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STUDY ON RELATION BETWEEN THE LOCAL EARTHQUAKES
AND THE MINUTE GROUND DEFORMATION
AT WAKAYAMA (PART 2)

by Dr. Sci. Yoshimichi KISHIMOTO and Torao TANAKA

Synopsis

Amounts of the ground tilt and strain due to the meteorological and oceanic tidal
disturbances are calculated by the same method as reported in the previous paper for
Oura and Akibasan observation stations.

The residual deformation obtained by subtracting effect of these disturbances from
the observed. ground deformation, is too large to explain the crustal movement related
with the local earthquakes. Therefore, a more suitable method to eliminate these
disturbances is required.

Statistical examinations are made also about periodicity and time interval of the
local earthquake occurrences.
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Aq : Akibasan E-W tilt (+ E down) 2. SREHLCEBEORNMIC L BDIERH,

Ba : ” N-S tilt (+ S down) {REEZT1LE

R e

Ao  Oura E-W tilt (+ E down) &, FRRAHECERY RO X 5 B RENKIL
. THH0L L CEUENCHRE Lo

Bo: » N-S tilt (+ S down) . (2) BEBRIOLS

Eec : 7 E-W strain (+ extension) TR OEIEIC I 5 R, (aGz LB ARILE

Eno : 7 N-S strain (+ extension)
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Aq 0.5"x10"2 per lmm precipitation
A, 0.25" > 102

Ba —0.35" %102

Ena —-6.5x107°
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Fig. 1 Relations between the ground tilt and strain, and precipitation
Table 1 Coefficients of the disturbing factors to the ground tilt and strain
Ny Water height Time gradient
\l?lsturbance change of Atmospheric Atmospheric of pressure temRzgg}:ure
~_ gaksyamaf ;emperaturec pressure change /(n{lb/( hour)) ch:fnge of
= oubour o change of 1° of 1mb 1/2{P(+1)— s
[ostrument “\ lom P(t—1)f 1°C
Aq —0.0366" % 10~2| (—0.544"10.014) | (—0.346"1-0.048) | (0.098"10.076)
(Akibasan) | (+0.43 hour) %1072 (—1) %102 %162
B 0.0190”x10-? | (—0.115"40.015) (—0.0781"-£0.0053)(—0.032"10.098)
a (+0.10) x10~2 x10-2 x10-2
—0.084x10™° |(0.95+0.23) %10-° . _
Eno (+0.40) =1 (3.2840.83) <1079 |(7.5+1.4) x10-°
—0.024x10™° (—4.24+0.34) — (—1.3%1.5)
Eea (_034) % 10=° (_1) (03:‘:12))(10 9 X 10-°
A, (Oura) —0.0249"x10"2| (0.008"20.010) |(—0.426"240.035) | (0.000"£0.065) | 6.0"x10"2
° (+0.32) %102 x10~2 x10-2
B 0.0107"7 <102 (0.0087+0.017) | (—1.3670.059) | (0.11"7%0.11) 20" %102
¢ (+1.68) x10~2 x10~2 X102
0.436x 10~ (7.61+0.43) _ —o| (—1.4:%2.2) 120 10~*
Enn (“0.06) Xlo_g ( 55i1.4)x10 ><10__9
—0.013x%10-° (0.52740.030) |, _ o (—2.7440.16) | —35x107°
Eeo (+2'04) %10~ i( 6.4:t11) X 10 %102

Positive signs of the ground tilt and strain mean E-down or S-down
tilt and extension. Positive signs of phase difference mean advancement
of the disturbing factor. Time gradient of the atmospheric pressure

is assumed to be :

. 9P _
ot

—-{p(t+ 1) = p(t— 1D}, (mb/hour)

PDEEZBRS, Jo¥s Table 1 OFEBUT, HEAB(LILOWTIZ 196145 B 10 H2H 6 A 8 H, ML
oW TRAES B OBENLIATHETD 1 A ADEYFRALTEELAELDTH %,
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Aa 1.0"> Max. (E-down) Dec. Min. (W-down) June
Ba 17>

Eea 3x10-¢ (extension) May (contraction) Dec.
Ao 127 (E-down) Dec. (W-down) May
Bo >5" (S-down) Dec. (N-down) June
Eno 2x10°¢ (extension) Mar. (contraction) Oct.
Eeo 4x10-8 (extention) Jan. (contraction) June
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3. TREBERELE—DORITH

Fig.1 R UREAEEHA L T 19604 11 A 14 BoiBildiBU cR4 L RREBEORBRE >
WT, KR LOBELSRAFT CHRA I ER, MR L, B ERC OV THE LR %, Fig. 2
a,b IR To Eea XRFTH D Ba, Bo, Ao DKBHERBUT/NIVDOT, HIEXER Lo TIotBRAER
DRFOTHEFIBBROEL b D EbELHNLH, Fig.2 RIIZDEEHLTH 50

