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Abstract The mobility of iron during serpentinization affects the formation of iron oxide and oxygen fugacity of serpentinized
peridotite. Until now, there has been no detailed experimental study on the mobility of iron during alteration of olivine, orthopyroxene
and clinopyroxene. Here we conducted experiments on hydrous alteration of peridotites at 80 ~200°C and vapor saturated pressures with
different starting fluids and water/rock ratios and run durations (20 ~ 60 days). The results show that fluids consist of low iron
concentrations (0.0 ~0. 7mmol/kg) , and no iron oxide or hydroxide forms. Therefore, iron is mainly incorporated into serpentine and
residual silicate minerals (e. g. , olivine and pyroxene). Serpentine formed after alteration of olivine has distinct compositions from that
after alteration of orthopyroxene. The former is enriched in iron but depleted in aluminum relative to the latter. By contrast, for
experiments with alkaline 0. 5mol/L NaCl(aq), the two types of serpentines consist of comparable amount of iron and aluminum.
Serpentine formed after alteration of clinopyroxene contains 8. 1% ~ 10.2% FeO, which is much higher than primary clinopyroxene
(2.6% FeO). This suggests that iron release from olivine and orthopyroxene can not be transported a long distance, but iron is still
mobile at least in micrometer scales.

Key words Iron oxide; Serpentinization; Peridotite; Mobility of iron
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Table 1  Compositions of starting minerals (wt% )
) A R A HREA Rinf
Si0, 41. 17 55.30 52.95 0.03
TiO, 0.01 0.10 0.47 0.11
Al, 04 0.01 4.14 6. 04 55. 88
Cr, 04 0.01 0. 40 1.04 12. 86
MgO 48.76 32.51 14.85 20. 17
FeO 9.84 6.24 2.61 11. 12
Ca0 0.03 0.62 20.72 0. 00
NiO 0.37 0.09 0.04 0.35
MnO 0.13 0.13 0.08 0.11
Na, O 0.02 0.10 1. 49 0.04
Total 100. 36 99. 63 100. 3 100. 67

TE 2 R TR 9, =0 10 AP 3ME

2008; Xu et al. , 2008) , WIEH WA 46351 (% 1) o FHb
TR i R/ N B, B R 2SR R, S T 25 TR K
Y, SR 5T ¥ B AF A v 4w 3 0 43 0k s 60 B .80 ~
140 H 140 ~ 180 H A1 > 180 H Hy#™Hy ki,

S AR R ERLAF B ) i ER AL 2 A 5 BT R 3R R K B
FEESEM(FR2) o WL 80°C I SL I AL KA B T AT, 7K
TSR B B BRI ST I TELE S 90°C - A1 8 2R FH) 1R VS VR
F B 045 (Corning, RHEH R ,KE A 1.0 ~21.7,
TRLEE N 120 ~200°C (¥ SE 0 7E i3 FE 48 h kAT, A R IUE L I
WHE, X R R R RE R Z AR 300°C . LR
BB R MR R R . LI EE S T vkok
LY &

WG, ARSI 20l YT, FH 0. 3% HNO, fift &2
~4mL F| ICP-AES [ #43#r. T AF B i 4 K A 28 Th %2
1. OKW %5 88 -7 ¥ 20 < MR 3t &t 15. OL/min, Fff Bl MR I 4t
1. 50L/min, FL 43 B} 1] 55, 0 2 55 52 IRBU 8 Ko ARUEIR TR N
GSR . SARM-4  SY4  Alfa 0.5pg/mL Fl Alfa 1pg/mL, ICP-
AES A DIARAF 00 2 ¥ 1 P i) T %, Ca Mg Fe (4G
R399 15 x 10 7° 9 x 10 "°F1 1 x 10 ~° (Z=hkHe45, 2002)

L ARE ST TR AR P ~ 60°C INHAZE T #5431 A4
RIBTER Si b, FHBEAE ~20nm (4, 761 s 4
HhuC FHE 4 HL 8% LEO 1530, Hatachi S-4800 347 25 I Wi 4%
—F 3 BORE T B SR AR [, DG, ZE AR R B TR
2 A E SR Hatachi S-3700 1771150 #7 .

