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TRIERREEZ . TRIEEL»-. RER
B <X 0&n, AT~ 7~ ofh» o fHE
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b5, WOXREESMT 2L, TIRICKERS
Bhrbo7("1), 2O TikE Na, KEBIZIED
FHBE, Tige Ni BCBEAOMBERH- .. ¥R
BOMKIZ~ > VO E KT 5, A2 b
NEELLTHETHY, Z OEHIZ 45 BERTIC
AEBHIAHBERIEL Tl Lith o e,

Al T A OBHER 2 EBRTHET 5 &,
BONCHERT 28130 A 5 A (Mg, Fe),Si0,
ThH5, A SAAIE NI Z BRI D A Ted:
VIThy, WBL T~/ ~vh o Nizt 2D £3,
WHIPEL IV - RIRA V& T 5. 20
& & TIIMlBDE < A & VEEDNE VD,
NS DFEYOFCANT, BRtERO~ S~
WRET S, ZTLUTEIERAICT 7 v L C
T 5, Nat, KNidA 4 EEBKETEL
DITHF I ANT v /< ICBET 2, BEBK
BEET 2 X2 D& EREENTE S, &
NOSHREES 2 &, MfEEEIC X > T Ti, Na, K
& Ni SR 2 R ORXKRE ~ /< BERT 5.
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te, % 2T Mg?k Fe**izxtd 3 Mg>* D )V
o T~ > MO ER ST, Mg#H AD
KA ORFEERD S, ¥ MVOFEYID Mg #
BRETE S, v~ MO Mg #13 B %
RET BT A —TH 5,
AOWOXRED Mg#ix# 0.5 Th3. BY

ANVHIZERINLIREEROT 7 AE, 7V

— U7 ADMg#iB0.6CHS, LV T T
A DR IR R ORR, EEK 400 km & H
Ea3nl, MEERTCESNIH~Y Y v Mgt
1£0.79~0.84 £ 2> 7z, #HIBRD L~ b D
Mg #i% 0.90 TH %, Hi3#iEk & » Mg #23Ew>,
ZOKRESHERHAOEDL SHHS IS T2,
ARMOXEED» S b N OFEHRIBLNS,
P O CHIR AR L CHEHE L - XRE TR
Wil e L, BREYRE A )Yy L EBA
FEOTR =S, MRS O 8RR L %
IRE RS —ETHEIF 2 LR, WHL
b K, REE(#+18), PR EXEFWIC AN
TLRIEL., Zhs 2V —7 (KREEP) E4i3,
HRE T CEILL A~ 7~ 4 — v ¥ ¥ ORI
wean(X2), HRESEROXREIC TR
%\, [AffRE 7 AVERTIE, BOXKREORHK
YEIZS Cic 4.2 BFHTE CKELL, 208
43.0 fRFHT & TICHRMBRELELL TWv 3,
famzdi Rk S, 1, RRAMEROGFELAN
EOFE L WAE L, A OFIHAD KRR % 7~
F. 2. By bidiER X D Mg #0MEw,

3. AF=ZZJESOHF

70 R PHERMEERD R EA Y TKRES
N—71%, FHBABREEN® > DRHL, ¥
A5 EHE L ICEPREOER CELE THER
EEEY) > S (RIREHEY LT 5, THEERE=T
FTVEREZT, TOETMINE, BRTAYE
EROVIIICERE L - mREHEY, D% D BHER
MTETHERINS., ORI, AEE2E-
TWARHEADERS D Ca, Al SEHERMTDH

