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The ELF- and the ULF-MT surveys were carried out in the northern part of Miyagi Prefecture, northeastern
Japan. Thisareais one of the most seismically active areas in this region, where hypocenters of microearthquakes
are distributed on a fault plane at depths from 2 to 16 km. The aim of the present study is to investigate the
rel ationship between electrical resistivity structure and the hypocentral distribution of microearthquakesin the area.
The calculated impedance tensor at each site has been obtained from the observed data and decomposed to remove
galvanic distortion, provided that the regiona strike is N32°E to obtain the 2-D apparent resistivity and phase
responses. The resistivity structure obtained by the inversion process using smoothness constraint shows that the
relatively electrically conductivelayer at depthsfrom 4 to 10 km correspondsto the zone where the microearthquakes
occur. The fact that the conductive zone correlates with the hypocentral zone is probably attributed to fluidsin the
crust. Another more conductive block isfound at depthsfrom 1 to 3.5 km and the bottom boundary of this conductor
appearsto restrict the uppermost depth where the microearthquakes occur. This subsurface conductor isinterpreted
asamarine sediment deposited during the Tertiary period. Inthelower crust, therelatively conductive blocks (lower

than 5 Q2-m) exist below a depth of 15 km.

1. Introduction

It has been considered that occurrence of earthquakes in
theearth’scrust isnot only dueto stressconcentration but al so
dueto decreasein effective confining pressurewith pore pres-
sure increasing in the source region. Such increase of pore
pressure is expected to be induced by penetration of pres-
surized fluids in the crust (Nur, 1972; Scholz et al., 1973).
From a viewpoint of electrical resistivity (reciprocal of the
electrical conductivity), both stress concentration and fluid
penetration reduce the bulk resistivity in the upper or middle
crust. If stress concentration raises pore pressure and pore
connectivity, the bulk resistivity is expected to decrease (e.g.
Bahr, 1997). On the other hand, fluid penetration also re-
duces the bulk resistivity, since the bulk resistivity of rocks
dependslargely onwater content (e.g. Olhoeft, 1981). Hence
it is natural to hypothesize that source region is electrically
conductive and agood correl ation exists between distribution
of hypocenters and resistivity structure in the crust.

In the northern part of Miyagi Prefecture, located in
northeastern Japan, a cluster of microearthquakes has been
found at depths shallower than 16 km. The cluster of micro-
earthquakes is located around the hypocenter of the 1962
Northern Miyagi Earthquake (M 6.5). Kono et al. (1993)
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recently investigated the seismicity around this hypocentral
zonein detail by setting up atemporary seismic network and
pointed out two features; (1) the present microearthquakes
are interpreted as aftershocks of the 1962 Earthquake since
the daily frequency of microearthquakes obeys the modified
Omori formula(e.g. Utsu, 1957), and (2) most of hypocenters
are found on a plane which strikes N30°E and dips 50°NW
which corresponds to one of the nodal planes of the focal
mechanism sol ution of the 1962 main shock. Thisfault plane
geometry implies atwo-dimensional (2-D) resistivity distri-
bution in this area, if we believe above hypothesis.

In 1993, the Research Group for Crustal Resistivity Struc-
turein Japan (referred to as RGCRS hereafter) carried out a
cooperativeexperiment of the TDEM (Time Domain Electro-
magnetic Method), the ELF (Extremely Low Frequency)—
and the ULF (UltraLow Frequency)—MT (magnetotelluric)
in the northern part of Miyagi Prefecture which is one of the
most seismically active areas in northeastern Japan.