PRSI F TR AMHTE T ERG £ TR R LRI
> JOEL JXA 8230 RUH T4 58 o 18T 15kV I i Ik,
20nA HLFHHLI, 10 ~ I5pm B FHRE AR, FRiEse 5k
F(Si.Na) MHiA (Mg) EREHE A (Fe Al) GEMEA (Ca)
K1 (K) B b (Cr) (2047 (Ti) FEAEER(ND) (42 J@ 4 (Co) |
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Table 2 Experimental run conditions
TR LR (C) WG H (AN GRIRES K& e JAEACR)
FeL-01 200 60 Imol/L NaCl (pH £ 5) 7.1 NFEEZ 19
Fel.-02 200 60 NaCl + NaHCO, 6.9 NE S 19
FeL-05 80 60 NaCl + CaCl, 18.1 T 0
Fel-06 80 60 NaCl + NaHCO; 21.7 e 32
FeL-07 80 60 Lmol/L NaCl (pH % 5) 19.0 EF 32
Fel-08 80 60 0. 5mol/L NaCl 18.2 T 32
FeL-09 80 60 NaCl + Na, CO, 19.4 T 32
Fel-10 80 60 NaCl + MgCl, 17.0 EF 32
FeL-13 200 60 NaCl + MgCl, 10.0 o 18
Fel-16 120 100 0. 5mol/L NaCl (pH =12) 2.2 NEEZE 48
FeL-17 80 140 ~ 180 0. 5mol/L NaCl 18.6 o 30
FeL-18 80 140 ~ 180 1mol/L NaCl 19.1 T 30
FeL-19 80 140 ~ 180 NaCl + NaHCO, 18.6 o 30
Fel-20 80 140 ~ 180 0. 5mol/L NaCl (pH =2.6) 20.3 T 30
FeL-21 80 140 ~ 180 0. 5mol/L NaCl (pH =12) 19.5 o 30
Fel22 80 140 ~ 180 0. 5mol/L NaCl (pH =12) 19.3 T 30
Fel-23 80 140 ~ 180 0. 5mol/L NaCl (pH =12) 2.4 o 30
Fel-24 200 140 ~ 180 0. 5mol/L NaCl (pH =12) 6.9 INE RS 28
Fel-26 80 140 ~ 180 0. 5mol/L NaCl 2.7 o 60
Fel-27 80 140 ~ 180 0. 5mol/L NaCl (pH =12) 2.5 o 60
Fel-28 80 140 ~ 180 0. 5mol/L NaCl (pH =2.6) 2.6 BT 60
Fel.-29 80 140 ~ 180 4tk 3.4 HT 60
Fel-30 80 140 ~ 180 NaCl + CaCl, 2.9 HT 60
FeL-31 120 140 ~ 180 0. 14mol/L NaOH Lo AN 33
Fel-32 120 140 ~ 180 NaCl + Na, SiO; 5.4 AN =i 39

T SR NS
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Table 3 Compositions of fluids

WAHEAT (Mn) FEBEERHNAT (CL) o NiCo CL Mn {7 X [8]
o 30, HATTE MK 8]y 10, 0 46490 (9 18 2027 v

FEd S Ca (mmol/kg) Fe (mmol/kg) Mg (mmol/kg) BRFBe) MBI A0 9T BT R R HBERfL 27 B 5 526 = JOEL

iei'g 506-09 g-f 8-8 JXA8100 FUHL FHRE 43T 58 Bl MR 2544 20k VT s v e,
el N . .

Fel-7 0.0 0.7 6.4 20nA HLF L, Spum IR EAR . FRERILL FeBepiifl.

FeL-8 0.0 0.2 0.0

Fel.9 0.0 0.4 28.9

Fel-10 0.0 0.0 0.1

Fel-13 1.5 0.0 35.6 2 SEUGEER

Fel-17 0.0 0.0 2.0

Fel-18 0.0 0.0 2.7 2.1 g AURMEBERERARL

Fel-19 0.0 0.3 3.3 . . . . .

