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Electrical conductivity of two-pyroxene granulite under high pressure
in northern margin of North China craton
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Abstract  Electrical conductivity of two-pyroxene granulite, collected from north margin of
North China craton, was measured at 1. 0~2. 0 GPa and 523~1173 K by using three different
methods at the same time. The three methods are an impedance spectroscopy for a broad
frequency range of 0. 05 to 107° Hz, a single lower frequency (0.1 Hz), and the DC-method. The
experiments were carried out in a measurement system of electrical conductivity, which consisted
of an YJ-3000t multi-anvil apparatus, a Solartron 1S-1260 Impedance/Gain-Phase analyzer, an
Agilent 34401 A Multimeter, and a computer, The experimental results indicate that within the

range of experimental temperature and pressure, the electrical conductivity of two-pyroxene
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granulite changes from 2. 66 X107 S * m 't0 0.056 S+ m™', and hardly has a dependence on the

given pressure. With increasing temperature, the electrical conductivity increases. The
conductivity-temperature relation follows an Arrhenius behavior. The pre-exponential factor and
activation energy of the Arrhenius formula are 8. 95~17. 9 S « m™ ! and 0.569 ~ 0. 605 eV,
respectively. The comparison of the results obtained by the three methods indicates that the
result measured by the impedance spectroscopy is always higher than that of the 0. 1 Hz's and the
result determined by the DC-method is always the lowest. Nevertheless the difference among the
data points is less than 0. 20 1g(S/m) except for two low-temperature points. Based on the
experimental results, the regional crust model and the geothermal gradient, we constructed the
profiles of conductivity versus depth. The comparison of the calculated results with the electrical
structure of this area reveals that the electrical conductivity of two-pyroxene granulite intersects
the range of the electrical conductivity of the lower middle crust and the lowermost crust beneath
this area. Combining with the conclusion of the in situ seismic velocity measurement and the

seismic refraction profile, we can conclude that the two-pyroxene granulite could be a constituent

of the lower crust in the northern margin of North China craton.
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F1 TBRRIUSENETETUEIBRTRAS (wth)
Table 1 Major element compositions of the sample and its main minerals (wt%)
fiy SiO; TiO: Al O3 FeO~ MnO MgO CaO Na, O K.O Cr20s BE
FEE 51. 24 1.25 13.92 12,85 0. 20 5.71 10,72 2.24 0. 20 0.02 99. 85
Cpx(6) 51.36+27 0.30%+5 3.09+16 13.30%£52 0.24£3 10.71+31 20.75£37 0.56+5 0.01+1 0.03+1 100. 35
PI(5) 57.01+20 0.00%x1 26.644+19 0.1242 0.00+1 0,000 9.7741 5,79£13 0.37+£1 0.0243 99.75
Gt(6) 39.35+13 0.03+1 21.43+12 28.23+46 1.334+7 4.56+30 6.71%16 0.00%£0 0.01+1 0.02+1 101. 66
Opx(5) 51.69+16 0.06+1 1.51412 29,94+37 0.51+5 16.324+12 0.63%2 0.0142 0.01+1 0.05+4 100. 73
Hb(6) 41.83%+15 1.94+4 11.64415 18.61+41 0.12+2 8.73+16 11.33%+3 1.594+10 1.70+9 0.10+7 97. 60

B PHRK A, Cox-BpHEA, Opx-#T M, Grafa, HhANA. FAMEAYINREE T KU FeO" X5, AEK. 794
ERAFESRBFERUA . RO EEHERRER. 48k A — XRF; 5% — EMPA1600.
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Fig.1 Schematic drawing of the experimental sample assembly
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Impedance spectroscopy of two-pyroxene granulite at 2. 0 GPa and 523~1173 K during the heating process.
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The equivalent circuit. The equivalent circuit
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intrinsic conduction mechanism of sample and R1 stands
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%£2 THERREEBEN Arhenius X RXUASH
Table 2 Fitted parameters of Arrhenius formula for the electrical conductivity of two-pyroxene granulite

p/(GPa) T/K %/ (S*m™) E/(eV) #

FHig 523~1123 8.954+1, 209 0.580 0. 012 0. 9946

1.0
23 523~1073 12.16241, 110 0. 59740, 007 0. 9986

Bk

FHig 523~1173 12. 20041, 160 0.59040. 010 0. 9964

2.0
iR 523~1123 10. 22041, 146 0. 57040009 0.9971
FHi 523~1123 11. 6061, 182 0.59140. 011 0. 9959

