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12 Abstract. Electrical conductivities of the gneiss samples with different chemical
13 compositions [Wa=Na,O+K,0+Ca0=7.12%, 7.27% and 7.64% in weight percent]
14 were measured using a complex impedance spectroscopic technique at 623-1073 K
15 and 1.5 GPa in the frequency range of 107 to 10° Hz. In addition, conductivities of
16  gneiss with Wa=7.12% were measured at 623-1073 K and 0.5-2.0 GPa. The results
17  indicated that the conductivities of gneiss markedly increase with the increase of the
18 total content of alkali and calcium ions. The conductivity of gneiss and temperature
19 conform to an Arrhenius relation at a certain temperature range. The influence of
20  pressure on conductivity of gneiss is weaker than that of temperature, and the
21 conductivity increases with the increasing pressure. According to the various ranges
22 of activation enthalpy (0.35-0.52 eV and 0.76-0.87 eV) corresponding to higher and
23 lower temperature regions at 1.5 GPa, two main conduction mechanisms were
24 suggested to dominate the conductivity of gneiss: impurity conduction in the lower
25  temperature region and ionic conduction (charge carriers are K*, Na* and Ca?*) in the
26  higher temperature region. Finally, it was confirmed that gneisses with various
27  chemical compositions can’t cause the high conductivity layers (HCLs) in Dabie-Sulu
28  ultrahigh-pressure metamorphic belt.

29
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30

31 1 Introduction

32

33 According to magnetotelluric (MT) and geomagnetic depth sounding (GDS) results,
34 electrical conductivities of geological samples at high temperatures and pressures can
35  be used to extrapolate the mineralogical composition and thermodynamic state in the
36  earth’s interior (Maumus et al., 2005; Manthilake et al., 2015; Li et al., 2016; Dai et
37 al., 2016; Hu et al., 2017). High conductivity layers (HCLSs) are widely distributed in
38  the middle-lower crust and upper mantle, and the cause of HCLs located in different
39 regions may be various (Xiao et al., 2007, 2011; Pape et al., 2015; Novella et al.,
40  2017). Hence, it is significant to systematically study the electrical conductivities of
41  minerals and rocks which are distributed in the deep earth. A series of electrical
42  conductivities on the main minerals and rocks have been systemically researched by
43  previous studies under conditions of high temperatures and pressures (Fuji-ta et al.,
44 2007; Hu et al., 2011, 2014; Dai et al., 2012; Yang et al., 2012; Dai and Karato, 2014;
45  Sun et al,, 2017). However, electrical conductivities of most metamorphic rocks
46  haven’t been explored at high temperatures and pressures, and thus the interpretations
47  for HCLs distributed to representative regional metamorphic belts are still not
48  comprehensive.

49 Regional metamorphic belt is a complicated geological unit. The results of
50  geophysical exploration indicated that lots of places with anomaly high electrical
51  conductivity have been observed in the metamorphic belts (Xiao et al., 2007;
52  Wannamaker et al., 2009; Zeng et al., 2015). Metamorphic rocks (e.g., slate, schist,
53  gneiss, granulite and eclogite) with different degrees of metamorphism play an
54 important rule due to their widespread distribution in regional metamorphic belts. Dai
55  etal. (2016) studied the electrical conductivity of dry eclogite at 873—-1173 K, 1.0-3.0
56  GPa and various oxygen fugacity (solid oxygen buffers are Cu + CuO, Ni + NiO and
57 Mo + MoOy), and found that the hopping of small polaron is the dominant conduction
58  mechanism for dry eclogite at high temperatures and pressures. The electrical

