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Oxidation-Reduction Characteristics of the Serpentinized Peridotite
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Abstract: Serpentinized peridotite is one of the most important rocks in the Wenduermiao ophiolitesuite, which are mainly
composed of serpentine, carbonates, magnetite, and talc. The input of the SiO,-rich fluid will result in the lack of brucite
due to the further serpentinization of peridotite. Méssbauer spectra analysis has revealed distribution features ofchemical
species of Fe and the relationship between serpentinization degrees and oxidization-reduction properties in this study. The
results suggested that the total amount of Fe and the distribution of Fe™ in serpentinized peridotite were closely related to
magnetite and serpentine, especially Fe’* was dominantly distributed in serpentine. These have very important significances
for properly evaluating the amount of H, produced in the serpentinization process, and have important reference values for
evaluating the input of Fe’* in subduction zone as well as the serpentinization of the primary mantle rock.

Key words: Serpentinized peridotite; Mossbauer spectra; Serpentinization degree; Fe species; oxidization-reduction con-

dition
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et al., 2010; McCollom and Seewald, 2013) . W J5
B
Mg, ,Fe,,Si0,+1.37H,0—0.5Mg,Si,0,( OH) ,+
0.3Mg( OH),+0.067Fe,0,+0.067H,

(2n+1)H,+nCO—C H +nH,0

CO,+4H, >CH,+2H,0

W 807 A S 7 A 3 JE A P I R T B 1L, 2
B RA AL & PR B ARy 2 . B2 E T
58 T eS80 A AR A= W R e J 18 ] JSATL i AR OG
H BTl BR fk 2% 45 4 ( Proskurowski et al., 2008;
Fiebig et al., 2009; Konna et al., 2009; McCollom
and Bach, 2009; Jones et al., 2010; Miintener,
2010) o WS FAFAE Ni-Fe 5 4 ARBLIR B HLAL Y
B RERRA™ , BT 46 78 Y38 I 2605, A7 B T CO,+H, &
A B -FE RN (FTT) SR G AR CH, DL e HoAl A AL 1k
4 ¥ (McCollom and Seewald, 2007; Proskurowski et
al., 2008 ; McCollom, 2013) ,

AAONG e R AR R OB e A o 2 LAY BT 2 R
ALY R, T PR B 0 BT g A 5 BE AT Mossbauer %
i E TN R TR 7 RN R R
AL o 1 SRR RIS A0 S T A= JROK B A, IR AR
WE B IR AT+ RE AT, LA™ ) W Sy g S0+ R
B — B A8 T B Mg-Fe™ i) B B4
PERE % Fe'-Fe™ 1y % e, m % £ A K 1E A
Méssbauer i 78 1 #8575 W S0 AL B 1Y
TEAHSCHE o TRt 80 AL A A RGO, LRG0 )
(f) Fe™/ SFe {H g 0.30~0. 48, Tfii i F 58 4> ke 8L A1
25 R, REAR 19 Fe™/ S Fe {H 4 0.53 ~
0. 68( Klein et al., 2009b)

A3 G a BE Y e S0 A A B e
Méssbauer 1% #1545 A, 48 11 RE i (19 g 8047 f 72 JEE
A Bl 4R SR AL - SRR AE L L K Fe™ 7254 vh
F8 3 A XA SR 1, A R B2

1 IR #0 /R i e 50RO & 2 A AR AR

W S0 AT ], R T il AR 4 5 ) R R o3 A
LA ) ) A2 RE M 52 3T 24 A ) 25 (MeCollom
and Bach, 2009;McCollom and Seewald, 2013) ., ##
PR N2 1 20 7 A R 5 e S0 A B RIS £
H Fe-Mg (9§ 4% 97 HUAE AT 5C (Evans, 2008) i
MEAT H Y Fe™ 7 8 804 1k ik B2 P K Bk R R
Fe' A BUOK R BE B RSB S0 . T R A A Rk
SRR A RS A H A i 2 R R
WSO W) G Z 8] Fe 119 43 T Bl & i 801 1k
FEEETZEAL o LA WIIR B, Fe HE AR T 5 810

(2n+2)

F M4 IS0 B i S AL - 18 SRR AiE

LAY (5 ik 6% FeO) FIKEE AT, #E Bk 1)
HED, BRSO MK A AT E, WE A
AR BB I, JE R T 23 Bk Y e 80 AR B (2%
~3% FeO) , WERRH BRI, KB A1 7 Si0, & 4
AR P AR E TR T Si0, & Rl 2 B BUE BRK
B, ik — 2 | N TR B e B0 A R R (R R AR
2011) ,

