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SEISMIC REFRACTION EXPERIMENTS IN THE NORTHERN
KINKI DISTRICT, JAPAN (PART 2)

By the Research Group for Crustal Structure of Southwestern Japan
(Kiyoshi Ito, Kazuo MATSUMURA, Yoshihisa 110, Yasuhiro UMEDA, Takahiro OHKURA,
Hiroshi Ocasawara, Masaki Kanao, Takuo SHIBUTANI, Fumiak: TAKEUCHI,
Koji Tasaki, Kin'ya Nisuicami, Kunihiko WATANABE)

Synopsis

Observations of seismic wares from quarry blasts were carried out to reverse the measuring line
of 1989 explosions, from Fujiwara-cho, Mie Prefecture to Hikami-cho, Hyogo Prefecture, crossing Lake
Biwa. Ten quarry blasts at the Fujiwara Mine were observed at 60 stations along the east-west line of
about 120 km in length. The obtained records clearly show that the thickness of the surface layer in-
creases by about 2 km on the west of Lake Biwa, where active faults cross the measuring line. The
records also show reflected waves from deep boundaries in the middle and lower crust, which indicate

that the lower crust is reflective in the wide area of the northern Kinki district.
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Table 1. Locations and shot times of quarry blasts at the Fujiwara Mine and observers

time Latitude Longitude H
No. Date h m s CN) CE) (m) Observers

1990

1 Ju. 10 11 59 24.426 35 09 12.2 136 28 12.0 770 F. Takeuchi, T. Shibutani,
Y. lio, K. Ito, K. Matsumura,

K. Tasaki

2 11 11 59 39.848 35 09 06.8 136 28 10.6 770 Ditto

3 17 11 58 40.454 35 09 13.3 136 28 12.4 770 T. Ohkura, K. Yamauchi, K.
Watanabe, Y. Iio,
M. Kanao, K. Ito

3 17 12 02 15969 25 09 09.0 136 28 10.9 770 Ditto

4 19 11 58 19.715 35 09 14.8 136 28 12.7 770 Ditto

4 19 11 58 22.024 35 09 14.8 136 28 12.7 770 Ditto

5 23 11 59 35 09 13.3 136 28 12.4 770 K. lto, L. Saita,
K. Watanabe, M. Koizumi,
S. Yoshioka, K. Tasaki,
T. Ohkura

25 11 57 45.006 35 09 06.1 136 28 10.2 770 Ditto

6 25 11 57 48542 35 09 050 136 28 9.8 770 Ditto

7 30 11 59 35 09 14.8 136 28 12.7 770 M. Koizumi, S. Matsuo,
K. Matsumura, K. Nishigami,
M. Kanao, S. Yoshioka,
T. Ohkura

8 Aug. 01 11 59 17.280 35 09 07.2 136 28 10.6 770 Ditto

9 07 12 00 20537 35 09 07.2 136 28 10.6 770 T. Shibutani, K. Tasaki,

F. Takeuchi, T. Ohkura,
K. Ito, M. Kanao, 1. Saita

10 Sep. 04 11 59 16.725 35 09 06.1 136 28 10.2 770 H. Ogasawara, T. Tsutsui,
E. Suzuki
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- Table 2. Locations of observation stations.
Table 1 observed at the station

Column ‘shots’ shows the numbers of quarry blasts in

349

No. Name Latitude (°N) Longitude CE) H (m) Shots

1 05 K01 Takabatake-1 35 09 511 135 21 10.7 210 6

2 06 KO01D Takabatake-2 35 09 49.1 135 22 17.2 230 6
3 07 K02 Nakadai 35 09 355 135 23 36.0 195 6