H8THE HEes

5ol THEEEETVEREERLY
FIaKGREZEOWRHPBCLERD D, KB
VT 2 EEEERNBELET S5, L LERERK
MOMENEDICON TRVWEEEESHEN L
Eh, THEERBRE T VRS R ko,
ZDORZBOEFHFE» S BEFEZR 12D
¥, A —A b7V 7EILKD Ringwood &= v 7
A 777 ® Winke TH 5, #6513k Ho
BHETROBMMED &, HiEK~ > PVSBEIC X B
BEEEFRLL, £—Z 7V 7EMAD SR
Taylor, = 2 — X ¥ ¥ a2 Kk® Drake, Newsom %3
ChiER@mLamFIRoTz, 3SR UK HAL
DWmFE, TEMILCEELTALD.
BEIERMITE Langseth et al. (1976) |Z#iE
FMuk U 0% B oM Egig&» sk, A
DEENMTHRET 2RE LR T 22BN EL
WEREL T, BEBRED SBEETEU DES
HELEOTH S, HEEROD 46 ppb 1FHER i~ >~
MVD 235707, BE1EROVEBEIE T
X5 L L TEBGEN T ABIEIND, Z0D
ETHHO UBRIHBRD 1.7 ThH5. 2DEI
FElfEMIER~ > MV OSBEER EBAS PICFET .
Taylor? i ZEERMTER AlLZ DOV THEL 12,
BOELGREREOFLED 2km 1E EHERET D I2H
%, #ixZz OFERBSHOR L EOHHRDES D=
WChHdEEZ, HRICE> TELEBHEES
eIk ~ > MVICEEESLEICR S,
iz z 2o AR 70 km DES £ TEOLR
RARZEEZ, ZOKE» SHIRF D Al &% K
B bVDALERELTHEFEYD ALO% 6.0
% EHEE LT, ThIFHIRD 1.6f5TH5. KT
Z DEFRHLIC, B~ > P VSBERETE L 7.
L L 20D &S ICEERMITRERNS WREDE
BEERYEEBUNCHBET 20 REETH 5.
% D7 DEHEFMEITTRIBMEIC 3BV IR -0 5,
1985 FICARBOLV TV R - HRDEBEHE D
7o, WESICBD 7% 280R L, BIEST O
ZhE L THOHBETELS 2.4 fFICk>TWwb &
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WO ERNOBFER I, famiEH O U &2 Bk
BEEWVWIHDT, ZNEHEABPFZTHS I L
POZDRIESEDONE L5123, LrL
B GHERMETRORE Z MY IR/ T
5.2 LTI BRICHHLE 2 REERITRT.

BT R HEK M~ i, K- B8
Wi EDTLEPFHEEE LD 0D DRwn,
IS BFERB TN S LT WHEE 2 ORET
RCHIRERD 2 % divsrEERKZICLID <
v sBINIRI-eEZ 55, Hik~ by
DBEBTRWD 85 — 13, BAPKELRERD
BE TEBAMELE X 12858 O EFO.

B O 1% 3.344 THIER~ > bV OfE & 1F
FELYL, ARBKELEVEBKIEIFEEL WL
EEzZ6N05, L2rLAYY MVOBEFITTRICIT
HIBR D & 5 IR TR BEDSIEE X TR b 5.
INHHIER~ > S VABEDHT L WARHLIC 72 5 72,

Winke 53 £ 35727 (W) iciEHL
2. BEAOWEE LagsW$ 7oy v 95 L
BRI (K3), HERbEKTHS., Zhid
EBEAOTOREL W/ LaB—ETH 5 I L 2ER
T35, Wklal3edbEBEFMC AN WILHE
BOT, E—BXRbENES T ICBET 5.,
La 3fATHHORYIOTLHET, HEFRMETHY, &
RPXEEHER TIIEDbRZ W,

W/La 353 8T W 2T 88T 5 L &bt

1000

o / b ppm
0.1 1 10 100

3 W& La OB, H L HiBkD W/La 3787
B ©1/19T » 5. Rammensee & Winke
(1977) it & 3.
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%, HigkE HO W/La BIZIREFEL L, WF L HF
HEEED 1/19 12> Tw3 (KM3), LRI
EERDOFER, W OBD R EFAT 27D ICHED
26 % DEBESHBBLETH S Z LR ENT.
HIBR IR VDS, AOBIIEEL Iz LTH/N
LT ETCWERAELZFHATE 2, #ik< b
NOYEEEEZ S E, AD W/La 287 D/h& W
&, BAENHIKREEL W EDHATE 3,

