R AEHETAETER H3H4S5 B-1 3. 4 979
Annuals, Disas. Prev. Res. Inst,, Kyoto Univ, No.34 B-1, 1991

mAHMEORIBETROZEMSMW
EHHRMTEE L T ORER —

EE it

SPATIAL DISTRIBUTION OF STRESS DROPS FOR MICROEARTH-
QUAKES OCCURRING AROUND THE FUKUI EARTHQUAKE FAULT

By Kin'ya NisHicami

Synopsis

I investigated the stress drops of microearthquakes occurring around the Fukui
earthquake fault by analyzing the pulse widths of P-wave initial motions.
Relatively high stress drops are estimated for events occurring at the southern end
and the deeper part of the fault plane of the 1948 Fukui earthquake (M=7.1).
Seismic activity is also high there. On the other hand, stress drops are lower and
seismicity is quite low at the central part of the fault plane. Stress concentration
and stress release can be recognized at the edge and the center of the fault plane of
the 1948 Fukui earthquake, respectively.

Stress drops estimated for magnitude 2.0-3.7 range from several to a few
hundred bars, with estimation error of factor 0.1-10. Stress drops tend to increase
with magnitude and also slightly with focal depth.
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Fig.1. Distribution of earthquakes in the Hokuriku district, Central Japan.
Crosses represent the microseismic stations of the Hokuriku Observatory,
D.P.R.I., Kyoto University. The area studied in this paper is indicated
by a rectangle enclosed by heavy solid lines. A white line inside the
area shows the surface trace of the Fukui earthquake fault”.
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Distribution of relocated hypocenters (M=1) inside the analyzed region

shown in Fig.1l. Surface traces of the Fukui earthquake fault are
represented by solid lines. Fault plane of the 1948 Fukui earthquake

estimated by Kanamori®

broken lines in the vertical cross section.
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Fig.4. An example of initial

part of P-wave veloc-
ity seismograms. The
duration time T is
defined as a pulse
width.
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(a) Observed pulse width 7" plotted against magnitude for respective
stations. (b) Pulse width T after the attenuation effect is corrected,
assuming @=300.
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Fig. 6 (a) Simulation of pulse-broadening due to anelastic attenuation. Top to
bottom : velocity waveforms reflecting only the source effect, anelastic
attenuation effect is convolved in the case of @/TT=80 (TT; travel times),
response of the observation system is also convolved after sampled at
195 Hz. Numerals attached to respective traces indicate relative maximum
amplitude. Time intervals berween the onset and the first zero-crossing,
Ts and To, are measured. (b) Relationships between 7Ts (source pulse
duration) and T'o (observed pulse duration) plotted against @/TT. The
extent of T's and To used for the correction is indicated by broken lines.
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Fig.7. Two kinds of fault models assumed in the present analysis. (a) uni-lateral
model, (b) bi-lateral model. O : hypocenters, OBS : direction of observation
stations.
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Tablel. List of earthquakes analyzed (M=2) and the result of fault lengths L,
seismic moments Mo and stress drops 4¢. Origin of hypocenter coordi-
nates is taken at (136°E, 36°N), and the location of a south-west corner
of the area studied corresponds to X=10kn and Y=—15km. L, Mo and
Aco[1] shown in this table were calculated, assuming a bi-lateral fault,
the rise time of 20—40ms (M=2-4), a fault shape of L=W, and
equations (5”) and (10). Stress drops calculated for the same assumption
except only the following one are also shown, respectively: [2] rise
time of 10—20ms (M=2-4), [3] Mo by eq. (6’), [4] Mo by eq. (D

Eaq. Date Time Hypocenter (km) M L Mo Ao (bars)
Noo. Y MDHM X Y VA (m) (dyneecm) [11 [2] [3] [4]

