, with wide
and subtriangular apical emargination; last tergite long
and subquadrate. Legs long and slender; hind femora
moderately compressed, clavate in apical 3/7; hind
tibiae slightly sinuate and reaching the middle of last
abodominal sternite.

Median lobe of male genitalia gently arcuate in
profile; ventral plate bluntly pointed at apex, distinctly
longer than dorsal plate; dorsal plate weakly sinuate
at sides, with rounded apex. Tegmen with parameres
elongate and subparallel-sided, rounded at each apex,
provided with short setae along inner sides and also
with irregular-sized ones at apices.

Body length: 24.5 mm, width: 3.2 mm.

Specimen examined. 1J", Mt. Tam Dao, Vinh Phu
Prov., N. Vietnam, V. 1995, local col. leg.

Distribution. W. China (Sichuan), N. Vietnam (new

record).

Figs. 13-17. Necydalis (Necydalis) marginipennis

Gressitt, male abdomen and genitalia. 13: median
lobe, lateral view; 14: ditto, apical part in dorsal
view; 15: paramere, dorsal view; 16: abdominal
tergite 8, dorsal view; 17: abdominal sternite 7,
ventral view. Scale 0.5 mm for Figs. 13-15 and 1
mm for Figs. 16-17.

Notes. Necydalis marginipennis is unique in the
lateral tubercles of pronoum and does not seem to have
any direct relationship with the other members of the
subgenus. This species is similar in general appearence
to N. esakii Miwa et Mitono (1937, p.161, pl.9) and N.
mizunumai Kusama (1974, p.51, pl.1, fig.1), but two

latter ones have no pronotal tubercles.

Necydalis (Necydalis) shinborii sp. nov.
(Figs. 3-4, 18-22)

Male. Body black, moderately shiny, sparsely clothed
with pale yellow to whitish erect hairs on head and
thorax, densely so in metathorax; mouth parts except
for mandibles yellowish brown; antennae except for
blackish scapes brownish, sometimes more or less
darkened or blackish in segments 2-4 or 5; elytra
reddish brown, usually blackish or darkened at apical,
lateral and sutural portions, densely clothed with pale
yellowish to whitish recumbent or semirecumbent
pubescence near sutural areas, very sparsely with erect
hairs in the remainder; abdomen reddish brown,
densely clothed with semirecumbent golden yellow
pubescence, with sternite 3 blackish at underside and
4 darkened at basal half of underside; legs brownish,
except for yellowish hind tarsi and blackish basal
portions of all femora (especially on beneath), more or
less darkened in fore and mid tarsi.

Head apparently wider than the apex of pronotum,

slightly so than the widest, densely and roughly
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punctate; frons wider than long; eyes very large,
distinctly prominent, with upper lobes fully broad, with
lower ones almost circular, about 1.8-2.7 times as deep
as genae below them. Antennae rather inflated,
reaching the apex of abdominal tergite 3; relative
lengths of segments of the holotype as follows: 3.7:1:
3.3:2.3:4.8:4.9:4.9:4.4:3.9:3.7:4.3; terminal segments
semisegmented at apical 1/4. Pronotum long, usually
about 1.13-1.15 times as long as wide, coarsely and
deeply punctate, constricted at apical 1/4 and before
base, widest just the middle, with base about 1.05-1.1
times as wide as apex; discal raising moderate.
Scutellum triangular with rounded apex, almost as long
as wide. Elytra usually about 1.1-1.16 times as long
as wide, strongly depressed at inner sides, obliquely
reflexed upwardly before apices, densely clothed with
moderate-sized punctures except for apical raisings
which are clothed with minute dense punctures;
sutures dehiscent in less than apical half or gradually
separated posteriad; each apex rather narrowly
rounded, often with inner angle obtusely angulate.
Hind wings testaceous, reaching the base of abdominal
tergite 6. Abdomen slender; each sternite gradually
becoming broader and shorter posteriad; sternite 6
usually about twice longer than width, though about
2.5 times in small-sized individual; sternite 7 flat
ventrally, nearly quadrate, about 1.6-1.7 times as long
as wide, abruptly and semicircularly excavated in
apical 2/5 - 1/3, deeply and triangularly or arcuately
emarginate at apex; tergite 7 fully inflated, the vertical
section of apex being circular; tergite 8 longer than wide
(1.4:1), widely rounded at apex. Hind legs long though
not so slender; femora clavate in apical about 2/5; tarsi
fully inflated, with segment 1 about 1.6-1.8 times as
long as the following two combined.

