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crystallographic anisotropy of the electrical conductivities of diopside at high temperature and high pressure. Acta Petrologica
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Abstract At 1.0 ~4.0 GPa and 1073 ~ 1373 K and under the control of oxygen fugacity a YJ-3000t cubic-anvil solid high-pressure
apparatus and a Sarltron-1260 Impedance/Gain-Phase analyzer were employed to conduct an in-situ measurement of the electrical
conductivity of diopside along the different crystallographic directions. The solid buffering agents Ni + NiO were selected to control over
oxygen fugacity. The experimental results indicate that: (1) within the range of experimentally selected frequencies, either as viewed
from the relationship between the module of complex impedance and the frequency or from that between the phase angles and the
frequency, it can be seen clearly that electrical conductivity is of strong dependence on frequency; (2) With the rise of temperature,
the impedance tends to decrease but the electrical conductivity tends to increase. The Arrenhius linear formula is fitied between Logo
and 1/T; (3) With the rise of pressure, the electrical conductivity along the [001] crystallographic direction tends to decrease, as
well as the activation enthalpy and the pre-exponential factors tend to decrease. It is the first time that we have obtained the activation
energy and activation volume of the main current carriers in the diopside samples, which are 1.80 0.04 eV and 0. 035 0. 015 cm’ /mol
respectively; (4) Under given pressure and temperature, the electrical conductivity and the pre-exponential factors tend to decrease
according to the crystallographic directions of the [001] ,[100] and {010] diopside, while the activation enthalpy tends to increase.
There exists the electric characteristic anisotropy of the diopside sample at high pressure; and (5) the mechanism of electric conduction
of small polarons in diopside samples has provided a reasonable explanation to the behaviour of electrical conductivity under high
temperature and high pressure.
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Table 1 The chemical composition of sample (wt% )

5% Ch % a8

Cr, 05 0.044 AL, 0, 2.954
NiO 0.063 Ca0 16.749
MnO 0.251 MgO 22.209
FeO 3.899 TiO, 0.116
Na, O 0.139 Si0, 54.091
K,0 0.066

L RO 200 B 689 99. 99% SR (R FIE AL AR
KFER Ni:Ni0O=0.79 MER L, 75T B RT3 S bS8
FHEHEFAR ,7E 133MPa M1 1573K LR E SR EHT,
WEATEEFURess . ¥ 2% B A SRR 5 7E A2 L K38 185
I AE BT K AR T B ok L0 T 5.0 x 1. Omm [ &
KRB oreligt

3 KBSk

KITE YJ-3000t R ANH TR E R & L2, %K E
HITEA AR SRR (Xu T A et al. , 1994) , SERRMAF 7
A2 0CPa/ /NI B Fr R R I BHE IR 1 (PR HEiR %
+0.1GPa) fEfEE K J1 F L 200K/ /Mt 9 FHR R R 2518 A
Tt iR = RME, LR IC REE S IR B A1 FR  SO0K,
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Fig.1 Schematic drawing of the experimental setup

-2.0

T 1073K
B h23K
- [ 173K
® 1223K
©1273K
1323K
1373K

1.0 - m n

Z7MQ

2.0

B2 4.0GPa 1073 ~1373K #1 0. 1Hz ~ IMHz &4 T
(0011 2" 5 Z"K&R (Z'-558, 2-8 %)

Fig.2 Z' versus Z" plot of complex Impedance of diopside
along the [001 ] direction from 0. 1Hz ~ 1MHz (right to
left) , obtained under the conditions of 2.0 GPa and 1073 ~
1373 K. Z’ and Z"; Real and Imaginary part
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PEAUE R B AR B (10* ~ 10°Hz) , B R EI KBS
et ] SO HE RS AT (LR R RS, 24 € 5K %) 10°Hz B, 1 Z) 3 A
ERETEM, SIS o SRR  d B 1R IR
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10° 104 10° 10° Fig. 5 Logarithm of electrical conductivity vs. reciprocal
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crystallographic directions under the conditions of 2.0 GPa
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o= = o5 (3)

AR REERERE ARBREMEN G THHRSE
a(8/m), K(3)H,L HEESMEKE(m) S HRRAERER
(m*),
- - - - S 00] BT AR S L LU — A A B
10000/T¢1/K) T3R80 loga Xt 1/T fE B 3 3E4F Arrenhius KRR A

w45 &2 PR, HP, Amrenhius KFR K.
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Fig. 4  Logarithm of electrical conductivity vs. reciprocal
temperature for diopside along the [ 001 ] crystallographic

direction under the conditions of 1. 0 ~ 4.0 GPa and1073 ~ ALK (eV) AT 5TEILREAU (eV) £/ P (GPa) RiEL
1373K ABAV (em’/mol) X FR K
AH = AU+ P x AV (5)

2 Arrenhius X ESBH R

Table 2 Fitted parameters of Arrenhius relation for the electrical conductivity of diopside