Newsom & Drake (1982) 1%, KEs3s~ s~
CFOBELCRETHENE, NERETHW
ERRICWNTES L BRLE, HoBAD
WEAD 2 ZD XS5 IHBAL, HERk~ > bVt
Rt Uz, 1203 H ORI O &M 307 D BRIL
KT, W BRI S W& RIS 3 &idd 7w
(Hillgren, 1991). ZDETIVIZEED L\,

& T, Winke (1974) & A EHE G OFHKZE)
2, $HRA L RMEBA IR [HHFERES] O
BETHHATE 2 Z L iIcHHL ., HIZHBIFER
%, ABRBRICKE-S 2 AMEOLE SEY 2%
Z 7z. Ringwood 3 #RIERIE S %, RHRARNICH 2
ShicA~x 7 ~A—y v OB EFE Z Tz, %
FERTR AT ER 5 DAL A3, HIBRK O g X s
(MORB) £ flT w3 Z &, Zhdd MORB & X<
172 Ni, Co 2 H> Z L, BROELEZHIET 5
& Ni, Co ZE1uftEMIA MORB &£ —%(3 5% 2 &
ERLT:, 2 U THRENES ZEATZA~ Y by
& MORB %4 A 72HIBR FE~ > b v i3 oML
TWwT, Ni, Co zRIBEICE I L 2RL IO,
Ni, Co iZ#igktEn <, KERRLEFZEZ 5N 5B
f5°, RifEL CESBEEIEE R R L 72 BA TR
WRICHEA L Tw5, L LBk~ > brvicix
nkv 2#dH%wv, Ringwood IZZNEEHETO
R ORI EFH 2 720, #HIRESOFETT
i3, BEORICEENREICHED Z0 2 L HHHE
kb, ZOMmREREIBRILAICZ Y, Ni, Co
D—HBBILEINT IV MNVICE L ATREEL H
% (4). A Ni, CoBEWEEKIEK DR
B3I L, HEk~ MVSBEORRLE 7 5,
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4 KV A X LBBTCR, BFIFEHEEEL. >405KETV, Cr, Mn b2, Ni, Consv > MViZHRENn 5,

INETERT D10, TV—VTI7ADBAT Y
F V@D Ni, Co BERB2RAAIINT,
Ringwood & Seifert?ic k 2 &, 7V —> 75
A+ < 7= 1% Ni 890 ppm Co 156 ppm Z &t A
AR EFEIES 5, HIER EE~ > v DA
5 A1 Ni 2900 ppm Co 136 ppm, fEA O#F D
BDASARIZNI29ppm Co9ppm &, H=
YEPNVEEBARLIODPALAFADNIED T %
{, HERD & 5 CEHEMEROREERT. 5
BXHO»ASALGD, Fe60 % Nid0 % Col %D
SEEKEHGFET LI LR, BoSHiBR~= > b
W SER L EThE, NiZE%E 1/3 ks 37z
DIZ, 1 200 km O _FECHEOEEARFS L 5.
LFORELENPEET D L, B 1 %EEN 3 Co
BT ERVECED, HIER PV IO DT
PIZEHHD Co BB E B2 5, Co BDK X
REGHIR > MVSBEETFIET B,
HEHiERD~ > v, Zofbic V, Cr, Mn 23
FHEEE»OBO L Tw B>, Zhs
DIERIFBHBETTRE T TRV ERRBICE ST,
BEAESKEY Y P VIR 5w, Winke 1
IR~ > bV ORESRHAFTIE VY, Cr, Mn & B
IR E D % %2, BO V, Cr, Mn 04 1B
BHiER~ > P VEFRD I E LT (K4).