In this paper, we, representative of the RGCRS, analyzed
the ELF- and ULF-MT data and examined the correspon-
dence of conductive zone with hypocentral zonein thisarea.
The resistivity distribution was constructed by the 2-D in-
version and the MT impedance tensors were decomposed
into several matricesto remove galvanic effects. The TDEM
data were already analyzed and inverted to one-dimensional
(1-D) resistivity model (Kanda et al., 1996), which will be
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Fig. 1. Sitelocationsfor the ELF- and the ULF-MT surveys (triangles). Open circles show the epicenters of microearthquakes occurring at depths shallower
than 30 km from 1980 to 1995. They were determined by JMA (Japan Meteorological Agency) seismic network. Thick dotted line indicates the volcanic
front (VF). A-A’ and B-B’ are the profile lines analyzed herein. A gray broken line surrounds the Kurikoma geothermal area.
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Fig. 2. Surface geological domains around the study area. Southern Kitakami belt consists of sedimentary rocks (sandstone, mudstone and conglomerate)
and metasediments (limestone, chert and slate). Cenozoic volcanic areacontainsrhyolite, dacite, andesitein Neogene and Quaternary. Cenozoic sediment
domain is composed of volcanic ash, tuff, sandstone, mudstone, conglomerate, sand and mud in Neogene and Quaternary.

compared with our MT result in the later section. as illustrated in Fig. 1. We used Tierra Tecnica's U30 and
U36 systems for the ULF-MT which cover the period band
2. ELF-and ULF-MT Data Acquisition from 10 to 1000 seconds. The 10 sites equipped with U36

(Sites 6 to 15 in Fig. 1) are located in the epicentral zone.

TheELF-MT and ULF-MT iedout at 17 . N L .
© an SUrVeyswere carred ou The site distribution is originaly designed for the TDEM

sitesrespectively acrossthe epicentral zonefrom west to east
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observation. The TDEM experiment was carried out during
the daytime and the MT signals were recorded during night
time. Atothersites equipped with U30, only MT signals were
obtained. There is a large gap in site distribution between
Sites 5 and 6 where highway and Shinkansen lines run from
north to south.

We observed three components of the magnetic field and
two components of the electric fields with 1 pT and 1 £V sys-
tem resolution in the ULF-MT, respectively. The sampling
rate was 1 Hz at each site. Clocks of U30 and U36 systems
have relative accuracy of 10~ and synchronized with each
other. This clock accuracy enabled the remote-reference pro-
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Fig. 3. Rose diagrams of the principal axes accumulated for all sites. The

diagrams for the two frequency bands are represented separately. Since

principal axes have uncertainty in 90°, the diagrams are symmetrical at
every 90°.
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cessing to remove bias errors (Gamble et al., 1979). There
is a DC-powered railway in the study area and the ULF-MT
measurements were carried out only during night time when
the railway is not operated. At most of the sites, the ULF-
MT data were acquired over successive 4 nights. However
we could obtain no data of sufficient quality at Site 11 owing
to an instrumental trouble, which is excluded in Fig. 1, and
the length of the data at Sites 2 and 3 were not enough to
realize a analysis. We did not construct the 2-D model along
Sites 1 to 5, because the effective analyses can not be carried
out by only three sites (Sites 1, 4 and 5). Then we tried to
construct two 2-D resistivity models using the data of Sites
1 to 10 and Sites 6 to 10. However, there is no difference
between the two resistivity distributions of the hypocentral
zone. Therefore we will describe the analyses using the data
of epicentral sites (Sites 6 to 17).

The ELF-MT data were collected using Tierra Tecnica’s
EL529 system. Vertical component of the magnetic field was
not acquired in the ELF-MT survey. The frequency band of 8
to 20 Hz (Schumann resonance) was particularly concerned
with in the ELF-MT survey. Impedance tensor elements are
calculated by the built-in software within the system from
time series data for about 30 minutes at each site.

Figure 2 illustrates a simplified geologic map around the
observation sites (after Yamada et al., 1982; Oide et al.,
1989). The study area is located in the NE-Japan fore arc.
Surface geology of study area can be classified into three
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Fig. 4. TM (upper) and TE (lower) mode phase pseudosections along the A—A’(left) and B-B’(right) lines illustrated in Fig. 1. The low TM mode phase
responses at high frequency along the A-A’ profile indicate that the near surface conductor is embedded adjacent Site 6 and the TE mode high phase
responses at low frequency along the B-B’ profile represent the existence of a deep conductive block.
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Fig. 5. Resistivity model along the A—A’(top) and B-B’ (bottom) profiles
obtained by 2-D ABIC inversion. The inverted responses are the TM
mode apparent resistivity responses and both of the TE and TM modes
phase responses. The resistive blocks in the east-south-eastern part at
depths from about 4 to 10 km is found along both of the profiles. Along
the A—A' profile, the near surface conductor isseen near Site6. Along the
B-B’ profile, a conductor at the lower crust is detected at depths deeper
than 15 km.

