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                           Abstract 

       For the purpose of examining relations between mechanism of microearthquakes and 
   geological structure and also of investigating tectonic significance of  microseismicity, 130 micro-

   earthquakes were analysed in an area surrounding the Yamasaki fault, which is a typical strike-
   slip fault in the northwestern Kinki District, Southwest Japan. 

       Mechanisms of microearthquakes were analysed by the method of fault plane solution for 
   69 earthquakes out of 130, and by the smoothed radiation pattern using all earthquakes. 

       It is  remarkable that along such a clear strike-slip fault as the Yamasaki fault almost all 
   earthquakes have strike-slip type and their maximum pressure axes lie in a nearly E-W direction. 

   This result regarding microearthquakes is coincident with those for large and moderate 
   earthquakes. Moreover, the strike of one  nodal plane is nearly coincident with the fault strike, 

   and it changes consistently when the fault strike changes its direction. On the other hand, 
   in a microseismic belt along IZ-HM line (Fig. 1) where any clear strike-slip fault has not yet 

   been detected, mechanisms of microearthquakes were very complicated, including  strkie-slip, 
   thrust and normal fault types. 

       These results suggest that the mechanism of the microearthquake, as well as its  spacial 
   distribution, is closely related to the geological structures. 

 I. Introduction 

   A fundamental pattern of spacial distribution of microearthquakes has been 

clarified rapidly in this decade in the northwestern part of Kinki, Southwest Japan. 
In 1965, the Tottori Microearthquake Observatory, Disaster Prevention Research 

Institute, Kyoto University completed the construction of its network and commenced 
routine observation of microseismicity in an area extending over Tottori, Okayama, 

Hyogo, Osaka and Kyoto Prefectures. In Fig. 1, the network is shown, with the 
microseismicity in this area, in which the network of the Abuyama Seismological 

Observatory is also denoted by the black triangle. Since the beginning of observation, 
a most remarkable observational fact was that epicenter distribution in this area showed 
a characteristic pattern, and many investigations have been  publishedB,2).3) on this 

point. 
   Fig. 1 shows microseismicity from the latter half of 1964 to the middle of 1968. 

Also in Fig. 2, a recent microseismicity for about 3 years from 1969 to 1972, in which 

microseismicity only in nighttime from  8 p. m. to  S a. m. is presented in order to ex-
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Fig. 1. Stationary activity of microearthquakes in the northwestern Kinki and the stations used in 

       this analysis, White and black triangles denote the networks belonging to the Tottori 

       Microearthquake Observatory and the Abuyama Seismological Observatory, respectively. 

        Four stations,  YZ, YS, KD, KZ, are temporary stations. 
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        Fig. 2. Epicenter distribution of microearthquakes in nighttime in recent period.
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Fig. 3. Fault systems in Southwest Japan. A shows conjugate sets of strike-slip faults: 

 (1); Yamasaki fault, (2); Mitoke fault, (6); Atotsugawa fault. B shows thrust 
       faults of N-S trend, and tectonic lines (I to IV). (after Huzita et al.)
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 elude the artificial explosions such as rock burst, dam construction and others. How-
ever, we can recognize no definite change of pattern of epicenter distribution between 
two figures, so that we may safely consider that these figures represent the stationary 
activity of microearthquakes in this area. 

   We shall here describe briefly about this characteristic pattern again, although 
it has been mentioned repeatedly in several papers, because this recognition is the 
starting point of our discussions. In this area, microearthquakes are generated in 
several belt-like zones, trends of which are nearly NW-SE or NE-SW. This pattern 
of distribution can be observed in Figs.  1  and 2. These belt-like zones intersect, forming 
rhombic aseismic blocks of various sizes. 

    On the other hand, investigations of geological structures in the northwestern 
Kinki in recent geological ages, including faults, foldings and terraces, have made 
rapid progress in these years. The progresses in both fields, seismology and neotectonics, 
have revealed a surprising correlation between microseismicity, which is naturally 
considered just a present phenomenon in the crust, and geological structures which 
have been built up over long geologic time. 

    First, we can recognize a clear coincidence between the belt-like zones of high 
seismicity in Figs. 1 and 2 and distribution of active faults shown in Fig. 3. For 
instance, the Yamasaki and the Mitoke faults which are both typical strike-slip faults 
coincide well with two belt-like zones of high microseismicity. A great many earth-

quakes occur along west bank of the Yodo River, which makes conjugate direction 
with the Yamasaki fault. According to Huzita4), the southeastern margin of this 
broad seismic belt corresponds to a boundary between two large geologic blocks, one 
being the Tamba Paleozoic Zone on the north side and the other "Kinki Triangle" 
composed of granitic rocks on the south side. 

   Generally speaking, in the Paleozoic zones, strike-slip faults such as the Yamasaki 
and Mitoke are prevailing, accompanying linear distribution of microearthquakes. 
This phenomenon is observable at other strike-slip faults, such as the Atotsugawa 
fault in the Chubu District. 