59  conductivity of the natural eclogite is much lower than the conductivity of HCL in the
2
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60  Dabie-Sulu ultrahigh-pressure metamorphic belt of eastern China. Granulite is another
61  one important metamorphic rock which was distributed to most regional metamorphic
62  belts. The conductivities of granulite are generally lowered by repeating the heating
63 cycles, and the conductivity range is about 107-102 S/m in the steady state of
64  granulite at 1.0 GPa and up to about 900 K. Because of the complicated mineralogical
65  assemblage and rock structure of granulite, the features of the electrical conductivity
66  values in the heating cycles were not explained, and the conduction mechanism for
67  granulite was not definitely stated (Fuji-ta et al., 2004). Gneiss is formed at mid- to
68  lower crustal pressure-temperature conditions, and widely distributed in regional
69  metamorphic belt. The main rock-forming minerals of gneiss are feldspar, quartz and
70 Dbiotite. Electrical conductivity of gneiss increases with the increase of temperature,
71 and the conductivity range is about 10%#-102 S/m at up to 1000 K and 1.0 GPa
72 (Fuji-ta et al., 2007). Based on various chemical compositions and mineralogical
73  constituents, gneisses are divided into different types. Therefore, it is crucial to
74 investigate the electrical conductivity of gneisses with various chemical compositions
75  and mineral constituents. Gneiss can be formed by the metamorphism of granite, and
76  the mineralogical assemblage of gneiss is similar to that of granite. The electrical
77  conductivity of granite dramatically increases with the increasing content of alkaline
78 ions and calcium ions at 6231173 K and 0.5-1.5 GPa. Impurity conduction was
79 proposed to be the dominant conduction mechanism for granite in the
80 lower-temperature region, and the alkane ions including K*, Na* and Ca?* were the
81  probable charge carriers at higher temperatures (Dai et al., 2014).

82 In the present studies, we in-situ measured the electrical conductivities of the
83  gneiss samples with various chemical compositions under the conditions of 0.5-2.0
84 GPa and 623-1073 K. According to the experimental results, we researched the
85  dependence of temperature, pressure and chemical compositions on the electrical
86  conductivity of gneiss. Based on the thermodynamic parameters and the relationship
87  between electrical conductivity and chemical compositions, the conduction
88  mechanisms were discussed in detail. Furthermore, we have explored the geophysical

89  implication of the electrical conductivity for gneiss.
3
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90

91

92 2 Experimental procedures

93

94 2.1 Sample preparation

95

96  Four fresh natural gneiss samples were collected from Xinjiang, China. In order to

97  determine the mineralogical assemblage of gneiss, we applied optical microscopy and

98  scanning electron microscopy (SEM) at the State Key Laboratory of Ore Deposit

99  Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences (CAS),
100  Guiyang, China. The major element contents of the gneiss samples were analyzed by
101  the X-ray fluorescence spectrometer (XRF) at Australian Laboratory Services (ALS),
102  Shanghai, China. As shown in Fig. 1, the main rock-forming minerals of four gneiss
103  samples are feldspar, quartz and biotite. The volume ratios of the same rock-forming
104  mineral in different gneiss samples were various (Table 1). Table 2 showed the
105  chemical compositions of whole rock analysis for the gneiss samples. Although the
106  four gneiss samples had the same element types, the element content of the different
107  samples were various.
108
109 2.2 Impedance measurements
110
111 High temperatures and pressures for the experiments were generated in the YJ-3000t
112 multi-anvil apparatus, and the impedance spectra were collected using the
113  Solartron-1260 Impedance/Gain-phase analyzer at the Key Laboratory of
114  High-Temperature and High-Pressure Study of the Earth’s Interior, Institute of
115  Geochemistry, Chinese Academy of Sciences, Guiyang, China. All components of the
116  experimental assemblage (ceramic tubes, pyrophyllite, and Al,O3 and MgO sleeves)
117  were previously baked at 1073 K for 12 h in a muffle furnace to avoid the influence of
118  absorbed water on the electrical conductivity measurements. As shown in Fig. 2, the

