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Upper Crustal Structure in the Hidaka District
by Refraction Measurements Using the Quarry Blasts

By Satoshi Fujit and Takeo MORIYA
Department of Geophysics, Faculty of Science,
Hokkaido University
(Received March 16, 1983 )

Upper crustal structures in the Hidaka mountain region along eight profiles are
investigated by using quarry blasts for Takami dam construction. The seismic waves from
the quarry were observed at 103 temporary and 6 routine stations. For the temporary
moving observations, data recorders of direct recording with AC bias and of frequency
moduration were used. The routine stations are operated by the Reserch Center for
Earthquake Prediction, Hokkaido University. Travel times for about 90 blasts were super-
posed to obtain travel time curves. Along N- and S-lines the crustal structure consists of
three layers with P-wave velocities of 3.6, 4.7 and 5.8km/sec.. Boundary between two layers
of 4.7 and 5.8km/sec., shallows slightly toward the south. The structure along E-W line is
more complicated than that deduced from N- and S-lines. The 6.1km/sec. block exists in the
shallow part just beneath the summit of Hidaka mountain, and is covered by low velocity
sedimentary layer (Vp 3.6km/sec.) in Tokach plain. In the western and southwestern parts
of the shot point, top boundary of 5.8km/sec. layer is shallower than that deduced beneath the
shot point. Surface layers of 3.6 and 4.7km/sec. thicken stepwise along the west coast of
Hidaka district. In the W-line, thickness of surface layer exceeds 9km.

The upper crustal structure obtained by the present study is consistent with the
gravity anomalies and can be connected reasonably to the crustal structures in near the
regions deduced from previous studies.
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Fig. 1. Locations of shot point (+) and observation points. [1, O,
v, @, ©, A, A and@ indicate the station of N-, S-, E-, TN-,
TS-, W-, NW- and WC-line, respectively.
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Table 1. List of observation points. The observation instruments are indicated,
DAR : long time direct recording data recorder, CA-A~D and TO-1~5
: short time direct recording data recorder, FM-1~10 : cassette FM data
recorder and RCEP : telemetered station of the Reserch Center for Ear-
thquake Prediction, Hokkaido University, respectively.

~ Station Instrument Latitude Longitude Height

S-line

1 TK2 TAKAMI MINAMI FM DAR 42°27'14°2%  142°39' 46" 6" 240"
2 KKF KONKURIKQTSUZAI FUTAMATA CA-A 42 26 56.8 142 42 14.6 260
3 MKB MIKAWA BAT NO MORI TO-5 42 22 6.2 142 42 49.3 250
4 MMK MIKAWA MOMOKARI GAWA TO-1 42 21 32.3 142 43 38.7 100
5 KWK KAWAKAMI MITSUISHI DAR 4219 0.0 142 43 7.3 80
6 TKT TAKATSU GAWA KIYOSE TO-2 4219 25.8 142 44 59.9 90
7 KMI KAMUI BASHI NOBUKA TO-3 42 20 17.0 142 47 51.8 100
8 KNB NOBUKA-KAWAKAMI TIGE TO-2 42 18 31.2 142 45 48.8 200
9 NAI NAI GAWA NOBUKA TO-1 42 17 54.8 142 49 55.2 180
10 HRB HIDAKA-HOROBETSU GAWA - CA-C 42 16 17.2 142 55 5.2 100
11 SMN SHIMAN GAWA URAKAWA CA-A 42 14 53.0 142 56 23.6 70
12 KMU KAMIKINEUSU URAKAWA RCEP 42 14 12.8 14258 1.1 185
13 TKN TAKINAI SAMANI CA-A 42 13 0.3 142 59 58.3 190
14 MNS MENASHIESANBETSU GAWA CA-C 42 10 3.9 143 0 41.7 130
15 MGN MEGURO NORORIKAWA CA-C 42 8 47.6 143 14 32.6 170
16 OSB OSHIRABETSU HIROO CA-C 4212 31.1 14319 8.5 50
17 MGS MEGURO SARUGAWA CA-C 42 6 0.8 143 14 30.9 132
18 MG] MEGURO JOSULJO CA-D 42 7 49.2 143 18 33.8 40
19 MGR MEGURO SHOGAKKO DAR 42 743.9 14319 1.0 40
N-line