   Such close relations between microseismicity and geological structure may be 
one of the most important results so far obtained by investigations of microearthquakes. 
And this fact will have possibility to make clear mechanisms of earthquake generation 
and tectonic movement, and the relations between them. 

   In this article, we shall adopt the Yamasaki fault and its neighbouring areas as 
a model zone, and try in some detail to detect the relations between mechanisms of 
microearthquakes and geological structures, with an attempt mentioned just above. 

2. Mehanism of Microearthquakes 

 IchikawasiM) investigated mechanisms of earthquakes of large and moderate 
magnitudes in Southwest Japan, using observational data by  JIYI  A. His result de-
notes that very shallow earthquakes (in the crust) in the  Inner Zone have focal mecha-
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nisms of four-quadrant types with vertical null vector, and moreover that the direction 
of the maximum compression axis is E-W. In Fig. 4, distribution of the horizontal 
direction of the maximum pressure axis is shown. As mentioned earlier, observation 
of microearthquakes has shown rapid progress in these years, and many investigations 
of the mechanism of microearthquakes in the northwestern Kinki have been published 

 71,80). They give an interesting result that the mechanisms of small and microearth-

quakes are the same as those of larger earthquakes treated by Ichikawa. 
   Recently, one of the  authorsm) investigated mechanisms of small and micro-

earthquakes (M  32.5) in the northwestern part of Kinki. His analyses were carried 
out by two methods, namely one is the fault plane solutions of respective earthquakes 
and another is detection of mean tectonic stress in respective small regions. These 
results were also consistent with Ichikawa's result, but some regional characteristics 
were observed. He suggested some correlations between the earthquake mechanism 
and geological structure, although the data were not considered necessarily sufficient 
to discuss such relations, because these earthquakes were mainly those in the so-called 
Yodo-River seismic zone, the Wachi earthquake swarm in 1968 and others lying 
scattered. 
   Since, as mentioned in the Introduction, the  Yamasaki fault is the clearest active 

fault along which microseismicity is very high, it would be most effective to adopt 
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     Fig. 4. Distribution of  horizontal direction of the maximum pressure axis derived from 
            large and moderate earthquakes in Southwest Japan. (after Ichikawa)
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this area in order to examine the relation between earthquake mechanisms and geo-
logical structures. For this purpose, we constructed 4 temporary stations (YZ, YS, 
KD, KZ in Fig. 1) surrounding the fault, and had continued special observation for 
about two and half years. In this paper we shall treat with the earthquakes of magni-
tude range of about 1 to 2.5 (Table 1). Investigation of smaller earthquakes will be 

published in a succeeding article. 
   Fig. 5 shows the earthquakes used in the present analysis (large black circle), 

superposed on a microseismicity map from 1965 to 1968 (small dots). As shown in 
this figure, we classified the examined earthquakes into  8 groups, A to H, according 
to the following reasons: A region corresponds to the central part of the Yamasaki 
fault, in which  microseismicity is  spatially concentrated in a narrow linear belt. On 
the other hand, earthquake occurrence along this line is rather intermittent, sometimes 
with intervals over several months. These observational facts may suggest the stick-
slip of a sharp strike-slip fault. 

   B region is, in a sense, the most interesting. As shown in Fig. 3, we can observe 
an off-shoot fault making an acute angle with the main Yamasaki fault in this region. 
It is to be noted that this off-shoot fault may be the most active, left-lateral strike-slip 
fault, judging from the topographical evidences. Perhaps corresponding to this 

geological aspect,  microseismicity is very high in this area. 
   C region is defined as a microseismic zone along the Harima-Nada coast line. 
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     Fig. 5. Distribution of  microearthquakes used in this analysis (large circles) superposed 
            on  microseismicity map. A to II denote divided regions used in this analysis. 

             Numerals in the parentheses show  numbers of data.



         Mechanisms of  Microcarthquakes and Their  Relation to Geological Structures 7 

Table 1. List of microearthquakes  used: Location of epicenter is represented by a coordinate system 
        with the origin at MZ station. Azimuths of P and T axes are expressed by angles in degree 
        measured clockwise from E or W direction, and N or S direction, respectively.  8 denotes 

         dip angles in  degree. s, t and n in the last column represent strike-slip, thrust and normal 
         fault types, respectively. 