119  sample was loaded into the magnesia tube. Two nickel disks (6.0 mm in diameter and
4
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120 0.5 mm in thickness) on the top and bottom of sample were applied to be the
121  electrodes. In order to shield against the external electromagnetic and spurious signal
122  interference, a layer of nickel foil with the thickness of 0.025 mm was installed
123 between the alumina and magnesia sleeve. Alumina and magnesia sleeve have good
124 properties of insulating current and transmitting pressure. Pyrophyllite cube (edge
125  length: 32.5 mm) was applied to be the pressure medium, and heater was composed of
126  three-layer stainless steel sheets whose total thickness was 0.5 mm. The sample
127  assembly was placed in an oven with a temperature of 330 K to keep it dry before
128  experiment.

129 In the experiments, pressure was slowly increased to the desired value with a
130  speed of 1.0 GPa/h, and then the temperature was increased at the rate of 300 K/h to
131  the designated values. A Solartron-1260 Impedance/Gain-phase analyzer with an
132 applied voltage of 3 V and the frequency range of 10*~10° Hz was used to collect
133  impedance spectra of samples when the pressure and temperature were stable. At the
134 desired pressure, the spectra were measured at a certain temperature which was
135 changed in 50 K intervals. The impedance spectra of gneiss samples with Wa
136  (Na2O+K.O0+CaO) = 7.12% were collected under conditions of 0.5-2.0 GPa and
137  623-1073 K. The spectra of other two gneiss samples with Wa= 7.27% and 7.64%,
138  were measured at 623-1073 K and 1.5 GPa. In order to confirm the reproducibility of
139  data, it was performed to measure the electrical conductivity of gneiss in two heating
140 and cooling cycles at a constant pressure. The errors of temperatures and pressures
141 were 35 K and #0.1 GPa, respectively.

142

143

144 3 Results

145

146  Typical complex impedance spectra were shown in Fig. 3. It was shown that all
147  spectra were composed of an almost ideal semicircle in the high-frequency domain
148  and an additional tail in the lower frequency domain. Other impedance spectra of the

149  gneiss samples at different temperatures and pressures had the same characteristics of
5
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150  those shown in Fig. 3. Roberts and Tyburczy (1991) and Saltas et al. (2013) have
151  suggested that the ideal semicircle represents the bulk electrical properties of the
152  sample, and the additional tail is the usual characteristic of diffusion processes at the
153  sample-electrode interface. Hence, the bulk sample resistance can be obtained by
154  fitting the ideal semicircle in the high-frequency domain. A series connection of
155 Rs-Cs (Rs and Cs represent the resistance and constant-phase element of the sample,
156  respectively) and Re-Ce (Re and Ce represent interaction of charge carrier with
157  electrode) was applied to be the equivalent circuit. All fitting errors of the electrical
158  resistance were less than 5%. Based on the sample size and electrical resistance, the
159 electrical conductivity of the sample was calculated by the following formula:

160 o=L/ SR, M)
161  where L is the height of the sample (m), S is the cross-sectional area of the electrodes
162  (m?), R is the fitting resistance (Q) and o is the electrical conductivity of the sample
163 (S/m).

164 The logarithmic electrical conductivities of the gneiss samples were plotted
165 against the reciprocal temperatures under conditions of 623-1073 K and 0.5-2.0 GPa.
166  As shown in Fig. 4, the electrical conductivities of the gneiss with Xa = 7.12% were
167  measured in two sequent heating and cooling cycles at 1.5 GPa. After the first heating
168 cycle, electrical conductivities of the gneiss sample at the same temperature were
169  close to each other in other cycles. It was confirmed that our experimental data were
170  reproducible, and the gneiss sample has been kept a steady state after the first heating
171 cycle. Two different linear relations of logarithmic electrical conductivity and
172 reciprocal temperature were separated by an inflection point. Electrical conductivity
173  of gneiss sample with Wa= 7.12% significantly increases with increasing temperature
174  after 723 K at 0.5-1.0 GPa, and this phenomenon occurs after 773 K at 1.5-2.5 GPa
175 (Fig. 5). As shown in Fig. 6, the electrical conductivities of the samples increased
176  with increasing pressure, and the effect of pressure on conductivity was weaker than
177  that of temperature. For other gneiss samples with Wa= 7.27% and 7.64%, the
178 inflection points appears at 773 K under all designated pressures (Fig. 6). In a certain

