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Estimation of Water Volume Fraction in the Crust from

Electrical Conductivity Structure

Makoto UYESHIMA ®

Abstract
O O To estimate crustal rheology, and to synthesize tectonic processes such as seismic and vol-
canic activities beneath the island arc, crustal water volume fraction and its connectivity is
one of the most important parameters. Due to significant improvements in instruments, data-
processing methods and inversion schemes, we are now coming to the stage where we can obtain
detailed crustal electrical conductivity structures, and can discuss the relationship between
structures and crustal activities. On the other hand, dependence of effective electrical conduc-
tivity versus temperature and water volume fraction can be estimated by referring to electrical
conductivity-temperature dependence for dry rocks and water from laboratory experiments, and
by assuming a connection rule with interstitial water. Then, if we can estimate the temperature
structure successfully, the spatial distribution of crustal water volume fraction can be estimated
for a specific connection rule directly from the electrical conductivity cross-section. In this paper,
as a case study, we try to estimate the spatial distribution of water volume fraction from a 2-D
electrical conductivity structure beneath an active back-arc area in Tohoku district, NE Japan
0 Ogawa, et al., 200100 and compare the results with seismic structure] Matsubara et al., 20041
Finally, we want to emphasize that a joint analysis using both electric and seismic information
will reveal more detailed features of the interstitial water, and enhance the persuasiveness of the
estimation.

Key words[] electrical conductivity structure, water volume fraction, water connectivity
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o basalt —6— 3.6 wi%(0.1GPa)
m gabbro —>— 3.6 wi%{(0.3GPa)
s granite —5— 13.5 wi%(0.1GPa)
T(°c) —F— 13.5 wi%(0.3GPa)
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Fig. 10 Cumulative Ahrenius plots for typical dry crustal rocks and interstitial water with various salt concentra-
tions and pressure conditions, respectively, compiled by Kariya and Shankland] 19830and NesbittO 199301
Electrical conductivity range determined from field surveys is also shown by a rectangle.
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Fig. 20 Water volume fraction] x wOdependence of effective electrical conductivity for dry rock - water 2 phase me-
dia. Electrical conductivity of dry rock is assumed to be 10”® S/m, and that of interstitial water is assumed to
be 10 S/m. HSc, HSi: Hashin and Shtrikman] 19620s perfectly connected model and perfectly isolated model.
mA1, mA2: modified Archie's lawl] Glover et al., 20000 with exponents 1 and 2. Arrows indicate how water
volume fraction can be determined directly from the effective electrical conductivity when the conductivity
value is determined to be 10”2 S/m by electromagnetic soundings.
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Fig. 30 2-D electrical conductivity cross-section determined by an analysis of a wide-band MT survey performed
at Ou Backbone Range and Dewa Hills0 Ogawa et al., 200101 Also shown are seismicity data after Umino
et al.00 200001n circles, S-wave reflectorsd squares] & P-wave scatterers(] stars(] determined by Asano
et al.0 19990 seismic reflection result after Sato et al.[J 19990] seismic refraction result after Iwasaki et
al.0 20010 and structural geologic results after Sato and Tkeda] 199901
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Fig. 40 2-D cross-sections of electrical conductivity estimations for dry rockl] upperUand interstitial water(] lower(
based on temperature structure estimation beneath the wideband MT survey line at Ou Backbone Range
and Dewa Hills. Rock types of upper crust and lower crust are respectively assumed to be granite and gabbro.
Salt concentration of interstitial water is assumed to be 3.6 wtO . Solid curves indicate the Conrad and Moho
boundaries determined by seismic refraction study] Iwasaki et al., 200101
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Fig. 50 2-D water volume fraction cross-sections for HSi(] 5a: upperUand HSc 5b: lower connection rules deter-
mined from the 2-D electrical conductivity cross-section shown in Fig. 3. The same seismic and geologic infor-
mation as in Fig. 3 is also shown.
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Table 10 Listed percentages are estimated water volume fraction based solely on
the electrical conductivity structure for the respective connection rule and
salt concentration of interstitial water. Area of peak water volume frac-
tion values in the easternmost high water volume fraction area in the up-
per crust shown in Fig. 5b is considered.

connectivity

parallelldd mA10 HSc mA2
salt conc.
3.6 wtl 140 200 370
13.5 wt 50 70 220
24.7 wtO 30 40 170
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