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Abstract 

 
 The Rokko-Awaji fault zone and the Osakawan fault zone are 

distributed at the northwestward area of the Osaka Bay. The Osakawan 

fault zone is approaching to the Rokko-Awaji fault zone at near the 

eastern urban area of Kobe. The relationship of these fault zones is 

influenced to earthquake risk management around the urban area. Some 

concealed faults have been discovered in the urban area from seismic 

reflection surveys. I used boring database and ground penetrating radar 

(GPR) to investigate the subsurface structures on these concealed faults. 

The linkage of two fault zones was discussed in this paper. 

  The topography is characterized with the Rokko Mountains, which is 

composed with the Late Cretaceous granite, and the Osaka Bay in the 

south of the mountains. It is considered to be produced by the east-west 

compressive stress and predominantly right-lateral strike-slip fault 

movement. The Osaka Bay is filled up with the sediments from the Late 

Pliocene to the Pleistocene, which are named as the Osaka Group. The 

marine clay layers, which are numbered from Ma-1 to Ma13, are 

included in the middle and upper subgroups. 

  The tectonics after the Middle Pleistocene was studied using deep 

boring data. The mountain side was uplifting at around the rate of 0.08 

m/kyr. It is harmonized with the present topography. The subsurface 

geology was studied using the boring database ‘KOBE JIBANKUN’. In 

the urban area, the Holocene marine clay layer (Ma13) and the clay layer 

including the K-Ah ash had discontinuities along the southwestward 



extension of the Ashiya fault. 

  Ground penetrating radar (GPR) method was applied to investigate 

some concealed faults. The survey lines were set along the Sumiyoshi 

River (L = 2,730 m) and the Ishiya River (L = 1,439 m). The used GPR 

system was GSSI SIR-2 pulse radar system with 100 MHz antennas. The 

GPR reflectors were compared with boring data and interpreted as the 

structures of sediments and anomalies of the concealed faults. 

  Three concealed faults are estimated between the Rokko-Awaji fault 

zone and the Osakawan fault zone. These faults distribute like step faults 

and locate near the central area of Kobe. Additional attentions have to be 

paid to determine a scenario earthquake in the future. 
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1. Objectives of the study 

 

The South Hyogo Prefecture Earthquake in 1995 (Kobe earthquake) 

(MJMA 7.3) occurred under the Akashi Straight between the Honsyu Island 

and the Awajishima Island in southwestern Japan. The fault broke with 

right-lateral strike-slip movement to southwestward and northeastward 

along the Rokko-Awaji fault zone. The southwestward fault appeared to 

the surface along the west coast of the Awajishima Island as the Nojima 

earthquake fault. On the other hand, the northeastward fault broke only in 

the deep underground and clear continuous ruptures were not found on the 

urban area of Kobe. However the strong earthquake motions as the 

intensity 7 were observed and the destructions of the urban area were 

widely occurred. The damaged area had the zonal distribution between the 

Rokko Mountains and the sea (e.g. Shimamoto, 1995). 

Nigauri and Miyata (1998) studied deformed joints of house inlet 

casings in the urban area of Kobe. The result had two features.  

1) The directions of moved casings were mainly northwest or southeast. 

2) Surface casings had large movements. 

These two results indicated that the reason of deformation was mainly 

strong S-waves, not because the liquefactions and land slides. From that 

reason the impulsive force was introduced as the parameter (IF-value) of 

the strong ground motion. 

IF =  sd ×  (cm3/2) 

where, IF: Index of the impulsive force, d: Depth of the moved joint 

(cm) and s: Slip range between the joints (cm). 
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The distribution of the IF-value was not plain even in the area of 

seismic intensity 7. The large IF-value areas had the zonal or spotted 

distributions. The amplification of seismic waves was occurred on the soft 

ground condition (e.g. filled old river and pond) and along the faults from 

the comparison with detailed topographic map. The information of ground 

condition and the structural geology are necessary for detailed seismic 

zoning.  

 

After the Kobe earthquake, many seismic reflection surveys took place 

in the urban area and the Osaka Bay. Several concealed faults have been 

found. For example, the Gosukebashi (Uzugamori) fault was thought to be 

extended to southwestward from the Rokko Mountains and connected to 

the Wadamisaki fault in the Kobe Port (Geo-Research Institute, 1998). The 

Wadamisaki fault was considered as one of the splay faults of the 

Osakawan fault (Huzita and Maeda, 1984). 

The fault zone consists of many fault segments. There are at least nine 

fault segments inside ten kilometers from central Kobe. These fault 

segments are included in the middle of Rokko-Awaji fault zone (e.g. the 

Suma fault, the Suwayama fault and the Gosukebashi fault) and the 

northern part of Osakawan fault zone (the Wadamisaki fault, the Maya 

fault and the Rokko Island fault). These fault segments have around ten 

kilometer lengths. The M 6 class earthquake was estimated from the 

activity of single fault segment using Matsuda’s empirical formula 

(Nigauri and Miyata, 2008).  

When the energy of an earthquake is remained, the breakage of fault 
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segments propagates to the next fault segment. The 1596 Keicho-Fushimi 

earthquake (ca. M 7.5) is a former known destructive earthquake around 

Kobe area. The fault movement was propagated to the adjacent active 

fault zone, such as from the Arima-Takatsuki fault zone to the 

Rokko-Awaji fault zone (Lin et al. 1998).  

