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Abstract: The constitutional water in the deep earth affects a range of geochemical and geodynamic processes due to its
unique physical and chemical properties. Based on recent advances of researches on the internal water content of the Earth,
the water storage capacity of the mantle has been estimated in this paper. We have calculated that the upper mantle has an
average water content of 0.03%, which means its water storage capacity is about 0.12 times of that of ocean water. The
solubility of water in minerals of the mantle transition zone is relatively high (~1.53%), making the water storage capacity
of the mantle transition zone about 4 to 5 times of that of ocean water. The water storage capacity in minerals of the lower
mantle is highly debated at present, as it could not be well constrained by using results of high temperature and high
pressure water soluble experiment, theoretical calculation, and geophysical methods. The currently existed research data
show that the average water content of minerals in the lower mantle is relatively low (~ 0.13%), but the water storage
capacity of which is about 2 to 3 times of that of ocean water due to the huge volume and mass of the lower mantle. The
entire mantle has average water content of ~0.26%, with its water storage capacity of about 6 to 8 times of that of ocean
water. In order to estimate the water storage capacity of each layers within the entire Earth, based on the conclusion by
Murakami that the Earth was originated from the carbonaceous chondrite which has a water content of ~2% , we have
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estimated that the water storage capacity of the Earth’s core is about 76.8 times of that of ocean water. Furthermore, we
have inferred that the Earth’s core could contain about 0.6% of H element.

Keywords: Constitutional water; deep earth; mantle minerals; water storage capacity; the Earth’s Core
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1B 5YTAR . T R ] RS 7K AT T R FRTVE 2 i 45 H B PRI 0 R B A s Rk i 36 ' 3 5K 5 4] 7
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KA ERPTE, KA RIKZESEEL O /K, HERFR MW R A T K, BRI

WA C A ROBUE T 315 2 BUARHE K ST B S R SRR (5.97x10% kg™ 7 0.024%"Y, Hiit
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Fig. 1. Structure and mineral compositions of the mantle (modified from Frost, 2008).
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WA BB KDL, RO A 7F BT SR i fE b & R A — RO AR O, SECH Y
BUEREE.

R R YA R, 7E 12 GPay 1400 CEME T, WA AIVA R 0.4%H07K, /KLERIME A
PR 5 PS5 T TR A OB T T, 3 B G B S GREIEAS ) B ATVA AR 0.5%11/K 20, b, AT
I 50 R BLKFERNE A7 b VAR IEIE 5 C (8} CHy) IR EA X, FEMARELT, C MRS
IKAE RN A rp AR L 2 2.3 1 o ARG -8 1) 242 LI B b SRR AR F) B A 4375 R RO o 7 L3t
A2 1.07x10% em®, HEZFREE 410 km (1400 °C, 13.5 GPa) b 3.42 g/em®™, 5% ik B
GECNE, IR ALEIEH MR RREE T, BN (P 3 R LN 3.40 glem’, 1 BN 4 75 L Hhbg 1)
JREEHN 3.64x107 kgo KA Smyth PRI &K EHE (0.4%), TS BI85 K kK g /738
1.46x10%° kg.

SR RN 547 5 A R ) SRRV A A LR MRS 5 4 B M R I R AR A I K R R 2 — 2, {H
A L2 —T ppm KIS /KR, 1102 b R A 55 7K AR KT M08 o 1) B R A SR i ) 2B o />
— 451 Rauch fl Keppler!' 7€ 10 GPa. 1100 C F &M A & KEN 0.1%, FEHEE 577K
Al G R RN ™, W7 E B AR ZIN 0.39%10% em®, S5 A 3.58 g/lem’™, HOMEAT#E
g RSN 1.39x10% kg, R4 Rauch F1 Keppler (8 /KBS (29 0.1 %), HESRIMEA 15K
IKEE 129 0.14x10% kg.

& SRR A A AR A v T I R AR A A K I8 LTI ppm, R b5 A A 1A
WA BB 7K (£ 200 x10°) K152, (HIX B6-5 /K15 Bt REAR 0 B 08 A 48 1 & /K I 10 P) . Withers
2:BUZE 5 GPay 1100 C R & R (K5 K EA 0.1%; Mookherjee!* " fl Hauril'”/E 5~9 GPa fl
1373~1473 K F, WEAA R EK 0. 1%. ARALE EHIEAERZN 0.32x10% cm®, P
PN 3.85 glem’ CAKIA IS 5E 5, N 3.7~4.0 glem®) P35, b Bm i a8 1.23x10%
kg, HEARMIMEKRESIZ 0.12x10% kg.