Genitalia foundamentally similar in shape to those
of N. nanshanensis. Median lobe slender, longer than
in N. nanshanensis, moderately arcuate in profile, with
apical portion straightly convergent towards apex
which is rather broadly rounded. Tegmen longer than
median lobe (4.4:3.8), stouter than in N. nanshanensis;
each basal ridge of lateral lobes distinctly projected
anteriad.

Body length: 18.5-27mm, width: 2.5-3.6mm.

Female. Body above largely reddish; pronotum
bloody red except for black apical and basal margins;
antennae almost reddish brown; elytra reddish brown,
except for sutural margins, a large quadrate maculation
of posterior middle and a pair of lateral ones (often
disappeared), both of which are darkened or blackish;
abdominal segments almost black excepting apical and
lateral areas of 3rd and 7th largely reddish brown; legs
strongly with reddish tinge.

Head about as wide as the maximum width of

Figs. 18-22. Necydalis (Necydalis) shinborii sp. nov.,

male abdomen and genitalia. 18: median lobe,
lateral view; 19: ditto, apical part in dorsal view;
20: paramere, dorsal view; 21: abdominal tergite
8, dorsal view; 22: abdominal sternite 7, ventral
view. Scale 0.5 mm for Figs. 18-20 and 1 mm for
Figs. 21-22.

pronotum; eyes smaller than in male, lower lobes about
1.3-1.5 times as deep as genae below them. Antennae
scarcely reaching the middle of abdominal tergite 3.
Pronotum and elytra more coarsely punctate than in
male. Hind wings usually exceeding the apex of
abdominal tergite 6. Abdomen distinctly shorter than
in male, with sides sinuately broadened apicad, widest
at apex of 5th or base of 6th; 5th and 6th wider than
long; 7th flat in apical 3/4, longitudinally triangular
with rounded apex in ventral view.

Length: 21.5-28mm, width: 3.3-4.4mm.

Type series. Holotype: &', Mt. Tam Dao, Vinh Phu
Prov., N. Vietnam, 16-23. V. 1991, M. Takakuwa leg.
Paratypes: 1, same data as the holotype; same locality
as the holotype: 14", 14-17. V. 1992, M. Kubota leg.; 1
$,23.V.1993, H. Karube leg.; 338 &, 3. V. 1994, H.
Karube leg.; 14", same, S. Nirasawa leg; 35 &, 4. V.
1994, H. Karube leg.; 14, same, S. Nirasawa leg.; 14"
,8.V. 1994, H. Karubeleg.; 43" &, 2% ¢, 11. V. 1995,
local col. leg.; 4 & &, 1%, 19. V. 1995, local col. leg.; 1 &
,21.V. 1995, A. Saito leg.; 14", V. 1995, local col. leg;
Cao Bang, N. Vietnam: 14*, 17. V. 1995, K. Kume leg ;
1%,30.V. 1995, M. Ito leg.

The holotype is preserved in the collection of the
Kanagawa Prefectural Museum of Natural History,
Odawara, and paratypes are largely in the collectors'
private collection.

Distribution. N. Vietnam.
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Notes. This new species is closely related to N. (IV.)
nanshanensis Kusama (1974, p.52, pl.2, figs.6-9) from
Taiwan, but distinctly differs from that in the following
points: pronotum coarsely and densely punctate (finely
and sparsely so in N. nanshanensis); elytra apparently
longer than wide (wider than long in N. nanshanensis)
, very densely and coarsely punctate (more sparsely
and finely so in N. nanshanensis); abdominal sternite
7 of male deeply emarginate at apex (shallowly so in
N. nanshanensis), with apical concavity larger and
more abruptly depressed; male legs stouter, with 1st
hind tarsi less than twice length of the following two
combined (about twice in N. nanshanensis); male
genitalia with slenderer median lobe and shorter lateral
lobes.

The specific name is dedicated with sincere gratitude
to Mr. Toyohiko Shinbori, the president of the
Kanagawa Nature Conservancy, Yokohama, from
whom many entomologists including the present
authors have received various supports for studying
insects a great deal.