   A Region 

No. Date  X  Y Z M  '    Type                                                          
1           h mkmkm,km1AzAz 8 

  1 1969 Mar. 11 13 58 9.6 5.4 12 1.5 

 2 25 14 26 9.3 5.7 11 2.0 

 3 25 14 31 9.2 5.1 11 1.5 

 4 29 12 30 9.4 5.9 7 2.0 

 5 Apr. 1 17 11 8.9 5.9 11 1.7 

 6 2 3 31 9.0 5.2 12 1.3 

 7 8 15 40 8.9 5.0 11 2.0 

 8 Sept. 21 11 17 9.1 6.8 11 1.2 

  9 1970 Mar. 11 3 19 9.3 7.8 7 1.8  FUN 27  S13W 27 a 

 10  12  21  10 12.6 4.1 11  2.5  1  W  2N 7  S  2W 7  s 

 11 1971 Jan.  29  19  16 9.7 5.3 15 2.0  E  9N 21  S  8E 3  s 

 12  29  21  10 9.5  6.0  15 1.5  E  4S  0  N  4E 0  s 

 13 Mar.  23  23  18 18.3 2.7 13 1.4  E  4N 10  S  3F. 4  s 

 14 May 5 22 0 12.6 2.9 13 1.6  W1ON 11  N14F. 17  s 

 15  12  15 6 12.0 3.4 13  1.6  ,  E  9S 11  N  2W 46  t 

   13 Region 

No. Date X  Z  M    Type 
          h m km km[  km Az 0 Az 8 

  1 1968 Oct.  23  14  40  45.0  1 -9.4 14  1  2.3  I  E15S  7  I  S16W 7  s 

  3  25  17  32 37.6 -2.2 14  2.2  1  E40N  1  7  IN4011137 7  S 

  2  27  11 3 36.2  -1.8  t 15  1.9  ,  W54S  1  36  N4OW 20  s 

 4 Nov. 7 6 40 31.5 -8.6 12 L2 

  5 Dec. 10 15 34 32.8  -5.9I 15 1.0 

 6 10 21 30 33.2 -5.2 15 1.3 

 7 20 18 40 32.6 -6.2 17 2.1  1 

 8 21 20  21 27.7  -2.9 12  L1 

  9 1969 Jan. 20 10 55 32.1 -5.9 15 1.8 W36S  , 17 N25W  n 

 10 Mar. 12 15 46 30.4 -9.2 13 1.4 

 11  12  15  52 30.7 -8.9 14 1.8  E255 7  525W  , 7  s
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 12 June  2  22  25  29.8  -0.9  1  17  1.4  1  E38N 0 N38W 0  s 

 13 July  25  13 32 42.8 -9.8 12  2.2  I  E35N  0  N35W 0  s 

 14 Oct. 9 14 15 45.0 -8.8 14 1.9 

 15 Nov. 4 15 19 28.1 -5.5 18 1.6 E23N 0 N23W 0  s 

 16  1970 Apr.  23  10  19 27.1 -2.9 11  -  E34N 0  N34W 0  s 

 17 May  9  17  25 32.6 -5.4 14  1.7  W31S 24  N  9W  141  s 

 18  11  1  18  26.7 -3.2  14  1.6  E  7N 0  N  7W  0  s 

 19 July  16  14  11 32.2  -3.9  15 1.6  E45N  I 0  N95W 0  s 

 20 Sept. 21  17  30 34.7  -3.5  1 12  I  1.8  W37S  31  N17W  31  s 

 21 24  9  45  34.6 -3.6 14  2.0  W305  24  N20W  ,  23  s1  

 22 1971 Feb. 7  7  49 36.6  -4.7  1 1 1.9  W  58 5  N  4W  15  s 

 23 Mar. 31 20 39 35,6 -11.8  5 2.9 W32S 22 N23W 22  s 

 24 May 8  8  27  34.1  1 -5.4 10 1.2  E2OS  0  N20E  11 0  s 

  C Region                                                                                    

1                                                         T 

No. Date X  Y  Z M  ,  Type 

                                                      II            h mkm.kmkm Az  0 Az 

  1 1969 Mar. 14 17 8 28.9 -19.4 14 1.9 

  2 Apr.  6  20  37 28.2  -18.5  I 14  1.9  W105  7  i  NlOW  , 7  s 

 3 7 1 6 28.3 -18.6 14 1.6 

 4 7 8 44 28.0 -19.6 13 2.0 

 5 25 17 17 27.8 -17.8 15 1.7 

 6 May  3  16  39  27.9  -17.7  12 1.5 
 7 15  8  57  27.8  -17.9  15  2.0 

 8  15  16  4  28.0  -18.4  j  14  2.3  E  8N  ,  7  S  7E  '  7  s 

 9  I 15 16 6 27.5 -18.9 13 1.5 

 10 17 16 21 26.3  -18.61 , 15 1.9 

 11  j 1969 May 18 6 16 27.9  I -18.2 14 1.6 
 12 20 19 50 28.4  -18.4 15 1.5 

 13 30 2 26 27.9 -18.0  ; 14 1.3 

 14  1 June 5 7 19 28.4  -18.6 14 1.7 
 15 8 8 59 35.0  1-25.0 12 1.6 

 16 11 9 36 28.6 -18.9  1 12 1.8 

 17 13 8 16 28.3 -19.1  1  19 1.8
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         18 14 1 3 25.2 -23.0 8 2.4  W  6N 15  510E 47  t 