1 397 1976 9 08 18 27 354 -—13.1 44 24 341 0.24E+21 6 4 4 07

2 402 1976 9 10 11 41 339 -—95 1.0 2.0 292 0.98E+20 4 3 2 04

3 435 1976 9 22 0 18 233 22.5 105 2.3 278 0.19E+21 10 6 6 1.0

4 525 1976 10 09 6 36 301 -—08 43 21 247 (0.13E+21 9 6 5 0.8

5 533 1976 10 11 10 22 294 -72 —06 25 419 0.32E+21 4 3 3 06

6 540 1976 10 13 10 50 329 ~76 00 20 361 0.11E+21 2 2 1 02

7 932 1977 2 20 18 31 325 —87 —20 23 269 0.22E+21 12 7 7 13

8 1368 1977 7 23 19 40 285 15.0 108 2.2 222 O017E+21 17 10 10 1.8

9 1632 1977 9 10 8 04 25.2 6.8 20 23 221 022E+21 21 12 13 24

10 1727 1977 9 28 8 41 255 2.7 03 22 221 0.16E+21 16 9 9 16

11 2265 1978 1 26 0 19 301 -—57 —13 2.8 313 065E+21 22 14 18 35

12 2371 1978 3 01 10 41 337 —9.0 38 20 163 0.11E+21 26 13 13 24

13 2444 1978 3 21 12 16 268 17.9 113 22 362 0.18E+21 4 3 2 04

14 2491 1978 4 03 15 01 289 5.5 18 26 426 0.44E+21 6 4 4 0.8

15 2494 1978 4 03 21 10 29.6 5.6 1.9 2.0 331 011E+21 3 2 2 03

16 2514 1978 4 08 22 54 29.7 5.5 1.7 20 28 0.11E+21 5 3 2 04

17 2535 1978 4 14 23 04 250 18.3 104 29 249 084E+21 57 31 49 96

18 2540 1978 4 16 10 04 278 —5.2 39 29 220 078E+21 77 39 65 12.7

19 2541 1978 4 16 10 31 283 —46 08 21 152 0.13E+21 38 18 20 3.6

20 2632 1978 5 04 3 19 305 —83 —-15 29 299 093E+21 37 22 32 63

21 2799 1978 6 07 9 859 256 7.7 24 24 321 0.25E+21 8 5 5 09

22 3146 1978 8 13 0 04 352 -71 1.9 2.0 226 0.10E+21 9 6 5 08

23 3189 1978 8 20 4 43 347 -69 —09 22 384 0.18E+21 4 3 2 04

24 3258 1978 9 02 17 39 23.0 5.4 51 28 337 067E+21 18 12 15 29

25 3274 1978 9 06 19 46 287 1.9 00 24 170 0.23E+21 50 24 31 5.7

26 4363 1979 4 13 20 12 338 -—95 34 23 271 021E+21 1 7 7 1.2

27 4388 1979 4 21 1 47 265 6.1 40 2.2 280 0.16E+21 8 5 4 08

28 4405 1979 4 25 18 13 181 5.4 35 25 296 035E+21 14 9 10 19

29 4707 1979 7 09 4 12 345 —8.7 49 24 189 0.29E+21 45 23 29 55

30 4824 1979 8 11 0 01 227 184 31 21 245 0.13E+21 10 6 5 09

31 4912 1979 9 18 13 23 225 27.7 10.3 28 128 0.68E+21 341 116 275 53.6

32 4949 1979 9 30 0 57 319 -—99 3.7 25 23 032E+21 26 15 18 3.3

33 5301 1980 2 22 13 08 26.1 34 1.1 30 370 0.11E+22 23 15 21 4.2

34 5463 1980 4 26 16 41 28.1 23.1 109 22 290 0.17E+21 7 5 4 08

35 5761 1980 8 01 0 26 25.9 4.1 22 31 301 0.15E+22 56 32 55 11.1

36 6215 1981 2 05 10 39 235 15.5 114 21 271 0.12E+21 6 4 3 06

37 6452 1981 5 13 4 41 244 19.9 98 33 388 023E+22 42 26 46 9.5

38 6470 1981 5 23 0 15 250 20.2 10.1 2.7 325 0.56E+21 17 11 13 26