P10 0.0 00 e IESCE AL PRI 55 4 0.0 ~ 0. Tmmol/kg, FE L 4]

Fel-21 0.0 0.0 L3 WA (3R 3) o BUZEWIIR IR LSRR A PE )5 , M8

e P . 0y LRI BEBATRAS . ST H MR 1) pH Oy 5 =9, B

Fel.-26 0.0 0.1 5.0 i 2 MP) R T R NaCl ) (0. 5mol/L, pH =2.6) i,

Fe]4—27 O 0 0 1 3 9 P 23 N _ -

FeLog 0.0 o1 6 s WARREFE AR B R AR (pH =1 ~3) ,

Fel29 0.0 0.7 7.3 SR G AR Ca & i B AK. MW 4G W A& NaCl +

o s o o CaCl, (aq) I, ME SO PR R Ca A BERE G FDRE S, L1

1 Mg & B AR
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Table 4 Chemical compositions of serpentine (wt% )
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DY L271—1 L271—2 127-3 L1274 L29l—9 L29l—10 129-13 129-14 129-3 1294
o o opx opx o o opx opx cpx cpx
Si0, 41.16 45.76 42.16 39.38 44.40 44.16 43.31 42.51 44.56 42.62
TiO, 0. 06 - 0.03 0.03 - - 0.02 0.07 0.02 0.02
Cr, 04 0.03 0. 04 0.01 0.03 0.08 0.04 0. 04 0.19 0.09 0. 05
Al, O, 6. 69 0.24 2.76 6.37 0.23 0. 68 3.33 4.43 0.29 3.56
MgO 30. 17 31.52 35.11 32.95 31.79 29.72 34.55 30. 68 28. 62 30.76
FeO 5.55 7.10 4.82 6.59 8. 64 9.70 5.17 4.94 9.29 8.07
CaO 0.32 0.70 0. 06 0. 10 0.11 0.11 0.08 0.17 0.25 0.15
NiO 0.20 0.50 0.12 0.24 0. 68 0.51 0.13 0.17 0.49 0.23
MnO 0. 06 0.12 0.03 0.34 0.11 0.11 0.07 0.07 0.12 0.07
CoO 0.02 0. 06 0.02 - 0.03 0. 04 - 0. 00 0.02 0. 05
Na, O 0.18 0.16 0.13 0.15 - 0.03 0.01 0. 04 0. 06 0.09
K,0 0.14 0.07 0.19 0.26 0.02 0.07 0.07 0.21 0.08 0.22
Cl 0. 04 0.08 0.01 0.01 0.02 0.01 0.01 0.02 0.07 0. 06
Total 84. 62 86. 34 85.45 86. 44 86.09 85. 16 86. 80 83.51 83.93 85.94

BT BT Y BB SRR

(a) Fel-20, Z K L 7 IR B, 0 0 3 bt A2 T8 B A e 80 A0
(Lz); (b) Fel-24, Z R ML F R B, 5 9 i 728 J5 7% 1 A1) e 25
i (e) Fel-26, FHUI B, R 7# A (Copx) AR J5 T BAE S0 A
(stp) 5 (d) FeL-26, FHUNIE , #lif (ol) 128 J5 T8 B S A
Fig. 1

experimental products

Scanning electron microscope imaging of the

(a) FeL-20, secondary electron image. Lizardite (Lz) forms after
alteration of primary minerals; (b) Fel-24, secondary electron
image. Lizardite crystallizes after alteration of primary minerals; (c)
FelL-26, backscattered electron image. Orthopyroxene ( opx) is
altered to produce serpentine (srp); (d) Fel-26, backscattered
electron image. Olivine (ol) is serpentinized to serpentine
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WA T SORL I ) 7 A A I A R D e IORE
A1 LTI TE A Mg S0 A, K2 BB Py K A b Ag
PR B AOE B , B BT SR BT I A I S f
Mgk SN 4.5 ~9.3% FeO, 80°C MIMZ LT, Mg
A FE AR Y (8] 1a) ;200°C JEFAIZE TR, A ™
Vi 2R scfT (&1 b) o T B T ik S AL W K BE