Concerning about the earthquake disaster prevention, it is important to 

study the existence, activity and linkage of active faults. The study area 

was set between the eastern Rokko-Awaji fault zones and the northern 

Osakawan fault zone. The main objective of the study was to read the 

active fault linkage using geological information and GPR data. 
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2. Geological settings 

 

The Hanshin area between Osaka City and Kobe City is located in the 

northern edge of the Osaka Bay basin. The geological structures are 

affected by the fault block movement after the Late Pliocene (e.g. Huzita 

and Kasama, 1982 and 1983). The fault movements are attracted by the 

east-west compressive stress. The Rokko Mountains are formed by the 

uplift of the Late Cretaceous granite which is also widespread under the 

Osaka Bay basin as the basement rock. (Figs. 2.1 and 2.2)  

The Osaka Bay basin is filled up with after Pliocene sediments (e.g. 

Katoh et al., 2008). The sediments are named as the Osaka Group and 

divided into the three subgroups. The middle and upper subgroups are 

characterized the rhythmical sedimentation of the marine clay layers and 

coarse grained layers. The marine clay layers are called the numbers 

(Ma-1 to Ma13) from the bottom. The ages of the layers have been 

detected using several volcanic ash beds. The Ma-1 layer was older than 

1 Ma (Late Pleistocene) and the Ma13 layer was the Holocene clay. 

Heights of the marine clay layers have been used to read the tectonic 

movement.  

The Rokko-Awaji fault zone is extended southwest to northeast 

almost parallel to the Rokko Mountains and the Awaji-shima Island. But 

in the eastern Rokko Mountains area, several faults from northeast to 

southwest distribute parallel and cross the Rokko Mountains (e.g. the 

Gosukebashi fault, the Yahatadani fault, the Ashiya fault, the Koyo fault 

and the Nishinomiya flexure zone).  
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  The Gosukebashi fault is one of the long segments among them. The 

length is about 14 km and it reaches to the Arima-Takatsuki fault zone at 

the northeastern tip. The right-lateral strike-slip movement is read 

geologically. The Paleozoic shale and the Mesozoic granite porphyry 

dike are dislocated right-laterally 2 km across the fault. The Yahatadani 

fault runs through southern edge of the granite porphyry dike at the 

Yahatadani valley (Miyata and Nigauri, 2008). The Ashiya fault consists 

of the southeastern borderline of the Rokko granite and the Osaka Group. 

The terrace deposits of the Osaka Group are deformed on the Koyo fault. 

The Nishinomiya flexure zone is a concealed fault under the urban area. 

The northeastward tip continues to the Itami fault, the Nobatake fault 

and the Arima-Takatsuki fault zone (HERP, 2006).  

The Osakawan fault zone has become gradually cleared using the 

seismic reflection surveys (e.g. Yokokura et al., 1998). The fault zone is 

almost parallel to the Rokko-Awaji fault zone and separates from 10 km 

to east. The main fault splays to the Wadamisaki fault, the Maya fault 

and the Rokko Island fault at the offshore of Kobe. These faults extend 

to north-northeastward and approach to the eastern urban area of Kobe 

(e.g. Huzita and Maeda, 1984) (Fig. 2.3). 

After the 1995 Kobe earthquake, several seismic reflection surveys 

were carried out at the urban area and the port of Kobe (compiled in 

Geo-Research Institute, 1998). From the analysis some faults in the 

Rokko Mountains have been extended to under the urban area as 

concealed faults and flexure zones. But the relationship of the 

Rokko-Awaji fault zone and the Osakawan fault zone has not yet been 



 6 

entirely solved, because of thick covered sediments. 
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Fig. 2.1 The tectonic model of the Rokko Mountains uplift.  

The right-lateral and reverse fault movements are playing the 

important roles to create the topography.

uplift

depression
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 Fig. 2.2 The Geological map of Hanshin area modified Geological survey of Japan, 1982 and 1983. The Yahatadani fault was reported in Miyata and Nigauri (2008). The 

Wadamisaki fault was detected from seismic reflection surveys and boring data.
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Fig. 2.3 Active fault distributions around Kobe City. Definition of the 

faults is followed The Headquarters for Earthquake Research 

Promotion (2005 and 2006). The fault names are as follows, 1. 

Nobatake fault, 2. Koya-ike subsidence zone and Itami fault, 3. 

Koyo fault, 4. Nishinomiya flexure zone, 5. Ashiya fault, 6. 

Gosukebashi fault, 7. Okamoto fault, 8. Suwayama fault, 9. 

Motomachi flexure zone, 10. Suma fault, 11. Yokoo-yama fault, 

12. Taka-iso fault, 13. Kariya fault, 14. Kariya-oki fault, 15. 

Nojima fault, 16. Kusimoto fault, 17. Higashi-ura fault, 18. 

Nodao fault, 19. Rokko Island fault, 20. Maya fault, 21. 

Wadamisaki fault, 22. Osakawan fault.    
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3. Tectonics read from deep borings in the eastern Kobe area 

 

The basement rock distributed around the south of the Rokko 

Mountains is sharply subsided toward the urban area. It is thought to be 

divided into several fault brocks. But information of the fault is very 

limited because of thick covered sediments. Some seismic reflection 

surveys were operated in the urban area and the Osaka Bay to research 

the existence of concealed faults. Several faults were discovered as the 

discontinuities of basement rock surfaces and flexures of covered 

sediments. More detailed surveys have to be operated to confirm the 

activity of such faults. Some deep boring surveys were also operated in 

order to investigate the geological structure and sedimentation. 