blocks, sedimentary, metasedimentary and volcanic blocks,
asshown inthelegend. The basement isexposed in the east-
ern part of this area near Sites 16 and 17. Most of the study
area is covered with sedimentary rocks of the Miocene to
Holocene age. These widespread sedimentary rocks make
the subsurface structure highly conductive, as will be de-
scribed in more details in the later sections.

3. MT Data Processing
3.1 Strikedetermination

The time series data were processed using a robust pro-
cessing code (Chave et al., 1987) to remove outliers.

If we assume the correspondence between a hypocentral
zone and a conductive zone, the seismologica studies in-
dicate that the resistivity structure in the study area is ap-
proximately 2-D. With respect to 2-D modeling, it has been
recently recognized that the electrical strike can be some-
timesmisled owing tolocal 3-D heterogeneity by the conven-
tional 2-D treatment (Bahr, 1988; Jones and Groom, 1993).
Groom and Bailey (1989) developed aM T impedance tensor

decomposition technique by which one can discriminate the
influence of local 3-D heterogeneity from the regiona 2-D
responses. Chave and Smith (1994) and Smith (1997) have
further improved the technique. In this study, the Groom-
Bailey (G-B) decomposition have been carried out. Thein-
fluences of local 3-D heterogeneity are characterized by four
distortion parameters in the G-B decomposition technique.
Two of those parameters—twist and shear—cause deflec-
tion of theregional strike. However, the G-B decomposition
technique enables us to estimate the two parameters from
observed impedance tensors.

In using the G-B decomposition, we should note the op-
erational order of determination of the distortion parameters
and the principal axes, one of which coincides with the re-
gional strike. Jones and Groom (1993) emphasize that shear
and twist parameters are more robust than regional strike.
Following this result, we tried to decompose the observed
impedance tensorsin three steps; (1) decomposition without
any constraint, (2) estimation of shear and twist at each site
and (3) determination of the regional strike direction with
twist and shear constrained. Directions of the principal axes
estimated in such a way are shown in Fig. 3. Figure 3 is
illustrated in the two representative periods and at intervals
of five degrees. It is noted that the directions are almost in-
dependent of frequency (period) and that the direction of the
principal axes are amost same for al sites.

Theaveragedirectionsof the principal axesfor all sitesand
frequencies are N32°E and N58°W. Furthermore, N32°E
almost coincides with the tectonic strike inferred from both
thefocal mechanism (Takagi et al., 1973) and thedistribution
of thehypocenters(Konoet al., 1993). Thereforeweadopted
the direction N32°E as the regional strike direction in this
area

Since the regiona strike was determined to be N32°E as
described above, we divided MT responses into the TE and
TM modes. However it turned out impossible to explain
responses for all sites by a unique 2-D resistivity model.
Because the response curves between the neighboring sites
along one profile are sometimes significantly different. The
TE and TM mode responses can be characterized into two
groups by the sitelocations; (1) Sites6to 10 and (2) Sites 12
to 17. Thismoreor less suggeststhe 3-D tendency. However
3-D modelingisnot practical yet and therefore we separately
constructed a2-D model for each group, onthe A—A’ and B—
B’ profiles (see Fig. 1) comprising of Sites 6 to 10 and Sites
12 to 17, respectively.

3.2 Phase pseudosections

The G-B decomposition technique is unable to determine
the site gain and anisotropy parameters uniquely. These pa-
rametersarerel ated to static shift (e.g. Jones, 1988), which af-
fectsmore the apparent resistivity than the impedance phase.
Therefore we show the phase pseudosections along the A—
A’ and BB’ profilesin order to get a rough idea about the
variation of resistivity structure. Figure 4 shows the TE and
TM mode phase pseudosections of the ULF-MT data along
the A—A’ and B-B’ lines. Note that the ordinate is a log-
frequency scale which is a non-linear function of depth and
that the distance scal es of pseudosectionsaongthe A—A’ and
B-B’ are different from each other.