1.0
R [=37) 523~1073 14. 0234 1. 093 0, 59740. 006 0. 9990
0.1 Hz) FHiE 523~1173 17. 08041, 158 0. 60540. 010 0. 9966

2.0
£ 37! 523~1123 14.399+1. 113 0, 586+0. 007 0. 9983
FiE 523~1123 16.623+1,171 0. 602£0. 010 0. 9965

1.0
3 523~1073 12.66441.175 0,569+0. 010 0. 9964

ediAviknN: oo

T 523~1173 16.9674-1. 140 0., 59440, 009 0. 9972

2.0
23] 523~1123 17. 94541, 156 0. 5944-0. 009 0. 9969

¥ HHXRE.

HERARIELRE 0. 67 V. BB % £ 1. 0 GPa, %
B (523~973 K)OIRIBM A BRAMTEILER 0. 53 eV
HEERFAMTEE % 1.0~2.0 GPa, EIRE
1373 K B K A TEILEE (2512 0. 38 eV A
0.34 eV), ¥ & F Fuji-ta ™ #£ 1. 0 GPa, 600~
1000 K R By 5 R BTG 1L RE 0. 24~0. 27 eV &
F Partzsch ZPI 7% £ ,873 ~ 1473 K 218 1) FF i
AHHITEILEE 1. 40 eV,

4 37w
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Fig.4 Electrical conductivity versus 1/T at 1, 0~2. 0 GPa,523~1123 K for the two-pyroxene granulite. The straight

lines were fitted on the basis of the Arrhenius formula.

(a) The result of DC-method; (b) The result at 0.1 Hz;

(¢) The result by using the impedance spectroscopy.
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and 523~1123 K.

(a) 1.0 GPa, 523~1123 K, during heating process; (b) 1.0 GPa, 523~1073 K during cooling

process; (¢) 2.0 GPa, 523~1173 K during heating process; (d) 2.0 GPa, 523~1123 K during cooling process
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Fig. 7 Comparison between seismic structure and
velocity-depth profiles along with lines of constant bulk
SiO; content. Outlined blocks indicate ranges of P wave
velocities for various crustal layers of the study area from
seismic refraction experiments (After Kern et al.,
1996)2), The SiO, content of the two-pyroxene granulite
in the study is 51. 24% , and the calculation V, of the two-
pyroxene granulite (the dash line in the figure) falls into

the range of the V, of the lower most crust
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Table 3 Crustal layers structure and thermal calculation parameters in the North China craton

B2 B 2/km BERE/(Wm™ - K™ EREA/ (W -m™*) B HWRAFE go/(mW » m=2)
NRER 3 2.2 1.08 HE 60
E#FE 12 3.0 1.25 k8- 3=Y 3 57
ity 7% 10 2.8 0. 83 EHFER 42
T 13 2.6 0.4 LR 34

W HREE To ¥k 288 K.
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BERIR /N (Algo<< 0. 20 1g(S/m)). B E . DC 5
ISR EEATER 1. 1% ~13. 2%, ¥ 5. 7%;
SF 5 IS 2 EE 7. 3% ~0. 9% Z A, ¥ 3.3%;
DC 5 SF 2EERE 0. 1% ~7. 8%, ¥ 2. 2%. X
— R 5 Karato F1 Dail* iy 45 R —3%.

Karato 1 Dait*""*1#¢ 15 GPa.873~1273 K &
B EERA IS WE T & KMA &K wadsleyite
YR IF B T AR A 0. 01 Hz If i R4 5 1S
MEMGRHET T IE. Z R B/R SF.01 H2)
BER<ISWELS R, HARSBBEME &/KEFE S
BRI IR SRR EMEE R, Bt
AR R RAE 5 B (SF0. 01 H2) 5 IS) I & 1y &5
SRR HE W7 3018 3 P T R OK A AR E XS L R R e
“ESTAEMB KM E R (HRE Manthilake % M
Yoshino 255 40 gy S2 36 45 L H 5 Karato F1 Dail® "
B 5L B 45 R AN — #£. Manthilake % Fi Yoshino
&0 A 16 GPa,700~1000 K &4 F A SF(0. 1 Hz)
METE&AKFARE K wadsleyite By S HE I 5 IS
WERMEERHET T . TS RE/RRHA SF
(0.1 Ho) @y B 85 RE >k A SF(0. 01 Hz) #Yill &
SRERIEF IS ENMBKEF I SFO. 1 Ho) 3K
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5 % W
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