A (El e, d) XA Hes2 N 0 R 5 BA T K 8 3 & TE
TR KA Mg SUA K AE—S, ok . BT HRET 54y
M2 B MRS AR M A Dl T B e 80 1 22 5 B
(F4), MBEAMAFIRSCAMEEEN0.05% ~5.5%
AL O, SEHIMH N 1. 4% , 35 = T M A 1Y 88 & 4 (0.01%
ALO,) s HAR SN 5.4% ~10.0% FeO,FEXy{E K 8.3% i
TR A AR & (9. 84% FeO) (K 2a.%4). R A
ARSI A AR T RN 2.6% ~5.7% ALO;, F-34{H N
5.7% ;%5 %M 3.8% ~10.0% FeO,F-I{EH N 6.3% (A
2b 3 4) . BT LIE O A AR S5 T R e 80 & ik
AR, AT M A T A T8 B0 e oA T & 47 (B 3) o
B2, M0186 344 0. 5mol/L NaCl(aq) (pH =12) B, Bj i
IESUA ) AL O, Fl FeO FEAHZE AN R (E 4) o HARHE A 1l
ATH R g S0 6 A R 0.3% ~3.6% ALO,, FXI{H W
1.4% ;5 8. 1% ~10.2% FeO, -2y 54 9.2% .
FA AR B BRI A7 A L, e S0 IR S e 18, BRI
K 2¢) . MEaa g ALO, F1 Si0, S AKX (F 3b) ,
X R AL RN Si —HF, FE Mg SO BY S AE R o B DY T AR B
AT A AR T R e 80 1 Si0, B IR, X AT RE A
RH AL O, FEE &

3 Wi

3.1 mygaidREPRENIIENK

AWFFEFRY],80 ~200°C JEFAESE T, MBAE s a
ST IR BRI 8T, T A A . X ST ARy 52
2 B — 3 ( Seyfried et al. , 2007; Lafay et al., 2012,
2014) , Lafay et al. (2012) #5717 150 ~200°C M fizE 5 &
T, BT A NaOH ., MBS A0 BN, FATT T 245 2R 3R 0, J
G RN A 4 0 ol AR I, B TR R SR Y BB R A
Yo KR, e 00 T AR R B AT BB 2 AR R A A W 1) G B
[FIFEH , Lafay er al. (2014)BFFET 200°C BAIZESET ,
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Fig.3 Geochemical characteristic of serpentine in experiments
at 80 ~200°C and vapor saturated pressures

(a) FeO vs. Al,O; of serpentine; (b) SiO, vs. Al,O5 of serpentine.
Solid rectangles represent olivine as the host mineral of serpentine,

empty circles stand for orthopyroxene as the primary mineral, and
empty triangles for clinopyroxene
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AT AR AR T (140 ,80°C ), A SRA R B K B
SN IE] , KB A 4 O3 e BRI o SRR b KB 7E
pH g 5 ~9 Fyi i 2 e 1 (Wang et al. , 1998) ,

A A 1) S 30 WL 45 34 3 ARG R N RORSE 7 O M o
s A A E AL W, {2 Okamoto et al.  (2011) FI
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et al. (2011) Fil Malvoisin et al. (2012a, b) ¥ N #1454 H
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Fig.4 Geochemical characteristic of serpentine in experiment

at 80°C and vapor saturated pressure with alkaline NaCl
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represent olivine as the host mineral of serpentine, and empty circles
for orthopyroxene as the primary mineral of serpentine

Cr-Ni &4, MATIABOBE A1 19 Cr & AR A, X — 23R T
SONEI R H AN 4 s T 28 AN AR E T Al BR i s TR SR AR AR
JE , BIE AL <400°C SEAIZE TR T YK LS

