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18 255 WA RGOS Ay PR 2 S 00 6 B 22 1T TR AR O v e ™ A 2 8, SR ARG TR A T, 33 X6 77 A ok
RIS AFAEAR KA SR B . SR, 78 4 W1 X% 0 fili ( Diamond Anvil Cell, DAC) Hr, i F i il 4 R 1% e A
JEE, RETE 10 GPa LA P4 Ll 5 $AR () #0K Fe PR 58, T A RUCHh o e R 0 86 B R g SE iR 225 0 LAk,
DAC H [ 47 1 i 7K R P05 R 408 (s BRL A ot 5 3 P 1 (D IeF 388 ok 2 I A8 S0 I OR8¢ it AR o i, M 4%
FEN e 3 7 rp B G A R R . ) — 5 THD, 22 T TR A S 5 — M kD S A e T B, R R e AR AR
—E AN . A, AR 5T I8 FH AS It AT IS 15 45 & DAC 5 AR I 2 oW A 5 5 45 2 37 ) i e
REEE SR, e, SR FHERE (EPMA) | 8 B2 AR G (FTIR) LA K 55 I B8 AH 2 XA
M A7 B S R AT AL 2B R E 1] 5 SR )5, 76 DAC FF & i P9 Al 152 AR, 0 2 S () B 1) O AEORYS / B f E 0~
19 GPa JE 77 T WUHL 385 B, 455 A AR A7 i S 3R BE RN A BIF SR 45 21, R0k b b i SR 454
AL,

1 S HE

A5 4 B 26 R % 7 (San Carlos) S A1 5 4, T2 EPMA 43 B 153 2L & R (Fey  \ Mg, 50) ,Si0,
(Fe 7€ Fe Fll Mg H A BE IR 43 8 X =0.11) , ELE A W36 1 R o 38 3 55 JO 06 0 o MR A B0 b 1), O
FEE T AR ) B D04 3 BOAS [ ] (AR S, JEAT SR, B 2 H AR 2 150 pm., JE 10 pm B R .
Wil f, 38 3k L B AT S (EBSD) PO DA B A AR i B BTm] o SR TR AR AR 5K, i3 ] FTIR Wl &
TR B LLAMGTE, & IR AL Y OH £L AR IS IX 34 (3 700~3 000 em ") W IS AN I i, R A AR F 5%
JIT 2R FH I MRS A B B R 7K B /N 0.001% . HL R4 L 2043 LA B L 1 75 B35 A S5 3K 7 o )
J R 2 (L) b BT R 55 ™ 6] 5 B ok S 50 2 S0 G, B A 1) 55 T 1 1) A 58 1 9 o 5 30T R 2 B T T 43

#£1 HRWEPMA HIFER(REHK)

Table 1 EPMA analysis results of sample (Mass fraction) o
FeO MgO CaO MnO Sio, Cr,0, NiO Total
8.78 50.10 0.07 0.11 40.49 0.03 0.35 99.94

AT Fe ) 21 1 H 5 0 2y vk 2 Borup 58P Bk U B AR i o 9% Tk A A B RE ORI, A
BIRE S LA 2SR5 A P T B A P R Bk . 1, XA Il A R A A o SR AR O (FIB) U 1
FRST A 200 pmx 180 pmx 10 pm B FLIUIRE 55 SRS, REAE S 4% 18 10d) 1905 20k A 4 WA X T, 2438045
ARSI L TR DA R B A BT SR ST T Rk A SR, SCIR A A AN AR, IR AR (D)
FH FIB YR, 46 & w0 00 23 5% B /0 B B 7, M LA 25 B, 7™ J BRI ARR & A Hi BELAEL s (2) X 1 K H BELRA
(At f ) , R keithley6221 H U0 U S AH1E 2 /)N A G 5T, PP (A4 8 A et A (PR 3R Keeithley2812) i G
PG AR S BE . SAUb, AR ST Y 2 S0 B0 32 R S A K BELR AR A S8 BT IS i, DL RO
ST R AH IC I I i