         19 14 6 21 27.8 -18.8 15 1.3 

         20  16  18  53  27.3  -18.4 15 2.4  E265 0 N26E 0  s 

        21 19 18 5 27.8 -20.7 17 2.4 

          22 July 4 4 58 32.5 -27.5 6 1.3 

         23 7 18 56 32.1 -27.6 4  2.9 E37N 41 553W 49  t 

         24 24 10 48 322 -26.2 12 2.0  E43N 16  S25W 73  t 

         25 Oct. 4  9  24  34.6 -32.7 13 2.1  E  5N 0  N  5W 0  s 

         26 5  7  30 35.3 -31.9 10 2.8  E  5N 0  N  5W 0  s 

         27 5 14 53 35.2 -31.6 12 1.5 

         28 28 21 20 28.6 -17.7 14 2.0 

         29  29  14  11  35.1  -31.1 13 2.6  E  5N 0  N  5W 0  s 

         30 Nov.  3  4  38 28.1  -17.9  14  L6  E17N 0  NNW 0 s 

        31 9 5 2 27.9 -17.3 14 L4 

           32 1970 Jan. 5 0 0 28.5 -18.6 14  L5 

          33 Feb. 4 10 12 32.5 -25.0 10 1.7 E32N 0 N32W 0  s 

           34 May 26 16 10 32.5 -25.7 13 1.4 

               D Region 

 P  T 
    No. Date X Y  Z  M    Type 

 Az  h  m km km km0  Az  0 

            1 1968 Dec. 19 11 7 41.4 -21.2 14 2.2 E25W 0 N25W 0  s 

         2 26 5 35 4L4 -20.6 14 1.4 

             3 1968 Dec. 29 2 15 42.4 -21.0 11 1.6 

           4 1969 Mar. 4 3 42 42.6 -22.3 4 2.2  ElON 0  NlOW 0  s 

            5 1970 May 12 19 56 42.0 -18.9 15 1.4 E27N 17 S27E 4  s 

           6 Dec.  4  22  43  44.7  -19.3  21 1.6 E2ON  0  N2OW 0  s 

         7 8 8 43 44.4 -20.0 13 1.4 

          8 8 17 45 44.7 -17.9 15 2.2  E13N 0  N13W 0  s 

              9 1971 Jan. 23 22 44 46.6 -18.3 15 1.3 

           10 Apr. 13 8 18 44.7 -17.7 13 1.5  E38S 27 N22E 27  s 

          11 June  7  4  36  44.1  -18.6  13 2.7  E15S 0 N15E 0  s
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  E Region 

                                                    T  No. Date  X Y  iZ M   I Type 
 h  m km kinI km  Az  0  Az  I 

 1 1969 Mar. 21  9  44 54.5 -11.6 13  1.5  E  2S 0  S  2W 29  s 

 2 Apr. 16 21 1 54.2 -12.4 12 1.6 

 3 16 21 2 53.9 -12.4 13 1.7 

 4 17  0  38 54.1 -12.5 13 1.9  E  8N 5  S  6E 20  s 

 5  17  0  46  53.8 -1L7 12  1.7  E  0  N  O  s 

 6 17 5 32 53.3 -11.0 12 1.3 

 7 1970 Sept. 1 10 2 53.6 -11.9 10 2.2 W14N 14  SI1W 14  s 

 8 Oct. 30 20 16 53.1 -13.1 11 1.1 E25N 0 N25W 0  s 

  F Region 

 P  T No.  Date  i X  I  Y Z M  i   Type 
 h  m kmkm kmAz  8 Az 

 1 1969 June 20 15 33  58.2 -6.3 4 2.4  W205 35 N48E 54  t 

 2  20  16  7 58.1  -7.2  21 2.6  W  4S 5 N85E 85  t 

 3  20  20  13 58.2 -5.4 14 2.0  W  9S 17 N14E 53  t 

 4 20 20 54 58.0 -6.1 14 1.7 

 5  22  6  58  58.6  -5.6  14 2.3  E  55  10  N85W  80  t 

 6 28 18 6 59.1 -6.2 14 2.3 

 7  1969  July  12  6  14  60.7  -8.5  8  1.5 

 8 12 6 15 58.2  I -5.5 13 1.4 

  9 1970 June 17 19 42 68.0 -2.5 13 1.7 

  G Region 

No. Date X  F Z M     Type 
           h m l km km kmI Az  8 Az  8 

 1  1970 Mar. 15 6 7 43.4 13.2 7  2.0  E17N 45  N  6E 25 n 

 2 Apr.  3  10  2  42.9  
I 7.5  11  11  -  E15N  0 N15W 0  s 

 3 June  5  16  39  43.21 8.3 10 1.5  W21S 5  N60E 85  t 

 4 Oct.  5  17  47 39.2 11.5 6 L6  E265 0 N26E 0  s 

 5  11971 Jan.  2  19  46  46.3  , 4.5 2 1.8 E 43  N  2W  47  ,  t
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  6 Mar. 5 18 46 50.1 13.4 15 1.4 W32N 20 S24E 67  t 