4 08 KO2D Shuchi 35 09 154 135 25 26.8 200 6

5 09 K03 Kitaueno 35 09 54.9 135 26 20.4 175 5678
6 10 K03D Taikoutan-Golf-Jo 35 09 42.2 135 27 38.5 220 56
7 11 K04 Higashigumi 35 09 4838 135 28 51.5 190 56
8 12 K04D Shimohonoda-1 35 09 55.2 135 29 29.3 190 45
9 13 K05D Shimohonoda-2 35 10 04.8 135 30 03.9 180 478
10 14 K05 Katano 35 09 51.2 135 30 52.1 170 2 4
11 15 K06 Kamikisumi 35 09 544 135 31 48.8 190 3478
12 16 K07 Shimotani 35 09 56.4 135 32 38.9 280 34
13 17 KO07D Nishimakiyama 35 10 01.6 135 33 36.5 390 34
14 18 K08 Higashimakiyama 35 09 50.6 135 34 14.7 360 2
15 19 K09 Nishi 35 10 01.5 135 35 30.6 315 2
16 20 K10 Simokumada 35 10 13.8 135 36 30.7 280 28
17 21 K10D Gohonmatsu 35 09 58.5 135 37 19.2 310 2
18 22 K11  Shimo 35 09 58.2 135 38 49.6 260 12
19 23 K12D Nakae 35 10 01.3 135 40 11.8 270 28
20 24 K13 Nogamicho 35 10 36.8 135 41 06.4 810 8
21 25 K14 Sofudani 35 10 36.9 135 42 24.1 410 8
22 26 K141 Ikenootoge 35 10 384 135 43 08.9 410 8
23 27 K142 Kohirotanibashi 35 10 22.9 135 44 47.6 485 3
24 28 K15 Seryo 35 09 24.3 135 45 26.0 645 3
25 29 K16 Kyudoware 35 09 18.1 135 46 43.4 700 3
26 30 K17 Hanase. AMEDAS. JMA 35 09 19.9 135 47 30.2 720 6
27 31 K18 Momoitoge 35 08 56.3 135 47 35.0 700 3
28 32 K19 Momoiminami 3 09 01.8 135 48 40.7 430 6
29 33 K20 Kodeshinishi 35 08 48.2 135 49 29.9 340 3
30 A4 K21 Kodeshi 35 08 54.9 135 50 06.8 305 3
31 35 K22 Kodeshijinja 35 08 43.9 135 50 57.8 320 18
32 36 K23 Tochu 35 09 221 135 51 16.8 370 18
33 37 K24 Modorogijinja 35 08 21.8 135 52 04.4 340 8
34 90 * 35 10 50.3 135 16 26.5 150 9
35 91 * 35 09 19.7 135 17 32.6 260 9
36 92 * 35 10 08.9 135 18 39.6 205 9
37 93 * 35 09 54.6 135 19 20.7 200 9
38 94 * 35 10 09.6 135 20 28.3 230 9
39 46 K32 Okayama (R5) 35 08 22.7 136 02 43.0 86 10
40 47 K33 Tenmangu (R6) 35 08 425 136 04 51.6 88 10
41 48 K35 Gokashomati (R7) 35 08 42,5 136 10 05.7 238 10
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Table 2. (continued)
No. Name Latitude (°N) Longitude CE) H (m) Shots
42 49 K37 Tennichi-jinja (R8) 35 09 08.0 136 13 56.7 117 10
43 50D = Hatakawayama 35 09 11.7 136 17 53.1 270 10
44 51 K39 Ichinose 35 10 58.6 136 18 23.2 210 12
45 52 K39D Inugamidamukogan 35 09 30.8 136 21 10.0 320 12
46 53 K40 Inugamidamuoku 35 09 52.6 136 21 52.6 360 22
47 54 K40D Kimigahatairiguchi 35 07 504 136 22 56.8 485 12
48 55 K41 Kimigahata 35 08 289 136 24 12.8 50 12
49 56 K41D Komatabashi 35 08 45.0 136 24 46.4 520 12
50 Al  Kyoto-Bl 35 12 09.4 135 12 01.2 13 9
51 A2  Kyoto-B2 35 11 46.7 135 11 24.8 155 9
52 W1  Wakayama-1 35 12 33.0 131 15 54.4 135 9
53 W2  Wakayama-2 35 12 38.1 135 14 50.3 105 9
54 W3  Wakayama-3 35 12 34.3 135 14 184 130 9
55 W4  Wakayaam-4 35 12 186 135 13 32.9 140 9
56 W5  Wakayama-5 35 12 32.3 135 12 18.3 115 9
57 KHK Keihoku 35 10 388 135 39 44.3 260 6
58 BHO Bomura 35 14 41.0 135 52 22.0 380 4
59 OHM Ohmi-Hachiman 35 10 25.7 136 05 00.6 120 46
60 UGK Ugakei 35 05 48.0 136 28 22.6 290 4
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Fig. 1. Locations of the Fujiwara Mine (FQ) and temporary observation stations (plus sign).