The TM mode phase pseudosection indicates that the | at-
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Fig. 6. Fitof sounding curvesderived from themodel. Solid circles: observed responses of TM mode. Solid triangles: observed TE mode phase responses.
Solid lines: calculated TM mode sounding curves. Broken lines: calculated TE mode sounding curves. Some observed responses are reduced owing to
missing the trends evidently. Since the apparent resistivity responses observed at Site 17 were not smooth, they were not used in the inversion.
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Fig. 7. The models modified to check the resolution of the resistive block along the A—A’ profile. Each model is modified as (a) extending the resistive
block toward WNW, (b) shortening the resistive block to Site 10 and (c) shortening the resistive block to 4 km away from Site 10, respectively.

eral variations are small in both the A—A’ and B-B’ profiles.
However, the TM mode phase responses at high frequencies
are lower near Sites 6, 7 dong the A—A’ profile and Sites 14,
15 aong the B-B’ profile. These indicate that more conduc-
tive zones exist in the near surface.

Although the trends of the TM mode pseudosections are
similar feature between the A—A’ and B-B’ profiles, the TE
mode pseudosections are obvioudly different. Along the B—
B’ profile, the TE mode phase responses rise as frequency
decreasesand areashigh as 70 degrees at | owest frequencies.
Thisfeatureis not recognized in the TE mode pseudosection
alongthe A-A’ profile. Thisfeatureindicatesthat the deeper
structure along the B-B’ profile is more conductive than the
A-A’ profile.

4. The2-D Inversion

The apparent resistivity and phase responses along the A—
A’ and B-B’ profiles have been inverted to 2-D resistivity
models. As described in the previous section, both TE and
TM mode apparent resistivity responsesare possibly affected
by static shift in a 3-D/2-D (locally 3-D superimposed on
regiona 2-D) structure. However, as far as the TM mode
apparent resistivity is concerned, static shift can be involved
inthe 2-D modeling scheme (Goto, 1997; Goto et al., 1997).
Hence we carried out the 2-D inversion using the TM mode
apparent resistivity responses and the both TE and TM mode
phaseresponses. A superficial (thethicknessis 100 m) block
beneath each site was constrained to the apparent resistivity
responses obtained by the VLF (Very Low Frequency)-MT
results at 22.3 kHz.

2-D inversion was carried out by a code with ABIC
(Akaike Bayesian Information Criterion) smoothness con-
straint (Uchida, 1993; Uchida and Ogawa, 1993). MT re-
sponses for each profile were inverted separately using the
ABIC inversion method. Small weights are adopted to

Il |
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log(App.Res.[Qm])

Phase(deg.)

2 1. 0 1 -2 3 -4
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Fig. 8. The TM mode sounding curves obtained from the modelsillustrated
inFigs. 7(a), (b) and (c). Salid circles show the observed responses. The
error bars are so small that they are buried in the solid circles. Solid line
represents the sounding curve derived from the model in Fig. 6. Dotted
lineis calculated from model (b). Broken line is calculated from model
(c). Essentially the same curve is derived from model (a).

smoothnessfor shallow blocksto effectively correct the static
shift as shown by Goto (1997).

The 2-D resistivity models obtained by the inversion for
the A—A’ and B-B’ profiles are shown in Fig. 5. Response
curves observed and calculated at each site areillustrated in
Fig. 6. Thefit isgenerally good with root mean square error
less than 5%.