39 6473 1981 5 25 2 54 248 . 20.2 105 2.8 287 069E+21 31 18 25 4.9

40 6647 1981 7 25 2 47 348 -—119 1.2 34 231 027E+22 233 109 264 55.0

41 6700 1981 8 183 3 52 334 -—110 15 23 247 020E+21 14 8 8 15

42 7209 1982 3 05 6 41 255 25.2 129 24 214 027E+21 28 16 18 34

43 7210 1982 3 05 8 25 252 16.3 81 29 309 08iE+21 29 17 24 4.7

44 7220 1982 3 08 20 30 27.0 74 25 23 287 022E+21 10 6 6 1.1

45 7252 1982 3 20 4 03 223 13.2 118 23 270 0.18E+21 10 6 6 1.0

46 7322 1982 4 27 2 33 316 0.3 85 28 313 061E+21 21 13 16 8.2

47 7402 1982 5 26 3 41 300 31 66 20 205 O0.10E+21 13 7 6 1.1

48 7545 1982 7 13 4 29 29.1 6.3 21 2.2 176 0.15E+21 30 16 17 3.1

_9_
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Tablel. (Continue)
Eq. Date Time Hypocenter (km) M L Mo Ao (bars)
No. Y M D HM X Y Z (m) (dyneecm) (11 [2] [3] (4]
49 7598 1982 8 11 20 27 322 -31 —0.6 21 228 O0.11E+21 10 6 5 09
8
9

50 7606 1982 14 4 3 272 15.7 114 3.7 384 0.64E+22 119 70 167 36.1
51 7674 1982 0 36 217 15.3 1.7 2.0 174 098E+20 19 11 10 L7
52 7713 1982 9 19 8 50 350 —80 09 22 199 O0.16E+21 20 11 11 21
53 7780 1982 10 15 3 37 269 6.2 24 22 28 0.17E+21 8 5 4 08
54 7797 1982 10 19 1 21 268 6.1 25 24 318 0.23E+21 8 5 5 09
55 7909 1982 12 11 12 56 259 6.2 16 24 262 028E+21 17 10 11 290
56 7910 1982 12 11 12 57 259 6.2 16 22 292 0.17E+21 7 &5 4 08
57 7933 1982 12 23 1 44 248 18.7 9.9 26 240 047E+21 36 20 27 5.1
58 8108 1983 2 16 13 25 216 10.4 76 22 264 016E+21 10 6 5 1.0
59 8238 1983 25 11 00 233 200 11.8 2.0 160 O0.11E+21 28 14 14 25
60 8269 1983 07 12 5 326 -—9.1 41 2.7 244 059E+21 43 23 33 64
61 8485 1983 02 18 15 26.9 5.1 22 22 250 0.16E+21 11 7 6 11
62 8508 1983 26.7 5.0 21 22 326 0.18E+21 5 4 3 06
63 8589 1983 04 11 49 279 -26 —07 28 311 0.68E+21 24 15 19 3.7
64 8773 1983 28 1 00 362 8.2 55 22 163 0.16E+21 38 19 22 39

W 00 =~ ~3 > W
<
3
DO
[+
L
Do

65 8812 1983 10 10 11 11 122 284 181 21 340 0.12E+21 3 2 2 03
66 8859 1983 10 27 21 49 355 -85 —01 29 260 O0.85E+21 51 28 43 85
67 9035 1983 12 22 19 03 303 —6.0 6.2 27 242 0.60E+21 44 24 35 6.7
68 9107 1984 1 20 3 35 244 —5.1 145 21 174 0.12E+21 24 13 12 2.2
69 9263 1984 3 03 8 01 291 6.1 21 20 2056 O010E+21 13 7 6 1.2
70 9281 1984 3 14 2 36 336 -—-68 —20 22 300 O0.15E+21 6 4 3 08
7L 9592 1984 6 11 6 40 288 6.0 19 22 242 016E+21 12 7 7 12
72 9602 1984 6 14 16 09 352 —86 13 22 260 O018E+21 11 7 6 L1