To investigate the fault movement around the study area, I selected 

three borings (Fig. 3.1). The first boring was the GS-K1, which was in 

the Uozaki-hama, the seaside area of Higashinada Ward. The depth was 

1,700 m (reached to the basement rock). The second boring was the 

GS-K3, which was in the Ishiya-gawa Park, Nada Ward. The depth was 

680 m and the bottom reached under the Ma-1 layer, the lowest marine 

clay layer of the Osaka Group. The third boring was the HG-C, which 

was in the Maya wharf, Nada Ward. The depth was 583 m and the 

bottom was the Ma1 layer. The detail specs of the borings are shown in 

the Table 3.1.   

  Fig. 3.1 shows the three boring points. Dark blue lines indicate 

seismic reflection survey lines. Some concealed faults have been 

detected with the flexures of sediments. The flexure zones are expressed 
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by the green colored zones. But a concealed fault was not imaged inside 

the triangle of the three boring points. Then the comparison of the 

sediments using the height of volcanic ash beds and the marine clay 

layers were studied to check the fault movements between the each 

boring point. The Osaka Group has been widely studied and the general 

consensus of the stratification has been established (e.g. Ichihara, 1993). 

The age of layer was determined by using volcanic ash beds. The used 

ashes in this study were as follows, AT (29 ka between Ma13 and Ma12), 

Wada (340 ka between Ma10 and Ma9), Kasuri (420 ka included Ma8), 

Sayama (840 ka including Ma3), Azuki (870 ka near the bottom of Ma3), 

Pink (1050 ka above the Ma1) and Lower Yellow (1060 ka, included 

Ma-1). The boundary of Brunhes epoch and Matsuyama epoch (780 ka) 

was recorded in the Ma4 layer (Katoh et al., 2008). 

The relative rates between the each boring point were obtained from 

the differences of the elevation of the volcanic ash beds. For example, 

the elevations of the Pink ash bed were -592m at the GS-K1, -493m at 

the GS-K3 and -556m at the HG-C respectively. The Pink bed was about 

15m above the marine clay Ma1 layer. It means that the Pink bed had 

been on sub horizontal plane when the ash had been fall. The differences 

of the levels indicated the relative movement between the two boring 

points. They are shown in Figs. 3.2, 3.3 and 3.4. The rate of the 

movement (elevation gap / age of the layer) was obtained from the 

comparison with the gap of several volcanic ash beds. The Rokko 

Mountain side was rising constantly after Middle Pleistocene. The 

GS-K3 side was moving upward at the rate of 0.07 m/kyr against the 
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GS-K1 side (Fig. 3.2). Between the HG-C and the GS-K3, the GS-K3 

side was moving upward at the rate of 0.08 m/kyr (Fig. 3.3). The 

elevation gaps became larger (more than 100 m) at the deeper layers 

between these points. On the other hand, comparison with seaside data, 

between the GS-K1 and the HG-C, the movement was not stable (Fig. 

3.4). But relative elevation gap was entirely small, less than 21 m.  
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Table 3.1 Specifications of deep borings used in the study. 

 

Site Name HG-C GS-K3 GS-K1 

Latitude N 34°41’48” 34°43’3” 34°42’9” 

Longitude E 135°13’51” 135°14’58” 135°16’35” 

Depth (m) 583 680 1700 

Ground level 

(m) 

2.1 34.67 2.68 

Ground level 

before the land 

fill（m） 

-8.7 31.67 -9.9 

The bottom 

level (m) 

-580.9 -645.33 -1697.32 

Notice: Ground level before the land fill was estimated from the near 

another boring data (Kobe City, 1999) before the land fills. 
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Fig. 3.1 Index map. The map was arranged of the new Kansai ground 

(1998). Red circles: boring point. Dark Blue line: the seismic 

reflection survey line. Green colored area: deformation zone of 

the basement rock. 
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Elevation
gap

Height Depth Marine Clay tephra Height Depth Marine Clay tephra K1-K3

34.67 0
Ground
Surface

2.7
Ground
Surface

32 3
bottom of the

fill
before filling -9.9

Surface
of Ma13

before landfill 0 -42

-23 26.15 Aira-Tanzawa 29
-65 68 Ma12 100
-87 90 Ma11(3)
-99 102 Ma11(2)
-114 117 Ma11(1)
-155 158 Ma10
-172 174.75 Naruohama IV

-129 164 Ma9？ -199 202 Ma9 -70
-243 245.32 Ma8 Kasuri 420

-212 247 Ma7 -282 285 Ma7 -70
-229 264 Ma6 -306 309 Ma6 -77
-262 296.41 Ma5 Hacho-ike -348 350.90 Ma5 Hacho-ike -86
-295 330 Ma4 (B/M Boundary) -392 395 Ma4 780 -97