179  temperature range, the relationship between electrical conductivity and temperature

6
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180 fits the Arrhenius formula:

181 o =aoexp(-AH / kT), )
182  where aois the pre-exponential factor (K §/m), k is the Boltzmann constant (eV/K), T
183  is the absolute temperature (K), and AH is the activation enthalpy (eV). All fitting
184  parameters for the electrical conductivities of four gneiss samples were listed in Table
185 3. The activation enthalpies for the gneiss samples are 0.35-0.58 eV at lower
186  temperature range, and 0.71-1.05 eV at lower temperature range. In addition, the
187  logarithms of pre-exponential factors were negative at lower temperature, but the
188  values were positive at higher temperature range.

189 The total alkaline ion content of K>O, Na,O and CaO is a remarkable influence
190 factor on the electrical conductivities of the gneiss samples. As shown in Fig. 6, the
191  electrical conductivities of the gneiss samples increase with increasing total weight
192 percent of K>O, Na,O and CaO. It reflected that the electrical conductivity of the
193  gneiss samples was controlled mainly by minerals which contain abundant K-O, Na2O
194  and CaO. The cations of feldspar are K*, Na* and Ca?*, and K* is also the main cation
195  of biotite. Furthermore, impurity ions (K*, Na* and AI**) were suggested to be the
196  charge carriers for the quartz samples (Wang et al., 2010). Therefore, we can’t
197  distinguish which specific mineral is dominant to control the electrical conductivity of
198  the gneiss samples. However, it was rational to consider the gneiss sample as a
199  complex whole, and analyze the electrical conductivity of the gneiss samples with
200  various chemical compositions at high temperatures and pressures.

201

202

203 4 Discussions

204

205 4.1 Comparisons with previous studies

206

207  As three constituent minerals of gneiss, feldspar, biotite and quartz dominated the
208  electrical conductivities of rock at high temperatures and pressures. Due to the

209  sophisticated mineralogical assemblage and rock structure, the gneiss samples were
7
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210  unstable in the first heating cycle. In this process, the impurity ions may be distributed,
211  the grain size was slightly changed and the microcracks were gradually closed. After
212  the first cycle, the electrical conductivity of gneiss sample has a good repeatability. It
213  inflected that the gneiss sample has been in a stable state. The electrical conductivity
214  range of gneiss samples with various chemical compositions is about 10°-10 S/m at
215  623-973 K and 0.5-2.0 GPa. The electrical conductivity of gneiss was slightly related
216  to pressure, and it conforms to the previous conclusion that the influence of pressure
217  on the conductivities of minerals and rocks is much weaker than that of temperature
218  (Xuetal., 2000; Hu et al., 2011). The possible reason is that the effect of pressure on
219  the activity of the charge carriers is weaker than that of temperature. The total alkaline
220  ion content of K20, Na2O and CaO is one crucial influence ingredient on the electrical
221  conductivity of gneiss. Previous studies have researched the electrical conductivity of
222  minerals and rocks with various chemical compositions, and the conclusions were
223 similar to ours (Dai et al., 2014). Fiji-ta et al. (2007) has studied the electrical
224 conductivity of gneiss perpendicular and parallel to foliation at up to 1000 K and a
225  constant pressure of 1.0 GPa. The conductivity of gneiss measured perpendicular to
226  foliation was one magnitude lower than the value measured parallel to foliation.
227  However, the influences of pressure and chemical compositions on the electrical
228  conductivities of gneisses weren’t been researched. In this study, we researched the
229  electrical conductivity of gneiss parallel to foliation. As shown in Fig. 7, the electrical
230  conductivity of gneiss of Fuji-ta et al. (2007) were higher than our results in the lower
231  temperature range, whereas the values were lower than the conductivities of gneisses
232 with Wa= 7.27% and 7.64% in this study. The discrepancy is probably caused by the
233 various chemical compositions of the gneiss samples. Dai et al. (2014) measured the
234 electrical conductivity of granite at 0.5-1.5 GPa and 623-1173 K, and the main
235  rock-forming minerals are also quartz, feldspar, and biotite. It was found that the
236  content of calcium and alkali ions significantly influences the electrical conductivities
237  of gneiss. Electrical conductivities of granite and gneiss increase with increasing
238  content of calcium and alkali ions. However, the electrical conductivities of granite