 7 Mar. 19 4 27 44.2 8.1 13 1.1 W17S 8 N17W 8  s 

  8  1.Apr.  1  16  2 52.7  9.4  17 2.3  W2OS 7  S20E 7  s 

 9 3  1  53  45.5 10.0 11 2.0  E17N 3  817E 3  s 

   H Region 

 P  T  
No. Date X  Y Z M   I Type 

 h  m km km  kmAz 0 Az  0 

  1 1968 Aug. 13 23 57 47.2 24.8 11  - 

  2  17  13  13 48.0 23.8 11  2.3  t  E15N 0  N15W  0  s 

 3 15 18 14 47.6 24.4 11 

 4 Oct. 5 3 11 54.9  20.3 7 1.7 

  5  14  11  25 62.0 14.7 12 2.0 W84N 83  S  6E 12 n 

  6 1969 Mar. 3  7  13  61.3 15.5 7 1.5 

  7  26  18  37 53.5 18.7 14  2.3  1  W1OS 7  N  8W 7  s 

 8 July  25  13  33 54.3 21.2  3  1  2.1  E  6S  1  S  5W 65  t  

,  9 31 10 48 55.9 20.2 7 1.2 

 10 Aug. 24 20 8 55.8 20.1 7 1.6 

 11 Dec. 27 7 9 52.7 19.9 14 1.5  E15N  7  1  N16W  7  s 

  12 1970 Sept. 30 17 22 53.2 22.8 5 1.3 

 13 Dec.  22  22  34 51.2 20.9  12  1.4  E  7N 8  S  2E 33  s 

 14 1971 Jan. 6 8 4 69.0 12.0 6 2.4 

 15 Mar. 23 11 19 49.7 21.5  ' 10 1.9 E68S 2 N45E 25  s 

 16 23 11 21 49.3 21.1 9 2.4 W32S 55  N58E 45 n 

 17  25  6  19  56.9  20.0 3 1.4  F  0  N  0  s 

 18 Apr. 7 21 49 68.3 11.8 6 1.3 

 19 May 3 22 33 69.6 11.7 7  I 1.2 

 20 June 17 10 44  i 68.8 12.1 10 1.2
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According to Huzita et  all  1, this coast line itself is supposed a buried fault which 
may have the same nature as the Yamasaki fault. 

 D region is a cluster of microearthquakes. It is interesting, as seen in Table 1, 
that microearthquake activity has stationarily continued in this quite small area. 

 E and F groups are two earthquake swarms which occurred in very small domains. 
They must be classified into a different kind from A, B, C and D groups, because the 

latter four groups may be stationary activity along the active faults, but the occurrences 
of the former two are not considered stationary in space and time. 

   G region corresponds to a belt-like distribution of epicenter nearly in the direction 
connecting IZ and HM (Fig. 5), which makes a conjugate direction with the Yamasaki 
fault. In Fig. 3, a fault is designated along this line, but this fault, if existing, may 
not be such a long and clear one as the Yamasaki. Accordingly, we are interested 
in examining mechanisms of microearthquakes of which the linear arrangement of 
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     Fig. 6. Fault plane solutions by the Wulff's net projection on the upper hemisphere. 
             Numerals attached to each figure correspond to list numbers in Table 1. White 

             and black circles represent pull and push motions, respectively. Crosses show 
              P and T  Axes.
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epicenters is recognized,  but corresponding geological evidences are not so clear. 
H region is considered an extension of G region, but a part of H region may extend 
southeastwards through TN station (Fig. 5). Along this extension a linear arrange-
ment of epicenters are also observed, but no fault has been reported. 

   Table 1 shows a list of microearthquakes in A to H regions. The data used in 
the present analysis were selected in the period from Sept., 1968 to June, 1971, under 
a criterion that observations were made at more than 4 stations of the Tottori and 
Abuyama networks (Fig. 1). The analyses were made by the same procedures as 

 Nishida12) cited above, namely one is determining fault plane solutions of the respective 

earthquakes and the other derivation of smoothed radiation patterns in the respective 
regions. In this Section, we shall show the fault plane solutions and mention their 
characteristics. 