-419 422.10 Ma3 Sayama 840
-339 373.37 Ma3 Azuki -441 443.85 Ma3 Azuki 870 -102
-355 390 -467 470 -112
-387 422 Ma2 -491 494 Ma2 -104
-426 460.20 Komyo-ike III -534 536.53 Komyo-ike III -108
-448 482.95 Pink -563 565.55 Pink 1050 -115
-460 495 Ma1 -579 582 Ma1 -119
-524 558.95 Ma0 Lower Yellow -645 648.00 Ma0 Lower Yellow 1060 -121
-559 594 Ma-1 -685 688 Ma-1 -126
notice: The heights of the marine clay are middle of the layer.
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Fig. 3.2 The comparison of the boring data (GS-K1 and GS-K3) and the 

elevation gaps of the layers.  
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Elevation
gap

Height Depth Marine Clay tephra Height Depth Marine Clay tephra C-K3
34.67 0 2.1 0

32 3
bottom of the

fill
before filling -8.7

Surface
of Ma13

before landfill 0 -43
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-207 209 Wada 340
-129 164 Ma9？ -220 222 Ma9 -91

-264 266 Ma8 Kasuri 420
-212 247 Ma7 -298 300 Ma7 -86
-229 264 Ma6 -323 325 Ma6 -94
-262 296.41 Ma5 Hacho-ike -361 363 Ma5 -99
-295 330 Ma4 (B/M Boundary) -403 405.16 Ma4 B/M Boundary 780 -108
-339 373.37 Ma3 Azuki -443 445.46 Ma3 Azuki 870 -105
-355 390
-387 422 Ma2 -483 485.5 Ma2 -96
-426 460.20 Komyo-ike III
-448 482.95 Pink -544 545.61 Pink 1050 -95
-460 495 Ma1 -561 563.5 Ma1 -101
-524 558.95 Ma0 Lower Yellow 1060
-559 594 Ma-1
notice: The heights of the marine clay are middle of the layer.
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Fig. 3.3 The comparison of the boring data (HG-C and GS-K3) and the 

elevation gaps of the layers. 
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Fig. 3.4 The comparison of the boring data (GS-K1 and HG-C) and the 

elevation gaps of the layers. 
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4. Concealed fault research using boring database in the 

eastern Kobe area 
 

  The urban area of Kobe is a highly concentrated area with buildings 

and infrastructures. There are many boring data for the constructions. 

About 9,000 boring data were collected and input to the GIS system 

named KOBE JIBANKUN (Kobe City, 1999). The subsurface 

stratification and N-value were main information. 

The urban area is mainly on the complex Holocene fans which are 

composed of the debris flow deposits from the Rokko Mountains. The 

soil includes mainly cobbles, gravels, sands and sometimes the 

inclusion of thin clay layers. The clay layers are continuous by 

comparison. They have been very useful in the study of the 

sedimentary process. Some tephras were recorded in various boring 

data. The K-Ah ash is one of the widespread tephras around 

southwestern Japan in 7,330 years ago. On the other hand, marine clay 

the Ma13 (after 10 ka) and the Ma12 (70~130 ka) are distributed near 

the seaside area. They have been used as good indicators to determine 

the sea levels in the past around the Osaka Bay because they gradually 

subsided under the sea (e.g. Huzita and Kasama, 1982 and 1983). 

  In this study, four geological east - west layer sections were 

analyzed between the Ashiya fault and the Maya fault in the eastern 

Kobe area (Fig. 4.1). The Maya fault was detected in several east-west 

geological sections between the Port Island and the Rokko Island 

(Huzita and Maeda, 1984). The Ashiya fault was known in the eastern 
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Rokko Mountains. The a-b section crossed the already known the 

Maya fault. The c-d section was along the coast line of landfill area. 

The e-f line was along the past natural coastline. And the g-h line was 

along the Route 2.  

1) a-b section (Fig. 4.2) 

The northern tip of the Maya fault was detected as an elevation gap 

of the Ma12 marine clay layer between the Port Island and the Rokko 

Island. The elevation of the upper side of the Ma12 layer was different 

more than ten meters, the western side was up. The bottom of the 

Ma13 layer was also ten meters higher at the western side.  

2) c-d section (Fig. 4.3) 

The Ma13 layer was traced along the section. But the thickness was 

different at around the middle of the section. The thickness was larger 

(ca. 10~15m) through the eastern side. Through the western side, it 

became less than five meters.  

3) e-f section (Fig. 4.4) 

The continuous Ma13 layer distributed only at the eastern side of the 

profile. The bottom level of the Ma13 layer was TP-20m at point f, and 

it sharply rose around the center of the profile. The upper side of the 

Ma13 layer was undulated several meters. It is considered the 

influences of the constructions of reclaimed lands. The original Ma13 

layer is thought to be distributed the zone of TP-5 to TP-20m. The 

mouth of the Sumiyoshi River crosses the profile. The sandy soils were 

carved the Ma13 clay layer.  
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4) g-h section (Fig. 4.5) 

The Holocene marine clay layer (Ma13) was not distributed along 

the section because the section was apart from the coast line. The 

facies were changed frequency. The relative clay rich layers zone 

including the K-Ah tephra (Machida and Arai, 1978) were selected to 

read the movement. The thickness of the layer was about 10 m at the 

eastern side of the section, but gradually it became thin towards the 

west. The raised area was the Sumiyoshi River. The clay layer was 

disappeared near the river. 