239  were much lower than those of gneiss (Fig. 7). The discrepancy may be caused by the
8
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240  various chemical compositions and rock structure of granite and gneiss. Feldspars are
241  important rock-forming minerals of gneiss, and thus it is important to compare the
242  electrical conductivities of feldspars. The electrical conductivities of K-feldspar are
243  one magnitude lower than the values of albite, and K* and Na* ions are the charge
244 carriers of K-feldspar and albite, respectively (Hu et al., 2013). As shown in Fig. 7,
245  the electrical conductivities of alkali feldspars are much higher than the values of the
246  gneiss samples. It may be due to that the concentrations of alkali ions of alkali
247  feldspars were higher than those of gneisses. In addition, granulite is another
248  significant metamorphic rock, and usually coexists with gneiss. The electrical
249  conductivities of granulite are moderately higher than the values of gneiss. The
250 electrical conductivities of quartz at 1.0 GPa were slightly lower than the values of the
251  gneiss with Xa = 7.27% at 1.5 GPa, and the slope of the linear relation between the
252  logarithm of electrical conductivity and the reciprocal of temperature for quartz is
253  close to that for gneiss at lower temperature range (Fuji-ta et al., 2004). The
254 conductivities of phlogopite were higher than those of the gneiss with Xa = 7.64% at
255  higher temperatures (above 773 K), and lower than those of the gneiss samples at
256  lower temperatures (below 773 K). Furthermore, the slope of the linear relation
257  between the logarithm of electrical conductivity for the phlogopite sample and the
258  reciprocal of temperature is much higher than the slopes for the gneiss samples (Li et
259 al., 2016).

260

261 4.2 Conduction mechanism

262

263  The logarithm of electrical conductivities and reciprocal temperatures conform to
264  linear relation at higher and lower temperature range, respectively. This implies that
265  the dominant conduction mechanism for our gneiss samples at lower temperature
266  range is different from that at higher temperature range. The mineralogy assemblage
267 and chemical compositions of gneiss samples are very complicated, and thus the
268  conduction mechanisms for gneiss samples are difficult to be determined. Feldspars,

269 quartz and biotite are dominant minerals of gneiss samples. Previous studies have
9
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270  suggested that the conduction mechanism for feldspar minerals is ionic conduction
271  and the charge carriers are K*, Na* and Ca?* (Hu et al., 2013, 2015). The conduction
272  mechanism for biotite hasn’t been researched, whereas the charge carrier of
273  phlogopite was proposed to be F* and K* (Li et al., 2016). For quartz, the conduction
274  mechanism was impurity ionic conduction, and the dominant charge carriers are
275  migrated by moving the alkali ions in channels (Wang et al., 2010). Therefore, we
276  deduced that the conduction mechanism for gneiss samples may be related with ions.
277  The activation enthalpy is an important evidence of the conduction mechanism for
278  minerals and rocks (Dai et al., 2016). As Table 2 listed, the activation enthalpies for
279  gneiss samples are 0.35-0.58 eV at lower temperature range, and 0.77-0.87 eV at
280  higher temperature. Dai et al. (2014) studied the electrical conductivities of granite
281  which has the same mineralogical assemblage with gneiss samples. It was proposed
282  that the conduction mechanism at low temperatures was impurity conduction owing to
283  low activation enthalpy (0.5 eV), whereas the mechanism is ionic conduction with
284  high activation enthalpy (1.0 eV) at higher temperatures. The activation enthalpies for
285  gneiss are close to the values for granite at lower and higher temperature ranges,
286  respectively. On the other hand, the activation enthalpies for albite and K-feldspar
287  were 0.84 and 0.99 eV, respectively (Hu et al., 2013). In addition, Fig. 4 shows that
288  the increasing content of alkali and calcium ions significantly enhances the electrical
289  conductivity of gneiss samples. Therefore, impurity conduction and ionic conduction
290  were suggested to be the conduction mechanisms at lower and higher temperature
291  range, respectively.