Necydalis (Necydalis) strnadi Holzschuh
(Figs. 5-6, 23-29)

Necydalis strnadi Holzschuh, 1989, Koleopt. Rdsch.,
59, p.156, fig.13.

Necydalis nigra Pu, 1992, Acta ent. sin., 35, pp.217-
218, fig. 1; type locality: Jiangfengling, Hainan. Syn.
nov.

Necydalis similis Pu, 1992, Acta ent. sin., 35, p.218,
fig. 2; type locality: Jiangfengling, Hainan. Syn. nov.
Male. Body black, shiny, with brownish abdomen

and legs, densely clothed with erect pale brown hairs;

head black, with mouth parts except for mandibles
yellowish brown to dark yellowish brown, clypeus with
brownish apical margin and with recumbent silver
pubescence at base, and also with erect brownish hairs
on posterior part and underside; antennae blackish
brown, usually reddish on basal two segments, basal
four segments shiny and the remainder dull; pronotum
black, rather densely with brownish erect hairs and
partly with silver pubescence on sides near basal
margin; scutellum black, thinly pubescent; elytra black,
with silver pubescence along sutures, sparsely with
erect brownish hairs on sides; hind wings translucent
blackish brown, infuscate on apical half, with dark
yellowish brown veins; undersides of thoraces black,
rather densely with erect blackish brown hairs on sides,
and partly with silver pubescence at mesoepimera, on
posterior part of metasternum and apices of
metaepisterna; abdomen dark reddish brown though
sometimes blackish according to individuals, densely
with minute golden yellow pubescence on sterna and

dense blackish brown pubescence on tergites 6-7; legs

dark reddish brown with black coxae and trochanters,
usually blackish on the peduncle parts of hind femora,
tibiae dark reddish brown excepting middle parts of
hind ones, hind tarsi always yellowish brown.

Head wider than the apical width of pronotum (11:
9) and almost as wide as or slightly narrower than the
widest point of pronotum, coarsely and somewhat
scabrously punctate; frons a little wider than long,
provided with a median groove not so deep,
frontoclypeal suture deep; clypeus provided with a few
punctures; eyes moderately prominent, with lower lobes
2.3 times as deep as genae. Antennae stout and fairly
short, almost reaching the apex of abdominal tergite
3, with segments 5-10 slightly dilated extenally at each
apex, relative lengths of segments as follows: 5.3:1:4.9:
3.3:6.7:6.7:6.4:5.7:5.5:4.6:5.3. Pronotum relatively
broad, slightly longer than wide (8: 7), with base wider
than apex (6: 5), widest at middle; disc strongly convex,
transversely and moderately impressed near base and
apex, scabrousely and closely punctate throughout,
though sometimes provided with 2-3 impunctured
small areas near centre of disc. Scutellum trapezi-
formed, scabrously punctate, strongly raised at sides.
Elytra a little longer than pronotum, almost as long as
wide, coarsely and somewhat closely punctate, each
with distinctly marginate throughout; sides with
moderately expanded humeri, almost straightly
narrowed to apices which are rounded and provided
with indistinct sutural angles; sutures arcuately
dehiscent in apical half; disc convex, distinctly
depressed along sutures and at apical 7/9, and also with
distinct swellings at apices. Hind wings slightly
extending the base of abdominal tergite 6. Prosternum
strongly and transversely ridged near apical margin,
and with a small callosity near apex of prosternal
process. Meso- and metathoraces closely and
scabrously punctate, though the punctures are rather
weak on metasternum. Abdomen not so long, strongly
expanded towards apical segment, hardly punctate;
sternites 3-4 elongate and thickened at each apex, the
former sternite nearly 1.5 times as long as the latter;
sternite 5 arcuately dilated apicad, a little more than
twice of the apical width; tergite 6 strongly expanded
apicad though the shape is usually varied according to
individuals; tergite 7 broad barrel-shaped; tergite 8
tongue-shaped, strongly convex and bluntly produced
in profile; sternite 7 as long as or slightly longer than
wide, gradually and arcuately narrowed apicad, deeply
concave and arcuately excavated in apical half or rather
deeply concave and triangularly excavated in apical 2/
5. Legs stout and moderate in length; hind femora
rather distinctly clavate in apical 9/16; hind tibiae
straight, thickened apically, barely extending the apex
of abdominal sternite 6.
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Median lobe of male genitalia
moderately arcuate in profile; dorsal
plate well convex near apex, with sides
rather straightly narrowed apicad;
ventral plate distinctly longer than
dorsal plate, with blunt extremity.
Tegmen with lateral lobes moderately
elongate, nearly parallel-sided, rounded
at apices, provided with rather long
setae near apices and also short ones
along inner sides.