The following three features can be derived from the re-
sigtivity models. (1) At depths from about 5 to 12 km, a
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Fig. 9. The modified models to check the resolution of the near surface conductor in the A—A" profile. In model (), the resistivity of the conductor is
changed to 0.5 Q-m. In model (b), the conductive areais extended laterally to Site 7 with the constant resistivity of the original model. The model (c) is
constructed by the same way as the model (b) except extending vertically to 6 km in depth.

comparatively resistive block exists towards right hand side
(ESE) of both profiles. The resistivity of the block beneath
the A=A’ profileisabout 200 ~ 400 2-m, while that beneath
the B-B’ profile is 1000 ~ 2000 -m. (2) In left hand side
of A—A’ profile, a near surface conductor (below 0.3 2-m)
existsat depthsfrom 1 to 3.5 km but is absent a ong the B—B’
profile. This extremely low resistivity is comparable to that
of seawater. (3) Asindicated by the TE mode phase pseu-
dosection along the B-B’ profile (Fig. 4), another conductor
can be recognized in the deeper part. We refer this conduc-
tor as “the lower crust conductor” hereafter. The resistivity
at the corresponding zone beneath the A—A’ profile is also
lower than those of the surrounding blocks (Fig. 5). However
the presence of conductor beneath the A—A’ profileis not so
evident.

5. Sensitivity Test

In this section, we try to confirm the resolution of the
present model characterized by the three features described
in the previous section. The sensitivity tests are carried out
by 2-D forward modeling (Rodi, 1976), in which we change
resistivity value and size of each particular block.
5.1 Theresistive blocks

To confirm whether the conductive zone surely corre-
spondsto the hypocentral zone, it isnecessary to examinethe
resolution of the resistive block in both the A—A’ and B-B’
profiles, described as the feature (1) in the previous section.

We first examined the influence of extending the resistive
block towards WNW at depthsfrom 4 to 10 km along the A—
A’ profile. The resistivity value was kept as 300 2-m which
was about the average resistivity inside the block (case (a)
in Fig. 7). In spite of extending the resistive zone over 50
km away from Site 6, the response curves did not change.
On the other hand, when the resistive zone was shortened,

the fit between the calculated and observed responses be-
came evidently worse. If the resistive block at depths from
4 to 10 km was gradually replaced by a conductive block (5
©-m) in the left hand side of the A—A’ profile (cases (b) and
(¢) in Fig. 7), the misfit to the observed responses became
significantly large as shown in Fig. 8.

Theseresults show that theresistive block is surely needed
to account for the TM mode responses, although its lateral
resolution is poor towards WNW direction. A similar ten-
dency was also confirmed along the B-B’ profile.

5.2 Near surface conductor along A-A’ profile

A conductive block was supposed to exist near surface
towards the left hand side of Site 6 along the A—A" profile
(Fig.5). Thisnear-surfaceconductor isextremely conductive
(about 0.3 2-m) and lies at depthsfrom 1to 3.5 km. Inorder
to examine the resolution of this conductor, we tested three
models in which parameters describing the conductor were
changed as follows; (@) the resistivity was increased to 0.5
Q-m (Fig. 9), (b) the zone was extended laterally by 1 km
toward ESE as shown by the horizontal stripesin Fig. 9, and
(c) the zone was extended vertically to 6 km depth as denoted
by the vertical stripesin Fig. 9.

Figure 10 (a) shows the TE mode phase responses cal cu-
lated frommodel (&) of Fig. 9at Site6. Theresistivity change
produced amisfit beyond the standard errors of the TE mode
phase responses at Sites6 and 7. Figure 10(b) showsthe TM
mode apparent resistivity and phase responses obtained from
model (b) of Fig. 9 at Site 6. The responses are significantly
different from the observed ones. The response calculated
from model (c) at Site 8 isshown in Fig. 10(c). The vertical
extension changes the responses of Site 8 rather than Site 6.
As mentioned above, the conductor along the A—A’ profile
iswell resolved.
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Fig. 10. The sounding curves obtained from the models illustrated in
Figs. 9(a), (b) and (c). (a&): The broken line indicates the TE mode
sounding curve of phase response calculated from the modified model
shown in Fig. 9(8). (b): The TM mode apparent resistivity and phase
responses at Site 6 cal culated from the modified model shownin Fig. 9(b)
(broken ling). (c): The broken line represents the TE mode sounding
curve of the phase responses at Site 8. The broken line significantly
deviates from the observed responses. Each solid linein (@), (b) and (c)
represents the sounding curve obtained from the original model.