Triangles show explosions in 1989, S1, S2, S3 and S4.
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Fig. 2. A composite record section for the quarry blasts at the Fujiwara Mine. The time axis is
reduced by a velocity of 6.0 km/s. It is noticed that amplitudes are large between two pairs
of arrow heads.
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Table 3. Travel-time data of quarry blasts. Dist and Azim indicate a distance from the shot and an
azimuth from the shot to the station, respectively. T-O and RT indicate travel times and
their reduced ones by a velocity of 6 km/s, respectively. A, B and C indicate accuracy of
readings as “very good”, “good” and “fairly good”, respectively. D indicates that a signal
which may not be a first arrival, can be recognized at least at the time. Plus and minus
indicate upward and downward motions of the picked phases, respectively

Station Dist Azim T-0 RT
PS1 1990-07-10 11:59:24.426
22 K11 Shimo 74.98 271.1 — —
35 K22 Kodeshijinja 56.55 269.1 — —
36 K23 Tochu 56.06 270.3 . —
51 K39 Ichinose 15.26 282.4 2.724+A 0.18
52 K39D Inugamidamukogan 10.70 273.1 — —
54 K40D Kimigahatairiguchi 8.37 252.5 1.65+A 0.26
55 K41 Kimigahata 6.20 257.6 1.40+A 0.37
56 K41D Komatabashi 5.27 260.8 1.10+A 0.22
FS 2 1990-07-11 11:59:39.848
14 K05 Katano 87.02 270.9 — —
19 K09 Nishi 79.98 271.2 13.97—-B 0.64
20 K10 Simokumada 78.47 271.5 — —
21 K10D Gohonmatsu 77.23 271.2 13.49—B 0.62
22 K11 Shimo 74.95 271.2 12.90+B 0.41
23 K12D Nakae 72.87 271.3 — —
51 K39 Ichinose 15.26 283.0 2.69+A 0.15
52 K39D Inugamidamukogan 10.67 274.0 — —
54 K40D Kimigahatairiguchi 8.28 253.5 1.63+A 0.25
55 K41 Kimigahata 6.13 259.0 1.23+A 0.21
56 K41D Komatabashi 5.21 262.6 1L.07+A 0.20
FS 3 1990-07-17 11:58:40.454
15 K06 Kamikisumi 85.63 270.8 1491 C 0.64
16 Ko7 Shimotani 84.37 270.9 14.51—B 0.45
17 K07D Nishimakiyama 82.91 271.0 14.37—B 0.55
27 K142 Kohirotanibashi 65.95 271.9 11.70+C 0.71
28 K15 Seryo 64.95 270.3 11.53+A 0.71
29 K16 Kyudowakare 62.99 270.1 11.24+A 0.74
31 K18 Momoitoge 61.69 269.5 10.86+A 0.58
33 K20 Kodeshinishi 58.78 269.2 10.40+C 0.60
34 K21 Kodeshi 57.85 269.4 10.23+B 0.59
FS 4 1990-07-19 11:58:19.715
12 K04D Shimohonoda-1 89.17 270.8 15.43-C 0.57
14 K05 Katano 87.07 270.7 15.04 C 0.53
15 K06 Kamikisumi 85.64 270.8 14.80+B 0.53
16 Ko7 Shimotani 84.37 270.9 14.73—B 0.67
17 K07D Nishimakiyama 82.92 271.0 14.44—B 0.62
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OHM  Ohmi-Hachiman
BHO Bomura
UGK  Ugakei