LS, BELL2ANCLBRABRAPERL TVAI L8003, COTEMLH, SEELSN
PGB T ROMBMEANARRIBBURARUB LD THAH EEZ 5N 5,

BohiEHETEREL SBRSIE B BIEHL ~AVBHEETR 5, WEBREOBITICX DS BIEHH
BTR 403, WRBmLcET 2EFIOEAMIET 0 EHBEEROIG 0, LOETH S, do gDl
RIRD & S IcFEN B,

40/0(;:2{1— (Gf/ao)/(l'“??)} ........................................................................... (13)
TIT, o BMEEHTOFEHOT N BERILS, 7 SHREORESE HBEO T 2 V¥ — LRI
LVBRENLZBRINF—-LOH) 2RT, nldo/o, DB TRSh, ELEBEROER»OH

LERIMIC 0/0,= 070 ~ 085, 7=05~20% BBE LHESIN 32D, ChoDffiz JoR o DL DBAE
DHEHBFIHANTBBURERHISEWL AL ENETHAHI 00, UIDRLD, IBHETENKEVIZEH)
HIEIBKEVWS D LEEETE S, H->T, Fig. 8ITRENAFHERD SWBORRTE X VEB RSP
REBITHARTIEAVNAUBBO EMBHEFEE NS, hid 1948 FERHMB I & » WEHREBTRIEHH
FciERE R, BEWERAATRIGHEREZEL, TP RETIRVTVI LD LHIRTE 3,

BohG/IETE (Table 1 0[1]) &= =F »— FORFR% Fig. 10 IRT, 20 SM< 3.71c%
LTIE/ I N RIS bars~ 100 bars L L& T M L3 3IFBEICHEMT 5, T OERBIIRTICHW3
BEEFL, RELL-TbHT0LEDLLRYV, COERE LTI, Bl 2oz h 3 IEtEs
DEENTRIHESNTORENWT E, HR3VR<S=F 22— FOSHEE— 4 v FOEEIFEYT
ol EREOREEMNEZ SN B, SEOBITARKIC DV TIE Appendix T B W CEREFETREIC
X BREEITI,

Bonb/IB TROEMEIC>WTERT 20103, RELEZEREF VP, HEBE-2 VN, I
TIRETROHEEAELEDBENMCLY, LOBREERIELDLLOPICOVTOBERBBETH 5, £,
M HMEOKXX) RIBLTHEOLEDHLZ L0122\ Tid Table 1 ©2]~[4lic#h o %R L1, [2]ik
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Fig. 8. Distribution of stress drops around the Fukui earthquake fault, whose
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surface traces are shown by solid lines. The infferred fault plane of
the 1948 Fukui earthquake® is represented by a rectangular area enclosed
by broken lines. Plotted events are restricted to those with M 22 and
whose pulse widths are read at more than four stations.
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Fig.9. (a) Epicentral map (the same as in Fig.8) showing the location of two
pairs of earthquakes, indicated by b and ¢, whose waveforms are shown
as examples of different stress drops. (b} P-waveforms from two events,
No. 4707 with Ao =45bars (upper traces) and No. 3189 with Ao =4bars
(lower). (¢) P-waveforms from two events, No. 7545 with Ao =30bars
(upper traces) and No. 7910 with 4 o=Tbars (lower). Amplitude of each
trace is in arbitrary scale.
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59,
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Appendix

ARAETHOWLEBER/ S * — 5 OHEELE R, BRBEE» S PEOEH NV ABOSEZHAS LWV
WELLDOTHY, FHBEEFNVELOREGBEVODTH 1o T TRBIFFEBIVBONEE
Fres 2 =22V TEREEHRC X 2RIFETH, v/ =% 2 — F 2L EoMBTREESIENT 3
TEMEL, HBFTVRVHIRITVEDD, Table 1 i1Z/RL 7 No.3189, 4388 D 2 >OHIBABAL, W
BREFEHEEGOPRL SEOHRICETTZ60ELT (157 50), EEEHEDTORE:
Sato™® it L NFHEL, FhICHERHOME Gitic 245& L), EERERTOIRREROLE, #
o R7LDEMEE IV RY a—va v i, FECHAVKEER 4 —%% Table 2R7, JLEEE
RO 7 ATOPEOEHNE (Fig.12) itk 3L, EH5 0 1948 FEHME LEIRED 2 4 = X ABHSH]
#ETH %, No. 3189 OHIBIC >V TRMEHOER, EREFEHEEFERIC N20°W, 90°Y & L7,
L L No.4388 i oW Tk Z D & 5 BKBHE TRIEREORESEHL VO T, 1 M] BHRlSASTISIC
BOHEEEART I EAEZERLUCEREN 3°W & L1z, rise time lz2WTIE, § 33 TR LI ic=
F=Fa—FhoWETEELELLH 22ms $H 5D, HEOFHELE20ms LW, MBETOTN
DEDRUTORICLVRD I,