B PR R AL A FH A g 230 A Al R 23 7 AR 1B 3%
SN o 200°C A1 30 MPa #4804 1L 52 50 % W, i 1 A
B R WA rp Fe™ B9 1 L 3ok b ifF A 39 B PR 6 [ 1
AR, A S B A TE BRGNS B H, A
CH, 19 7= & 8 /N (Jones et al., 2010), & & & T
250°C I}, BHOASGE A7 B B R 3k A0 A ] 22 /0 22 e e 80 4k
AR — A X IR KW P oy T AU
CH, 7= 4 ¥ K AKX T 4l /K ( Kelley and Friih-Green,
1999 ; Miintener, 2010) , HF P W £ | 52 46 0 25 A1 3
WA REE &, OF 50 8 B2 31 AL A I AR AL/ JT,
A Bl i S0 A AR EE IS ) L S
AR AN TR AL 8, DA R e S0 A AR T 33 R i
MR R

e SCA A MO R TR R e s s B b ol
S A A R AL, g U DL OO S A T
WMiE AT, 2 mPSCaEN, T2 YA
TN U S0 AT + B R R0 W) + BERR A+ 18 410 | SiO,
T B AR AR i 9 — 25 Kk AR i 80 A A T T
BRRIKEEAT o B AR A ST (3R 1) W, il AR
IR i 728 ORI v MgO &% it T U iR g, B i 41
4 Ca0 (A1,0, . TiO, %75 it H 5 Mg" i 2 A 56 ¢
K SR A5 3 B 5T X Hb 0 AR A — T
JEE AR 1 D s e 0 0 AR R R (AR E 55, 2016)
Mg" (B R 125 1 e, Bk 22 [ 1 He 9], 32 B Iy
YIS (TR DX+ FB 0 4 R A 32 ) A e i 0 A e T2
4 5% (Evans, 2008) . Mg {3 I T 86 4k 04 A1,
LK A 75 30 25 7 0 08 4 M R v Mg (i1 b
WA S AT REZE I 1 B i R R A AR A3 R, O 92 ~
93, 1 J5T 46y Hu 8 ) Mg (L2 A1K (88 ~89) .

2 5T %

WFFERE i B4 + PN 5y U S 2% i e 50 A A S
2 ,MC-21-01 MC-21-02 MXB-1 MXB-2( 5.0 FE) Fl
MD-09-04 ( #& 3L ) ; H e 80 Aol &, YC-007 .
YC-008 . YC-0011.,YC-0012 ( # sk #£) ; MXB-3 ( £ i

2l ) T MD-09-03 B A,
AT AN A% 4 1 E Wissel 23 & 4 7= #) Bench-



W PE R LA 4R 2016,35(2)

233

1 EMRERFERLAUBESEIETEHIE
Table 1 Major element data of the serpentinized peridotite from the Wenduermiao ophiolite (%)
A S MC-21-1 MC-21-2 MC-22 MC-27 MC-28 MC-29 MC-30 MC-31 MC-32 NDX-18
Si0, 39.59 40.08 41.15 38.95 41.50 39.64 41.18 41.09 41.09 41.70
Al O, 2.84 1.29 2.31 4.16 2.37 4.43 1.23 2.95 1.66 1.84
CaO 2.68 3.69 2.65 3.07 3.38 2.71 2.47 3.70 2.64 2.50
Fe,0, 10.31 9.08 8.37 11.39 9.22 9.41 12.09 7.34 10.21 10.35
FeO 3.13 2.41 2.36 4.44 5.19 4.00 1.13 3.90 2.77 1.36
MgO 41.13 43.13 42.92 37.65 38.10 39.66 41.78 40.82 41.51 42.11
LOL 11.75 13.21 12.19 10.97 12.59 12.40 12.49 13.54 11.95 12.06
Mg” 0.91 0.92 0.93 0.88 0.88 0.90 0.92 0.91 0.91 0.93
YFe 13.44 11.49 10.73 15.83 14.41 13.41 13.22 11.24 12.98 11.71
Fe,0;/Fe0O 3.29 3.77 3.55 2.57 1.78 2.35 10.70 1.88 3.69 7.61
Fe**/ YFe 0.767 0.790 0.780 0.720 0.640 0.702 0.915 0.653 0.787 0.884

T Bl A MR S (2016) o

MB500 1R 1 i3 /R 56 3% 3 . H: il 5 U5 A Co, 3 E
0.927GBq, il ik ¥ 76 %= 0 (~ 293K) & 4T
iﬁﬁ“o
3 aMrER

W5 T AR b DX A 7] 28 AU i 1 2 0 22 /K 1%
(£ 2.383) . Frim e a4k i Ak 2 Bl AL 355 « 0w

Hr 4k (para-Fe™ ) | I REPEAR A 4k ( para-Fe™ ) , 8 4k ™
B (pyr-Fe™ ) MR A 4 Fe’' (mag—Fe™ ) | i Bk