   

  The detected level changes of Holocene clay layers were arranged in 

northeast to southwest direction. The changes indicated commonly that 

the movements of western sides are up and eastern sides are down. It 

was harmonized with the tectonics read from the deep boring analysis 

written in the previous section. 
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                                       : Geological layer sections 

                             : Discontinuity of clay layer 

                             : Deep drillings 

 

Fig. 4.1 The map of the geological layer sections. The base map was 

from the boring database ‘KOBE JIBANKUN’. The blue, 

yellow and red small circles indicate boring sites in the 

database. 
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Fig. 4.2 The geological section between the Port Island and the Rokko 

Island from the boring database ‘KOBE JIBANKUN’. The 

position is shown in Fig. 4.1. 
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Fig. 4.3 The geological section along the coast line of landfill area 

from the boring database ‘KOBE JIBANKUN’. The position 

is shown in Fig. 4.1. 
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Fig. 4.4 The geological section along the coast line from the boring 

database ‘KOBE JIBANKUN’. The position is shown in Fig. 

4.1. 
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Fig. 4.5 The geological section along the Route 2 from the boring 

database ‘KOBE JIBANKUN’. The position is shown in Fig. 

4.1. 

 

 

1km

Clay rich layer 

K-Ah

g h 

Sumiyoshi Riv. 

soil texture and colors
Gravel and Cobble     : ORANGE
Sand                            : YELLOW
Silt and Clay               : BLUE
Organic soil                : PURPLE
Volcanic ash               :  PINK
Alternate sand and silt: LIGHT GREEN

soil texture and colors
Gravel and Cobble     : ORANGE
Sand                            : YELLOW
Silt and Clay               : BLUE
Organic soil                : PURPLE
Volcanic ash               :  PINK
Alternate sand and silt: LIGHT GREEN



 26 

5. Ground penetrating radar image of concealed faults in the 

eastern urban area of Kobe 

 

5.1 Ground penetrating radar method 

 

  Ground penetrating radar (GPR) is one of the geophysical methods to 

investigate the underground structures. GPR shots downward 

electromagnetic (EM) waves and receives the reflection waves from 

underground reflectors. The reflection occurs at the boundary of EM 

wave velocities (Fig. 5.1). The wave velocity represents as follows: 

r

Cv
ε

=  (1) 

where v, C and rε  are EM velocity, speed of light (30 cm/ns) and 

relative dielectric permittivity, respectively. The relative dielectric 

permittivity has a property which is changed depends on the soil and 

water content. Table 5.1 shows the example. A massive and dry material 

such as rock indicate a fast EM velocity, on the other hand a water 

content soil such as clay and silt indicate a slow EM velocity.  

  At the field the unit of two antennas (transmitter and receiver) is 

towed slowly and collected the reflection data. The method is called a 

profile measurement. The record format is distance (horizontal axis) and 

time (vertical axis). The frequency of antennas have to be chosen 

properly depends on the purpose of the study. The low frequency waves 

reach to deep underground, but have low resolution and the high 

frequency waves have opposite property. 
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To know the EM wave velocity, a wide angle measurement is carried 

out. The wide angle measurement uses two separate antennas. One 

antenna is used as a transmitter and the other is used as a receiver, both 

antennas are moved slowly to opposite sides each other with the same 

speed. The EM wave velocity is calculated as follows,  

V
Xdt

224 +
=  (2-1) 

2

2

2

2
2 4

V
X

V
dt +=  (2-2) 

where t, d and X are two-way travel time, depth to the reflector and 

separation of antennas respectively. If the data are plotted on the X2-t2 

axes. The EM wave velocity is determined by using the gradient a. 

2

1
V

a =  then 
a

V 1
=  (3) 

The depth of reflector is presented as b from the interception of t2-axis.   

2

24
V
db =  then 

2
bVd =  (4) 

 

5.2 GPR Survey 

 

The ground penetrating radar (GPR) system was the GSSI SIR-2 

pulse radar and the 100 MHz antenna. The time range of records was set 

150 ns or 250 ns. The EM velocity was determined 10 cm/ns from the 

result of several wide angle measurements in the urban area of Kobe. 

The velocity was assumed even through the profile. The depths of the 
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profile corresponded to 7.5 m and 12.5 m with the ranges were 150 ns 

and 250 ns respectively. The horizontal position was collected with one 

meter interval markers in the data. The original data was processed by 

high cut (Boxcar filter 400 MHz) and low cut (Boxcar filter 25 ~ 40 

MHz) filtering using the RADAN 6 software system for contrast layer 

continuities. 

The survey lines were set along the rivers. The first line was along the 

Sumiyoshi River. The length was 2,730m. The second line was along the 

Ishiya River. The length was 1,439m. The survey line positions were 

selected where the seismic reflection survey data was not exist (Fig. 

5.2). 

 

5.3 The Sumiyoshi River GPR survey line 

 

1) Northern part (Fig. 5.3) 

The survey line was located between the Ishiya River seismic 

reflection survey line and the Juniken Road seismic reflection survey 

line. The line was set on the promenade along the left side of the river.  

The northern part of the Yamate arterial road had steep gradient over 

five degrees. The soil contained mainly sands, gravels and cobbles. The 

N-values were almost more than 50, instead of sand and clay thin beds. 

The GPR imaged continuous and parallel reflection. They were 

interpreted as the facies of fan sediments. 

