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Abstract: Water in the Eartl's mantle exists in hydrated metamorphic minerals, in anhydrous silicate minerals
(olivine, pyroxene etc. ) and their high-pressure structure phases [ B-olivine( wadsleyite) , y-olivine(ringwood-
ite) , majorite, ilmenite phase (akimotoite), perovskite phase, magnesio-wuestite, ete. ], in dense hydrous
magnesium silicate (DHMS). The water content of the upper mantle as inferred from the water content of ba-
salt is 0, 02%. This is consistent with the value estimated from olivine in mantle's xenoliths. According to the
water contents in high-pressure phases of olivine and pyroxene, the water contents of transition zone and lower
mantle are estimated. The water content of the transition zone and the upper part of lower mantle
(410~1 000 km) is 1. 48%, and the water content of other part of lower mantle (1 000~ 2 900 km) is
0.21%. From this, the quantity of water in each layer of mantle can be estimated. Results show that more
than 74% of water in mantle, exists in the transition zone and the upper part of the lower mantle. If the quan-
tity of water in the Earth is equal to the summation of water in the mantle and water in the sea. then the a-
mount of water in sea is 6. 6% of the total water in the Earth, This result is consistent with that inferred from
the chondrite's compositions.

Key words: mantle; water; hydrous phases of mantle
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F1 HERAREENSKERTINSEEKEERRA"
Table 1 Hydrated metamorphic mineral and dense hydrous magnesium silicate (DHMS) in mantle
A HE Vi i FaE Ik HiRE R HEERE " km
KB
Brucite KEER Mg(OH)- >78 GPa, 1300 C >13500
Serpentine wah Mg3 Si2 O ¢(OHD 5 GPa. 700 C <110
Norbergite WREEE A Mg;S1 (OH)-» >3 GPa. 1100 C <410
Chondrodite RaEEEA Mgs Si2 Oz (OHD - 10 GPa. 1 100 C <410
Humite A Mg: Si: Oz (OHD 5 >3 GPa. 900 C <410
Clinchumite BARESER Mg. Siy O (OH) 2 10 GPa. =1 000 C <2110
Lawsonite It rival CaAl-(S1:0;) (OH)-H- ) 2~11 GPa. ~800 C <410
Phlogopite ot Ko (Mg.Fe?™ )5 Sis Al O (H. F)» >10 GPPa. ~1 000 C <10
K-Richterite FRREEIN 11 KzCalMg.Fe? )5 SigO (OHD 5 GPa. 1200 C <410
Phase X &K XH K Mgg SigOe5 (OH)2(?) 17 GPa. 1 600 € <410
Zoisite Mwa Cas AliSiz Q12 (OH) 4 GPa. 700 C <410
Tale iGga Mgz SO (OH) 2 5> GPa, 700 C <410
Topaz-OH HE AlSi 0. (OH): 11 GPa. 1 000 C <410
Diaspore KkEa AlIOOH 6 GPa. 400 C <110
Phase"pi” "pi" Al Si:O-(OH)5 6 GPa. 700 U <410
Phase"egg” “egg” AlSiO;OH >11 GPa. 1300 C <410
Mg-pumpellyite Mg 4 Mg; Al; Sig O (OH); ~6 GPa. 770 C <2410
HE S K EERERRAL (DHMS)
Phase A A Mg; Si2Os (OHD 6~10 GPa, 1000 C <2410
Phase B B#H Mg+ Siv SisOss (OH ), 12~24 GPa. 1000 C >670
Superhydrous B i BAH Mg Siz SiOy (OH) 12~24 GPa. 1300 C >670
Phase E E# Mge. 3 Sin2s0e s Hs 12~15 GPa. 1 100 € >410.<670

Phase D D MgSis—, Hoy , O 1~50 GPa, 2 400 C >1000
10> 107 m Phase 10> 1071 m #{ Mg3 Sis e (OH)2H20 3~9 GPa. 500 C <110