BB 4L (Fe™ il Fe' IR A1) | LA KRG ART" 1l Ak
W R R A AR S 1 R i AR R I Rl . &
Yo B Tl ) BRAN S AR A AT R R AR R BE A &
BOBTERRA IS Fe™' o BT FeS,(Fe™ ) —
KB Fe,0,(Fe™ \Fe’' ) - #4kH Fe S(Fe™ ,Fe™)
BRI y—Fe,0,(Fe™)
3.1 BERBERIANLEBS

F2OPRES MR RO VSR 1697, 6x10°°
~2161. 6x10™°( MXB-1, MXB-2 £l %) . MC-21-01

xR 2 RERR IS LU B T 8 R  E SR
Table 2 The data of Mossbauer spectra of the serpentinized peridotite from the Wenduermiao ophiolite
FESh Mk /x107° FESL ID F X % 1S/ (mm/s) QS/(mm/s) HW/(mm/s) Hi/T A
para-Fe’* 31.04 0.250+0.011 0.701+£0.019 0.326+0.014
para-Fe?* 15.02 1.238+0.007 2.539+0.015 0.163+£0.010
MC-21-01 1810.2
mag-Fe**(A) 16.69 0.262+0.013 -0.007+0.026 0.133+0.038 49.41+0.12
27378
mag-Fe?* - Fe’"(B) 37.25(Fe’") 0.694+0.014 -0.079+0.026 0.239+0.024 45.95+0.02 %
para-Fe®* 11.47 0.251+0.023 0.713+0.052 0.405+0.035
para-Fe?* 4.44 1.251+0.016 2.520+0.041 0.181+0.026
MC-21-02 2161.6
mag-Fe** (A) 26.89 0.284+0.005 -0.013+0.009 0.155+0.007 49.22+0.03
%7378
mag-Fe?* « Fe’*(B)  57.20(Fe®") 0.670+0.004  -0.013+0.008  0.190+0.008 45.96+0.02 N
para-Fe®* 61.97 0.291+0.044 0.700+0.004 0.416+0.064
i 1697.6
para-Fe?" 38.03 1.121+0.013 2.610+0.029 0.197+0.027
para-Fe®* 19.86 0.228+0.010 0.644+0.022 0.348+0.019
para-Fe?* 5.93 1.230+0.011 2.515+0.023 0.160+£0.017
MXB-1 /
mag-Fe‘“(A) 28.92 0.282+0.014 -0.009+0.011 0.140+0.019 49.279+0.068
4737
mag-Fe?* - Fe**(B) 48.29(Fe®) 0.655+0.008 0.013+0.010 0.193+0.009 46.196+0.063
para-Fe’* 26.21 0.282+0.018 0.572+0.037 0.329+0.013
MXB-2 / para-Fe2* 6.96 1.225£0.064  2.537£0.136  0.170£0.022
maghemite 66.83 0.319£0.007  -0.034+0.011  0.287+0.017  50.001£0.049 % FR4kH"

TE spara-Fe Jy RGP 5 4 2k , para-Fe® Sy JIURE P4 AR A 2k s pyr-Fe? S BBk B s mag-Fe™ NG I = M ik s X FREGR S, A P AL N3, A 412 =1
BRGAEDU A [ B LR M A =M IR A R, e N AR b BT8R S 805300 O < 1S-[R) B 5+ B #8 3l (Tsomer Shift) ; QS-PUK B 2l (£ ) ( Quad-
ruple Splitting) ; HW -2 £8 % ( Half-Width) , f#% %X £ : WinNoroms-for-Igor, £% Fl JE 25 42k 118 ' 43 & i o e g ARAS
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Table 3 The data of Mossbauer spectra of the serpentinized peridotite in Gansu and the ocean basalt

FEdh BEH/x107° F i 1D AHXT 5 1/ % 1S/(mm/s) QS/(mm/s) HW/(mm/s) Hi/T i
para-Fe** 23.20 0.401+0.007  0.671x0.012  0.273+0.009
Ye-007 1412 para-Fe* 76.80 1.110£0.001 2.645+0.002  0.181+0.002
para-Fe* 11.97 1.136+0.003  2.821+0.005  0.210+0.004
pyr-Fe?* 17.09 0.310£0.002  0.590+0.003  0.198+0.002 ek
YC-008 1454.1 Pyrrhotite 34.17 0.699+0.018 0.187+0.030 0.622+0.022 28.20+0.11 W W
mag-Fe** (A) 16.17 0.271£0.003  0.001£0.007  0.140+0.005 49.18+0.02 -
mag-Fe2* « Fe¥*(B) 20.60(Fe**)  0.667+0.003  —0.034x0.008  0.172x0.006 45.95+0.02
para-Fe** 9.81 0.300£0.000  0.700£0.000  0.320+0.066
veon 2728 para-Fe* 90.19 1.141£0.002  2.672£0.003  0.186%0.003
para-Fe** 6.82 0.404+0.013  0.637+0.021  0.247+0.017
YC-012 97.0 mag-Fe®* 27.41 0.385+0.012  -0.225+0.024  0.298+0.022 50.96+0.08 R ARPH"
para-Fe* 65.77 1.11320.001 2.646+0.001 0.163+0.001
para-Fe* 10.33 1.176£0.002  3.047+0.009  0.103+0.007
para-Fe* 35.27 1.115£0.001 2.794+0.007  0.194x0.004 P
M3 / para-Fe?* 25.69 1.001£0.002  0.675+0.004  0.283+0.004 LA
para-Fe* 28.71 1.119£0.001 2.039+0.005  0.233+0.005
MD-09-03 Rk KIE
fi) para-Fe’" + mag-Fe®" - Fe’ (B) By M X} 5 & N R