A region: Central  part of the Yamasaki fault 

   7 earthquakes out of 15 examples in this region could be used to determine fault 

plane solutions, and are shown in  Fig. 6,  A9 to  A15.  In these figures as well as all 
others, the  Wulff's net projection on the upper hemisphere was applied. Needless 
to say, in many cases of analyses of microearthquakes, it is pretty difficult to exactly 
determine the nodal planes owing to insufficient numbers of observation and also to 
inadequate distribution of stations. Therefore, we adopted the following principle 
to proceed our analysis, namely four-quadrant type with vertical null vector is primarily
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              Fig. 7 (c) Frequency distributions of dip angles of P and T axes. 

employed in the northwestern Kinki area, while referring to various results so far pub-
lished. 
   As shown in Fig. 6 and in the last three columns of Table 1, 6 examples, A9 to 
A14, are classified into strike-slip fault type and one, A15, into a thrust fault type. 
Fig. 7 (a), (b) and (c) represent frequency distributions, in respective regions, of di-
rections of the maximum pressure (P) and the minimum pressure (T) axes, and dips 
of both axes, respectively. We can recognize that P and T axes in A region are con-
centrated in E-W and N-S directions, respectively, and dips of both axes are not so 
large.  If, from a geological point of view, we assume one nodal plane oriented in a 
direction from 2nd quadrant to 4th (nearly NW-SE) as the fault plane, those directions 
measured clockwise from E-direction are as  follows  : 

       41, 47, 34, 49, 41, 57, 61  (deg.). 
The mean value is E47°S, excepting the last one of thrust fault type. 

B Region: Area surrounding the  off  shoot fault of  the  Yamasaki fault 

   As seen in Table 1, occurrence of  microearthquakes is stationary in this area. 
Fault plane solutions were determined for 17 earthquakes out of 24. The most re-
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markable nature of these earthquakes is that all examples are of strike-slip type, but 

that P and T axes largely deviate counterclockwise from E-W and N-S, respectively. 

Deviations of both axes amount to about  30°, as seen in Fig. 7. This suggests that 
there is a clear difference in tectonic stress or orientation of the main fracture plane 

between A and 13 regions. Considered geologically,  i  t seems to be more plausible 

to adopt the latter explanation. If we show the azimuths of the supposed fault planes 
in the same manner as in A Region, the result is as follows: 

       61, 4, -3, 22, 70, 7, 8, 22, 11, 30, 38, 6, 18, 21, 41, 17, 65 (deg.). 

The mean value is E26°S for all examples, and E17°S when 3 extraordinary ones (61, 

70, 65) are omitted. The latter value differs about 30° from the mean value in A region. 

C Region: Area of a  supposed fault along the  Harirna-Nada  coast line 

   Sometimes relatively large earthquakes  (M  >3) occur in this region. Two of 

34 earthquakes treated in the present analysis were previously analysed by  Nishida3). 

Since some earthquake swarms are included in this region, as shown in Table 1, some 
earthquakes were superimposed, giving one fault plane solution. Generally speaking, 
the strike-slip fault type is prevailing also in this region. Although three earthquakes 

showed clear dip-slip type indications, these belong to the same swarm and therefore 

are not considered as being the general tendency of this region. P and T axes of 

strike-slip type earthquakes lie nearly in the middle of A and B regions, and dip angles 

of both axes are quite small. Strikes of the supposed fault planes are given in the 

same manner; 
       35, 37, 48, 57, 71, 71, 28, 27, 40, 40, 40, 13 (deg.). 

These give a mean value of E41°S. 

D Region: 

   Earthquakes in D region are situated geographically in an extension of the 

Yamasaki fault, and show stationary occurrence. Therefore, it may be better to 

include this group in A or  B groups. 8 fault plane solutions were obtained, and the 

resulting P and T axes are both alike to that of C  region. The mean strike of the 

supposed fault planes is E34°S. 

 E and F Regions: 

   Earthquakes in these two regions are two earthquake swarms which are situated 

at an end of the Yamaxaki fault and both swarms occurred within a very short time 

interval of about one month. Therefore, it seems natural that earthquakes in each 

group have nearly the same mechanisms. It is to be noted, however, that the last 
2 earthquakes in E group have the same mechanisms as the other 6 in spite of time 
interval of one and half years between the former and the latter groups.  The mean 

strike of the supposed fault planes is E42°S in E region. Mechanisms of 4 earthquakes 
in F region are of clear dip-slip type. 

C and H Regions:  Microseismic belt in IZ-HM direction 

   In G region it was possible to determine fault plane solutions for 9 earthquakes.
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           Fig. 8. Smoothed radiation pattern in each region.
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It is very interesting that these solutions include various types, strike-slip, thrust and 

even normal fault type. The 9 examples consist of  5 strike-slip types, 3 thrust fault 

types and one normal fault type. This situation is the same as in H region, which 

contains six strike-slip types, one thrust fault type and two normal fault types. Namely, 

in G and H regions, strike-slip types and dip-slip (thrust and normal) types occur with 

nearly the same frequency. This property in these two regions is quite different from 

A to E regions which are along the clear strike-slip fault. 

