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Abstract: It is broadly accepted that the measurements of the electrical conductivities endured from the
direct current to alternating current to impedance spectra for most of the geophysicists. In the paper, the
principle of impedance spectra was firstly introduced, and then electrical conductivities of the z-axis
extension’ s quartz crystal were measured by virtue of SARLTON-1260 frequency and phase impedance
spectroscopic analyzer under conditions of 1.0- 4. 0GPa and 823-1073K and in the range of 10 ~'-10°Hz
frequency. The experimental results indicate that the complex impedance spectra of the crystal strongly
depend on frequency. The temperature is an important parameter deciding the electrical conductivity. As
temperature increases, the electrical conductivity increases. The relationships between log o and 1/T
accord with Arrenhius relation formula. This is the first time that the pressure as a controlling ingredient is
well brought forwa.id; As the pressure increases, the block rate advances; at the same time the electrical
conductivity decreases. In the range of 1. 0- 4. 0GPa of this experiment, the activation entropies are
0.8548eV,0. 8320eV,0. 8172eV,0. 7834V, respectively and exponential genes are 1. 003S/m,1. 778
$/m,3.0825/m,6.9875/m, respectively. The activation entropy decreased with increase of pressare and
the exponential gene increased with increase of pressare.

Key words: quartz crystal; high temperature and high pressure; impedance spectra; activation entropy;
exponential gene
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Fig.2 The relationships between 1Z1,0 and f for quartz crystal conditions of 4. 0GPa and 823-1023K 1

under the conditions of 2. 0GPa and 873-1073K
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log,,or = log,,o, — log,e x (AH) /KT (5)
AH = AU + P x AV (6)
K o REBFE, 0, RFMY TRERNIEIE T, K {3 Boltzmann ¥ ¥, T R FT LT E B (Kelvin) ,AH £,
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%1 1.0~4.0GPa 1823 ~1073K £U T ARBERBLHTHASH
Table 1 Fitting parameters of the quartz crystal under the conditions of 1.0-4.0GPa

and 823-1073k by virtue of impedance spectra

P/GPa T/Kelvin RO C/F
1.0 823 (1.581 £0.029) x107 (4.294 +0.045) x 10!
873 (7.906 £0.033) x10° (8.587 +0.039) x 10~
923 (4.516 £0.022) x10° (8.619 +0.007) x10-"
973 (3.189 +0.036) x10° (1.192£0.023) x10~'°
1023 (1.767 £0.014) x10° (2.145 +0.015) x 10~
1073 (8.306 +0.057) x 10° (2.960 +0.076) x 10~
2.0 823 (2.305 +0.017) x 10 (2.721 £0.022) x10~"
873 (9.743 £0.036) x10° (3.924 £0.009) x10~"
923 (6.060 +0.032) x10° (5.493 £0.066) x10~"
973 (3.604 +0.052) x 10° (7.776 +0.083) x10~"
1023 (2.357 +0.013) x10° (1.027 £0.043) x10°'°
1073 (1.368 +0.038) x10° (1.246 £0.026) x10°'°
3.0 823 (2.866 +0.029) x 10’ (2.195 +0.020) x10~ %
873 (1.616 £0.043) x 10’ (2.919 £0.011) x10-"
923 (9.320 +0.032) x10° (4.091 £0.020) x10-%
973 (5.011 £0.012) x10° (5.384 £0.021) x10-%
1023 (3.302 £0.013 x10° (8.43510.023) x10~9
1073 (2.028 £0.013) x10° (1.203 £0.024) x10 -
4.0 823 (4.355 £0.014) x107 (2.004 +0.023) x10
873 (2.179 £0.012) x107 (2.655 £0.020) x10-%
923 (1.245 £0.011) x107 (3.719 +0.020) x10-"*
973 (9.008 +0.012) x10° (5.304 £0.021) x10-"
1023 (4.587 +0.013) x 10° (7.668 +0.023) x 10~
1073 (3.357 +0.013) x 10° (1.093 +0.024) x 10~

%2 Arrenhius XRBIABHR
Table 2 Simulated parameters for the electrical conductivities of iherzolite fitting Arrenhius relations

P/GPa 7K logor, AH/eV oy
1.0 823 ~1073 0.0012 0.8548 1.003
Quartz crystal 2.0 823 ~1073 0.2499 0.8320 1.778
3.0 823 ~1073 0.4888 0.8172 3.082

4.0 823 ~1073 0.8443 0.7834 6.987
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