Ji 1] P (GPa) T (Kelvin) loga, AH(ev) ao(S/m) R?
1.0 1073 ~ 1373 4,35 1.74 22387.21 0.9939

[001] 2.0 1073 ~1373 4.14 1.72 13803. 84 0.9968
3.0 1073 ~ 1373 3.76 1.68 5754. 40 0.9969
4.0 1073 ~ 1373 3.44 1.63 2754.23 0. 9963

(100] 2.0 1073 ~ 1373 4.03 1.78 10715. 19 0.9937

[010] 2.0 1073 ~ 1373 3.94 1.79 8709. 64 0.9940
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HE 4S5 Fig2 JLIEER:

() BEOH LS RREERY mY L BFE
Arrenhius 22 &R, HP,logoe 5 1/T MM RXER R’ &~
AF0.9939, L, FJLFEFTH BN A GIK A, B
A S B T7E S e 72 P R LA BGOR BRER O U
F75E%5 (Hirsch L M et al. , 1993; Roberts J J et al. , 1995),

Q)BEFRATERTHEER AR T 1.63~1.79 eV,
S5Duwba AGea 9B EHTFTEERENEEREE
0.1MPa.1148 ~ 1648K 1 H, + CO, SRS rh 44 T RBHIRL
FEOTEHIEER 113 ~ 1. 87eV HFAR - RAKE L, 5
5XuYSetal , 1999 &8y F L E I E S HLIE 5.0GPa 1273
~1673K 1 Mo + MoO, 2 tp 444 T 18 BI04} 1 W A I 5 1L 43
1.80eV R AHIT o

(3)BEEE WIS, EREAH W SREEE, RS
Omura K et al. ,1989 Xu Y Set al. , 2000 (AR E R
AR Xu Y Set al. , 1999 BF i ARFREREM, REFEX
(5)RFE2H[001] B MARRES T HELSEE, &
I — A RABAE Ni + NiO @ E AT, &0 IEILEE
AU RIEARF AV 43 5] % 1. 80 £ 0. Odev F1 0. 035 =
0.015¢m’/mol

(4) A—EHTHEEL001].[100]F[010] K], &
EAKMESE o BK.RIXTHELS A AH R BHET
o B FHER.

ERHE) RER FEE S E (.63 ~1.79
eV)EREMR, EXTANEREFSF TEEATHEER
RFARGERLUSH RS RALE T HE. i ERAE3)
o im N VE AL AR R (0. 035 £ 0. 015 em’/mol ) FTAE %t 824
FITEALRE (1. 80 £ 0. Odev) MR BT, FHE A P EEBRRT IR
AHREREBET HE, HL, EATREMEKRAE T ER
ATHEERRTHEATEER/IRILT Fey. MATS
B L BN R A E R T R B a5 )X h " 5 Fey WYL 3G M)
A [ BRAE R PLR TR AT s R (001 ) T B i A E R h
FIIE I, B R R EL, RPEREE T 0978 W S B RaAg fr
B S\ Mg f1 0 B Tk K, RBERFMNE LN IS
TR, U8 T BI/MRAL T Fey B B/N, B# T
WRERRAR , L SRR, Wk, W bR 3) ik &5 &
IR, B A KR R, LA (4)BFEY
& AR AT RE 54N [6] & 4 7 1) b S /R AL T Fey, KB
AR EDIMEX, E[100]F[010] K in FMBEART
INRALT Fey, SN E M AMH Y RKENHRAD T
MEEETIE, BRME, AR A EENEREARETH
HEZRPEEFEIHIER. 5—FHE, TR THTH
TEALKS 5 H TR 15 AL IF 8 X A& ( Varotsos et al. ,1986) ,
R #E(001] . [100]F1[010] 4y ], BHEA /MR LT
FIEBTEE IR, T LA Arenhius X AR (4) H)
o TRE /MR T Fey BTN, BIAIR] S5 7 L Fey, 8

WEREIRSSE o I K, B o FHIRM B EH /MR T
Fey ST B 1E AL AERIFE BT, B Fey, MIFEIR S 51E o0 IR,
DRIt , PSRV SE FA ELAME R BT AR (4) 1 FiRk 48
HiRF o, # & [001].(100]1 F0[010 ] 89 J5 31 A 3 55 B MK
S50, T R 1 SRS R o PR T Few, U [E
16, LAK Sl 7 1) B U 5 R R T Feg, HOIEF5 15 1043 39
KR LR Arrenhius KRR (4) , ELERBENENT , B
FEA R SR b AR (4) Bk, W (001] ([ 100] #0
[010 ] A7 [y UK AR

B PEREP R E R TR MRS E
PR 5 TAE AT AT REE 185 [ $RAH A o JAE B0 T B
ARAE B 58 ARG R O & , LA S P R B Bk (o BT ST BT
SRABABTFT 57 15 W SE T B O AR 5 4 A ) A O 1) B9
H5ER R AT I, B A R AABOAE
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