3.2 mgANEEPKEERE

BRAEME S A B P OIS S M A 2 i, — 2l
T E M SCE AN a1 R OTR R e 8o et R rp R
A H,0 Wi ARAHIE A SCE , LA CaO DA {ARH 7E A3 14
H, A 32 5 T 2 (B, AL O, FeO" 1 MgO) A5 fL 55 /1N
(Coleman and Keith, 1971; Mével, 2003) , {H, Costa et al.
(2008) 438 T Bl A8 J5 MG & 19 Fe, 0, f B ASALAR K,
5.21% ~19.77% , TR 2 th T Wk k0 e i 80 Ao & v
OISR, X R A S e B R G S . Bk
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FER A e SCA fh T B R B AR AR TR M BUH K EEA
WS R BRI A i 252 pH S, R M TR Y kA
TR, T R T R R A 2 i IR, 4, Rainbow
PR AR pH Oy 3.3, AR A9 8k & &4 24mmol/kg; Lost
City #49& X A 1) pH 2y 8.0, it 4K 14 2k & &2 1% T 46 0 fR
(Kelley et al. , 2001 ; Douville et al. , 2002) , XJ&iH T Fe**
B ke’ FERRYEYR (A PR e, 1 78 P s B O A 2K A
TE B RA S AR, M 8CA LR IR Y pH 32 BRI A
R RO AT 4 1728 B R I D O, # Ty 23HaR R W], it
AALTEVREY pH BEE TR A T BEAIG, 0, 50°C B i i
&) pH Jy 11, 400°C B} BE AL 2= 6 ( McCollom and Bach,
2009) . RAE G, wAKRY pH A K F] 2 ~ 3,400°C I i
I 2 & AU Tmmol/kg, 3 I6 T MM & 9 & & &
(McCollom and Bach, 2009) , ix B 238 H ) &, 50°C B g
SUAL R N TR B 20 1 AR () A RE A S N 3R pH. 3K
B 1 (RPN 50 ~ 100 pwm) | S ) 46 1 39 37
PRI pH AR HEE PR XA SR 45 R A T G MO
AT AR S B Mg Ca AL FiT Si A b, 3 4 88 711y
K figAE 2 Fmam A4 i) pH, v, MgCl,© #l CaCl,° 7E 80 ~
200°C /K fiff Jo 5 55 B P, T AE 300 ~ 400°C 7K fif 5 52 55 R 7
(Allen and Seyfried, 2003) , Al F1 Si & #§E, 42 3 22 nh ik &
pH MYER . 1h NaCl 7K i J5 2B M: ( £ R R4, 1981) . 1
TAMFR AR R FIoK A, B3R o i BRAAIR, ik
FEE RN SA TR RN M RERER T (B A 4
PRfnA) o N R A5 B O I AR R Y I S0A B4 TT
I, AR A T AR T B e 0 1 I 1 R T AR Y B
BHEL (8.1% ~10.2% FeO, ¥k 4} 9.2% ) , 3% Hoigk
TR B A SR A AR o AR P RO k. X R
MR AE I a0 AT R PR 3 Y

A AT R A TR J5 T A ) e 80 A I 0 R 5 (a3
3 (B15) o WA B8 il s e s A ik 2% ~
4% X FIAIELA I BB R R PR B ARSI, A
HRE M, 5 60 5 I S0 288 1 B 5 T LERE iy, S
IS SR (B 5) o 3% AT RESE B TR A i 2E T2 i
WS 5 Ja B A P i AR T B ME B S A A R .
0, — AN A TTORL ) BB MO A1 AR M R R A, 2
RO A e AR TR A LT AN R AR B IS0 ik R
HFHEAT , SO B € e S0, 1 254 ) I A A e
BRI A AR B O AR SR T S e s A . X F
TR PR BRI A R AR S 3 RSO ] L A ) R T K
AU AR I SO A R P RIS B

3.3 WA/REFKE LS AL S ERKFN TN

AR FEH,80 ~200°C M FIZE ST, MW 5 F1AS )
HA) 46 A4 B2 g g (B, 0. 5mol/L NaCl ., 0. Smol/L NaCl
(pH =12) 0. 5mol/L NaCl (pH =2) 47K il NaCl + CaCl, ),
PAT HE R AW o AELI ) R A AR 1 S 2 i e A
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(a) Fel-25,200°C , R 5 A1 1 AS T LG S0, I €830 20 ) g 4
F% ~5% FeO, 03 M S A & ~9% FeO; (b) Fel-27,
80°C , MM Ay S ZN Il AR T iU 20 A, 52 R4 M B 8041 & 9. 1%
FeO, B AR IE LA % ~6% FeO; (c) Fel-32,80°C , #iiif1 %
Az B AR T s 6 RS €5 Y I S0 A 7

Fig.5 The heterogeneity of iron in serpentine

(a) FeL-25, 200°C and vapor saturated pressure. Orthopyroxene is
altered to serpentine with dark ( ~ 5% FeO) and bright bands
(~9% FeO). (b) Fel-27,80°C and vapor saturated pressure.
Olivine is extensively altered forming serpentine with dark ( ~ 6%
FeO) and bright domains (9.1% FeO). (c¢) Fel.-32,80°C and
vapor saturated pressure. Dark and bright bands form after extensive
alteration of olivine