3. Smoothed radiation patterns  lathe respective regions 

   Analysis  by smoothed radiation pattern  is  an effective method to estimate the 

general tendency of tectonic stress acting in any seismic zone.  Nishida14) divided 
the northwestern Kinki area into several blocks, and applied this method in order to 

detect the tectonic stress in each block. In the previous Section, we examined mecha-

nisms of microearthquakes in several regions which are divided more  microscopically 

than Nishida's blocks, and ascertained that fault plane solutions show properties 

characteristic in the respective regions. We shall next examine the smoothed radiation 

patterns in these regions by the same method as used by Nishida. In  the calculation 
all the data in Table 1 were used. 

   Fig. 8 shows results calculated in each region, and Fig. 9 represents the overall 

pattern.  In each figure, the full and dotted lines denote pull and push zones, re-
spectively.  It is striking that the overall pattern shows a beautiful pattern of the 
four-quadrant type with P and T axes horizontally oriented in E-W and N-S, respectively. 

This result is completely consistent with various investigations in this area, as cited 

earlier. By more precise examination of each region in Fig. 8, however, we can observe 

                                     some differences in patterns from region  

, to region; for instance the pattern in B 
           \ •  j  0 region is clearly different from that of A 

 o region. This is natural when considering 
                                                    Ir

o,                                   the fault plane solutions in both regions. 
                                  It seems particularly interesting that the 

                             4 smoothed radiation pattern in G region 
                                        shows an ordinary four-quadrant type 

 101. which is nearly the same as in other reg-
                                  ions, in spite of the fact that fault plane 

                                     solutions in G region contain various fault 

                                     types. This may  be an accidental result 

 "\- brought about by mixing of various types. 

 0 

                 •

s  5Accordingly, these results regarding 
                                     the smoothed radiation pattern suggest 

 Fig. 9. Overall representation of smoothed                                   that this method is useful to estimate the 
         radiation pattern summing up all 

 regions. general tendency of tectonic stress acting
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over a relatively wide area, but we must be careful if we use this method in the case 

when the numbers of observations and stations are insufficient, and distribution of 

stations are not uniform. 

4. Some discussions 

Focal depth distribution and earthquake mechanism 

   Fig. 10 shows focal depth distribution of earthquakes used in each region. In 

A to C regions, almost all earthquakes are concentrated in a depth range of 10 to 15 km. 

This distribution, which is the general tendency in the northwestern Kinki area, is 

particularly remarkable in such  strike-slip fault areas as the Yamasaki15). On the other 
hand, the type of distribution is different in G and H regions, in which eathquakes 

occur nearly equally in any depth down to 15 km. This type is seen, for instance, 

in the aftershock area of the Tottori earthquake in 1943. It is an interesting problem 

whether or not the difference in focal depth distribution has any relation to the difference 
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          Fig. 10. Focal depth distribution in each region. Ordinate shows numbers. 
                  White, black and hatched parts represent  strike-slip. thrust and 

                    normal fault types, respectively.



22  Y.  KISIIIMOTO and  NISHIDA 

in types of fault plane solutions. Although this problem needs more investigations in 
future, we might say that there is a certain tectonic difference between the A to C and 
the G and H regions. 

    In Fig. 10, white, black and hatched parts represent strikeslip, thrust and normal 
fault types, respectively. No correlation is observed between the fault type and the 

 focal depth. 

Fault and mechanism of  mieroearthquahe 

   We showed in the previous two Sections that the majority of microearthquakes 

 (M--1.----,2.5) in the northwestern part of Kinki have mechanisms of strike-slip type 
supposed to be caused by horizontal and E-W compression. By microscopic examina-
tions, however, there were clear differences in focal mechanisms from region to region, 
and we supposed that it is caused by the difference of geological structures in the re-
spective regions. In the following we shall discuss in some detail the relation between 
mechanisms and geological structures. 

   In A region which is situated at central part of the Yamasaki fault extending over 
80 km, all earthquakes, with one exception, showed strike-slip type of which P and T 
axes were nearly E-W and N-S direction. This  nature has been considered as the 
representative of earthquake mechanisms in the northwestern Kinki area. We assumed, 
in Section 2, one nodal plane to be the fault plane from a geological point of view. The 
mean strike of these nodal planes was E47°S-W47°N. On the other hand, the strike 
of the Yamasaki fault observed on the earth's surface is nearly E30°S-W30°N. If this 

postulation that one nodal plane is a  real fracture surface is correct, then there is a 
difference of about 15° in the fault trend on the surface. This fact might suggest that 
real fracture occurs en echelon to the fault, or the fault trend observed on the surface is 

just the superficial phenomenon. 
    B, C,  D and E regions are understood to have fundamentally the same tectonic 

conditions as in A region. The mean strike of the "supposed fault planes" derived 
from fault plane solutions in these regions are as follows: 

       B region: E17°S-W17°N 
       C region: E41°S-W41°N 
       D region: E34°S-W34°N 
       E region: E42°S-W42°N. 