FS 6 1990-07-25 11:57:45.005
05 Ko01 Takabatake-1
06 K01D Takabatake-2
08 K02D Shuchi
09 K03 Kitaueno
10 Ko03D Taikoutan-Golf-Jo
30 K17 Hanase. AMEDAS. JMA
32 K19 Momoiminami
OHM Ohmi-Hachiman
KHK  Keihoku

FS 8 1990-08-01 11:59:17.280
09 K03 Kitaueno
13 KO05D Shimohonoda-2
15 K06 Kamikisumi
20 K10 Simokumada
23 K12D Nakae
24 K13 Nogamicho
25 K14 Sofudani
26 K141 Ikenootoge
35 K22 Kodeshijinja
36 K23 Tochu
37 K24 Modorogijinja

FS9 1990-08-07 12:00:20.537
90 *
91 *
92 *
93 *
94 *
Al *Kyoto-Bl
A2 xKyoto-B2
w1 xWakayama-1
W2 *Wakayama-2
W4 «Wakayama-4
W5 *Wakayama-5

FS10 1990-09-04 11:59:16.725
46 K32 Okayama (R5)
47 K33 Tenmangu (R6)
48 K35 Gokashomati (R7)
50D  xK38D Hatakawayama 1

35.29
55.32
6.38

101.73
100.04
95.24
93.89
91.91
61.75
59.97
35.25
73.59

93.90
88.25
85.59
78.47
72.87
71.52
69.55
68.42
56.51
56.03
54.84

108.95
107.25
105.56
104.52
102.81
115.74
116.63
109.88
111.51
113.44
115.34

38.68
35.41
27.46
15.62

273.5
280.5
177.7

270.8
270.8
270.2
270.9
270.7
270.4
269.9
274.0
272.2

270.9
271.2
271.0
271.5
271.3
272.2
272.3
272.4
269.3
270.5
268.5

271.7
270.2
271.0
270.8
271.1
272.8
272.4
273.3
273.3
273.0
273.1

268.0
268.8
268.5
270.6

6.39 C
1.38 C
1.00 C

17.28+C
1741 D
1632 D
16.10 D
16.07 D
10.98+B
10.62+B

6.39 C
1289 C

16.19+B
15.34—-C
14.78+B
12.69 C
12.49-C
12.20—B
12.02+A
9.67 D
9.97 D
9.55+C

18.734+B
18.43+C
18.13+A
17.87+B
17.56 D
19.85+C
19.77+C
1899 C
19.74 D

6.90+B
6.384+A
5.08+A
2.984+A

0.51
—7.84
—0.06

0.33
0.74
0.45
0.45
0.75
0.69
0.63
0.52
0.63

0.54
0.63
0.51
0.55
0.57
0.61
0.62
0.25
0.63
0.41

0.57
0.55
0.54
0.45
0.42
0.56
0.33
0.40
0.83

0.45
0.48
0.50
0.38
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Fig. 3. Travel-times of quarry blasts (top figure) and explosions (lower four figures) plotted against
the distance from S3. Time axes are reduced by a velocity of 6.0 km/s. Accuracy of
readings is indicated by the size of a circle; A(+0.01s), large circle, B(30.035s), a
middle-sized circle and C and D, small circles.
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Shot-3 Biwako Fujiwara
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Fig. 4. Time terms along the measuring line derived from the four explosions and the quarry blasts at
the Fujiwara Mine (top figure). Altitude and depth of the surface layer calculated from the
time-terms assuming the velocity of the surface layer to be 5.0 km/s (lower figure).
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