FRIBAY , A0, WG AR NaCl + CaCl, B, g0 A7 1) 5 &5
0.66% ~0.91% CaO 35 FAE Ca AW I A il 22
M BT A B eS80 ,0. 04% ~0.25% CaO, B) Rk i iR
Tl R e g S0 A R B0, S 0 G A 0. Smol/LL
NaCl (pH = 12) B, Mg 804 48 & 30, 3. 73 £2.24%
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AL O, s 4] i i A4 S 0. Smol/L NaCl (pH =2) B, I 507 1)
BREBAR,2. 1 £1.8% ALO, . F350, WM AR A BRI 25
SEMAER IS S, 140, S 4642 0. Smol/L NaCl (pH =
12)) I, ER AR 7 b 78 A 118 g 80y 18 2k 5 2 R e R A
TASTE U S0 B B LT — R (B T A 2 B Y AR g
T, A AR A B e AU B B T AR A AR
TE U S0 IR o X R, 9 TR (R A5 B 11 1 3 1
SR o SN , B A VA AR P ZE BRI AR R Y
SN o ASHFGE v S0 3 T P A 1 Bk B AR —
F ( Janecky and Seyfried, 1986; Seyfried et al. , 2007;
Okamoto et al. , 2011 ), T Janecky and Seyfried (1986 ) #i
Seyfried et al. (2007 ) L /K SN 9 15 Wi 44, Okamoto et al.
(2011) DR FH A /K W) A AR , 3 3 BHAD A U (AR ) LIRS e
LI PR A IR S AN . b ASBIFSE o B A
I8k & A Lost City HURIX 1 —2, Lost City HWR X LA
ENFEIRE AT, AL 40 ~75°C AR Bk i & IR TG
MFR (Kelley et al. , 2001 ) , X — 25 R BIANF 58 45 R 7T L)
SRR i St /.

80 ~200°C FEANZETH T , AR 9400 46 U0 4R 2L i 7 e
By 2.5 ~20.3 ), ¥R A Mg AL IF B, A RKCE
FOmy A B SO SR LT —FE . X R, KCE XAl
AT R PR TE B M R AN

4 &5

BT T — R KRR R i a0 fid fe
BRI BT 293K ,80 ~200°C MR ANZE U T, ME8Ufi 1
TRARA RS AR, VA J5 B 7 AR AL Bk B AR A
WESATH o BRANERAE M S0 A e v 3 Sl PR ss , HesE F
AT AT AR I T B S04 ) BRI AR 5 FHL U A A
AL, MG P I 7™ A A A BRI 60 , AR A A i
TE A MESCA TR R BR o (E , BRI A1 AR ] e 2041
ARk S B o T AR A, T S AR TR . Xk
1, SRRSO A R R TG S, B A A i A
CHRIC R FR PR . R AT S S AR T A IR TR 1 R
W, B P ) P AR R B 5% sl A MO A AR A
ThVASTE O ST )RR AN GRS AR 2 (ELR B0 AR T AR 4 R
K FExig s A B T AR BTG SRR )N
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RV [ 2 e ) M i 2R A 27 9F 5 T R AR T D7 H
TR B Y Bl A SO G R AR B T R
By, 7E R R R ) A o

References

Allen DE and Seyfried WE Jr. 2003. Compositional controls on vent



890

fluids from ultramafic-hosted hydrothermal systems at mid-ocean
ridges: An experimental study at 400°C , 500bars. Geochimica et
Cosmochimica Acta, 67(8): 1531 —1542

Berndt ME, Allen DE and Seyfried WE. 1996. Reduction of CO, during
serpentinization of olivine at 300°C and 500bar. Geology, 24 (4 ) :
351 -354

Chen DG, Li BX and Zhi XC. 1994. Genetic geochemistry of mantle-
derived peridotite xenolith from Panshishan, Jiangsu. Geochimica,
23(1): 13 =24 (in Chinese with English abstract)

Coleman RG and Keith TE. 1971. A chemical study of serpentinization-
Burro Mountain, California. Journal of Petrology, 12(2) : 311 —328

Costa IRD, Barriga FJAS, Viti C, Mellini M and Wicks FJ. 2008.
Antigorite in deformed serpentinites from the Mid-Atlantic Ridge.
European Journal of Mineralogy, 20 563 - 572