52.27% ; para-Fe’* + mag-Fe™ (A) ) 41 X} & & K
47.73%, MC-21-02 ¥ para-Fe’* + mag-Fe®™ -« Fe’
(B) BAHXT & & K 61. 60% ; para-Fe’ +mag-Fe™ (A)
(AR XF £ & O 38.36% . MD-09-04 R & 1 8 0,
para-Fe2+ W A X & & N 38.03%, para-Fe“ bl
61.97% , MXB-1 [f] para-Fe’* + mag-Fe’* + Fe'* (B)
(625 oy 54. 22% s para-Fe +mag-Fe™ (A ) (A
X4k 48.78% . MXB-2 & Wi dR4kH, para-Fe’ [y
T RE N 6.96% , para-Fe' +y—Fe, 0, [ 40 X £ 5
o 93. 03% , £k L RE i v HLAT i 1) Fe™ 5 i,
7N TSR AU A A
3.2 HRRgAUBMEMEFIRSE

22 3 RS A A B YC-008 S 1454, 1x10°°,
YC-012,YC-007 .YC-011 @4k & &M (97.0~272.8)
x 107, MXB-3 #1 MD-09-03 # ] %2, YC-007 [
para-Fe™ [’ A % & 48 K 76. 80% , para-Fe’* [ 4 %} &
O 23.20%, YC-008 & A3 ¥ 2k A B o Bk 0
B, para-Fe™ +pyr-Fe’” +Fe S-Fe’ +mag-Fe’* + Fe’*
(B) My A X} & & & 83.83%, mag-Fe’* (A) K
16.17% ., YC-011 para-Fe** {4 % & & 4 90. 19%,
para-FeMﬂ\j 9.81%, YC-012 & F # 7% g %, para-
Fe’ B AH X & i K 65. 77% , para-Fe’* +mag-Fe™ (1) 4
X £ Ol 34.23%, MXB-3 #1 MD-09-03 43 5 Wy i
TEX R AR KB, 5T (L& para-Fe™ | J§ & A

4 i
4.1 AERGALEEHRENEBEHR/REL

R AC TR, 1 s MRS 2 i 20 A s R 1Y R
-0 T 2% A 28 Ak, X A 43 7 RNk 22 & A
B -FC R A I L e e R 3 A 06 F B Y 1 4 A
Mo s FEMBEE A LEE B =AW gt 17 A4 B
7 (U RE et A1) 5T (Wang et al., 2014) . BIF5E 5 A Bl
Ma A i S0A b sk A2 P o0 2K Ak 2 B A A i B A,
F 53 2 i 2 R A A H B R AR R S

TR B8 R 2 1 Ol — Bl B A A0 A T2 1
T2 AT 2 )Yz W DA S R R
Ay P Al B (8 AR 45, 20065 4 [ 7R, 2008;
Klein et al., 2009b; Liu et al., 2010) , 72 8 /R &
B R T S0 A0 TR BE BT A R kT R Ak R
I3 A FRAE

Bl 1S R B I T K A 1 A T 6 U (R
KIA (MD-09-03) A 5 4k, Hoalk AU s IR ¥ s
PR LR (MXB-3) (U5 A bR 4 4 i Fe™ | fi
B S AU 43R

B2 SR T i R e SO MO i R 2% A B it
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Fig.1 Maéssbauer spectra of the marble( MD-09-03) and the ocean basalt( MXB-3)
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Fig.2 Mossbauer spectra of the serpentinized peridotite( MXB-1, MXB-2, MC-21-01, MC-21-02)
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Fig.3 Maossbauer spectra of the serpentinized peridotite( YC-007, YC-008, YC-001, YC-012)
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Fig.4 Diagram of the Y Fe concentrations vs. the Fe>/ Y Fe

ratios of the serpentinized peridotite
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Table 4 The data of Fe''/ YFe ratios

of the paramagnetic minerals
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Table 5 The data of Fe'*/ YFe’ ratios of the paramagnetic
minerals and the Fe’'/ YFe® valus of the magnetite

in serpentinized peridotite
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