MR 1 S A P R ) I R SR e A KB R (R 1D, IRATH S B g K 1 %K AE 14
0.03%, ZINHFEEAKI 0.12 £ . XA R G PRI IS A 20 G 1S /K BAGH5 H i
S5 (0.024%) k.

#1 "EREZRS BT WHENSKE

Table 1. Water contents of the upper mantle mineral phases found in high temperature and high pressure experiments

FE71/GPa W/ C AH VR BE /km WA A FR BIKE Y E=PEN
5~9 1100~1200 <410 ey e 0.1 [17-19, 30]
10 1100 <410 WA 0.1 [10, 18]
12 1400 <410 o- A 0.4 [25, 30]
2.2 W

TE 410 km &b, WEATAS FRARE AR N BRI A, BN A 28 S BU% ) FL2E R A, T 35 AR 520
km AAHAR MRS A, SR R YA S I R RS X e ) A KR 1 R R . BAMBA
R S RS T VR R SR AR R I S K B, 9140 Dai A1 Karato PR i 5 2 7 ik HENN BT
2R IR 0.2%.

TR 1R TR S 4 R B, FL 2GR AR e R P B KT 5 3.3% 1109 7K ), Kohlstedt 262 i iR
i s S0 A S 1) BL 28 A1 A RUMAHL A A FH el L I A 2 A6 1S AR 0 i A5 LB 7K B0 2.4% 0 2.7% (R
2), MR RN, IKAE TLRER A ¥ At P B U B () v T AR o (L DR s 5% /K AE BL2E FI A A i
FRIE IR, ANFERSEE A AR A . Litasov A1 Ohtani® I8 58 K BILLE 1600 CIFF, 15 GPa 2%1F
FRZEFIA RIS KEN0.5%, WEET 16 GPa R 0.3%, i Kawamoto 5 Ty i 7154 7K 7E FL 24
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FAT rF AR T TC R o AR TS R A (1 245 DA B DB I R AT P (I A LU A, SRS BL 24
A E B A AR ARZN 3.01x10% em®s FLEEFI AT P36 BN 3.60 g/em’™), LR &N 1.08x107
kg, FiHR#E Kohlstedt 25 H FL2EH A & /KB (2.4%), TS5 T2 A S B K BE 1147 2.59%107" kg.

Pearson 25POMRT R B T S RIAT B R A AT AL A, R R o8 BEL e A o 2T A 15 5 K 2
1.5%; Katayama 25PN MAR B (e KK BE TN 2%,  FH LA B3I 5 A A K BE R R 5K &
(¥1 8 5 10 Ohtani®*HIIA Y 7E IE % IR ER N, WAL (65K AE SN 0.5%~ 1%, BET #5205 35
(It K e SR B K B 2~4 1o [RIRE, MR 5 /K BB IR (0 T v 1T PR P, T %7K
FEMRAR A o (8 B R AR /N0 bR A 70 b Sk A P R ZI 3.53x10% em®, % EN 3.84
g/em’ B8, RUFEA 1.36%10%7 kg. MALHRHE Kohlstedt HIMALAE A 19 & /K BHR (2.7%), 4G F AL
A7 S %K BE 7120 3.67x10°" k.

JK FE B Bk R A I VS AR T AR R T AE B 28 R A RN PR AR 4 7 b B NIR £ . Bolfan-Casanoval>' il
Katayama 25 (BB AT 1S K PERF LR T, BERM G KA R& G )L ppm HIK. TIFEREAEEAAFIE
R B AR AR RS /KLE ppm, REEATHG RT S BURBE S . AR SL IR R
7K 500x10°°, Bl 0.05%, BEAM AT 7E HuDE I 7 h MR AN LA 4.36x10% em®, HL#Z7E 18 GPa. 1000 K
AN J9 3.90 g/en’®™V,  BUBE B AE I A SR 1.7x10% kg, B K BE 1140 0.09%107" kg.

FIRE RS B MBI 2, S R SR 8 & /K 0 (452 Meier 2042 Mt 7 903 55 F S5 AR 3o 8 47 114
T FEHEWT H K A PG RPN ARSI DA R A 2 K PRt 5 DA S P RSP 10 & /K RS D, s
KRR AT B R Sk T3 G K PR ) X 5 . Houser! ™ Vi 5 ik I 7 & 7K 1 X35 |5 AN 1 U5 1) 5%~
30%, LA Ik K RE I LONIETEKED 1~2 5. ARIERATHAME, HuEh 82 5 K ik K B8 12
1.53%, LUK 4~5 5. Hub@id i & — ANE R BER/KGE B, 7EAERM/KIEIRd fE R 2
FEREEMMEM.