5.3 Thelower crust conductor along the B-B’ profile

The resistivity structure deeper than 15 km depth along
the A—A" profile is laterally uniform. The uniformity was
tested by a forward modeling in which the resistivity of the
part deeper than 14 km is constrained to 5 ©2-m uniformly
along the A—A' profile. The calculated response curve did
not make significant difference for both modes.

On the other hand, the lower crust conductor along the
B-B’ profileisrequired for a satisfactory fit in the TE mode
phase responses at lower frequencies. Presence of the con-
ductor explainsthe increase of the TE mode phase responses
at lower frequencieswell. Weincreased the resistivity of the
lower crust conductor along the B-B’ profile from about 0.3
Q-mto1Q-mandthento5Q-m, inorder to examinethereso-
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Fig. 11. The modified models to check the resolution of the lower crust
conductor along the B-B’ profile. The resistivity of the mesh part is
changed to 1 and 5 ©2-m, respectively.
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Fig. 12. The TE mode sounding curves calculated from the models il-
lustrated in Fig. 11. The increasing of the resistivity of the lower crust
conductor resultsin changing the cal culated response curves asindicated
by dotted line (1 £2-m) and broken line (5 2-m), respectively.

[ution of theresistivity of thelower crust conductor (Fig. 11).
The dotted (1 ©2-m) and broken lines (5 2-m) in Fig. 12 are
the TE mode phase response curves at Site 15 calculated for
respective models. We can recognize that the resistivity of
the lower crust conductor along the B-B’ profile is lower
than 1 -m. Moreover, this sensitivity check revealed that
the phase responses greater than 60° at the lower frequency
along the B-B’ profile, isindeed caused by the lower crust
conductor.

6. Discussion

We hypothesized the correspondence between conductive
and hypocentral zones, then examined the hypothesisin the
northern part of Miyagi Prefecture. Result can be summa-
rized in Fig. 13 that we illustrate the hypocenters of recent
microearthquakes (Kono and Mishina, Personal comm.) su-
perposed on the resistivity structure in each profile.

The cluster of microearthquakes is likely to be bounded
by the resistive block at depths from 4 to 10 km and the
microearthquakes seem to occur in the relatively conductive
zone. However, the resolution of the resistive block towards
left hand side (WNW) isnot good asdescribed intheprevious
section. Shankland and Ander (1983), Harinarayana (1998)
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Fig. 13. Hypocenters of microearthquakes (Kono and Mishina, Personal
comm.) superposed on the resistivity structure along the A—A’ and B-B’
profile. White squares represent the hypocenters, which were observed
from Oct. 9, 1991 to Mar. 22, 1993.

and othersal so pointed out that resistiveblocksarenot aswell
resolved as conductorsin MT. Our result coincideswith this
feature. The poor resolution of the resistive block can bealso
attributed to the lack of sites between Sites 5 and 6.

Causes of conductors in the crust has been discussed in
many works (e.g. Kariya and Shankland, 1983; Hyndman,
1988; Jodicke, 1992). Three possible causes are (1) high
temperature or presence of partial melts, (2) existence of the
conductive minerals such as magnetite or graphite, and (3)
existence of fluids (e.g. free water, constitution water, ad-
sorptive water). As far as the relatively conductive zone is
concerned where the microearthquakes occur, we empha-
size that the fluids are most responsible. Because fluids can
enhance both eectrical conductivity and seismicity in the
crust, if we assume the following situation. It has been con-
sidered that earthquakesin the crust are not only dueto stress
concentrations but also dueto decreasein effective confining
pressures owing to increasing pore pressuresin the sourcere-
gion. The stress concentration increases the connectivity of
pore fluids, which variesthe exponent of porosity in Archie's
law (Mogi et al., 1986; Bahr, 1997). The penetration of flu-
idsinto the source region increases the fluids content, which
eventually decreasesthe bulk resistivity (e.g. Olhoeft, 1981).
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Fig. 14. The 1-D resistivity models at Sites 6 to 15 inferred from TDEM
investigation (after figure 10 in Kanda et al. (1996)). The unitin Q-m.