HeTHE HE6T

HER~ > b v iz» i D EERTV, Cr i3 3 il
D, Mn O& 2 i CHEET 5. B 3SBEIEFE
T 5 BICHIEMA DT, V, Cr, Mn i3 2 flinsZE
5. V2, Cr?t, Mn? i3 Fe?* & 4 4 28
L = 7= TOEEFHEL 20, HOXRET
i& VO/FeO, CrO/Fe0, MnO/FeO #—& iz 72 .
ZZheAYY VDV, Cr, MnEA2KRD 3 &,
FNENTHEEELTO0.7, 0.5, 0.4 L5,
HEk~ > M VE OSE I FEFEED 0.7,
0.6, 0.3f5Th 3. ZDELUIMER~ > b VoHE
WX BRABHETRES 5, %BHO Mn &H3HiEK
D 1.3 5127 2 BEHRIZRICHHET 5.

BHRMETE BETH A SEMET 2EHFMIT
FHIIA iR v, K REN R ERMET
F120S, HEFEMTE U L ok, K/U 3FHEE
FE T 60000, H2ERKT 10000, H Ti 2000 TH 3,
URRZELT 2 L KO K BRFHEEED 1/
6 T, HOKBRFHEEED 1/30, HIROD 1/5
L5, AR K 2 EOERETRSEIHER L D
D, BBETERELLTVWILRIZEFBR I IEL
VRS R R D, ERMTHERIIR LR T—HL
Z, ZHIRA S OHEETHAMEE S InE S
nrefRZEFEzZoNnS, AOERETERE IS
HENcHER & D D nwo T, HEk~> MLV E2HO
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t Z A Kreutzburger et al. (1985) 2 & % &,
H® Cs/Rb iZ#iEk & D K&, CsidRb & 7
FLRT L, ZFHTCs/Rb BLTWAT 5, Higk
<~V NVBHOMEZET S L, HD Cs/Rb iih
BRED/NSWLENDH S, Drake 1T 2 i S5HIEK
< v VAR R U Tz, Cs/Rb O3z 1353 BE
DI Lo 12D, BICKFwPRE SN,
Feo 1. BEPTEMEE» S, HidstiEky A
X DREDEBEIEEREOME» S TETWS,
2. Lo LEHERME TR EIHERL D Bt n e
bh, FEE#ER~Y CVOSEEE IZITFET 5.

4. IvAFPVN - A4 2VNT NMRER

IFEHETIE, KBV A XKEDOHERADEZE
Wi ABERENI:ETE, Y¥AT b A
%7 MRS E D ACERS Lz, ERERIX
KEOFE (A - HER & OFBREER (W2h
o) HIRDSHE CETH) 2 EDIHF L D A
WREELTEIDRTVEEZ ZHEHE, 20
BRI .. BEREZRIILAROCYE ZMET 5
DT, BOERMETHRBMD 2HATE M EHTE
H&#h 7z, Taylor, Drake, Newsom |3 E A%
BXFFL, RO ERGE L T AMEK % &
U7z, 729 Ringwood 1372 72— AKXt L 7z,

EAEZED D 5 & HIBRITABIE @S 2 L%
Zohd, L LHERO B~ > s VIdE T,
ADX > REMEOHR I, £ BT R OB
M & AYE O KIS 3Bk~ > b IVETROLE
BdH 5. LU ED Ringwood DR DRI TH 5.
BB GEALK) & L Bf#sEER 21T\, V, Cr
DEE T CHBEOR U - kgkRlfkicsfiish s 2
o, Bk~ bVvOV, Cr 347 2 ATk
BEWI ERRLTZ, ERKEY A ARETIERE
TIMEL = bVvD V,Cr BFA LEWnZ & bR
L7z, BERERTIEHOKEIBKEY A4 ZKRE
LofEohd, ZHIZADV, CrEEFET 5.