It is remarkable that the value in B region definitely differs from the other 4 regions, A, 
C, D and  E. As mentioned earlier, in B region there is an active off-shoot of the main 
Yamasaki fault. The strike of the off-shoot measured geographically is E16°S-W16°N 
which completely coincides with E17°S-W17°N described above. On the other hand, 
the fault strikes in C and D regions are considered parallel to the Yamasaki fault, and 
trends of the supposed fault planes are also alike to that A region. These facts seem 
very interesting; namely, along the main part of strike-slip faults the strike of fault 
estimated geologically makes some acute angles with the corresponding fault strike 
derived from the fault plane solution. On the contrary, both values mentioned above
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are in good accordance along the active off-shoot fault. Whether this phenomenon is a 

general nature regarding strike-slip faults or a special case in the Yamasaki fault will be 
an important problem to be solved in future. However, we might consider, at least 

qualitatively, that microearthquakes along clear and active strike-slip faults are closely 
related to the slip of the fault, and their mechanisms are not incompatible with geological 

evidences. In other words, it is likely that the orientation of fracture surface of a 

microearthquake is, to some extent, determined by the existent faults. 

   Here, it seems interesting to examine the activity and mechanism of much larger 
earthquakes in this area along the Yamasaki fault system, in comparison with micro-

earthquakes.  In 1961, an earthquake swarm occurred at the central portion of the 
Yamasaki fault, which seems to correspond to A and B regions. Magnitude of the 

main shock was 6.3. After a detailed investigation by  Watanabe"), mechanisms of 

some earthquakes, main shock, 2 foreshocks and one aftershock, show four-quadrant 

type with vertical null vector. The directions of one nodal plane of these earthquakes were 
nearly E45°S–W45°N. These results coincide well with those of microearthquakes in 

A region as mentioned above. Accordingly, it may be considered that earthquake 

mechanisms are the same along the Yamasaki fault from microearthquakes up to pretty 

large earthquakes  (M  >6). Going back to a much older past, a very large earthquake 

 (M  —7.9) is estimated to have occurred in this area in 86817). It might be a large scale 
slipping of this fault. Anyway, it is supposed that the  Yamasaki fault is an active 
fault which has a possibility of generation of large earthquakes. 

   Mechanisms of dip-slip type are quite few in A to E regions. Three earthquakes 

in C region and an earthquake swarm in F region are exceptional examples. And 

moreover, it seems to mean that these earthquakes did not occur at the central part of the 

fault zone, but at the end of the fault where the geological structure is supposedly com-

plicated. The same phenomenon was pointed out by  Nishidals) in the case of small 
earthquakes (M..>2.5). 

    Difference in mechanisms of microearthquakes between the Yamasaki fault zone, 
and G and H regions is remarkable. Although tectonic conditions in G and H regions 

are not so clear as in the  Yamasaki fault zone, the results in the present analyses seem to 

suggest that complexity of earthquake mechanism has some tectonic reasons. More 

precise investigation is necessary in these regions. 
    A close relation between the earthquake occurrence and geological structure seems 

to have been strengthened by analysing mechanisms of microearthquakes. So far, it is 
apt to consider that geological structures are only the phenomena on or near the earth's 

surface and they are not directly related to earthquake occurrences which are phenomena 

at much deeper interior. Above results, however, suggest that both phenomena are 
closely connected, and that geological and even topographical structures have their 

roots at much deeper regions. 

5. Conclusions 

    1) In order to examine relations between the mechanism of microearthquake and



24  Y.  IC7SIHMOTO and  NISHIDA 

geological structure, and then to investigate the tectonic meanings of microearthquake 
 generation, an analysis was made in an area surrounding the Yamasaki fault. Along 

the Yamasaki fault which is a typical strike-slip fault, almost all earthquakes showed 
the mechanism of strike-slip type with the maximum pressure axis approximately in 
horizontal and E—W direction. 

   2) On the other hand, in a belt-like zone of high microseismicity which makes 
 conjugate direction with the Yamasaki fault and in which geological structure is 

supposed somewhat complicated, mechanisms of microearthquakes were also complicat-
ed, including strike-slip, thrust and even normal fault types. 

   3) The direction of strike of one nodal plane seems  consistently connected to 
direction of the fault in the corresponding region. This consideration is supported by 
a fact that, in B region where an active off-shoot of the Yamasaki fault is observed, fault 

plane  solutions showed systematic deviation from regions along the main Yamasaki 
fault. 
   4) It may be considered from these results that seismicity and mechanism of 

microearthquakes are closely related to geological structures. This may mean that 
activity of microearthquakes is a manifestation at the present time of the tectonic move-
ment which has continued for a long geologic time up to the present. 
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