e 4 B R TH DAC, RS T E 420 500 pmo 5K A SN E R FUE 2 10 GPa, HIEOGTT i B FLIE
AR, H AR 340 pm; #F B N IR FE ST 7 AALT (¢BN), &5 | DAC, ¥ ¢BN K52 % 10 GPa; M
DAC " HUR Y, FFT7E BN A O OGR4 280 pm MY RIAL, 1 R B & AR L I TE3R R —
A0 JFL At DX 358 AR R 7 5, TR B BR 4 S R 28 5 & R R R AE R e A )8 P (J& 2 pm), H
T FEL R e TP L RRORG WU SRR o T AN, S AT e b R g A Y i T AR, AR S R
[ A 25 B, T AT A L A s R LI S8 4 T, B A B P F A 8 A B ACRE b i (LI 1), [ B
B NLL 5 A R b s e i AL FEA SRk, & 1 DAC., PMX-200 fif i ( Don Corning 23 i) 4 HLBH R
10" Q/em, T TH N O A B HLBH AR, £F 5 SEIREOR . REMIAE AL A B 2 K IR T 10 GPa
BF, FE S R EROK R RS s 24 FI7E 11~20 GPa Z [H] A, ik 3144 15 A S50 A9 i 77 466 B B Al /)N 1 H Al 11 4
FEEA B, 5 W 2B K WA 2422, YT S5 TF 2 19 GPa I, BE S B 23 bt 1Y 1R ) 2229 0.8 GPa, FH
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M1V, R SY 1 MHz~0.001 Hz, M SRR S 800 o A5 BT IS, B0 i, 115
AR BT RLBE o A S AR AR SC I A A 50 s SRR S F 5T PO (HPSTAR) 58 Ao
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S
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—
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Electrode (Pt) Diamond anvil (cBN)

500 pm

K1 (a)DAC HkEdy RUBIFHLIET; (b) [100] J5 B R A B RURS; () DAC RERRIETIAT; (d) DU AR R R Al ARUA 1R

Fig. 1 (a) Top view of the sample and electrodes in a DAC; (b) Microscopic image of the olivine sample along [100] direction;
(c) Cross section view of DAC; (d) Microscopic image of the sample and electrodes using the four-probe method

TE 300 K T, KESH AR 13281 ) 0 GPa T1E & 19 GPa, J1 & F v S AR i A 4 s o, ARml 24,
FEL R v, A o R R b, R AR AR . R T S IORS A s AE 5 R 08, R PN AR 1 TR
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Fig.2 The relation between pressure and Raman shift of v, o,
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Fig.3 Representative impedance spectra and equivalent circuit

BELAC A 030300 3 S5 200 B A S0 5 o, 0 B 45 258 i A 141 3.(d) BT 7, 322 T i S il 3t T 1 L 470335
A £ . 1k HIE AH A 7614 ( Constant Phase Element, CPE) 0 #r 22 HL (1 o 25 8%, H A0 2 58 0 2175 Hb 48]
AR BT BCE A BT R ] ZVIEWEY, S5 A BHAT T 4 an P 3 v e 4R s, 224 1 2 A AR 7 £
G NFWS, AR B S A SE PR B R, S5 25R WL 2.

*2 HRBEAMESHE
Table 2 Sample resistance fitting data

[100] direction [010] direction [001] direction
p/GPa R/IGQ p/GPa R/IGQ p/GPa R/IGQ
0 80.8 0 91.7 0 88.1
2.2 67.2 1.8 79.0 1.6 84.1
3.7 61.8 5.3 71.6 3.7 76.9
6.2 57.0 6.6 61.7 6.3 69.7
8.1 52.0 8.0 58.1 8.5 62.1
10.1 46.2 10.1 57.0 10.6 54.3
12.5 41.1 12.7 51.6 12.5 532
14.8 34.7 14.7 50.1 13.7 52.1
18.0 28.0 15.8 44.0 14.9 50.3
19.1 36.0 16.8 49.0