1 PPB PON PANBETSU ZAWA CA-C 42 29 44.6 142 39 26.4 230
2 SBT SHU BETSU POWER ST. TO-3 4229 4.0 142 34 51.0 170
3 LAB SHIMO ABUKASANBE CA-D 42 30 48.5 142 36 29.7 300
4 KBZ KOIBOKU KEISEIBASHI TO-2 42 32 53.5 142 44 28.5 480
5 SRK SHURERUKASHUBE ZAWA TO-4 42 36 50.1 142 35 2.0 400
6 STZ SATSUNAI ZAWA NIIKAPPU CA-C 42 38 13.2 142 35 9.7 400
7 ONK OKUNIIKAPPU POWER ST. CA-C 42 40 35.0 142 35 40.0 420
8 TNK TOYONUKA BIRATORI DAR 42 42 26.0 142 25 6.4 190
9 HIC HIDAKA CHO RCEP 42 53 28.3 142 27 26.3 330
E-line

1 HKB HOROKAN BASHI CA-A 42 27 31.8 142 43 42.4 270
2 PMG PIRIGAI MENASHIBETSU CA-B 42 27 11.4 142 45 10.2 300
3 KBK KOIBOKU BASHI 1KM JORYU CA-B 42 28 10.4 142 46 5.3 360
4 BNG BENIGARU BASHI CA-C 42 28 26.3 142 46 58.2 350
5 BNG2 BENIGARU BASH! 1KM JORYU CA-C 42 28 33.4 142 47 37.5 370
6 PTG PETEGARI SANSO DAR 42 28 32.0 142 49 6.6 410
7 PMY PONYAOROMAPPU TO-1 42 31 38.6 142 59 30.9 350
8 PMY2 PONYAOROMAPPU-2 TO-1 42 32 32.1 143 2 28.6 300
9 SKS SAKASHITA CA-B 42 33 20.4 143 5 25.0 240
10 ODA ODA-KAMISARABETSU SAKAI TO-2 42 34 15.4 143 12 44.8 210
11 CRI CHURUI ASAHI CA-B 42 34 52.9 143 16 14.6 140
12 MEW MEIWA-OIKAMANAE PASS CA-A 42 35 55.0 143 23 16.3 50

