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Fig. 1. The distribution of epicenters (circles) and stations (crosses) from 1987 to 1996 in the Kinki

district, central Honshu, Japan. The solid rectangle shows a region where we analyzed Qc'.
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Fig. 2. (a) The distribution of epicenters and (b) the spatial-temporal variation in seismicity in the
analyzed area (solid rectangle in Figure 1). The change in seismicity associated with the Hyogo-ken

Nanbu earthquake (arrow) is clearly shown as the increase of earthquakes all over the region.
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Fig. 3. Examples of waveforms of the
vertical component for the analysis of Q.
The waveforms of ABU, MYO and YGI
stations are shown. Lapse time is measured
from the origin time.
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Fig. 4. Examples of band-pass filtered
waveforms of ten frequency bands.
The original waveform is shown in the
middle, MYO, of Figure 3.
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Fig. 5. Examples of coda envelops of the band-
pass filtered waveforms in Figure 4 and
regression curves based on the single isotropic
scattering model for ten frequency bands.
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Table 1. The mean value and the standard deviation
of log(Qc™") for ten frequency bands. Num is the
number of data.

Freq. (Hz)  log,(Qc” () Q. Num.
1.5 -1.89+0.15 77 262
20 -1.94+0.13 87 193
3.0 -2.09+0.14 124 151
4.0 -2.25£0.13 177 216
5.0 -2.37£0.12 234 279
6.0 -2.451+0.12 281 368
7.0 -2.51+0.12 324 516
8.0 -2.54+0.12 348 623
12.0 -2.66+0.10 460 739

24.0 -2.87+0.08 743 637
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Fig. 8. The power of frequency n for Qc" defined
by the formula Qc'=Q,"'f", where Q," represents
Qc'at 1.0 Hz and f frequency. Bars represents
the standard deviation of Qc™.
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Fig. 9. The temporal variation in Qc" bounded by the occurrence of the Hyogo-ken Nanbu

earthquake. Solid lines show the average and hatched zones the standard deviation of each

time window. At lower frequency bands the average of Qc" increases after the earthquake.
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(15~40 Hz %) . RERHHHEINHZETRD
FELHEEEENARDACERTIRET
HHEIFEVPRR Y,

RICHEE 2EFBCHCERP SRS I~V
DOSHMIAEL, FNEFRARED &S BHEERLO
FHERUTREDO LB 2T o 72, HiBIN~VD
iz RESREHHBENTLAL7THTHLI L,
¥ 20O 16 BEOBBREDG L HVnI b,
ERCZOEPEERERAEICLE60T
HBHEEILND, HRLAREFICBTSE5H
BOREEDHB % Fig. 10 ISR T T7—N
—EMEETRL TV KEREERLT
VBN 30H R 40HF O ARV ~ VO]
DELTH D, ZDRICKELEILERLTVS
Dit, 15H BT AHMI~NTHb, ZER
ERE RN BOEERELHEEAR
FHENEDFEMERTHE ¢« BENHERT
1% UTOBEEAKEZ@ LT IO, HEAN~V
OEOBLEER3.0Hz HTRU4.0H: FETT
Hol, FNEFNORBEEFICBITAEHMETO
FHE, THES L UREERE Table 3 IR
T2 3.0H: ¥R 4.0Hz FD Q! DA EFY
5, EREEOMEMHEE Fig. 11(a), (b) KT T,
F, FROEOFEEETRTHAR F RED
BRETRESEKHEICILIZbDLEEIOND
ZAtid. 24.0Hz D 0.6%DATH o7,
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Table 2. Summary of the mean values and the standard deviations of log(Qc™), and the results of the statistical
t test. The dataare bounded by the occurrence of the Hyogo-ken Nanbu earthquake (Figure 9). The'values of t test

less than 0.5 shows statistically the significance of the change.