292

293 4.3 Effect of chemical compositions on electrical conductivity

294

295  The influence of chemical compositions (Na.O+K:0+CaO) on the electrical
296  conductivity of the gneiss samples were very significant, as seen in studies concerning
297  electrical conductivity of granite samples been closely related to the content of alkali
298 and calcium ions (Dai et al., 2014). The electrical conductivities of granite samples at

299  high temperatures and high pressures can be fitted as a function of
10
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300 (Na20+K>0+Ca0)/SiO, (Dai et al., 2014). However, the electrical conductivity of
301  gneiss samples doesn’t regularly change with the variation of (Na20+K>0+CaO)/SiO».
302  The phenomenon shows that the dependence of electrical conductivity of gneiss on
303  the chemical compositions is not identical to that of granite. This may be due to the
304  more complicated mineralogical assemblage and chemical compositions of gneiss. Hu
305 et al. (2013) has demonstrated that the electrical conductivity of alkali feldspar
306 significantly depends on the value of Na/(Na+K). It inflects that the electrical
307  conductivity of gneiss is not only affected by the total content of alkali and calcium
308 ions, but also influenced by the ratios between various ions.

309

310

311 5 Geophysical implication

312

313 Abundant gneisses are distributed to Dabie-Sulu ultrahigh-pressure metamorphic belt,
314 and the metamorphic conditions of gneiss correspond to the environments of mid- to
315 Jower crust (Wang et al., 2005; Liou et al., 2009; Zhang et al., 2009). Magnetotelluric
316 (MT) and geomagnetic depth sounding (GDS) results have shown that a plenty of
317 HcLs are distributed to Dabie-Sulu ultrahigh-pressure metamorphic belt. However,
318 there was no clear interpretation for the HCLs. The electrical conductivities of natural
319 eclogite and granulite were much lower than the conductivities for the HCLs (Fuji-ta
320 gt al.,, 2004; Dai et al., 2016). Therefore, it is significant to explore whether the
321 glectrical conductivity of gneiss can interpret the HCLs in the depth of the
322 metamorphic belts. According to the typical heat flow value of the Dabie-Sulu terrane
323 (75 mW/m?) (He et al., 2009), the correspondent laboratory-based profiles can be
324 constructed by converting the conductivity-temperature data into conductivity-depth
325 results (Fig. 8). Because of minor influence of pressure on the electrical conductivity,
326 and we ignored the electrical conductivities at other pressures. In order to compare
327 with the conductivities of main metamorphic rocks, the conductivity-temperature data
328 of eclogite (with three different controls on oxygen fugacity) and granulite were
329 converted into conductivity-depth results using the same transformation method. As
330 shown in Fig. 8, the electrical conductivities of HCL Dabie-Sulu terrane are

331 10151095 S/m corresponding to 12-21 km. The high electrical conductivities were

11



Solid Earth Discuss., https://doi.org/10.5194/se-2017-103

Manuscript under review for journal Solid Earth Solid Earth
Discussion started: 27 September 2017 Discussions
(© Author(s) 2017. CC BY 4.0 License.