13 OIK OIKAMANAE KYUDO TO-1 42 36 25.8 143 27 36.3 40
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Table 1. (continued)
Station Instrument Latitude Longitude Height
TN-line
1 IWN IWANAI OBIHIRO RCEP 42°40' 1476" 143" 2'45"6° 225"
2 PPY PIPAIRO ZAWA SHIKANOHASHI CA-A 42 48 22.6 142 51 8.6 370
3 MMG MEMURO GAWA JORYU CA-B 42 53 56.6 142 48 12.8 590
4 KNN KITANIINAI CA-A 43 11 13.7 142 49 27.3 345
TS-line
1 TYN TOYONI PANKE AIANZAWA CA-A 42 24 30.1 143 7 50.1 250
2 STN SHMOTOYONI CA-A 42 21 39.9 143 8 52.0 260
3 NZK NOZUKA GAWA CA-D 42 20 58.1 143 11 25.7 200
4 RKK SATSURAKKO RAKKOGAWA CA-D 42 18 48.2 143 13 28.7 140
5 NHO NISHI HIROOGAWA JORYU CA-A 42 15 27.0 143 12 12.2 240
6 MYR MOYORI RCEP 4217 24.5 14317 0.3 90
W-line
1 TKM TAKAMI TEITEN DAR 42 27 40.1 142 40 41.8 230
2 TK2 TAKAMI MINAMI FM DAR 42 27 14.2 142 39 46.6 240
3 PBZ PANBETSU ZAWA TO-5 42 27 47.5 142 39 37.8 150
4 FTK3 TAKAMI FM 3 FM 42 27 48.6 142 39 12.0 130
5 FTK4 TAKAMI FM 4 M 42 27 22.2 142 38 16.1 200
6 FTKS TAKAMI FM 5 FM 42 27 23.0 142 38 9.4 200
7 FTK6 TAKAMI FM 6 FM 42 27 20.8 142 37 34.4 220
8 FTK7 TAKAMI FM 7 FM 42 27 29.0 142 37 26.6 240
9 HOS HOSUIRO DOSHASUTEBA CA-D 42 26 37.9 142 36 57.4 160
10 STC SHIZUNAI DAM CHOSEI IKE CA-C 42 25 44.7 142 35 17.9 120
11 PYP SHIZUNAI DAM POYOPPUZAWA CA-A 42 24 24.4 142 34 10.6 70
12 MSN FUTAGAWA MISONO SHIZUNAI RCEP 42 25 26.4 142 32 24.0 110
13 NOY NOYA FM- 9 42 25 14.4 142 31 28.8 30
14 FAI BOKUJO OKU 1 FM- 1 42 25 19.6 142 29 39.4 110
15 FA2 BOKUJO OKU 2 FM- 2 42 25 16.0 142 29 32.2 105
16 FA3 BOKUJO OKU 3 FM- 3 42 25 12.1 142 29 25.0 105
17 FA4 BOKUJO OKU 4 FM- 4 42 25 8.4 142 29 18.2 105
18 FA5 BOKUJO OKU 5 FM- 5 4225 4.5 142 29 10.7 105
19 FA6 BOKUJO OKU 6 FM- 6 4225 1.0 14229 3.7 95
20 FA7 BOKUJO OKU 7 FM- 7 42 24 57.3 142 28 56.5 95
21 FA8 BOKUJO OKU 8 FM- 8 42 24 53.4 142 28 49.3 95
22 FB1 MISONO HANSHA 1 FM- 8 42 24 23.8 142 27 55.9 75
23 FB2 MISONO HANSHA 2 FM- 2 42 24 19.8 142 27 49.5 75
24 FB3 MISONO HANSHA 3 FM- 3 42 24 15.7 142 27 42.4 70
25 FB4 MISONO HANSHA 4 FM- 4 42 24 11.7 142 27 35.7 70
26 FB5 MISONO HANSHA 5 FM- 5 42 24 7.6 142 27 29.0 70
27 FB6 MISONO HANSHA 6 FM- 6 42 24 3.4 142 27 21.8 70
28 FB7 MISONO HANSHA 7 FM- 7 42 24 59.4 142 27 15.2 65
29 FB8 MISONO HANSHA 8 FM- 1 42 23 55.3 142 27 8.1 65
30 FB9 MISONO HANSHA 9 FM- 9 42 23 51.2 142 27 1.1 65
31 FB10 MISONO HANSHA 10 FM-10 42 23 47.3 142 26 55.1 65
32 FB11 MISONO HANSHA 11 FM- 1 42 23 23.0 142 26 15.4 55
33 FB12 MISONO HANSHA 12 FM- 2 42 2319.1 142 26 8.5 55
34 FB13 MISONO HANSHA 13 FM- 3 42 23 15.1 14226 1.8 55
35 FB14 MISONO HANSHA 14 FM- 4 42 23 11.0 142 25 54.5 50




174 [ S

Table 1. (continued)

Station Instrument Latitude Longitude Height

W-line MISONO HANSHA 16

36 FB16 MISONO HANSHA 16 FM- 6 42°23° 371%  142°26'4171° 50"
37 FB17 MISONO HANSHA 17 FM- 7 42 22 59.0 142 25 34.2 50
38 FB18 MISONO HANSHA 18 FM- 8 42 22 55.1 142 25 27.4 50
39 FB19 MISONO HANSHA 19 FM- 9 42 22 51.2 142 25 20.6 50
40 FB20 MISONO HANSHA 20 FM-10 42 22 47.2 142 25 13.8 50
41 FAX KUMA NO KANBAN MISONO FM-11 42 24 15.2 142 27 16.4 70
42 FAZ BOCHE MISONO FM-12 42 22 31.7 142 24 59.3 40
43 SPP  SEPPU SHIZUNAI DAR 4223 0.4 142 17 26.8 40
NW-line