Body length: 19.5-30.5 mm, width: 2.5
-4.5 mm.

Female. Body broad with fairly short
and thick appendages. Colour almost
as in male, though abdomen is dark
reddish brown excepting black apical
three segments. Antennae barely
reaching the middle of abdominal tergite
3, distinctly reduced in apical four
segments. Pronotum voluminous, a
little longer than wide, with base almost
as wide as apex. Elytral humeri hardly
produced. Hind wings reaching the base
of abdominal tergite 7. Abdomen with

strongly ample apical three segments;

Figs. 23-26. Necydalis (Necydalis) strnadi Holzhchuh, variation of male sternite 5 remarkably and arcuately
abdomen, each alphabet a-e shows same individual. 23: apical dilated apically, about 1.3 times as long
segments, dorsal view; 24: tergite 8, dorsal view; 25: sternite 7, as the basal width which is a little more
ventral view; 26: last segments, ventro-lateral view. Scale 0.5 mm. than 2/3 of the apical width; sternite 6

Figs. 27-29. Necydalis (Necydalis) strnadi
Holzhchuh, male genitalia. 27: median

lobe, lateral view; 28: ditto, apical part
in dorsal view; 29: paramere, dorsal

view. Scale 0.5 mm.

about 1.08 times as long as the basal
width, arcuate at sides; terminal
sternite triangularly pointed with narrow subtruncate
apex. Hind tibiae nearly reaching the abdominal apex.

Body length: 21-24 mm, width: 3.1-3.6 mm.

Specimens examined. Mt. Tam Dao, Vinh Phu Prov.,
N. Vietnam: 3 &' &', 16-23. V. 1991, M. Takakuwa leg.;
1d', same, S. Nakamura leg.; 14", 14-17. V. 1992, M.
Kubota leg.; 1J", same, S. Nakamura leg.; 13, 21. V.
1993, H. Karube leg.; 14", 2. VI. 1993, H. Karube leg.;
28 3,3.V. 1994, H. Karube leg.; 4 &' &, 2% $, V. 1994,
local col. leg. 18 &' &', 4% ¢, V. 1995, local col. leg.

Distribution. Hainan, N. Vietnam.

Notes. Though considerably differing in body
colouration, this species doubtlessly bears a close
relationship with N. moriyai Kusama (1970, p.73, pl.7,
figs.1-6) from Amami-ohshima Island of the Ryukyus,
Southwest Japan, as is indicated by the similarities in
the robust and short body with stout appendages and
the strongly expanded apical segments of male
abdomen. These two species seem to form a species
group within the subgenus Necydalis, and stand by the
group of N. nanshanensis and its allies.

Necydalis strnadi shows distinct variation in the
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shape of male abdomen. In some individuals, the
abdominal segment 6 is expanded and strongly dilated
posteriad, and the sternite 7 is strongly excavated
apicad and triangularly emarginate at apical margin,
while in the other ones have the weakly dilated
abdominal segment 6 and rather shallow apical
emargination in sternite 7. This is, of course,
infraspecific variation, since the shape of male abdomen
shows slight morphological cline, and also we can not
find no other external and genitalic differentiations.
As was already shows in above lines, this species has
two junior synonyms, N. nigra and N. similis, both of
which were described by Pu (1992) from Hainan.
According to the examination of photographs of all the
type series, two Pu's species are determined as the
individulal variations of the Vietnamese species. By
this reason, N. nigra and N. similis should be treated
as junior synonyms of N. strnadi, since the last-named
one has priority over the others.

Necydalis (Eonecydalis) bicolor Pu
(Figs. 7, 30-34)
Necydalis bicolor Pu, 1994, Acta ent. sin., 35, p.219,
fig.3; type locality: Longsheng, Gungxi.

Male. Externally distinguished from N. formosana
and its local populations by the stout body form with
voluminous head and the extremely long hind legs.

