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Abstract Olivine is not only the dominant mineral in the upper mantle of the Earth, but also the major mineral in the subducted
slab. It is generally accepted that the atom groups in olivine vibrate in an anharmonic manner at normal mantle temperatures. How they
behave at the low temperatures typical in a subduction zone, however, is unclear. In this study, we systematically investigated the IR
features of some doubly polished olivine thin sections with different thicknesses using infrared transmission spectroscopy, especially
focusing on the overtone/combination bands in the 2100 ~ 1500c¢m ™" region. With the IR data collected from room temperature to about
450°C, we obtained the relationships between the anharmonicity coefficient (y) and temperature for two characteristic IR bands of the
Si0, tetrahedra: the equations are yg, =6.37(2) x 1077 x T+0.0014(1) and ye; =7.86(3) x 1077 x T +0.0015(1) , with T in °C
. When extrapolated to 600°C, these equations produce yg; = 0.0018 (1) and ys; =0.0020 (2), which presumably indicate a
negligible role of the anharmonic behavior for the SiO, tetrahedra in olivine at the low temperatures in the subduction zone.
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KRR E AR R B W R BUh 7 7 IR Sl AR I 1 B
T4 M %) J7 ¥ (Henry and Siebrand, 1968; Calistru et al. ,
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Infrared spectra (1150 ~700cm ™) of olivine at ambient temperature

(a) doubly polished olivine thin sections with different thicknesses, as denoted by the italic numbers; (b) curve-fitting for the IR data of the 9-pum-

thick olivine thin section
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Fig.2

Infrared spectra (2100 ~1500cm ") of olivine at ambient temperature

(a) doubly polished olivine thin sections with different thicknesses, as denoted by the italic numbers; (b) curve-fitting for the IR data of the 100-wm-

thick olivine thin section
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Table 1  Assignment of some IR peaks of olivine at room
temperature
This study HPO7 BHO5 MS07 Peak
(em™h) (em™") (em™h) (em™1) assignment
Wavenumber range 1100 ~700c¢m ~!
753(6) e il
788(1) A il
838(1) 841 I FR A 4R 2
904 (4) 890 OB 45 4% 2
955(1) 958 ST B i U 3l
993(1) 985 SR 4 PR 3l
1050(1) el il
Wavenumber range 2100 ~ 1500¢m '
1670(0) 1666 1676 838 x2
1707(1) 1710 838 +9047
1781(1) 1779 1785 1781(1)
1837(1) 1834 1834 838 +993
1912(2) 1919 1912 955 x2
1980(3) 993 x2
2027(2) 2020 2023 1050 x27

7 :HPO7 from Hofmeister and Pitman (2007 ) ; BHO5 from Bowey and
Hofmeister (2005) ; MSO7 from Matveev and Stachel (2007)

P B EHERRIT 358 — 58 = S ORI AR 14 55 MR e
PR GG , HUEA R A R
V,=nxV, (2)
o v, s n AEARIE B DR, V, Sl AR . R
A5 D 1) WA 5 2 L R T U U B ) T /3 Z — ( Bowey and
Hofmeister, 2005 ; A & & T8 36 ) , =A% A% 04 1) 06 560 U S
{55504 143 2 — ( Lehmann and Smith, 1990) , XT%':T%UF
M5, 7 T 700em SRR B LA 0 FIF 7= A Y = A 48 B
A A ZT AN T Rl BRAE 2100 ~ 1500em ™" (X 8K,
WA g < i T o /N TR AR 5 — i, HA T
700cm ™I KL b I FEATOE BT 7 A 11 — R AR B e AR Y
LT AN H BEAE 2100 ~ 1500em ™' X3k, 5 4F,700cm ™!
TR LATT B AT 7™ A ) AS 21 A IR W 0t A i A
2100 ~ 1500em =" X3, PRt , % FHIME A1 1m0 75, a4 2100 ~
1500em ™" [X 58 H BRI Ay A5 A , A6 4 &A1 R AT BB 2 1100 ~
700cm ™ BT FE P B4 BE A 04 T 7 A A AR AR 0
TERTEIRDI AT, PSSP LA S50 (] B
WL AR 7 A WAy 5 A3, UG A r) i3 A 2y
V=V, +Vy+Vy +-- (3)
o VRSB REEL, V VY 5553 500 hy A L AR 1Y
U ( Wheeler,1959) . A 7E 1100 ~700cm ™" I 5% X 3 3 A
WLEE B9 1) A5 A/ 4 A0 (18T 1b) , 9T A 550em ™" I 451U
FLLAMERRIE AR S 5 4R BRAE 2100 ~ 1500em " X 35K | 4
ANBFAS LA B 2T A i A0 7= A A SR, X F 1100 ~
700cm ™ 5 DX S 14 A 06, 41 SR ol H e = S L0 o A
Eiﬁﬁ)ﬁm%,a‘z%‘ﬂaé/\%iﬁmk 55— HARE Y A5 S0 I
FTG T B A 500 0, T8 4 3 26 45 45 04 AN & 1 B AE 2100 ~
1500em ™' [X B, gk 4 T MO A W, R 2100 ~

1500em ™" DX 35 Y B 0 Ay A 46, 05 4 AT Pl B J2: 1100 ~
700cm ™" 5T Rl PAY A A a0 R T TR S A 4 A 06