Douville E, Charlou JL, Oelkers EH, Bienvenu P, Jove Colon CF,
Donval JP, Fouquet Y, Prieur D and Appriou P. 2002. The rainbow
vent fluids (36°N14'N, MAR) : The influence of ultramafic rocks
and phase separation on trace metal content in Mid-Atlantic Ridge
hydrothermal fluids. Chemical Geology, 184 37 —48

Evans BW, Kuehner SM and Chopelas A. 2009. Magnetite-free, yellow
lizardite serpentinization of olivine websterite, Canyon Mountain
complex, N. E. Oregon. American Mineralogist, 94 (11 - 12):
1731 - 1734

Foustoukos DI, Savov IP and Janecky DR. 2008. Chemical and isotopic
constraints on water/rock interactions at the Lost City hydrothermal
field, 30 ° N Mid-Atlantic Ridge. Geochimica et Cosmochimica
Acta, 72(22) . 5457 -5474

Frost BR. 1985. On the stability of sulfides, oxides, and native metals in
serpentinite. Journal of Petrology, 26(1) : 31 —63

Janecky DR and Seyfried WE Jr. 1986. Hydrothermal serpentinization of
peridotite within the oceanic crust: Experimental investigations of
mineralogy and major element chemistry.  Geochimica et
Cosmochimica Acta, 50(7): 1357 - 1378

Kelley DS, Karson JA, Blackman DK, Frith-Green GL, Butterfield DA,
Lilley MD, Olson EJ, Schrenk MO, Roe KK, Lebon GT, Rivizzigno P
and the AT3-60 Shipboard Party. 2001. An off-axis hydrothermal vent
fluid near the Mid-Atlantic Ridge at 30 °N. Nature, 412, 145 - 149

Lafay R, Montes-Hernandez G, Janots E, Chiriac R, Findling N and
Toche F. 2012. Mineral replacement rate of olivine by chrysotile and
brucite under high alkaline conditions. Journal of Crystal Growth,
347(1).62-72

Lafay R, Montes-Hernandez G, Janots E, Chiriac R, Findling N and
Toche F. 2014. Simultaneous precipitation of magnesite and lizardite
from hydrothermal alteration of olivine under high-carbonate
alkalinity. Chemical Geology, 368: 63 —75

Lazar C, McCollom TM and Manning CE. 2012.
methanogenesis  during experimental komatiite serpentinization :
Implications for the evolution of the Early Precambrian atmosphere.
Chemical Geology, 326 —327. 102 - 112

Li XH, Liu Y, Tu XL, Hu GQ and Zeng W. 2002.
determination of chemical compositions in silicate rocks using ICP
AES and ICP MS: A comparative study of sample digestion

Abiogenic

Precise

techniques of alkali fusion and acid dissolution. Geochimica, 31
(3): 289 —294(in Chinese with English abstract)

Malvoisin B, Carlut J and Brunet F. 2012a. Serpentinization of oceanic
peridotites; 1. A high-sensitivity method to monitor magnetite
production in hydrothermal experiments. Journal of Geophysical
Research: Solid Earth, 117(B1) : B01104

Malvoisin B, Brunet F, Carlut J, Rouméjon S and Cannat M. 2012b.
Serpentinization of oceanic peridotites: 2. Kinetics and progresses of
San Carlos olivine hydrothermal alteration. Journal of Geophysical
Research: Solid Earth, 117(B4) : B04102

Marcaillou C, Muiioz M, Vidal O, Parra T and Harfouche M. 2011.
Mineralogical evidence for H, degassing during serpentinization at
300°C /300bar. Earth and Planetary Science Letters, 303 (3 —-4) .
281 -290

Martin B and Fyfe WS. 1970. Some experimental and theoretical
observations on the kinetics of hydration reactions with particular
reference to serpentinization. Chemical Geology, 6: 185 —202

McCollom TM and Seewald JS. 2001. A reassessment of the potential for
reduction of dissolved CO, to hydrocarbons during serpentinization of

£ L¥F]| 2015, 31(3)

Acta Petrologica Sinica

olivine. Geochimica et Cosmochimica Acta, 65 3769 —3778

McCollom TM and Bach W. 2009. Thermodynamic constraints on
hydrogen generation during serpentinization of ultramafic rocks.
Geochimica et Cosmochimica Acta, 73(3) : 865 — 875

Mével C. 2003. Serpentinization of abyssal peridotites at mid-ocean
ridges. Comptes Rendus Geoscience, 335: 825 - 852