D=Mo/(if ¢ 8) rreerrrerenrmrtroreminnniitititienit et S -(1)
FrL, MiMRu=3.0 x 10" dyne/efé L1z, 73, No.3189 OMIBREEOES Z=— 09kn& KD
ShTVWADT, BEETETIRZ=1km&BW\i, DM, Table 2IRLIZLIAD 5 2 — 513 Vp=
6.0km/s, Vr= 25kn/s, Q=300 TH 3,

18 5 h BRI L BB O L% Fig. 131079, B oML 2 BRIEASZ V0D, WEOR
BBELOSVRBREBLRAE-TVWEESIRRA B, N1 575 VOBREEFVOES, MBEOERS

FUKUI EQNO=3188 EGNO=4388

S
(a) {(b)

Fig.12. Fault-plane solutions of two events analyzed in the appendix, (a8} Eq. No.
3189 and (b} 4388, projected onto the upper hemisphere of the Wulff net.
Solid and open circles represent compressional and dilatational P-wave
first motions, respectively. Nodal lines assumed in calculating
theoretical seismograms are indicated by broken lines.
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Table 2. Source parameters used in the computation of

theoretical seismograms for the two events,
Eq. No. 3189 and 4388

Eq. No.=3189 4388
Fault plane
Strike N 20°W N 3°W
Dip 90° 90°
Length L (m) 364 280
Width W (m) 182 140
Rise time 7 (ms) 20 20
Dislocation D (cm) 0.91 1.36
Focal depth (km) 1.0 4.0
KMJ FKJ KAJ IMJ HKJ

(a) 159

r\ (651) (541)}r n (641)
EQN0=3189
Obs. ’”{\N\/ “\f ’PVJ\J\ =~ m T

107 1162 “_
Syn.

(b) 368

EQNO=4388  p (647) 468 133 IK
oy~ -l

831 4942 758
Syn. — | =

Fig. 13. Observed (upper) and synthesized (lower) P-wave velocity seismograms
for (@) No. 3189 and (b) 4388. Peak-to-peak amplitude of initial motions
is shown by numerals attached to each trace in 10" °cm/sec, and those in
parentheses for clipped waveforms. Heavy line segments on the synthetics
indicate the saturation level of amplitude due to the observation system.
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MISEVERIATIR, WERRTOBSEKR T ORESSRL T, HRERBRLORYED 1 /2 ARSI
2200/ BTEPTV, No.4388 DIFAIF IMI AT hiciEMT 24, BB EhBRLNS
DT, TOHMBIRASIIFSNVOBREFAERTRDIILIRZYULEEDNSE, —FA, No.3189 0if
A1 KMJ, FKJ, IM] 82 hicilXd 24, BlllZica#l -7 RS0V, ToBI-oWT
BNA S F5VOBREFNVIANENLELNZ, BBKMJIT>WTR, 2->0HIEL bIBFED
LB 1/ 2 B oKREEMAZ W, Fig. 5 (@) Td KM] OV B NTKEBTHY,
ChidC OBRIREFEORMABHRICLZbDEEL SN S,
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ITRENE 2D LD, BMIEL VWAL SEEBRIcREhEhofEsE Y, X OHIED
BEERICSVWTERT 27-DICESED TORVWEEIFSSLETSH S, LHLESSERE (§33)
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