1 SBT SHUNBETSU POWER ST. TO-3 4229 4.0 142 34 51.0 170
2 SSY SASAYAMA GATE SHIZUNAI TO-6 42 26 41.6 142 29 4.8 170
3 IWS [WASHIMIZU RINDO TO-4 42 30 21.1 142 30 27.2 250
4 TIY TAIYO MONBETSU TO4 42 29 43.8 142 24 50.7 240
5 SWA SEIWA MONBETSU TO-4 4233 15.9 14219 0.0 100
6 HTN HATONAI MONBETSU 81 TO-1 42 34 37.7 142 15 26.4 120
7 HRT HIROTOMI MONBETSU DAR 42 34 20.7 142 13 11.5 80
8 ABT ABETSU ZAWA BIRATORI 81 TO-5 42 36 2.6 142 11 37.4 70
9 YNS YUNOSAWA GAWA MUKAWA TO4 42 37 56.7 142 6 23.1 70
10 NW2 NIWAN PASS AZUMA 81 TO-6 42 40 20.9 142 59 32.4 200
WC-line

1 KWI KAWAI SHIZUNAI CA-B 42 19 16.9 142 31 41.9 100
2 HOE HOEI MITSUISHI FM-10 42 15 45.7 142 36 41.0 10
3 IKD IKANDAI URAKAWA DAR 42 11 9.6 142 45 14.4 175
4 FYS APOI YUHODO CA-C 42 651.5 142 59 45.7 120
5 HMN HOROMAN GAWA FM- 5 42 528.6 143 2 40.7 70
6 NKB NIKANBETSU GAWA ERIMO FM-10 42 3 50.4 143 4 47.6 10
7 ERM ERIMO RCEP 42 051.3 143 9 28.9 40
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Fig. 2. Map of the area of the Takami Gensekiyvama quarry. A~E in-
dicate quarry benches.
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Table 2. Travel time data. 1) Distance from the shor point.
2) Azimuth from the shot to stations taken clockwise from the north.

Station (Bl;sﬁ;l;) Z(]s/e(é:)0 l?cfé?)z) (S;I;:.) T?sé]c/.? 0
S-line

1 TK2 2.03 0.34 242.9 0.58 0.24
2 KKF 2.15 0.36 132.8 0.66 0.30
3 MKB 10.69 1.78 167.2 2.44 0.66
4 MMK 11.99 2.00 163.0 2.82 0.82
5 TKT 16.28 2.7 170.2 3.59 0.88
6 KWK 16.41 2.74 160.8 3.58 0.85
7 KMI 16.63 2.77 146.0 3.62 0.85
8 KNB 18.25 3.04 159.2 4.19 1.15
9 NAI 21.85 3.64 146.3 4.62 0.98
10 HRB 28.60 4.77 137.7 5.67 0.90
11 SMN 31.74 5.29 138.5 6.18 0.89
12 KMU 34.16 5.69 137.0 6.58 0.89
13 TKN 37.63 6.27 136.3 7.29 1.02
14 MNS 42.37 7.06 140.4 8.00 0.94
15 MGN 57.81 9.64 127.3 10.69 1.06
16 OSB 59.36 9.89 118.1 10.69 0.80
17 MGS 61.05 10.18 131.0 11.29 1.12
18 MGJ 63.33 10.56 125.4 11.53 0.98
19 MGR 63.93 10.66 125.2 11.70 1.0
N-line