  Between the Yamate arterial road and the Route 2, the gradient 

became a little gentle to four degrees. The soil contained mainly sand 
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and gravel. In addition thin sand and clay beds were seen in the interval 

of several meters. Three continuous sand beds were seen around the 

depth of 10, 20 and 25 meters. The AT tephra (29,000 yBP) was detected 

under the 10 meter depth bed at the boring KS07114 (Kobe City, 1999). 

These beds were traced to at least the north of the Yamate arterial road. 

The GPR reflection surfaces had curved upward wavy shapes. They 

were considered as the end of the fan deposits.   

2) Southern part (Fig. 5.4) 

  From the Route 2 to the middle of the profile, the gradient became 

two to three degrees. The soil contained mainly sands and gravels. The 

N-values were around 30~40. The reflector surfaces were clear and 

continuous. They were identified as gravel fan deposits. 

  The northern part of the Hanshin Railway, the gradient became one to 

two degrees. The soil contained mainly sand. The N-values were around 

30~40. The GPR reflection became a little weak because of the small 

amount of gravels. 

Between the Hanshin Railway and the Route 43, the gradient was one 

to two degrees. The soil contained sand and gravel. N-values became 

small to the south. The GPR reflector surface had complex shape.  

At the southern part of the Route 43, the loose sandy sediments were 

distributed at the surface. The N-values were around 10~20. The GPR 

reflections from sand bar deposits were inclined to seaward. Near the 

coast line area, the alluvium marine clay Ma13 layer was distributed at 

the depth under seven meters. But the radar waves were reduced by the 

sea water.   
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5.4 The Ishiya River GPR survey line 

 

1) Northern part (Fig. 5.5) 

  The survey line was located at the southern extension of the 

Ishiyagawa seismic reflection line. The soil contained mainly sands and 

gravels. Thin clay layers sometimes existed, but their continuities were 

not good. The N-values were not constant (varied around 10 ~ 50). The 

Mikage flexure zone which has been found by the seismic reflection 

survey along the Ishiya River was crossing the middle of the profile. The 

sand layer at the elevation of around 25 m on the hanging wall was 

connected to the sand layer at the elevation of around 5 m on the 

footwall. The layer boundaries corresponded to the difference of the 

strength of GPR reflection. The underground flow of the Ishya River 

sprang around the south of boring 3K00017. The GPR image became a 

little dark color. The discontinuities of the GPR reflection were seen at 

the zone.  

2) Southern part (Fig. 5.6) 

  The ten meters thick fan sediments were distribute at the surface of 

the terrace sediments. Some horizontal thin clay beds were distributed 

under the fan sediments. They were traced at the southern side of the 

Hanshin Railway. The N-values were almost fifty, but ten to thirty in 

thin beds. The GPR images were inclined to the south depend on the 

structure of fan sediments. The sand bar sediments were distributed 

between the Route 43 and the coast line. The N-values were ten to 

twenty. 
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Fig. 5.1 The model of GPR method
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Table 5.1 Relative dielectric permittivity and velocity of electromagnetic 

wave of rock and soil, after Uchida (1984). 

 

Material Relative dielectric 

permittivity 

Velocity 

(cm/ns) 

Granite 4 15 

Andesite 2 21 

Gabbro 3 17 

Basalt 4 15 

Tuff 6 12 

Limestone 7 11 

Marble  6 12 

Soil (20% of water content) 10 9.5 

Soil (0% of water content) 4 15 

Water 81 3.3 
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Fig. 5.2 GPR survey lines and seismic reflection lines on the detailed 

topographic map (National Land Agency, 1999). 
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Fig.5.3 GPR survey profile. Northern part of the Sumiyoshi River section. The boring data were from the database ‘KOBE JIBANKUN’ (Kobe City, 1999). 
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Fig.5.4 GPR survey profile. Southern part of the Sumiyoshi River section. The boring data were from the database ‘KOBE JIBANKUN’ (Kobe City, 1999). 
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Fig.5.5 GPR survey profile. Northern part of the Ishiya River section. The boring data were from the database ‘KOBE JIBANKUN’ (Kobe City, 1999). 
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Fig.5.6 GPR survey profile. Southern part of the Ishiya River section. The boring data were from the database ‘KOBE JIBANKUN’ (Kobe City, 1999). 
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6. Discussion 

 

6.1 Concealed faults in the urban area of eastern Kobe 

 

  Some concealed faults have been analyzed on the seismic reflection 

survey profiles. Along the Toga River, two faults, TF1 and TF2 have 

been found under the urban area (Line TR in Fig. 6.1). The TF2 fault 

was considered the Wadamisaki fault which is one of the splay faults of 

the Osakawan fault zone. But the TF1 fault was not determined the 

relations with other faults. Along the Ishiya River section, the IF1 fault 

has been clearly imaged with the Mikage flexure zone. The Mikage 

flexure zone was also imaged in the subsurface geological section along 

the Ishiya River (Fig. 5.5). 

  The IF1 fault has been connected to the TF2 fault (the Wadamisaki 

fault). The existence of another fault at the south of the IF1 fault has not 

detected because the Ishiya River seismic reflection survey line has not 

been extending to the coast line (Fig. 6.1 Line IR). In this study, the 

GPR survey provided the subsurface structure information (Fig. 5.6).  