17.8 47.1

FIERI AR AR/ N T 0.1 Q) B R B —, AR5 (1) TSR A A R o
L

o= (1

K LR R, AN N A GBS A RO . R R R B LS g iR
TR AL, SR ARETE 5% LA o BRI — N7 0 R 0 SR, FE R T OWERIE I A B R e A
AR, ZIIF IO ARl . SCE R 25 FEORIE TP — ESESCR IS, BT REPUE R WS
BOIK, $h5 45 R IR 221 5% Zody; IR hE s JUDE WA IR 22, 16 4% /o4 o Sa I8 EIR R, &
Y S B0 1% 25 24 10%.
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Hhy SR T ST B AP 4 B . 7E 300K, of
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SR ALE 105 ~9x10 S/m. [100] J7 ] {9 1B ~° o)

Sk G B [010] 1 [001] 77 B0 L S 2%, HL ool P

[010) 77 104 5 3 BRI F 0011 J7 i 3 = o 7.
J7 Tl % B 5 AR A B 25 T 7 1 0 T RS o, o Sap M N

[100] 7 16 B B, T B FE 3735 fl 1 25 10 Ak 2 B Lo e et s O

XK, #3F 0.3x10°° S/(m-GPa), 1 0 GPa T ¥ fat

3.8%10° S/m %] 19 GPa 1 9.0x10°* $/m., 0 : ,,/ifpa P 20
010 0017 J5 I\ % 25 K2
;é fézgtmﬁ]ﬁﬁﬁa?ﬁiiii;ggzizﬁ] P4 300 K B0 A B b ) HL S SR B 7 02

A ’ . Fig. 4 The conductivity of the single-crystal olivine
RWIE TR 2 5. [010] Al [001] J7 1] () L5 58 as a function of pressure at 300 K
H 0 GPa A9 2.0x10°* S/m F1 1.6x10°® S/m 34 il
F] 19 GPa F#) 4.9x10°® S/m 1 2.6x10® S/m. Du Frane %P il i SLIGWF5Y T % 15 . =il T JC/K BOWE A1
(Fog,) HL 3 A1 % 1] S 1%, & BUAIORE A7 [001] T[] 14 L, 5 3855 [100] 1 [010] J7 1) /&5, 5 ASBIF 5 19 22 S 58
Ko {H[FI Du Frane 455 % B [001] J7 [i Y FL T 2 B il 132 28 1 5 (8%, W7 [100] J7 1) B FRL S 30060 12 B
ARG, DA 2 R R AR B — SE (I, i R R 2 kAR U o AR S Du FraneU® 42 Hi Y
QFM( Quartz-Fayalite-Magnetite) % {1k i I PR 5 T B MO A1 e S 38R, 24 7<1 300 K B, [100] 5[] A L
AR, 2510 SRR S AR R A RIEATT G .

