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Fig. 2 Magnitude((a), (b)) and phase((c),(d)) as function of frequency at pressure of 1 GPa and at temperature
from 250 C to 650 °C and from 700 C to 1100 °C (100 “C increment)



55 3 1] TGS B A5 - o il TR T R R R B L PR BT S 239

Pl 2 rporE A RO 06 R I B OR  AE 1 GPa Fe ) R AR TR B (250 ~700 °C)H T o AH A XA 8 A 1R K
)R AP 3 100 B PR 5 3R A A A RO 5 3K R8N A g W Ak A FE I R B R 1 o (LB I R T R A
R A5 46 B MR P 855 L FE 750 ~1 100 °C A IRLEE Y5 L AN 10 kHz 2] 1 Hz, A0 B 42308 T % 45 #0800 1
5o MBTRUR R R PRI LA 78 1 Hz (15 B0 T Bl 5 T8 B 09 38 0, 558 76 AN W T R N 250 °C i
B R 2y 2.6 X107 FREF] 1100 CHRIB R 5.8 X 10% , 4 2 5 Mgk i 284k, IF HAE 700~800 °C i 1
T ENA — R AL, B 50 'CNRE 3.5 5 A .

K3 H R BEPRE K R AR R /1 1 GPa R 250~1100 “C AR 0. 1 Hz~1 MHz {5 Bl 4, B3
B — AN A B T A — A /N B 4 T AR T 20 B, AR s BEL BT 3% i B0 BB |
T EARRAE S Y UKL N FR AL S L] . B IR 3G, A2 BT A S R R S AR A AR /N L 7E 400
~900 CZ[al, YN | AR 5EH . o T IRATI & BT A e 5 A 0. 1 Hez, BHBTIR T & b LA
— SR LR 2 RO 7 5 RN BT 1T 5545 AT REAR 26 (0 S B 5 R0 el Bl =2 [ A9 A% S LR

K4 A SR (g o) ST 10000/ T B KR E L FE 250~700 CHI 750~1100 °C Z 8], 3% 4 5| 2
AR M LR 5 S Arrhenius A3

o =o,exp(— E/ET)

e —4

-15
~ -10 oo _
S O odg )
s o Effts} 3
N | F S i) N
S O ™ E”gq% N
N ™
10 20 30
Z'1(MQ)
-250r =60
—200F
g -
— i o 0o _ —a0F o O
S -150F g o %o g o g
= [ Omumpg = 0 o
N -loof ® " X m .
: ooOoOo 20+ ]
~50H R
0 1 1 1 1 1 1 1 — 0 1 1 1 1
100 200 300 200 500 ) 30 120
Z'1kQ) Z'1(kQ)
—3 4
5 C" o0 g
:é ;4/ 0.5 ] c DEI
N N O
I ?Fa mfs %
M %M
0 0.5 o 15 20
Z'1kQ) Z'1(kQY)

Kl 3 HEJ1 1 GPa AR 250~1100 “C (RIFG 50 °C) N K& E & (9 BT 1%
CEEASBE BTG L 20 70 00 2 45024 81 S BT O 1, A A 0 00 e e 40 92 B 1)
Fig. 3 Impedance spectra of recovered samples at different temperature between 250 ‘C
and 1100 °C (50 C increment) and at pressure of 1 GPa
(A semicircular high-frequency arc | (grain-interior response) lies at left of each spectrum;

a depressed low-frequency arc | (sample-electrode interaction) lies at right of each spectrum)
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Table 1 Chemical composition of minerals in biotite- and plagioclase-bearing gneiss before experiment and

melt in recovered sample after experiment(Conditions:1 GPa,1100 C) (%)
Composition Wsio, wTio, WAL, 0, WMgO Weao WMnO
Plagioclase 60. 75 0.01 25.47 0. 00 6.02 0. 04
Biotite 36. 80 4,74 14. 85 13. 65 0. 00 0. 39
Melt 54.59 2.45 18. 43 3.51 4. 34 0.14
Composition WEeO WNa, O WK, 0 Wer, 0, WH, 0 Wiotal
Plagioclase 0. 00 7.98 0.33 0. 00 0. 00 100. 60
Biotite 16. 33 0. 04 9.61 0.01 4.02 100. 44

Melt 7.14 1.82 2.54 0.00 0. 00 94. 96
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M 700 °CH| 750 °C BE S lgo N—2.76 S/m 25K —2. 16 S/m (& 4) . Bk BRIE BF 2535 0. 6 S/m ., 38 1
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Fig. 5(a) SEM image of biotite- and Fig. 5(b) SEM image of recovered sample after 1100 °C
plagioclase-bearing gneiss and 1 GPa experiment
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Experimental Study on Electrical Conductivity of
Biotite- and Plagioclase-Bearing Gneiss at
High Temperature and High Pressure

HUANG Xiao-Ge' ,BAI Wu-Ming',ZHOU Wen-Ge*

(1. Institute o f Geology and Geophysics ,Chinese Academy of Sciences,Beijing 100029,China;
2. Institute of Geochemitry ,Chinese Academy of Sciences ,Guiyang 550002 ,China)

Abstract: We have investigated the electrical properties of rock sample from Yinshan orogenic zone by
in situ complex impedance spectroscopy using a multianvil apparatus. The electrical conductivity was
measured at pressure of 1 GPa and temperature from 250 °C to 1100 °C at frequencies from 0.1 Hz to
1 MHz. The data of resistance were obtained by using an equivalent circuit fitting technique. From
these measurements we determined the electrical conductivity of the Archean metamorphic biotite- and
plagioclase-bearing gneiss. The experimental results indicate that (1) each spectrum consists of an al-
most semicircular high-frequency arc | and a depressed high-frequency arc [I. The impedance spec-
trum [ is dominated by grain-interior response;the impedance spectrum [l is dominated by the sam-
ple-electrode interface impedance. (2) Electrical conductivity displays Arrhenian behavior respectively
over investigated temperature range from 250 °C to 700 C and from 750 °C to 1100 ‘C. However, it
rapidly increases from 700 °C to 750 °C. This jump is due to dehydration-melting of biotite within sam-
ple based on the comparative analysis of SEM photoes and electron probe data for pre-run and post-run
samples. (3) Over higher temperature range(750~1100 °C),sodium is the dominating charge carrier
in partially molten samples. (4) The activation energy of biotite- and plagioclase-bearing gneiss is
0.53 eV over range of temperature from 250 ‘C to 700 °C. However,the activation energy of partially
molten sample is 1. 41 eV over range of temperature from 750 “C to 1100 “C. This change of activation
energy has relations with sodium content and mobility in melt. It is possibly due to the change of
structure between mineral and melt within samples.

Key words: electrical conductivity;gneiss;activation energy; Yinshan orogenic zone