Before After
Freq(Hz) log,(Q.") ¢?  Num. logi (@) % Num. t test F test
1.5 -1.91 0.023 197 -1.83 0.02 85 0.0% 21.3%
2.0 -1.96 0.017 126 -1.89 0.014 67 0.0% 18.0%
3.0 -2.12 0.018 107 -2.03 0.017 44 0.0% 47.6%
4.0 -2.27 0.017 148 -2.21 0.015 68 0.1% 26.6%
5.0 -2.38 0.015 196 -2.35 0.016 83 17.1% 27.8%
6.0 -2.46 0.014 250 -2.43 0.014 118 4.8% 35.2%
7.0 -2.51 0.013 322 -2.51 0.013 194 89.2% 42.0%
8.0 -2.53 0.012 387 -2.56 0.016 236 1.8% 1.9%
12.0 -2.65 0.01 455 -2.68 0.011 284 0.3% 29.8%
24.0 -2.87 0.007 224 -2.87 0.006 413 49.9% 4.2%
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Fig. 10. The temporal variation in Qc"
for five periods (I-V) of two years. Qc”
at the frequency bands of 3.0 and 4.0 Hz
increases significantly from IV to V,
corresponding to the occurrence of the
Hyogo-ken Nanbu earthquake.
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Fig. 11. The comparison of the temporal variation
of Qc'l at frequency bands of (a) 3.0 and (b) 4.0 Hz
with that of (¢) b value. Qc" decrease from I to IV
and increases IV to V at both frequency bands. The
b value increase from I to IV and decreases from
IV to V. Note that the temporal variation in Qc” is
reverse to that of b value.
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Fig. 12. The temporal variation in the power of
frequency n for Qc”. Solid circles show the n values
which are determined by all the data of from 1.5 to
24 Hz. Open squares show the n values which are
determined by the data of from 2.0 to 24 Hz to
reduce the fluctuation of Qc” at low frequency due
to surface wave.
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KECELD nEIBONALI &, FHENE
fbe LTI EEICHEETHooDIE 3.0 He H
RUT40 Hz HEWHIBERLFAMNHTH S, T4
bHEREEND Q DEMS o ENREILIIK
BLTW3,

4, BR

4.1 Qc OEBTLETHERBEN X
ERR2K X4 ‘

Qc T ROLFEH & FHEOHIRD b EDEH
Elhikoiz, b EOEERIRLE (F&,
1977) #HWT M1.4~3.0 DHEE TIT o 2. FHE
W ELD b HIZ1987E D5 1994 F 2D T
HBinL, EEEHKAREECRILTVS
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Table 3. Summary of the mean values and the standard
deviations of log(Qc), and the results of the statistical
t test for five periods (I- V) of two years (Figure 10). All
symbols are the same as those of Table 2.

Freq.(Hz) Period log,(Q.) &? Num  ttest

1.5 i 1935 o002 57 N
I -1.97 002 32 226%
o -1.89 0.02 56 21%
N -1.89 003 50 95.6%
v -1.83 002 87  24%
2.0 I 198 001 31
I -1.99 001 22 76.0%
o -199 001 22 16.6%
¥ -1.95 002 35 77.2%
v -1.89 0.0l 70 23%
3.0 I 211 o.01 4o NN
i 212 001 20 827%
m -213 002 23  653%
v 214 003 21 87.8%
vV 203 0.02 47 0.5%
4.0 I 224 o002 53 I
i 2227 0.02 24 32.3%
O -228 0.02 33 68.5%
N =230 0.02 36 49.7%
vV 220 002 70 0.0%
5.0 T 239 002 65 N
I -236 002 32 31.5%
o -237 001 52 918%
N 237 0.02 46 68.0%
Vv 235 _0.02_84  35.3%
6.0 I 247 0.0l 86
I .2.43 0.01 38 10.8%
I -246 001 68 15.6%
N -246 002 57 91.2%
V243 0.81°119 15.8%
7.0 I 252 0.02 106
I -252 000 43 98.7%
O 252 000 92 783%
N 249 002 81 102%
Vv -251 0.0l 194 11.8%
8.0 T 253 001 134
I 253 0.00 49 81.0%
o -253 0.00 93 87.2%
N -2.53 002 110 96.7%
V256 0.02 237 9.1%
120 1 2.65  0.01 159
I 22,66 001 61 60.6%
O -2.64 0.00 114 30.7%
N -2.66 000 120 13.8%
vV -2.68 0.0l 285 18.3%
24.0 I 2.88 0.00 65
il 2285 0.00 24 10.0%
W -2.85 0.00 54 75.1%
v -288 0.00 80  9.8%
V287 0.00 414 58.1%
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Coda Q changes associated with the Hyogo-ken Nanbu Earthquake

Nobuhiko HAYASHI", Muneyoshi FURUMOTO ", Yoshihiro HIRAMATSU"
and Hiroshi KATAO

* Department of Earth Sciences, Faculty of Science, Kanazawa University

Synopsis

In order to reveal the change in the crust, from the view point of the crustal heterogeneity, we investigate the
temporal variation of coda Q™ and b-value. We analyze the waveform data of shallow micro-earthquakes (M 1.5-3.0)
in Tambaregion recordedin aperiod from 1987 to 1996. At 3.0 and4.0 Hz bands the temporal variation in coda Q"'
correlates significantly with the Hyogo-ken Nanbu earthquake. The variation in coda Q" inversely correlates with the
temporal variation of b-value. The fracture dimensions of micro-carthquakes which contribute to the variation in
b-value are estimated to be 300-400 m. This scale length corresponds to the wavelengths of 3-4 Hz waves, showing
significant variation in coda Q. The crustal activity in Tamba region is controlled by the heterogeneity with
dominant scale of 10%-10° m.

Keywords: crustal heterogeneity, coda 9/, b-value, temporal change, the Hyogo-ken Nanbu earthquake