Body dark yellowish brown, not so lustrous, clothed
with dense pale golden pubescence; head dark yellowish
brown, with black mandibular apices, densely clothed
with pale golden pubescence on anterior part; antennae
dark brown except for reddish basal two segments,
densely with minute dark brown pubescence; pronotum
dark yellowish brown, black at apical and basal
margins and around discal callosity, densely with
recumbent brown pubescence and also with pale golden
one near apical and basal margins; elytra yellowish
brown, brownish along lateral and basal margins, at
apices and midlines, densely with recumbent pale
golden pubescence; hind wing yellowish brown with
infuscate veins; undersides yellowish brown, more
infuscate on the sides of abdominal sternites 3-4 and
most of 5-7, with golden yellow pubescence; middle
parts of hind femora, hind tibiae and all tarsi infuscate.

Head voluminous, strongly produced laterally just
behind eyes, distinctly wider than the apex of pronotum
(6:4), as wide as the maximum width of pronotum,
scabrousely and shallowly punctate; frons wider than
long, with thick lateral carinae; eyes moderately
prominent, with lower lobes about twice depths of
genae. Antennae stout and moderate in length,
reaching the apex of abdominal tergite 4; relative
lengths of segments as follows: 4.3:1:5.3:5.8:5.5:5.5:5.5:

5.0:4.5:4.0:4.5. Pronotum large, voluminous, as long

Figs. 30-34. Necydalis (Eonecydalis) bicolor Pu, male

abdomen and genitalia. 30: median lobe, lateral
view; 31: ditto, apical part in dorsal view; 32:
paramere, dorsal view; 33: abdominal tergite 8,
dorsal view; 34: abdominal sternite 7, ventral view.
Scale 0.5 mm for Figs. 30-32 and 1 mm for Figs.

as wide, closely punctate, with base wider than apex
(4:3), widest just before middle; disc strongly convex,
distinctly and transversely depressed near apex and
base, with a transverse median callosity which is
inconspicuously divided along midline. Scutellum
large, subtriangular, with narrowly truncate apex.
Elytra about 1.5 times as long as pronotum, 1.2 times
as long as the humeral width, shagreened and sparsely
provided with shallow punctures; sides arcuately and
gently narrowed to apices; sutures sinuately dehiscent
in apical 3/5, with bluntly hooked apices; disc convex,
longitudinally depressed at each midline, weakly
concave near sutures just behind scutellum, and
strongly turned up near apices. Undersides of thoraces
shagreened in most parts. Abdomen relatively broad,
rudimentally punctate, with sides subparallel in basal
segment, gently dilated apicad in sternite 4, and
strongly dilated in the following two; terminal sternite
transverse, 0.67 times as long as basal width, broadly
arcuate in apical 1/4 of sides, with moderate apical
emargination, with disc strongly and semicircularly
excavated near apex; terminal tergite trapezi-formed.
Legs long and rather stout; each hind leg especially
long, reaching the abdominal apex at apical 1/3 of tibia,
with 1st tarsal segment 2.6 times as long as the
following two combined.

Male genitalia basically similar to N. formosana but
more slenderer and lightly sclerotized. Median lobe
moderately arcuate in profile, not so convex in apical



86 M. TAKAKUWA and T. NIISATO

lobe; ventral plate roundly truncate at apex. Tegmen
with parameres elongate and weakly narrowed apicad,
parallel-sided, with pointed each apex which is provided
with numerous irregular-sized setae and also with a
few short ones on sides.

Body length: 22-23 mm, width: 4.0-4.1 mm.

Specimens examined. 24" d', Mt. Tam Dao, Vinh Phu
Prov., N. Vietnam, V. 1995, local col. leg.

Distribution. SE China (Guangxi Zhuangzu Zizhiqu),
N. Vietnam (new record).

Notes. Necydalis bicolor was described as a full
species based on a single female specimen collected
from Longsheng of Guangxi Zhuangzu Zizhiqu,
Southeast China. In spite of such external difference
as the robust body with the exceedingly long hind legs,
this species may be regarded as a geographical race of
N. formosana Kano (1933, p.270). Necydalis formosana
is known as a variable species both geographically and
individually, and has three subspecies, N. f. formosana
of Taiwan, N. f. matsudai of Kyushu, and N. f. niimurai
of Honshu and Shikoku.
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