32 5 Vol. 32 No. 5 652~662

2013 9 ACTA PETROLOGICA ET MINERALOGICA Sep. 2013
! ' Nikolai Bagdassarov? 3 4
1. 210093
2. Institute for Geosciences University of Frankfurt Frankfurt am Main 60438 Germany 3.
230026 4. 100029
40~45 km -
Solartron 1260 1.2 GPa  380~900 C WD958
o Arrhenius c=opexp —AH kT T k
Boltzmann oo 97.5Sm AH 1.27 eV
117x10 °*H,O Hashin-Shtrikman
WD958
1
- ~1000C
P319.2 P5388.12"5 A 1000 - 6524 2013 05-0652-11

The electrical conductivity of garnet pyroxenite: Implications for magmatic
underplating

MEN Qing-bo', WANG Qin!, BAGDASSAROV Nikolai’, XIA Qun-ke® and FAN Qi-cheng®
(1. State Key Laboratory for Mineral Deposits Research, School of Earth Sciences and Engineering, Nanjing University, Nanjing
210093, China; 2. Institute for Geosciences, University of Frankfurt, Frankfurt am Main, 60438, Germany; 3. School of Earth
and Space Sciences, University of Science and Technology of China, Hefei 230026, China; 4. Institute of Geology, China Seismo-
logical Bureau, Beijing 100029, China)

Abstract: Garnet pyroxenite xenoliths from the Hannuoba Cenozoic basalt were formed by magmatic underplat-
ing in the uppermost mantle (40~45 km), and represent the crust-mantle transition zone. The electrical con-
ductivity of sintered garnet pyroxenite WID958 was measured at 1.2 GPa and 380 ~900°C , using a Solartron
1260 Phase-Gain Analyzer. The temperature dependence of electrical conductivity (o) can be fitted by an Arrhe-
nius equation: ¢ = g exp( —AH/kT), where T is in Kelvin and k is the Boltzmann constant. Values of the pre-
exponential factor (o) and activation enthalpy of electric conductivity (AH) of sample WD958 are 97.5 S/m

and 1.27 eV, respectively. The water contents of minerals were analyzed using the Fourier transform infrared
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spectrometry. The average water content in clinopyroxene is 117X 10~ % H,O, whereas olivine is very dry (<1
X 10 ®H,0) and the water content in garnet cannot be determined due to alteration. The laboratory-derived
electrical conductivity of mantle minerals shows that the calculated conductivity using the Hashin-Shtrikman av-
erage can match the measured values by assuming a mixture of hydrogen-bearing clinopyroxene, dry garnet and
dry olivine. This demonstrates the contribution of both small polaron conduction and proton conduction mecha-
nisms to the bulk conductivity of garnet pyroxenite, and the sample can be regarded as a resistive matrix with
non-interconnected conductive inclusions. If the water partition equilibrium between minerals is preserved at the
in situ depth (40~45 km), the electrical conductivity of garnet pyroxenite will be enhanced by 1 order magni-
tude and the proton conduction mechanism becomes predominant. For the lithosphere with a high geothermal
gradient, the temperature at the Moho depth could reach 1 000 C and garnet pyroxenite is characterized by high
conductivity. In contrast, under normal geothermal gradients, garnet pyroxenite shows conductivity as low as
spinel lherzolite. During magmatic underplating, therefore, the electrical crust-mantle boundary will vary with
temperature and water concentration.
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2 Arrhenius
Table 2 Small polaron and proton conduction terms in Eq. 6 for olivine clinopyroxene and garnet
P GPa t C Xge logAr. AHp,  logA,. AH,, r
Ol dry PA 4~10 1 000~1 400 0.1 Mo-MoO, 2.69 1.62 1
Ol wet PA 4 600~1 000 0.1 Ni-NiO 3 0.90 0.62 2
Cpx dry PA 13 1 000~1 400 0.1 Mo-MoO, 3.25 1.87 3
Cpx wet PA 1.2 250~1 000 0.28 Ni-NiO 3.56 0.74 1.13 4
Pyi00 dry PA 10 1300~1700 0.00 Mo-MoO, 2.67 2.56 5
PygsAlmy 5 dry PA 10 1 050~1 550 0.15 Mo-MoO, 2.42 1.50 5
PygoAlmyg dry PA 10 700~1 400 0.40 Mo-MoO, 3.14 1.26 5
Py40Almg wet PA 10 600~1 000 0.60 Mo-MoO, 2.81 0.67 5
Py Almg wet PA 10 300~600 0.80 Mo-MoO, 3.34 0.56 5
Mml()(] wet PA 10 300~ 600 1.00 MO*MO()Z 4.39 0.68 5
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