WA BRI T 2 JE ) 00 S R 4 S

T TR 3 %O 4 o 32 MR TR A B, 45 S T T

[l 5 JJF 4% . Yoshino %812 % B % # Hk M S Yoshino, et al™

11 (X, =0.5~ 1.0) Ky Hy 5 3B 25 [E 1 01K EesptT IR

AR, T IR T TG K ali BRI A i L S R B :Er6 I 800-1 500K

JE 7 i 8 K/ o Ak, Dai Fil Karato!' (1) B This study

SR, TR 3 T 04 155 25 A ONS £ B

%, R 130 5 GPa, SR T 60%. I
SO A S SR RN R IR, T 0 2 4 68ﬂ£;2”‘6“

ZIKSE%\E 300 K FILAT, PHSL I3 9 HL A BLS ST TR ST S O
FTIr A DA 6 1o T 9 R0 MG 4~ 5 AR 2 Fig. 5 Electrical conductivity of olivine aggregates
(BLIES) o Hi8R Yoshino %510 fit 52 50 7 B 38 1=y as a function of pressure
T Dai Fll Karato!"", {H P 2 1) H S S8 B4l AR T
X J2 [N N Dai Ml Karato!*! fFE df 35 A KK, 17K BE 2 25 38 5k 5o 0 ASHIEFE 45 1) L S 25 B T g 1)
AL Yoshino S A5 (1 SR T, o T AR AR B A 7 04 3G 0 i 248 34 05 107 Dai A1 Karato!'®)
55 Yoshino %P0 % BUIE 3 S HOHE A1 L A B AR OC IR o X b 2 S 2 IR O A — il R Y TR I, AN [
g3 ASTR KR A A B AN [ A8 S A LA
22 FEHH

— B LN, MR AR AE Z R R I, A EZ R0 LS. X T, B2A 81T i, R
TR LA TR B S R TO K Al SRR A i 32 S A AL, 2 B A A BB s o)
SEBL, HAOULAL ] Sy <3 125 19T G B S R KT R S A AL T T e rh i 44
SCTC/KH ) (NAMs) , s BRI rp A LUR SR XFFE K, EN0T2 5 S0, T BEN SRR BE s 3 5 5 1 /Y
FEL TR /AL 7 S L BIL A A e R ) ek AR L, T R AN TR A0 2 A AR ] Y
i LR T HEA T o
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DL G T Ml g i 1y /A Ak - DL TR A B 5 45 2R (A BL 43 2 O Bk A ) 3R, )
5 R IE A OC, B /MR AT 5 LA A AR AR
AU+pAV)

ksT

Krp: o AR FER(S/m), oy N 18 851 B F(S/m), ky FIEIRESH B, T 4R E (K, AU R 36 1k #E
(eV), AV HTEAARF (cm*/mol) , p AT (GPa) o MU EE K T 1 000 K I, k75 8 A7 1) 322 T A AL il o2
KA F 5 H; SR EE/N T 1000 KB, 8607 864 10 2 S B AL /Dl fb 7 5 i, B S il fb (R
((=0.6+0.5)cm’*/mol) , BN 53R 5% Jy IEAH52P% ) Shankland 25 #l Katsura 25052 38 T A a2 4 H)
WAL F R T, 6-0.1~-0.4 cm®/mol Z |8,

5/ AT T R, B TS H R DURS R 1) TE AL RE DL S IE S AR B RRAE, 8 SRR
IS AR NI R/ A NN v By S =T R el 1 R T A O S I B O R Y £ 5 A A
LA Yoshino %50 i (1) B8 75 L 32 T I BEMIONE A1 L 5 R R TR ) I SRR SC R B (L BT S) o XTI
TSRO A, WAL IE, K1 Dai H1 Karato!®) WL 3] #5356 25 1 7 109 T 25 1 [ A ( Dai 11
Karato!"* | 75 (1 3 fL AR B4 —-0.86 cm®/mol, (A48 Hif B 7 Hp AL 6 F J3 300) o 1 ASBIF 5 i F 10 RSO 4 20 4y
7 300 K F (09 FEE S o ALH /IR TS, X—458 23 T LR S 5 A 20, (1) @Rt i A&
K, HEBR T B S 0 AT REME; (2) ZE TSR 19 I3 3 Bl Y, F S R B A T ) 1 1 i s v K, LA R
SRR RN A

Yoshino %5 158 T AN [R] & 2k & MW A /AL T S B TG AL RE, 22 A #E 0.5~ 1.5 eV Z [l . I
Xe=0.11 B A3 BT ALRE (1.15 eV) , 255 AT
S8 B LA B (2) =, AT LAH5H [100]. [010] 0.8

@)

O = 0pexp (—

A L0017 J5 1] /1B AL TS5 H 19 75 4L A L 31 = | o Thisstudy ©
9-0.31, —0.18 F1-0.14 cm*/mol, 4NI& 6 F /5 . : 04f O i;}i; i['i?u/m AV>0

oF L H Al 25 Bk MO T (X,>0.5) (935 AL AR AR, S ’