  Miyata et al. (2006) reported a new found active fault which extends 

from northeast to southwest between the Gosukebashi fault and the 

Ashiya fault in the Rokko Mountains. The fault was named as the 

Yahatadani fault. It has been traced to the southwestern direction in the 

urban area using GPR surveys. The further extension crosses the GPR 

line of the northern Sumiyoshi River (Fig. 5.3) and the southern Ishiya 
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River (Fig. 5.5), and reaches to the TF1 fault.  

  From the distributions of the subsurface clay layer discontinuity (Fig. 

4.1) the Ashiya fault is considered to extend southwestward to the urban 

area. The estimated line crosses the southern Sumiyoshi River GPR 

section (Fig. 5.4). But along the Juniken Road seismic reflection survey 

section (Line Ju in Fig. 6.1), any concealed faults have not be found in 

the urban area. The faults have been detected only at the north of the 

section (The F1 and the F2 in Fig. 6.8c). They are near the southern edge 

of the Rokko Mountains. 

 

6.2 GPR images of a concealed fault 

 

  Fig. 6.2 shows a detailed GPR analysis along the Ishiya River on the 

Mikage flexure zone. The position is shown in Fig. 5.5. The curvature of 

the flexure became large around there. The characteristic anomaly 

appeared in the dark zone at the middle lower section. The lines are read 

as upward branched shape. The discontinuities of beds are identified to 

around the depth of 2.5 m. 

  The extension of the Yahatadani fault was estimated on two anomalies 

in the GPR profile along the Sumiyoshi River (Figs. 6.3 and 6.4). The 

position is shown in Fig. 5.3. The layer of strong reflection had a gap of 

elevation at the distance of eighteen meters in Fig. 6.3. That type of 

image is similar to a vertical displaced fault.  

Several inclined reflections to north were seen in Fig. 6.4. They have 
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an opposite direction of the slope. The connection of layers were 

deformed or cut near the inclined reflections. The structures are 

considered to the interaction of the reverse fault movements and the soft 

sediments. 

 The two GPR imaged deformations are thought to have a same root. 

The interpretation of the flower structure is shown in Fig. 6.5. The fault 

was analyzed as single line on the seismic reflection profile at the depth 

of over three hundred meters (Fig. 6.5). The discontinuities of reflectors 

were sharply identified. But the shallower zone, the reflection patterns 

represented flexures. The estimated deformed zone on the fault has the 

width of about two hundred meters. It is impossible to read such the 

detail deformation only from a seismic reflection survey profile. GPR 

images provide useful information to assess an active fault especially in 

an urban area where a trench excavation research is difficult. 

  The southern part of the Ishiya River is between the TF1 fault and the 

extension of the Yahatadani fault. The estimated fault passes around the 

middle of the image in Fig. 5.6. At the southern part of the profile, two 

continuous clay layers were detected from the boring data at least the 

southern part of the Hanshin Railway. On the other hand, the GPR 

reflections were relatively continuous at the northern part of the profile. 

Several vertical dark lines were shown in the GPR image in Fig. 6.6. 

The type of anomaly is similar to the image of the Mikage flexure zone 

in Fig. 6.2.    

  The extension of the Ashiya fault passes between fan sediment area 
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and sand bar sediment area in the southern Sumiyoshi River section (Fig. 

5.4). The confused reflections were shown in the distance 10 to 20 m at 

the time of 50 to 150 ns (Fig. 6.7). They are analyzed as filling deposits 

in cracks. That type of reflections was also seen around the distance 30 

m at the time of 100 ns. At the ground surface the inclination of the river 

was changed around the distance of 28 m and the steps were putted on 

the river bed. The both sides of river revetments were repaired 

approximately after the 1995 Kobe Earthquake (Plate 6.1). There is a 

possibility that these features are related the strong movement during the 

Kobe earthquake, trapped through the concealed fault. 

 

6.3 The problem of the extension of the Ashiya fault and the Juniken 

Road seismic reflection profile 

 

  In the previous studies, the Ashiya fault was thought to be continued 

to the Okamoto fault (e.g. Okada and Togo, 2000) along the southern 

border of the Rokko Mountains, because a concealed fault was not 

analyzed under the urban area from the seismic reflection survey 

(Yokota et al., 1997, Fig. 6.8c) along the Juniken Road (line i-j in Fig. 

6.8a). In the profile, continuous reflectors between the depths 0 to 700 

meters were identified as marine clay layers of the Osaka Group. The 

Ma0 and Ma1 layers were analyzed from the coast line to the location 

around 2,200 m. And the Ma3 to Ma10 layers were analyzed almost 

entirely the profile near the faults F1 and F2. 
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Fig. 6.8b shows the layer section estimated between two deep boring 

GS-K1 (Geo-Research Institute, 1998) and HG-A (Takemura et al., 

1997). In the boring GS-K1 all the marine clay layers of the Osaka 

Group were detected. The upper parts from the Ma9 to Ma12 layers are 

shown in Fig. 6.8b. On the other hand, the HG-A detected only one 

marine clay layer. The Ma number was uncertain, but concerning about 

the seismic reflection survey profile, the layer was considered as Ma9 

(Takemura et al., 1997). The thicknesses of the Ma9 layer were 25.4 m 

at the GS-K1 point and 4.38 m at the HG-A point. They were thought to 

be gradually thin to the north. And upper marine clay layer (Ma10, 

Ma11 and Ma12) were not distributed at the HG-A point.  