2.3 TFhug

T HuME FEL 80%1IAF AT E A (Mg-Pv), 15%MI 7 B8 A 5% E5- 854k~ (Ca-Pv) 0%, H
RUBF AR B, /KA IR L6 W rb (¥ e B L LU AR S I w4 CRLZE R A AOARAR AR A ) A R A RS
IMMRZ (R 2). (HILFN B T /K AR IX L8 i 08 47 4 1R 35 A BB ) Bt 98 IE A7 AEAR KI5
Murakamil o6 T Hu08 A7 HLZF 7 . 77 B M -A5ERT & /K PEBIE 70 3 B S8 1) b K R T R P e ik
0.19%~0.38%, {H Bolfan-Casanova 51" {13t — 45 IR 52 sk B 2 1 (45 /K BEAR T g AL el Se g =4
(P40 FE R B Super hydrous phase B 553 B [1], 5555 b &5 MK AR X L7 4 o R0 A 2 J LTI A5 0] L2
Ws. T Litasov ZI%t 547 ()47 B 23 8 47 (KW 96 R BLHOKI MRS ATk 1400x10°°~1800x107, 2B i
FF 2 1 K AR OR AR L B o

K2 REFEEKTHIBT WS KE

Table 2. Water contents of mantle minerals in high temperature and high pressure experiments

J& 11/GPa MR/ C HH RLR FE /km LEVEAS EKE% BB
14~15 1100 410~520 FLEEFIA 2.4
19.5 1100 520~660 MATLBE 2.7 -
i A g AH 0.2
25.5 1600~1650 >660 JTERERY 0.19 [16]
-5 0.38

IR BT HOB A SR R R B, BR T RTREE & AL B4 a8 A 7 SRR M -5 ek 4t
IKAEA L2 B0 (VA AR R (< 1000x107) B1A0981 g — ) iE 4 2 B K 2 E N R g
15141 Pamato 25 IRIE 75 &% I & £ 1Y) phase D AH7E 2000°C . 26 GPa N A2 EfEAE, ALY phase Egg A
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71900 K 26 GPa FHE7F. IHbAh, T 1 T30 B30 A% -8 32 53 AT (0 A0 X R A AE , — Rl RE IR i
R AT T SRS X 6T N7 T 305 0 M i ) X3, R T Rk (X S pR S A Rl S AR A, U AT B AR — K,
B 7K AT DU 7 7E 8 S5 (R 07 o 248 A B 23 8 o 98500,

ANAN v iR v S S IR A e B 1) T B i S K R, S ERPERALINAE 2] (1) B35 T8 5k 5 A Sl
AL AT M8 R v R R A K RS Ol TR 8 1S K B IOBIE TR AR LE AR K 4. RS Bodnar! AT
Nestola® i, FHUERIfEKBE JIRIGFER) 0.2~4.3 f5. TRATIIR FHIE 80%[HI76 B4 2 A 57K 4
800x10°°, 1% 7 BEERE & 7K1 2000x 107 T 8% A5 A58k H™ 5 /K21 3500107 LA K 1% K5 A
B K] 20000% 1070 HEATAE S, 15 H T HUME T 18 /K2 1340x10° GRS & /K B 80 3k 11 SCiik[46]), 1R
N HBE 5 R AR R 49.2%, B 2.94X 107 kg™, FEAS BN HUE 16 K B 1740 i EE K
2.8 fif (& 3). AR¥ELL_EHOMSH W0 i i KA SR, FRATTHFAS A M8 1) T ik K BE 114
0.26%, SMEZKEAAHFEEIKI 7~8 £,

T AN R B SR I6 25 R R ) B A K B FIAR ZE AR, ST TN A b A bR P R 1 i K A
FET IR A0 22 B SR A TR A BB . (B H T RGO TR E . R RIKR S5 g 4
b /KBE RIS . SO R g, LB ARG K BE T B BTETEEIR KRS, DU BRI A &
T R SEI AT ISR, R HUE A W () fif 7K 8 7742 WAe] Bl e BE AN R AR . BRI, D T SR A T
MBI KRE ST, BT EMCERE— 510 TAE,

£3 HBEEBERIMEKRES

Table 3. Water storage capacity in each layer of the mantle

R TR ¥ /km % )2 B R K BE 1 /kg % J2 B K RE 100 5 E/% %2 B kK B8 15 K B LR
g 35~410 1.72x10% 1.64 0.12
R 410~660 6.35%10°! 60.70 4.54
T HLE 660~2891 3.94x10°! 37.66 2.81
A~ +,
3 HiAZ 1 & 7K e