BB AE KU A O AR BRMOE £ (X = S oop [
0.11) /I -5 v A FT R IEL T 8 A5 R o

5 Yoshino 40" S04 ) T #HS 11/ IMIAL T 2704 ©

L 1 5 PR, {2 SR, 0 X %5 2 b °

WL ) E 19 15 AL PR R, 77 A 1222 S 1 S D A2 O80T s os 0 02 0
(O BESR 2K, RT3 N 3 T /ML T X,

SRR ; (2) HL S 3R Y R T RO AN B i, R 6 B/ MR TSI LH TS AL AR FRRE B 2
W IR IR 2 U R N AR TE Y R RS LU Fig. 6 Total iron content versus activation volume for the small
T Ak JE b B AR iR polaron conduction mechanism in olivine

£ 300 K, 0~19 GPa & {4, 4 [100]. [010]. [001] FNFUT, 556 I A5 o SHOMS 1 FiL S AR R /D,
SR A i) ST BE -5 AN [ B S RN AR T Fey,, AR BE 25 SR IR OC, (R R BEA A R 7
PRI R MR AT A9 P BIGE AR A R BT T RS A L R A ) SRR LGB R
23 LR SRMZEFEM

BT ATEWT 5 b 3t F G AR I 3 25 R | 4R BE | /K i LA R o RO S, 2 T s ) 3
JOL o SR, AN [ URAE ZH P A5 HONE 1 P 2 SR dl J A AS T T T 0 g, 0 3k 26 Bl R AT LU R A A
W JE T ST R

Poe 1PN Tl A T IO A9 TR, A SR B IR B 9 2R A AT 7 2 B (R 58 TR
JIBKIS) , A 8 GPa, 1500 K 254 T, *F- 2 HL G Ry 3x107° S/m, 5 NG & DKk [ Bap 7K L3 L ik
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ETt5 GPa, 3 ERTRE 60%!, RIE Ty b T4 0 T Without pressure offect
BELAS RS 32 38 im, DA ) 559 0L BE A 52 e, - b *~ - With pressure effect
g [ 1Y) P, S A SN [ 2 —

Dai F Karato! " #ff 9% i J2& o1+ 3 L &L,
DA b 250 FUE T T e 5 7K A 1Y DX,
A& T 20K K A58 K BT s
(L % 5 ) S EAE G, R 1% BT 10 GPa,
ML SR K2 1%, 5 Dai Ml Karato!'® 75 3] (1)

lg[o/(S-m™)]

B KON A A AR H AR B A (B T s 2300 150 200 250 300 350 400 450
B N B2 O A P 5 SR R AT Depthvkm
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High-Pressure Electrical Conductivity of Single-Crystal Olivine
TIAN Haoran', XU Liangxu', LI Nana', ZHANG Qian', LIN Junfu?, LIU Jin'

(1. Center for High Pressure Science & Technology Advanced Research, Beijing 100193, China,
2. The University of Texas at Austin, Texas 78701, USA)

Abstract: The electrical conductivity of single-crystal San Carlos olivine was measured up to 19 GPa at

room temperature in a diamond-anvil cell, coupled with a complex impedance spectroscopy. The pressure

was determined by in-situ ruby luminescence and Raman shift of silicone fluid. We found that the electrical

conductivity along [100] is largest, increasing approximately from 3.8x10* S/m at 0 GPa to 9.0x10™®* S/m at

18 GPa at room temperature. The conductivity along [010] is comparable to that of [001], approximately as

1/2 to 1/3 as that of [100]. Furthermore, the conductivity linearly increases with the pressure, while it

changes faster with the pressure along [100] than that of [010] and [001]. At room temperature, the charge

transport mechanism of olivine is dominant from the Fe*’~Fe®" (small polarons) with a negative activation

volume. The present results suggest that the pressure effect could lead to larger lateral and vertical

heterogeneity in electrical conduction for a dry upper mantle.

Keywords: olivine; complex impedance spectroscopy; diamond anvil cell; electrical conductivity;

anisotropy
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