A seismic reflection survey method is good at to image the shapes of 

layers. But it is difficult to read gradual thickness changes of layer 

because of its resolution. The reflection surface from the Ma10 layer 

was thought to be continued through the profile near the fault F2 (Fig. 

6.8c). But actually the Ma10 layer was changed to the terrace sediments 

depend on the boring data (Fig. 6.8b). It indicates that a continuous 

reflection surface is not always represented a same layer geologically. 

Both geological and geophysical information are needed to determine a 

concealed fault. This problem proposes the difficulty of detecting fault 

using seismic reflection surface shapes.  

I insist the possibility of the existence of a concealed fault across the 

Juniken Road seismic reflection line around the distance 2,200 m from 

geological data and the anomalies on GPR images. In addition the base 
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rock line was kinked under the point (Fig. 6.8c). The strike of fault was 

estimated northeast to southwest same as the other faults in the eastern 

Rokko Mountains (Fig. 6.8a). It was estimated a right-lateral strike-slip 

fault under the east-west-directional regional crustal stress. If a fault 

plane has a nearly vertical fault plane and a dominant strike-slip 

component rather than dip-slip component, the fault is generally difficult 

to appear on the seismic reflection profile. 
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Fig. 6.1 Distribution of faults detected by seismic reflection surveys. The 

base map was after Geo-Research Institute (1998).  
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Fig. 6.2 The GPR image on the Mikage flexure zone. The position is 

shown in Fig. 5.5.  
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NORTH                                          SOUTH 

 

Fig. 6.3 The GPR image from the northern part of the Sumiyoshi River. 

The position is shown in Fig. 5.3. The red dotted line is the 

interpretation of the extension of the Yahatadani fault. Strong 

straight lined reflections around 150 ns, 170ns and 230ns are 

irremovable mechanical noises.  
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NORTH                                           SOUTH 

 

Fig. 6.4 The GPR image from the northern part of the Sumiyoshi River. 

The position is shown in Fig. 5.3. The red dotted lines are the 

interpretation of the extension of the Yahatadani fault. AT 

indicates the Aira-Tanzawa tephra from boring data in Fig. 5.3. 

Strong straight lined reflections around 170ns and 220ns are 

irremovable mechanical noises. 

AT 
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Fig. 6.5 The GPR image on the seismic reflection profile. The GPR 

image covers the anomaly zone in Figs. 6.3 and 6.4. The 

seismic reflection profile is line IR in Fig. 6.1.  
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Fig. 6.6 The GPR image from the southern part of the Ishiya River. The 

position is shown in Fig. 5.6. The red dotted lines are the 

interpretation of faults between the TF1 fault and the Yahatadani 

fault.  
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Fig. 6.7 The GPR image on the extension of the Ashiya fault. The 

position is shown in Fig. 5.4. Strong straight lined reflections 

around 170ns and 220ns are irremovable mechanical noises. 
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Plate 6.1 The situation around the survey area in Fig. 6.7. 

 

Fig. 6.8 The Reinterpretation of the seismic reflection line along the 

Juniken Road. a) The map of fault position. The Okamoto fault 

was written in Okada and Togo, 2000. The Yahatadani fault 

was supposed to be continued to the F2 fault on the line i-j 

(Miyata et al., 2006). b) The geological layer section from 

deep borings. The Ma9 layer in HG-A was estimated by 

Takemura et al., 1997. c) The seismic reflection line along the 

Juniken Road. The interpretations of Ma0, Ma1, Ma3, Ma5, 

Ma7 and Ma10 were from Yokota, et al. (1997). The line of 

Ma9 was added by author. 
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7. Conclusions 

 

 The relationship between the Rokko-Awaji fault zone and the 

Osakawan fault zone in the eastern urban area of Kobe was discussed in 

this paper, based on the following geological records and GPR survey 

results;  

(1) The Rokko Mountain side was rising after middle Pleistocene. The 

rate was constant around 0.08 m/kyr. It is not large because the fault 

movements are estimated mainly right-lateral strike-slip but their fault 

movements have been accumulating. The movements are harmonized 

with a present topography. 

(2) The existence of an active concealed fault between the Ashiya 

fault and the Maya fault was estimated from Holocene clay layer’s 

discontinuities in the layer sections created from boring database. The 

detected faults were arranged in northeast to southwest direction. The 

main movement is expected to be right-lateral strike-slip because of the 

stress field in southwestern Japan. 

(3) GPR images on the concealed faults appeared with the next 

features. 1. Branch to upward shape, 2. Reflectors level gap, 3. Dark 

colored vertical cracks and 4. Gentle inclined reflections against the 

slope. These features are thought to be the effects of the past fault 

movements. 

 

Judging from these data, the Rokko-Awaji fault zone and the 

Osakawan fault zone are supposed to be closely related. At least three 
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concealed faults are estimated in the urban area between the two fault 

zones. These faults are arranged in Fig. 7.1. They distribute like step 

faults which are located near the center of Kobe (inside 10 km circle). 

These faults have to be considered for prevention of urban earthquake 

disasters in Kobe. 
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Fig. 7.1 Distribution of active faults around Kobe area. Blue dotted lines 

indicate concealed faults which were surveyed in this study. The 

fault names are as follows. ①：Gosukebashi fault, ②：

Yahatadani fault, ③：Ashiya fault, ④：Wadamisaki fault, ⑤：

Maya fault. 

 

 

① 

② 
③ 

④ 
⑤ 
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