332 compared with the conductivities of three different rocks.

333 Although the electrical conductivities of gneiss were higher than the values of
334 granulite and eclogite at the same depths, it was obvious that the electrical
335 conductivities of granulite, eclogite and gneiss were all much lower than those of
336 HCLs in the Dabie-Sulu terrane (Fig. 8). Therefore, The HCLs distributed in these
337 regions are not caused by gneiss, eclogite or granulite. According to the previous
338 studies, the electrical conductivity of hydrous fluid, partial melting, brine-bearing
339 fluids, the interconnected secondary high conductivity phases (e.g., graphite, ilmenite,
340 magnetite and pyrie etc. along the grain boundaries of minerals) and dehydration of
341 minerals may cause the high conductivity anomalies in the deep crust (Duba et al.,
342 1982; Frost et al., 1989; Hyndman et al., 1993; Maumus et al., 2005; Gaillard et al.,
343 2008; Yang et al., 2011; Dai and Karato, 2014; Shimojuku et al., 2014; Manthilake et
344 al., 2015, 2016; Hu et al., 2017). Although the electrical conductivity of the gneiss
345 samples with different chemical compositions can’t be used to interpret the HCLs, the
346 conductivity-depth profiles we have constructed for gneiss with different chemical
347 compositions may provide important constraints on the interpretation for field

348 magnetotelluric conductivity in the regional metamorphic belts.

349

350

351 6 Conclusions

352

353 The electrical conductivity range of gneiss samples with various chemical
354  compositions is about 10°-107 S/m at 623-973 K and 0.5-2.0 GPa. Electrical
355  conductivities of the gneiss samples significantly increased with the increasing
356  temperatures, and weakly increased with the increase of pressure. The total alkaline
357 ion content of K20, Na2O and CaO is a remarkable influence factor on the electrical
358  conductivities of the gneiss samples. Based on the various activation enthalpy ranges
359  (0.35-0.52 eV and 0.76-0.87 eV) corresponding to higher and lower temperature
360 regions at 1.5 GPa, two main conduction mechanisms were suggested to dominate the
361  conductivity of gneiss: impurity conduction in the lower temperature region and ionic

362  conduction (charge carriers are K*, Na* and Ca2") in the higher temperature region.

12
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363  Due to the much lower conductivities of gneiss samples at high temperatures and
364  pressures, it was confirmed that gneisses with various chemical compositions can’t
365 cause the high conductivity layers (HCLs) in Dabie-Sulu ultrahigh-pressure
366  metamorphic belt.
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492  Figure captions

493  Fig. 1 Photomicrographs and electron backscattered images of four natural gneiss
494 samples under the polarizing microscope. Pl=plagioclase; Qtz = quartz;
495 Bt = Biotite.

496 Fig. 2 Experimental setup for electrical conductivity measurements at high
497 temperatures and pressures.

498  Fig. 3 Representative complex impedance spectra of the gneiss samples at 1.5 GPa
499 and 623-1073 K.

500 Fig. 4 Logarithm of the electrical conductivities versus the reciprocal temperatures of
501 the gneiss sample during two heating/cooling cycles at 1.5 GPa.

502  Fig. 5 Logarithm of the electrical conductivities versus the reciprocal temperatures of
503 the samples at 0.5-2.5 GPa and 623-1073 K.

504  Fig. 6 Logarithm of the electrical conductivities versus the reciprocal temperatures of
505 the gneiss samples with various chemical compositions at 1.5 GPa and
506 623-1073 K.