LEA TR 75 2100 ~ 1500em ™ 550G B 8 B A 21 e 512
P b FUATREJEAE 1100 ~700em ™ J 55070 6] HH B0 AN A7 0
PR ARG | B P A AT U 1) B AT

R4 A 2538, AR HES 41 & 1 I 204X 2100 ~
1500em ™" RO ) ARG/ A Mg A T AR N . H IR B T
JETRRE IR BN A7 AE , WSS B 1) — A5 000/ 45 A5 6 11 e {37
AR T EARME (A (2) 2o (3) ) KUt — M RL B /N . BT
£ 2100 ~ 1500em ~" 3 % B 52 i UL I 21 A4 06 55 78 1100 ~
700cm ™ R B H B AG DU A KL A 04 T BE TR A A A A e/
A g HAT ME— X 2, I AT RABIA TR AT B 4 A2 SR
(F2 1) FLA R RT3 26 0 1) LIS o 75 4G H R 2,
1837 5 1912¢m ™" {47 By 552 s S0 31 {Emﬁﬁﬁcﬁmﬁ%ﬁ
(43514 1831 J 1910em ™) 5 {H 25 1 1] 76 3 19 4 168 ) BT 43
i A — i A B LA 2K, HE I 1837 em ™! i 838
2 993cm ™! A B 1 1912em ! S I 955em ! [ A A
W A0, W 1707 em ™ FYIG AL B AR 506 838 K% 904em ™' (4

ﬂ%ﬁﬂl"ﬂl"uﬁﬁTUXT B H T 22K, BATI N XA~ 1
W LR AT R — 2B WS, X0 2027em ™, R B Y I

(RSEER TS 1050cm’I FIR) A T U Y e A7 A A ) X O
/%,{H%Jﬁﬂ“lzﬂ‘]ﬁ’ﬂwﬂ&f#( Bl 1b Je [ 2b) , FATIN X
AN PR T — 2B ST

3.4 ERAMEE
FEl 3 g ELEERE O pum HYHIHE €1 HE i 2E A W FE - 92141
RO . IR TH I , ALAUE 518 0 W/, W
m&m& (T 4) . FRATTHOLE 1950 0 PO S0 i 5

TR AR A (25 ~450°C)

Vg = —0.021(1) x T+838.3(3) (4)

Voo = =0.017(1) x T +900.3(3) (5)

Viss = =0.032(1) x T+951.5(3) (6)
ol

Vi = —=0.016(1) x T+991.8(3) (7)

—J7 THT , HEARE (A SR A BRI R MEC R, X
5 Koike et al. (2006 ) 155 5 21 4P W EL 45 R — 20, MR HEABA]
Bdl, FRATAR R A (-263 ~27°C)

Vi, = —0.005(1) x T +840.9(2) (8)

Vi = —0.003(2) x T +890.9(4) (9)

Vg = —0.008(3) x T +961.5(3) (10)
Fn

Vs = —0.011(1) x T'+987.19(1) (11)

AHELT Koike er al. (2006 ) [y WA EE L, FATTRIONE A1 4 i 1)
A Ry RS B SRR 2 3 X — i 22 1 Ji PR T e

ST PR AT A2 B3 G s FRATT (A BRS04 B AR T
2 (MY A%, 1986 ; Hofmeister and Pitman,2007) ., 74, 3
AT TABORYS A o 11 B0 174 0 57 AL VL 32 1) 788 £ 34 ) S
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Fig. 3 Infrared spectra of the 9-um-thick olivine thin
section at different temperatures (1100 ~700cm ™)
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TR R R AE 133 ST 4T AN B i T &

& 5 IR FE 2 100 (AR A A o ZE AN [R) L B2 T (41
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F
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(16) : 61.2(7) =47.4(6), X — 45 H 5 Bowey and
Hofmeister(2005) 458 SE A — 30, Bl & IR TH 8, 4 0k
B P P 1 21 A 0 1 R 4 TR A BOR X RIS (B T,
b) s {HAH b F ZABSGE/ G A X IR ) LTS R TR, 2
S X I 2T A G BE AR 4 TR T AR S 8 (B 7e) , X
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3.5 FERHRENA

AR Y W37 108 B A AR ST A S (2) , B T A A5 T
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(Larkin, 2011) o fHAESEBREOLT , i3 5L AH 52 0
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Wl BRI iR 1M 25 /0N , 3 BB B 22 119738 /)N 2 3 B0 5 0
JINTF A 06 OF 3 4% 50 19 JR A ( Lehmann and Smith, 1990
Larkin, 2011) , 337 S B {8 F0 3096 (B 22 () 19 fi 22 38 3 R
T Y A~ 2R R -

V,=nxV, x(1-nxy) (14)
Forp v, 5 n R R IR, V) BRI A R, Ty S
¥ Z %1 (anharmonicity coefficient; Lehmann and Smith, 1990) ,
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T AH T %58 /)N ( Fujimori et al. , 2002)
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RPN, 55 A FRTE O 11 Tl 5880 17 AR 5 2 S 1 1 i - 22
PR Bl A AR I8 1 2 4 55 AR T0 G I I 8 & E , B AE R I
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- IR Bl O 1 S 0 AR AT 5F R R MR LR S (v
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0 a;(Gillet et al. , 1991; Fujimori et al. , 2002) .
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