*FERARET3], X B MRE G AR RIS PREM HBRER! 11 410 km SR S 7712028 14 GPa. 670 km FEFJEH129 R 24
GPa.2 900 km IR B K 2924 135 GPa M i K BOE R .
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57.98 : 42.02. MM K F B (A& 4 ¥ K
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W EE A KR MgSiO; iR 1. B K H
A A AR A LA 2B
Gk EETR IRATIA o B AT g ) B3 (~

410~1 000 km) F ) B & /KA g8 A Ay
HA T b8 FEB(~1 000~2 900 km) F1i FE A
KA RS HIOT B,

%2 Bolfan-Casanova & MgO-Si0;-H; 0

hEBELTREG R
Table 2 Run conditions and partition coefficients in
resulting phases of MgO-Si(,-H-> O system

after Bolfan-Casanova et al

[EJ/GPa WE/C KK K4 R 3

15 1300 PHEA. RA DEMIT RATARE 3. g
K

15 1500 $f{7ﬁﬁ)<ﬁ5‘ o DFRIRE BEX ~Q, 2
%

19 1200 yHMA WG DMBR RER~520

19 1300 y-#MA Bkikg i D8R ®BTHE 2]

21 1500  gkEkp A DEFFENER g

4 TR HE K S E

Williams 455 T EMNEHEWLREREF L
W, MRENT . -H A K& 2B R A1
iR k. B, Me/SiEIKMIERT . -k A
MK & BIK RZBEKE Mg/St SBIERT 8-
AR EREED . IR A A K 2 (FeO)/
x(MgO~+FeO) HLAE 2 0. 09 (x (Mg)/x (Si) Ry 4
1. 82)i, IR 1 100~1 300 C,H 3 ALK
LERBEAMES, iR 3 458K Z—, Kohlstedt %
LI E 38 F, R A San Carlos M A &K
B YE ST T o0 B FI Y HECOHD ™ W fR i
LR, BRI T 3, BRTR YR &
R TR R R LI B AP B

Moo A - A AT LB, R R T BGX B
KEBURREMEO M FHME . 5500 /E R EF
FIF e IR A S E Bk S ', RiEH
DB R O 0 R A L (57,98 ¢ 42.02) 1 F
AT EH AT He 3 r K E '] (RESEO
H1.48Y%.

R3 BEBEZERSUHEMAEEEN KR
Table 3 Water contents in olivine and its high-pressure

phase under high-pressure and high-temperature

KA BEE MRMEE HHEH o
r?_% 'ZL'UJ()J %
p:GPa t/C ‘km ZH
1 13 1100 <410 oG 0.12
2 14~15 1100 >>410.<670 R A 2.4
3 19.5 1100 <670 ba LRl 2,7
(MgSiO3) 0,22
© 255 1660~1650 Sero D HMeSO,
Vi3 0.19

“1~31751 L6158 44751 B 181~ ~ WEMMIT I EREE 1.

% 383 T Murakami 7€ & S EL R+
WARR AR A B K & B eSS RIVF
HES, HATRH Mg, SiO, =MgSiO; + MgO ¥l
THE H B A 2 R T2 RS EK0 AR T BE R 1M S
B 71,36 : 28. 64, 0] {HE T Hud8 5 i M
AT BT SR R S8k Bk &
BURRAEORN0.211%, M P T HER
BAHELERAEETHOKEE (FERIEO N
0.22% . HRYEHISAR] B A FIHE A HL (57, 98 ¢
42.02) B HEANSTHB T B FYKEERES
¥OM0.21%,

5 Mg SUKEMNE

HAIFEH 2.4 9955 H B0 LR, X308 % 2
BEKERIE TGRSR TX 4 .
FP P EEE KR o M S EF AT
g EERR LTS OKA BT B T R

F4 HBEEETESKRNEKER
Table 4 Water contents and water quantum in upper mantle, transition zone and lower mantle
. . fAKE R HERERKES HREELKE
5 W/ AT YRAER mmiis v KRS S ek
g 20~410 10 0.024 0. 002 0.06 0. 08
FEHEMT B EF 410~1 000 17 1. 48 0. 252 74,12 10.5
T Hb8 1 000~2 900 41 0.21 0. 086 25.29 3. 58