Ringwood ® DO SEERTIZHIER~ > b )LD Mn Jik
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VRFESHHETE Bdpotz, HEROE~ > bV
TN THEERIAIREREE 135D L 2 2T1E
L, ZORESRMTIE Mn dZicaicsh
BATREMEMS B %, Drakeetal. (1989) 3Bk & H
DV, Cr, Mn BEFIC L > TP LIzDTHY,
EBESEEROBRTCEZWEFRLE, LrL V
FHEHEFRMICR TH D, BHERE LS FERE OITTR
BESLRBPEAIL TRV LSRRI EZIC
<w, Mn 23ZEFE L 7GERLD FAE L 2w, Cr i3z
KhEFEZDLIUGOH B,

Ringwood 13#ER~< > b v DERE L ED/INK
AEZE TRl - ZKFEL, RS CREERERL T
BEBELIzEWSY, #1992 FcT) -7
7 A OFREN EEHE L 7o EFRMBB TR O iE =
AR, ENSHBROXRE EUTWE I L ZRL
72. McDonough & 3K REH D Rb/Cs 2384
EDELT L s, HiER~ > b v Cs/Rb I3HS
BERF IS IZRAE L D Ed o 72 & L T Kreutzburger
512X 7z. Jones & Drake (1993) i3 AKHR&
ADCs BEETHMZ TS LHKE@RL .

O'Neil IZE K#Ze % H OBk R MK & FAF
SR DBRL, BHTRSN 2 BF I E S THE
WEHE L, A &L 727, i3tk e Ao
V, Cr, Mn &4 2 BERERICEDTHHAT 5720
2, MRIGETT SN THBETRE 2S£ BV
By b VEREL, ZNDH O 86 %R L 72
EFEz T, 0% 0 HOBBITHR I3RS 14 % 2K
TEEERENS bS53 NDE, ZOETIVIEA
OBFRITTHR R % 1ZITHAT 53, VIS M
WHBE5Bbns., Bid kA OKHEKZ
HEFE TR, ChIZEET, Z20/RIZ
Ringwood & Seifert?235EEx1c X > THRE L 7z
B EIFIZR—E L 7z, A OB IER L D BR{LRY T Fe
PREITINZ VERETRERSH, LVETLSh
PTVNIZLGLLEHFEZIOGNS.

EoRfEZ2 13 H OKERSFHIHER < > b VIR TR
WIR D AR E FET 5. BEGTE DR
ReR5RY I, COFERERTEZ S I2%0,
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EKEZ231Z, %0 % % TidHOBRBITTRMER
CEHERMTRBEZHHTE v, H OEESR
MRRIL, BEOW—OAREETH > T HE
ERETANTKICRSL LB THEESR,
BAE IZHIERTRE TH 2 & v 5 RENTIHI -
TLEo7, 20813 URTH 5. HNEHEE
FPEL, FDORHICHHRAFRIEVE TS
L, @RREORE % U O & 2 F# 72
ELIGEIVHCLERZURIIDR KRB,
PEHHIBRD 1/4 DK & S OKREOWNER I, K%
BB EoTWBLEEZLIORBENESS
2. BoOXILTEENZ 30 BEACEIEL TWw3,
AiE3®Z Eo R RKELFEZ 20BEBAR TR BV
55, 205G, ADBREREZZOEE UR
PRYT., THIEIHRORIK1.5FThH- 7.

HEFMED S bFHFEELRAD Ca, Al b
HICBELTWS LS IRz %, Ca, Al BRIEA
DERSFTH 2. HOBNL - 1RO —21%, &
[EHRH Z ORRATHE I TVwE I e, Z
OB MR 1T, B OBEERM IR TR
ELTWRLEZZOBERTHSS. BL iz
BOBREBRBEUTO X D CHBT 3,

HERMITR 1L, FEE - [EBHET 5544
TEEICEE L TAHRRENZTRD I L TH S,
U LBHEFEMEITTR ORI 1, FEk - ks
B3 2R TRECHESNETHETHH S, D
¥ D EERMITEICIZ, 2E AN T, Na, K
DESE~rCBETIHERD 2. AKIE
Ih CHEEVEOBGERICL >THEIZLNT
&7z, LU 45 BERTIC H OME 2 4 A 7S HIER
2, BT~ —v ¥ iZho TWIATREM:
BhH5, WE»PSRUHLLETHIE, B~
YA =Yy OMEERORT T, ¥ YIEER
ZEEAMITTRIIBICOBET LI LItk 3,
Krizzcnkoie, Az~ ~vA—v ¥ >~
DIEFE LT BRAEREL TS (K5).

