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Abstract

Earth resistivity structure survey was carried out using VLF-MT method in the region that is considered to be a creep
segment of the Atotsugawa fault. In this area, National Research Institute for Earth Science and Disaster Prevention drilled 
a hole down to a depth of 350 m in 2003. Recovered cores were fractured continuously, and many shear planes holding
fault gouge were observed therein. Many fault outcrops were found on the right bank of Atotsu-gawa River, which is 60 m
distant from the drilling point. Strikes of the shear planes in outcrops were N30°-47°E, which is different from that of the
Atotsugawa fault ~N60°E , and were close to the azimuth from the outcrops to the drilling point N32°-42°E . These
observations suggested the existence of en echelon structure in this area, and the en echelon fracture zone was possibly
drilled. To investigate the relationship between the fractures in the drilled cores and those on outcrops, we performed 
detailed VLF-MT survey in the area around the segment between the drilling point and fault outcrops. The result of 
survey revealed the wide-range distribution in apparent resistivity 10-1,000 Ωm  and local low-resistivity band along
a line passing the drilling point and the fault outcrops. Short-period element of spatial variation in resistivity distribution
revealed en echelon structure that has a strike of N21°-44°E. Therefore it is presumed that fracture zones observed along
drilled cores and those found at outcrops are identical.
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Fig. 1 Distribution map of Atotsugawa fault system after the Digital
Active Fault Map of Japan Nakata and Imaizumi eds.,
2002 . AGF: Atotsugawa fault, UKF: Ushikubi fault, MSF:
Mozumi-sukenobu fault. The region enclosed by solid lines
on the Atotsugawa fault is shown in Fig. 2.
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Fig. 2 Topographical map around the region in which the VLF-MT 

survey was carried out. 1:25,000 scale topographical map 
published by the Geographical Survey Institute in Japan is 
used. The region enclosed by dashed line is shown in Fig. 6.
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a 95.6-96.0 m b  116.5-116.9 m c  188.1-188.4 m d  300.3-300.8 m
e  342.0-342.5 m

Fig. 3 Photographs of some drilling cores having clear slip planes, which were collected by the National Research Institute 
for Earth Science and Disaster Prevention. Most of the cores are heavily fractured, and many shear planes holding fault 
gouge were observed. Depths of cores shown in photographs are a 95.6-96.0 m, b 116.5-116.9 m, c  188.1-188.4 m, d
300.3-300.8 m, and e  342.0-342.5 m, respectively.
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Fig. 4 Photographs of some fault outcrops found on the right bank of the Atotsu-gawa River. White arrows indicate the location 
of blue-gray fault gouges. a  Strike: N40°E, Dip: 80°S, b Strike N45°E, Dip 90°N.
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Fig. 5 VLF-MT survey devices used in this study Terra Technica, 
VL-101 .
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Fig. 6 Distribution map of the VLF-MT survey lines, drilling point, and fault outcrops. A, B, 
and C survey lines are shown in red, blue, and green, respectively.
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7 A B
Fig. 7 Apparent resistivity profi les along A and B lines. Resistivity profi les are shown in sequence from north to south.
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8 A B 7
Fig. 8 Phase profi les along A and B lines. The order of fi gure is same as that of Fig. 7.
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9 C
Fig. 9 Apparent resistivity profi les along the C lines. Resistivity profi les are shown in sequence from west to east.

10 C 9
Fig. 10 Profi les of phase difference between the electric ant magnetic fi elds along C lines. The order of fi gure is same as that of Fig. 9.
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Fig. 11 Spatial distribution of apparent resistivity, together with locations of drilling point and fault outcrops. Low-resistivity band 
is recognized along a line passing from the drilling point and fault outcrops. Apparent resistivity increases according to the 
distance from the right bank of the Atotsu-gawa River.

12
N21°-44°E

Fig. 12 Short-period element of spatial variation in resistivity distribution obtained by subtracting the long-period trend. Estimated 
zones of high and low resistivity are indicated by red and blue solid lines, respectively, which suggest the existence of en 
echelon fracture zone. Strike of the en echelon structure range N21°-44°E, and that of eastern part is approaching to N-S 
direction.
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