507  Fig. 7 Comparisons of the electrical conductivities of the gneiss samples measured at

508 1.5 GPa in this study and in previous studies. The dashed blue and green lines
509 represent the electrical conductivities of gneiss and granulite at 1.0 GPa from
510 Fuji-ta et al. (2004) and Fuji-ta et al. (2007), respectively, the dashed violet line
511 represents the electrical conductivity of quartz at 1.0 GPa from Wang et al.
512 (2010), the dashed brown line represents the electrical conductivity of alkali
513 feldspars at 1.0 GPa from Hu et al. (2013), the dashed red line represents the
514 electrical conductivity of granite at 0.5 GPa from Dai et al. (2014), and the
515 dashed pink line represents the electrical conductivity of phlogopite at 1.0 GPa
516 from Li et al. (2016).

517  Fig. 8 Laboratory-based conductivity—depth profiles constructed from data of the

518 gneiss samples, and the thermodynamic parameters, and comparison with
519 geophysically inferred field results from Dabie-Sulu ultrahigh-pressure
520 metamorphic belt, China. The red solid lines represent the conductivity—depth

521 profiles based on the conductivities of the samples described in Fig. 3 and based
18



Solid Earth Discuss., https://doi.org/10.5194/se-2017-103

Manuscript under review for journal Solid Earth Solid Earth
Discussion started: 27 September 2017 Discussions
(© Author(s) 2017. CC BY 4.0 License.

522
523
524
525
526
527

528
529

on a surface heat flow of 75 mW/m? in Dabie-Sulu ultrahigh-pressure
metamorphic belt. The dashed blue lines represent the conductivity—depth
profiles based on the conductivities of eclogite, and the dashed brown line
represents the conductivity—depth profiles based on the conductivities of
granulite (Fuji-ta et al. 2004; Dai et al. 2016). The green region represents the
magnetotelluric data derived from the high-conductivity layer in Dabie-Sulu

ultrahigh-pressure metamorphic belt (Xiao et al. 2007; He et al. 2009).
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530
531

532
533

Table 1 mineralogical assemblage of three natural gneiss samples. Pl=plagioclase, Qz=quartz and

Bi=Biotite.
No. Mineral associations
DS12 Pl (50%) + Qz (40%) + Bi (10%)
DS13 Pl (25%) + Qz (40%) + Bi (35%)
DS14 Pl (60%) + Qz (25%) + Bi (15%)
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534  Table 2 Chemical compositions of X-ray fluorescence (XRF) analyses for three gneiss samples.

Oxides (Wt.%) DS12 DS13 DS14
Si0, 64.40 68.59 69.87
Al,05 15.30 13.62 14.88
MgO 3.15 3.00 1.78
Cao 1.61 2.48 0.52
Na;O 2.27 2.46 2.26
K20 3.24 233 4.86
Fe,03 6.28 5.57 3.37
Tio, 0.81 0.61 0.38
Cr,0s 0.02 0.02 0.01
MnO 0.08 0.07 0.03
BaO 0.06 0.02 0.12
Sro 0.03 0.03 0.02
P,0s 0.19 0.16 0.08
SO; <0.01 <0.01 0.28
LO.I 1.89 0.86 167
Total 99.33 99.82 100.13

535
536
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537  Table 3 Fitted parameters of the Arrhenius relation for the electrical conductivity of three gneiss

538  samples.
Run No. P (GPa) T(K) Log a0 (S/m) AH (eV) 7
623-723 -0.2040.09 0.58+0.01 99.91
0.5
723-1073 1.1140.08 0.7740.01 99.79
623-723 -0.0640.01 0.5640.01 99.99
1.0
723-1073 0.9840.08 0.7240.01 99.77
DS12
623-773 -0.0640.02 0.5240.02 99.66
15
773-1073 1.4340.05 0.7649.01 99.93
623-773 -0.3840.05 0.4740.01 99.96
2.0
773-1073 1.2640.11 0.7140.03 99.51
623-773 -0.9240.04 0.3540.01 99.93
DS13 15
773-1073 2.2640.12 0.8440.01 99.66
623-773 -0.4940.10 0.3840.01 99.60
DS14 15
773-1073 2.6340.10 0.8740.02 99.81
539

540
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