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Abstract: We review the original idea of the magma ocean in this paper, and describe in more detail how the

anorthositic lunar crust formed through crystallization of the lunar magma ocean during cooling. The magma ocean

hypothesis is consistent with several lines of evidence including planet formation, core-mantle differentiation and

geochemical observations, and it is proved as an inevitable stage in the early evolution of planets. The magma ocean

is assumed to be homogeneous in previous models during crystallization. Based on the recent advance in experi-

mental igneous petrology, we question this assumption, and propose that an gabbrotic melt, from which the

anorthositic lunar crust crystallized, can be produced by Soret effect, rather than by magma fractionation. This

novel hypothesis supplies with a different view for the future researches.

Key words: magma ocean; core-mantle differentiation; W isotope; Soret effect

0 91 &

REARCEE EARK, GESH ISR 5
PSSR AR, AR ECEEARRY N
TR TR R AR AZEIA VI AR AR PT AT 2 BR

AU IR, MR S BT 2 s i R R R
AR A T, 6T 25 ACAERITHL BRI 52 AN
WRFFIEA T — DI T A AERXT 38 AL AT Sl
ARG AL, TR FA IR PAFX L5 B A —1
HEIRIE M BT RO R, Hh— A B
AT e H BR™) . BRARITTE 4 f BE U, 40

Y #5 B #A (Received ) : 2009 — 08 — 31; L [E HH#A (Revised) : 2009 — 09 — 07; 5 HHA (Accepted): 2009 — 10 — 07
E&WA: EZREARES (40873055, 40772059) 5 H ERFE FRATRE R LR 5 M B (KZCX2-Y W-Q04-06)
FEER/T: HH(1970-), B, HE BT R, EEAF KBS SRR TE,

# JBMAEFE (Corresponding author): ZHU Dan, E-mail: zhudan@ vip. gyig. ac. en, Tel: +86-851-5891238

ZHU Dan et al. : Differentiation of the lunar magma ocean



64 Wik e?

2010 £

ST A BRAG £ B A2 — R8T i ER A A2 5 L
B A AR R o

TG H B R B R — A T
FRTEES, B R ) BRI A A% H g Fn
HFRER R R B =Y T ABRBLZ K,
IKSGRARBAGTE ) TR -5, B AR
{45 PR R HART ok T . ARRERFIEAT 2R
o> A AT G, X UGRHER (172 ) PRI
U ANE A B A B AR .

1A d & iy F R AR S

1.1 E Ii*ﬂ% G

FAE 19 428 Lord Kelvin SR HBER G 240 F
SEANEALRES I I BT R b BR A AR R 1, IE X
PR AR S (SCE BN IR ) /2 Apollo 47 1
[, Wood et al. Z2Ee50HT Apollo £ J7 #& [8] (1) 7 Bk
A AR RS, XK AT A IER 2045
KA, RIS BRiz AT i A\ 1 T 3 e 3 JEE 52
ARRBHE AP ESRK A 82% ~92% , i HAH
HIR R SRR E RS, RIT HARH S m™ 5 HEk
PRIES =73 PRI B — AU 50 H BR S s A 1S K
A EAE 100% 9, M AR A A 2E IS UE R ok
B H AR RIER A A, KPR SRANSEER
AlREM It 55% o S8k, BRSO 2R EE R
B CES K AT 10° Pa JE 7 FROME S 1552 °C ), HAR

EEIGE: B RKANEERTSMIERE
P A o A T R P G R A NN

A skE iR R A T R IR B K
A, P H BRE L H 5E iR e = 2 B H b
e AR R A ss KA, BER2.76 g/
em®, BRI R 3.35 g/cm®, AIRE HE-HER
T A 2.6 km, FEHBZRAERE 1 km, L2
Akm s A FHEE N 2.6+1=3.6
km, RIS M EH, ATEAR A RS H 72
JEREH 20. 4 kn & 1),

A FE R AR, AR K RCE A2 o 5
RERUA] DR SR H 27D 30% 9 A BRY B (Y T
MR BRFE 3] A BR 200 km VREE G 8 £8% 4 T 1
il BCEIAE R BT AR A SR R TR
B E, AR RN M H 7R SEbR X Ah
S BARAGE A, 30% N R/MEBAE, HIRFGFE R L
JE R Y AR A ) BERE L 30% A ERIEFR, FIrl H
BRTEIE Bl & A il vz i s i, TR LA 200
km [ H BRE 29 BRI IRES , A BB T 22
BT Xt A ERE R S A B ok U,

1.2 ERFHIIERE

MFATERY R, ARSI
HBERYER R FEA Y, H AT H BRE HRHCC AR AR
e EF I TE R BRI 2 — . BEE R TBW
AWTRIHT, AR ER T A BREHC A R i
Sh A LTI

R REA S5 A Bra 1o, i DL — A HAB A HL 1.2.1 ATEBRWIEE
s RS AR s KA g8 T X MUAITERES E AR R ) REE R R
REZREEE 3.35 g/om’® l
2.6 km
/ /// 1kn //
/
A xR %5 20,4555 ARt
/;2;/ Aéééyé%¢é%’ PHCF B 2.76 g/om’
/ HiB% & 3.35 g/cm? /%/

/// //// //////////

////7///////////7/////’/// T Zz2z2zzzzz2222204:24224

/////////

I

\

Bl 1 A BRE S 4R 2 RSOk (1]

Fig. 1 Sketch map showing the isostasy of the lunar crust (from Reference [11])
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Fig.3 Fluid-dynamic model for the terrestrial magma ocean (from Reference [50])
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