Moody JB. 1976. An experimental study on the serpentinization of iron-
bearing olivines. Canadian Mineralogist, 14 462 —478

Okamoto A, Ogasawara Y, Ogawa Y and Tsuchiya N. 2011. Progress of
hydration reactions in olivine-H, O and orthopyroxenite-H, O systems
at 250°C and vapor-saturated pressure. Chemical Geology, 289 (3 —
4).245-255

Oufi O, Cannat M and Horen H. 2002. Magnetic properties of variably
serpentinized abyssal peridotites. Journal of Geophysical Research:
Solid Earth, 107(BS) . EPM3-1-EPM3-19

Schrenk MO, Brazelton W] and Lang SQ. 2013. Serpentinization,
carbon, and deep life. Review in Mineralogy and Geochemistry, 75
(1): 575 -606

Seyfried WE Jr and Dibble WE Jr. 1980. Seawater-peridotite interaction
at 300°C and 500bars: Implications for the origin of oceanic
serpentinites. Geochimica et Cosmochimica Acta, 44(2) : 309 —321

Seyfried WE Jr, Foustoukos DI and Fu Q. 2007. Redox evolution and
mass transfer during serpentinization; An experimental and
theoretical study at 200°C , 500bar with implications for ultramafic-
hosted hydrothermal systems at mid-ocean ridges. Geochimica et
Cosmochimica Acta, 71(15) ; 3872 — 3886

Sun WD, Peng ZC, Zhi XC, Chen DG, Wang ZR and Zhou XH. 1998.
Osmium isotope determination on mantle-derived peridotite xenoliths
from Panshishan with N-TIMS. Chinese Science Bulletin, 43 (7).
573 =575

Szitkar F, Dyment J, Fouquet Y, Honsho C and Horen H. 2014. The
magnetic signature of ultramafic-hosted hydrothermal sites. Geology,
42(8): 715 -718

Toft PB, Arkani-Hamed ] and Haggerty SE. 1990. The effects of
serpentinization on density and magnetic susceptibility; A
petrophysical model. Physics of the Earth and Planetary Interiors, 65
(1-2).137-157

Wang JA, Novaro O, Bokhimi X, Lopez T, Gomez R, Navarrete J, Llanos
ME and Lopez-Salinas E. 1998. Characterizations of the thermal
decomposition of brucite prepared by sol-gel technique for synthesis of
nanocrystalline MgO. Materials Letters, 35(5 -6) : 317 =323

Wang YR, Fan WL and Yu YM. 1981. Geochemical mechanism of alkali
metasomatism and the formation of iron deposits. Geochimica, (1) :
95 =102 (iin Chinese with English abstract)

Xu XS, Griffin WL, O’ Reilly SY, Pearson NJ, Geng HY and Zheng JP.
2008. Re-Os isotopes of sulfides in mantle xenoliths from eastern
China; Progressive modification of lithospheric mantle. Lithos, 102
(1-2).:43-64

Yang XY, Sun YL, Sun WD and Xu XS. 2008. Platinum group elements
in mantle derived peridotitic xenoliths from North Jiangsu Province.
Geochimica, 37(3): 197 =205 (in Chinese with English abstract)

Zhi XC, Peng ZC, Chen DG, Yu CJ, Sun WD and Reisberg L. 2001.
The longevity of subcontinental lithospheric mantle beneath Jiangsu-
Anhui region: The Os isotope model age of mantle derived peridotite
xenoliths. Science in China (Series D), 44(12). 1110 -1118

Bif FR 3252 STk

WRIEZS, ZEME 0, SZEER. 1994, L9047 1L e IR & A0 R B IR )
HhERfEAE. HhERAEE, 23(1): 13 -24

AR, XIBL, WA, B, B3 2002, BERREL S A LA IR
[ ICP-AES F1 ICP-MS YEGH I « BRVE -5 Ol 43 i B 7 R 1
%FEG. HiERAEF, 31(3) : 289 -294

TR, I ARk 1981, BTS2k I B Hh Bk Ak 2 AL B
BEvF. kb, (1): 95 -102

BEde, SMNIEFT, PN, fhs 4. 2008, FRdbftfr il 2Rl g il
B PGE Huskib2%:. shrkfb~#, 37(3): 197 -205