Accordingly, fluid isapresumable candidate for the cause of
the conductor in the hypocentral zone and similar observa-
tions support this hypothesis (Guptaet al., 1996; Zhao et al .,
1996).

In respect of the origin of fluids, Kanda et al. (1996) spec-
ulated that fluids are provided by the migration of the free
water dehydrated from the subducting Pacific slab. How-
ever, the origin of fluids in the crust cannot be generaly
identified uniquely as suggested by drilling and geochemical
studies (e.g. Frape and Fritz, 1984; Moller et al., 1997). For
example, ancient meteoric water and brine deposited in the
study area are other promising candidates for the origin of
the crustal conductor (Fujimoto, Personal comm.). There-
fore chemical composition analyses of fluids (e.g. *He/*He
and so on) are required to discriminate the origin, which is
beyond of the scope of this present paper.

The seismicity seemsto disappear in the near surface and
lower crust conductors. It is well known that inland seis-
micity is generally not active in the uppermost and lower
crust. The near surface conductor can be inferred to be ma-
rine sediments, since itsresistivity is approximately equal to
that of sea water. Low seismicity at shallower part can be
ascribed to the low rigidity of the sediments. On the other
hand, the lower crust conductor has provoked agreat deal of
controversy since 1980's (e.g. Shankland and Ander, 1983;
Hyndman, 1988). Ogawa (1992) reviewed seismic and elec-
tromagnetic studies of lower crust and summarized that the
lower crust is mechanically ductile, seismologically reflec-
tive and electrically conductive. Hyndman (1988) proposed
amodel inwhich the cause of thelower crust conductor inthe
subduction zones is presence of free water originated from
dehydration of subducting plate and depth of the conductor
corresponds with 350 ~ 400 °C isotherm (e.g. Hyndman,
1988). Similar interpretation is likely to be applicable for
the lower crust conductor revealed by the present study.

Lastly, we compared the resistivity model inferred from
the present MT survey with that from TDEM results by
Kanda et al. (1996) as shown in Fig. 14. The extremely
conductive layer (0.33 ©2-m) at shallower depth of 2 km be-
low Sites 6 to 8 in the TDEM result seems to correspond
to the near surface conductor along the A—A" profile in our
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model. Another similarity can befoundinthe bottom bound-
ary of theresistive block at about 10 km depth below Sites 9
and 10. But the resitivity in the deeper part of the crust at
Sites 6 to 8 issignificantly different. The high resistive zone
extends about 2 km below the surface in the TDEM resullt.
Kandaet al. (1996) have also paid particular attention to the
absence of the conductive layer below Sites 6 to 8, and tried
to explainit by current channeling distortion. The extremely
conductive layer near surface possibly reducestheresolution
of the deeper structure. With regard to the B-B’ profile, the
layer whose resistivity is several tens of ohm meters is not
detected in the MT investigation. This may indicate differ-
ence in resolution of the fine structure in the shallower part
between the two methods. Largest difference between MT
and TDEM results is seen at the deepest part. The lower
crustal conductor was only revealed by M T, which possibly
suggests the difference in sounding depth.

7. Conclusion

The correspondence between the hypocentral zone and its
surrounding resistivity distribution was studied by analyzing
theELF-andthe ULF-MT datatakenintheseismically active
area of the northern part of Miyagi Prefecture. By means of
2-D inversion with a 3-D/2-D treatment, the following two
points were concluded.

(1) Thereis a lateral variation in resistivity at 4-10 km
depths. The microearthquakes occur in the relatively con-
ductive zone, and seismicity significantly decreases in the
resistive block. The relatively conductive zoneis likely due
to fluids.

(2) By comparing the MT result with the TDEM result,
both results indicate the near surface conductor at depths
from 1 to 3.5 km and the bottom boundary of the resistive
block at nearly the same depth. However TDEM has re-
solved the fine structuresin the shallower part, whileMT has
revealed the deeper parts.
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