WA EE B A S B 5%~10%) A, HTESEL N 107 glom’. EHIF KB RE /)
KMET, AL T LAl Bk B R AR & B B BN 8% ~10%, HHERIHIAZ IR T AR A S DAh, ZDIE
H 8% ~10%M “&” juEw (JRTFFECT Fe MTER, 2% ~3%RET WX, 6%~T%RETIMZ H
B, B C. Hy Oy Sy Si il Mg 2053, ixst «“i2” Sugtde KB R MR ZAIRKIIFERE, FHae
FIEMIERERE A2 N A5 SR EME D T Fe.

Allégre Z5PURRAE A AR A AL 2 B IR, O T AAUREHI RS 2 1 5 PR A 56 3 (BB (24 10%),
TERHAZAEA IR . wFe)=80%. w(Ni)= 5%+ w(S)=7.3%- w(S)=2.3%- w(0)=4% LK 1.4%]
Fofth “%2” ok (W1 Cy HE)o BT O FEARMIAME TESA Gy i sl kbR, (R il (R il bz 22/
TAAE(1.6 £ 0.3)%01 O, i H BT B I s 1 e VE A Ll 220, SR H 2 55 h & B R & Bk
ARG ERZ —, TEEE R 2154 T T Re it AR, SEIERE 4.

BRI i X LRAT S AN S R X TR P 7 ik R B B SRR, S KE R (K 2 T 1Y
FREME TR, SUtRFEHMKPSE, DA, Hrrgemthig 7L, s aEn
FIERSHE A . A, Okuchi e £k 5 7K 1 s L e i S 36 R BV Ak (k7K) AT LLAIRZ) 4% H
Ohtani®*HI Saxenal™ th, M il i 1 SE 36 & R ALY (FeHy), FERBLIXEY FeH, 7E 1700 C. 84
GPa T A2 EAFTE

Nomura 25V 55 S86 W0 22 B84 5 (CMB) kb [ AH 28 22 L LLRT A M 400 K, Tfij A A
A AZ P AR B KA T oML 1) H A5 2IREA%,  BE i HEWT H b 1) & K B 2 @ I iR
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BKREM 80 52 % . HEAKEHE “B” LRI T, Bazhanova 2R 48—k JF #1155
T ER R TR T PN MR 5 254 R Fe-H USRI S5 R AR, TIN5 43 P MR 119 235 5 L i gk 1) 2%
FE/N 8%~10%, WHIAZH KL THEEIRAE 0.4%~0.5% ML -

KT HAZ NI H DA HAZ & K ReE,  H BNEAFAEAR 2 AW 1t o — 5 T TG V2% B 43 A A HORE WL
8, 5y —J7 TR FH i e R S50 ke SE A U 26 A B A BOR Pk 1, MU A H 5 AR AR BE
S BATAT LA H 5 H0 MR E R R, FHL A 0 & H S BRI S K7 8. BIRHAZ & “K”
HA R T AL & A LB R L ERK (H0), MR fEHAZ &4, H EZ 5 Fe L& FhAC H 45 & T8 ik
Afd. WAET Murakamit T EHIHER S K LN 2% FTH, ERE R K 58K &R, Xt
EifEKeE S (B H &8 Al e st R MhER LK (BOREME H) kA4 ki 2
HENFEAZ At T HOER P90, FRATTAT LA R i 55

LR IR R 8 K B = R B B x2%=119.4x10"" kg, PR K SHMEK 2 A (11.86x10%
kg), HNTTERHZ I & KELIN 107.54x10%" kg, XA THFEEKE 76.8 ff. %itH 45 %5 Nomura
29038 3o S 6 W 8277 45 B ML (B /K B 1) (20 80 £ TR/ AEH BT, eah, TRATIEHE C15
B WAL K AE DA H 5 HO IBERIRE SRR, #E— B it H LR &S ELN 11.95%10°!
kg, 29 EHIAZ SRR 0.6%. WIER H 7ENSMAZ A B R BCREE (B0 SiflS), ARAIX A4
X 5 Bazhanova W34 Fe-H 76 A% 2514 N (K% BETHSLAS B (045 S Gtz b H (05 & 0.4%~0.5%)
AR .

UEAh, FRATERYE HAZ  H & &, BT HE NN HO0 & &, e 748k 0 Hasgs
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