1 PPB 4.35 0.73 328.7 1.19 0.47
2 LAB 8.49 1.42 286.1 1.95 0.54
3 SBT 8.90 1.48 312.1 1.94 0.46
4 KBZ 10.61 1.77 25.9 2.41 0.64
5 SRK 18.78 3.13 333.8 4.29 1.16
6 STZ 21.04 3.51 337.3 4.70 1.19
7 ONK 24.92 4.15 342.7 5.04 0.89
8 TKN 34.91 5.82 321.3 7.11 1.29
9 HIC 51.17 8.53 338.7 10.24 1.7
E-line

1 HKB 3.60 0.60 96.0 0.77 0.17
2 PMG 5.68 0.95 100.2 1.27 0.32
3 KBK 6.89 1.15 83.2 1.40 0.25
4 BNG 8.16 1.36 80.8 1.85 0.49
5 BNG2 9.08 1.51 80.3 1.94 0.43
6 PTG 11.09 1.85 82.3 2.37 0.52
7 PMY 26.25 4.38 73.9 4.7 0.34
8 PMY?2 30.61 5.10 73.0 5.49 0.39
9 SKS 34.89 5.82 2.6 6.24 0.43
10 ODA 45.00 7.50 74.3 8.68 1.18
11 CRI 49.92 8.32 4.4 9.84 1.52
12 MEW 59.70 9.95 75.1 10.87 0.92

13 OIK 65.68 10.95 75.6 12.26 1.31
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Table 2. (continued)

Station (Bl,sl;tm) é(ls/e?:'.? 1}5“1;;1) (S'c}‘c.) T _(s‘gc:{? 0
TN-line

1 IWN 37.62 6.27 51.9 6.82 0.55
2 PPY 40.61 6.77 19.7 7.23 0.46
3 MMG 49.48 8.25 11.3 8.65 0.40
4 KNN 81.32 13.55 8.0 14.40 0.85
TS-line

1 TYN 37.15 6.19 99.1 6.84 0.65
2 STN 39.72 6.62 106.3 7.23 0.61
3 NZK 43.46 7.24 106.6 7.90 0.66
4 RKK 47 .42 7.90 110.2 8.54 0.64
5 NHO 48.39 8.07 117.9 8.71 0.65
6 MYR 52.87 8.81 111.0 9.59 0.78
W-line

1 TKM 0.55 0.09 257.2 0.15 0.06
2 TK2 2.03 0.34 242.9 0.58 0.24
3 PBZ 2.01 0.34 273.0 0.50 0.17
4 FTK3 2.60 0.43 273.1 0.70 0.27
5 FTK4 3.93 0.66 260.1 1.00 0.35
6 FTK5 4,08 0.68 260.8 1.03 0.35
7 FTK6 4.88 0.81 261.6 1.21 0.40
8 FTK7 5.03 0.84 264.7 1.25 0.41
9 HOS 6.03 1.01 250.2 1.45 0.45
10 STC 8.76 1.46 245.2 1.98 0.52
11 PYP 11.31 1.89 237.0 2.48 0.60
12 MSN 12.65 2.11 250.4 2.69 0.58
13 NOY 13.97 2.33 250.7 2.92 0.59
14 FAI 16.30 2.72 254.2 3.69 0.97
15 FA2 16.49 2.75 254.0 3.75 1.00
16 FA3 16.68 2.78 253.7 3.81 1.03
17 FA4 16.86 2.81 253.5 3.85 1.04
18 FAS5 17.06 2.84 253.3 3.92 1.08
19 FA6 17.25 2.88 253.1 3.97 1.10
20 FA7 17.44 2.91 252.9 4.04 1.13
21 FA8 17.63 2.94 252.7 4.08 1.14
22 FB1 19.08 3.18 251.2 4.45 1.27
23 FB2 19.26 3.21 251.0 4.55 1.34
24 FB3 19.45 3.24 250.8 4.61 1.37
25 FB4 19.64 3.27 250.6 4.71 1.4
26 FB5 19.82 3.30 250.4 " 4.78 1.48
27 FB6 20.02 3.34 250.2 4.79 1.45
28 FB7 20.21 3.37 250.0 4.86 1.49
29 FB8 20.40 3.40 249.8 4.89 1.49
30 FB9 20.60 3.43 249.7 4.97 1.54
31 FB10 20.77 3.46 249.5 4.99 1.53
32 FB11 21.88 3.65 248.5 5.27 1.62
33 FB12 22.08 3.68 248 .4 5.31 1.63
34 FB13 22.26 3.71 248.2 5.34 1.63
35 FB14 22.47 3.75 248.1 5.41 1.67
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Table 2. (continued)