TS| AL S ER B SRR (%) ; * - VK A HER BRB MK 0. 024%.31 B [12].


http://www.cqvip.com

D000 http://iwww.cqvip.com|

60

BhmEE, & 8, B3/ #F & (Earth Science Frontiers)2005, 12 (1)

FTESKMEES®Y M. ESD . HBEKESL
HER SRR LGN 0.34% ., TE R EBiEL
EEd S ER T g ERSKkERS ., SKER
wA, K& EHBSKER 4% F. SEEKLE
B, 1008 0K B 14 F5 DL E . IR

References:

(1] XIE H S. An Introduction to Material Science in the Earth's
Interior[M], Beijing: Science Press, 1997, 143-155,169 (in
Chinese).

COURTILLOT V. DAVAILLE A, BESSE J. et al. Three
distinct types of hotspots in the Eartles mantle(J 1. Earth and
Planetary Science Letters., 2003, 205(3-4);295-308.
WILLIAMS Q, HEMLEY R ]. Hydrogen in the deep Earth
UJ]. Annu Rev Earth Planer Sci» 2001, 29:365-418.

ZU Y F, ZHANG C Q. The Structure of Silicate Melt[M].
Beijing: Geological Publishing House, 1996 98(in Chinese).
JAMTVEIT B, BROOKER R, BROOKS K, et al. The water
content of olivines from the north atlantic volcanic province
(1. Earth and Planetary Science Letters. 2001. 186 401-
415,

KOHLSTEDT DL, KEPPLER H. RUBIE D C. Solubility of
water in the o. and y phases of (MgFe)2SiO:[]]. Contribu-
tions to Mineralogy and Petrology, 1996,123(4),345-357.
TENG ] W. Generality of Solid Geophysics[ M. Beijing:
Seismological Publishing House, 2003: 170-178(in Chinese).
MURAKAMI M, HIROSE K. YURIMOTQ H. et al, Water
in Earth's lower mantle[]]. Science. 2002, 295,1885-1887.
HOU Wei, XIE H S, From the Origin of Meteorite to the
Earth*s Formation [M]. Beijing; Seismological Publishing
House, 2003: 271 (in Chinese).

ZHANG Y X, YIN A. Structure Evolution und Dynamics of

(2]

(3]

L4]

(5]

(6]

£7]

(8]

L9

(10]

HRE K K S BR K B/ 6. 620, X
R GHA TR HIR BB B A R B H B

i,

(1]

(12]

BREEHEK S @ REKER 6% M RO EH &

the Earth[M]. Beijing: Higher Education Press. 2002 57-70
(in Chinese),

BOLFAN-CASANOVA N, KEPPLER H, RUBICD C, Wa-
ter partitioning between nominally anhydrous minerals in the
Mg(-Si0;-H: O system up to 24 GPa; Implications for the dis-
tribution of water in the Earth's mantle[]]. Earth and Plane-
tary Science Letters, 2000, 182:209-221.

ALLEN C W. Astrophysical Quuntities{M]. Translated by
YANG Jian, Shanghai: Shanghai People's Publishing House,
1976 140 (in Chinese).

SELH:

(1]

L]

L7]

(9]

(10]

(12]

WK MBRESYERF S IM] dum Bl G,
1997, 143-155,169.

Rk, kG HE. EERRE IR RS (M. Jb BT, 5T AL
1996 98,

e 3. B Rt ER Y F 2R e (M. A6 5 #0728 B L 2003,
170-178.

8 MR B A SHREE ML L 1R B R,
2003,271.

WA TR RN REA RS M L B ERE
& Rt L 2002, 57-70.

T CW BEMXEYBEM]. % L LBA
B h At . 1976, 140,


http://www.cqvip.com