F8TE H6T

Z ORELIZH OBRFITTHRME S & < FHAT 5.
HIERSEE L C~v /vt —Yr R BEE, K
BTHREE CRIDERASEDIDASATRTHS.
Takahashi (1978) A S AR~ 7 <O
Ni%*, Mg?*, Co?*, Fe?*, Mn?* D4}t 2 EERIC &
> THIEL 2. ZOFfER, Ni*HIZHIEEO & 5 10|
S HALARCHEEL, Mg?EhrASAAICE
£, Co iRIFIZEHERE, Fe?t, Mn* ik~ 7/~ I
£, ZOBRE, v /A —Yr oK
Lich A AR MLVEL, T4 —
Yy EHETHELSHEINS, SicEL
A~ b® Ni & iZ#iERoD 0.3 5, Mg #13 0.8
&%, CoEiZ 1%, Fe, Mn B2 1.3/5Td 3.

ElARHER < > M VO BERIZH ~ > b v D Mg #
DHIER L D EWEEEZFHATE R P o7, ZOR
bELT 7Bk~ PV OSBEREZ DL ZEITLD
HARWHBETE 5, 2 DI TlaHizk~ 7 ~ 4
— V¥ YIEPALAAERFEL T Z L3R
Shp, Bk~ > N VIE OREEER®S TIX, A

G

= ®

M5 HOo~r~F—v Y EEERH. (a) RELHE
L T attiERic, (b) RIEHEZEL, (c) Bk
HEMSIIE S N C—H2BSBEL, (d)H 2K
5, &mE LD,
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50 km AT DT WD THoTzeFEZz o5,

HoO Ni B03H#IBRD 1/3 ThH 5 2 £ 13, AEMK
BONETO_RBLEROBRIZEEZEZ o T
w3 (E4), LrLBELXORFIZhELEEL
B, XoTHIHBHE THETE 2 KX 30#%
DEELRWEE, REE»RVENCR 5,

6. BO&iR

19 tHAZER 1, AOSHIBRDREEEALEIC L > T
DRI 2REHHRE S L TLIR, A DRIR
Ry PEERONRICE T, ZOETFIE,
ADIMER D P THIER & FFFICER L L35 1
BAE T IRmmOEb I, 201Hiic kB &
BFHC, HBPRUH LB AKE c ko &
WM DTN 5 7z, #HIERBHHT 2012
EEEAZERE TIEEOEEDHESLETH
%, HELMAEEE I, BEOHEK - ARORD
FEERED 3~ 45127 5, 1960 ER I B &,
COEPHFHHLIE Wb ETFHRI TR
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Geochemical Constraints on the Origin of
the Moon

Takuo OKUCHI & Eiichi TAKAHASHI

Earth and Planetary Scienses, Tokyo Institute of Tech-
nology

Abstract : Geochemical constraints on the origin of the
Moon were reviewed in the light of the possible connec-
tion with the Earth. The Moon mantle is akin to the
Earth’s mantle in the abundance of siderophile ele-
ments. This can be understood by the metal/silicate
partitioning under very high pressures. Therefore,cur-
rent scenario on the formation of the Moon as a result
of the giant impact of a Mars-size object needs to be
reconsidered. Both abundances of the refractory and
siderophile elements may be explained if the bulk Moon
composition represents a liquid fraction of the Earth’s
magma ocean.
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