Station Gy Ty (o) (sec) Ty
W-line
36 FB16 22.84 3.81 247.8 5.47 1.66
37 FB17 23.04 3.84 247.6 5.54 1.70
38 FB18 23.23 3.87 247.5 5.61 1.74
39 FB19 23.42 3.90 247.4 5.67 1.77
40 FB20 23.61 3.94 247.3 5.77 1.84
41 FAY 20.02 3.34 251.3 4.78 1.44
42 FA2 24.10 4.02 246.5 5.76 1.74
43 SPP 33.59 5.60 255.0 8.19 2.59
NW-line
1 SBT 8.90 1.48 286.1 1.94 0.46
2 IWS 15.36 2.56 263.4 3.30 0.74
3 SSY 16.58 2.76 288.4 3.64 0.88
4 TIY 22.57 3.76 279.5 5.32 1.56
5 SWA 31.95 5.33 288.8 7.55 2.23
6 HTN 37.38 6.23 290.1 8.75 2.52
7 HRT 40.12 6.69 287.9 9.23 2.54
8 ABT 43.18 7.20 291.0 9.40 2.20
9 YNS 51.13 8.52 291.9 11.35 2.83
10 NW2 61.47 10.24 292.6 13.82 3.58
WC-line
1 KWI 20.28 3.38 219.5 4.10 0.72
2 HOE 22.98 3.83 195.3 4.01 0.18
3 IKD 31.21 5.20 169.5 7.27 2.07
4 FYS 46.39 7.73 146.3 9.16 1.43
5 HMN 50.78 8.46 144.1 9.76 1.30
6 NKB 54.94 9.16 143.5 10.75 1.59
7 ERM 63.25 10.54 141.7 13.00 2.46
. #& #r

I~ 1. N-line, S-line

R E L RBROE RIS LB AN W RIR TH 205, BAL 5 RTEWIC DK
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2 2 Tiz JOHNSON(1976) D% FAv>C N-line & S-line # 27 C Split-line & L THEEHEE
2K 5,

N-line, S-line D &HE &4 & D EEHEAHT 40 km LN OB SO W) ERE 2 & Fig. 4@ & )12
EREZADEREGIC ZENTE, ZNLIFRNDL ) LR TERDLT LN TES,

N-l ne S-line
TN=4/3.55 T3 =4/3.55
¥=0.17+4/4.70 y =0.17+4/4.70

3'=0.92+4/5.70 $ =0.92+4/5.98
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Fig. 4. (a) Reduced travel time plots of N-line ({]) and S-line (O).
(b) Structure beneath the shot point.
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Fig. 7. Reduced travel time plots of TN-line (@) and TS-line(Q).
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Fig. 11. Reduced travel time plots of WC-line (@) and S-line (O).
The observation points in WC-line ; 1) KWI, 2) HOE, 3) IKD, 4)
FYS, 5) HMN, 6) NKB and 7) ERM.
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Fig. 12. Map of Bouguer anomaly in the Hidaka distrint (after OOKAME
(1972) ) and the locations of the observation points.
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Fig. 13. (a) Bouguer anomalies in the zone with a width of 10km on both
sides of profile. Dotted lines represent the maximum and minimum
gravity anomalies in its zone. Open circles are gravity anomalies
calculated from the structure. (b) Crustal structures in E- and W-line
profile and off Hidaka (after ASANO et at. (1979)).
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Fig. 14. Horizontal distribution of velocity anomalies. A : The 6.

1km/s block exists in the shallow part beneath the Hidaka range.
B : Depth to the 5.8km/s layer in this region is less than 1.6km.
C : The surface layer thickens stepwise along the west coast.
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