11 A 14 HIIZ 07 B 47 4, 11H:08 47, 13831 3 X023 28 73D 4 BIFRRMBELRAL, £DH
+ 23 B 28 S OHIBRIT RO 3 FOMBICEARTRRHEIV NIV (BEL) o KBRTRTOMER RiIT T
07 B 47 47, 1108 5 OV 13 B 31 S OMBOER LE XX ThXth 34.°IN, 135.°0E, H=0~10km,
34.°25N, 135.°1E, H=0~10km, 34.°25N, 135.°1E, H=10km & %& Xh T\ 5 W KF BT OREA,
BN, B, MAD 4 BHUFTCREINIHMBRD P-S Bl b, LD 3 OOMBIOWTLOERY
KA RD 5 & FhFh 34°01'N, 135°09'E, 33°55'N, 134°05'E 35 L U 34°13'N, 135°10'E &7 b 07 I
47 5 OHMBOBFIIFKILTTOBEF 20 km, 11 K 08 S OEBIAMKUTTO/BEER 30km O fff £ CTH5
2%, 13 8% 26 - OMBIXFIKUT, HIBRER L OCKELBUFTOE FHACHEEL T 5o (FKILKHR
BTO P-S BEEBERZALHh 08D, BEL, 1.08, BElxIv1.28, BEN L7coTw3) 1D
SoOHERE ML ELT, 18385 OMBIIBRITOR LA LYETCEREADD LEL LR, XL0H
EAFBRIUTEZ CRET ARREMBOPTIZECREVWLDEATLEN S, Fig. 2 KABRA LI
HIRLVBIEHVT, ZhETHARTELHETEISR S JOBVEELRCIREFITHY,
e b DEELZENEBO TS, L0 T bIRAMEUAEYEA L EBEEOBRAERSORF
ATt BOMER AR OREEFDTETH0E I DEIRTIZ EIXTER V. MEE 5 bR
B O THBREEINFATS L LCHBEECRIUKBE X v/ 3B, ERELT 0.02" LT, MHEEL
T 1078 UTOOTFARTHDZ ETeDo



BA - Ap(R) : KU ST 2 RATMRIR OME L ESORE (F2H) 21

[Nov.|3 ’ 14 I
Ac

il
w 1000

WAV
Nov. i4, 1960 Ao by

Ao
Local Earthquakes L\_A\\‘/J ~"
/"\/*(AU/J

l Nov.14 15
[} !

Aa

e | 0.02" J/ :o
el I Wb

e an BoA v/ /,___/v/ . / £

Ba. ~—— N A Enor™ iaxi0”
Enc
o \/\A—/\/\f\ tne R ——
11xi0® Eeo/ '/\ e
Ena lixio™® \/\/
BT ~L
| | | ™ | o |
Fig. 2a Fig. 2b

Fig. 2 Tilting motions and variations of linear strains before and after the
remarkable local earthquakes on Nov. 14, 1950 (X X X X ; corrected curve)
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KRV CRTHBREDOMELYHNSHINTI960411 B 25 B X b R B ETEMES (BREEXR
#8000 5, TEHEE D EEES 12mm) THEBEN LI /oo Tv 5, P-S B 2BLAS 5L P-F
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TRbL, ZOFMEK ay, b, ¥R/PNEHEET
20} 4 k®»hux
pil
10f - 4 _2¢& .
\I’\/W 2o= p, a,= ptgylcosm;,
T T ] T
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b i=i
20 4 & Bo fEL
=i( 27
T

L5 mgos@@m:é{t BE X TVBH
Rfic & < BACHH ST, e FIMINL
TEBLND o/, b BEV al 2 bk AR
RIE ¢'=vav'i+b,'%/as’ DFHIEIL Expec-
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Fig.3 Changes of the number of local
earthquakes in a day at Oura

tancy EFEENBLDT Y kﬂ&ﬁ@%ﬁl
—_ T
=
Lo DL EZENIRIE o’ 2 o' <k LHBRER WE) X
W) =e—4-F
TEx bhbo Lo THREN A FMMEL L CRDTHEMEE co=vai+h?/a & Expectancy ¢ &0
o k=c/e 26 W) ZEHETHE, o B2 BROBRE L TEULHREMSD Z LNTE 5, Fig. 2
 EEROHMEC OV TRDIC v DER LW BFTo W DRV ThOBHic oL Thhish KEL,
FTRUBRAOFEREERTHC & LT 5 HIMERNC TR 24 B & ATB 2. 4 BRI PRLE# L T
W3 X5TH5bo

Table 2 Result obtained from harmonic analysis of the numbers of the
local earthquakes

n=1788 ‘ n=1371
Solar daily variation e=0.0419 | Lunar daily variation £=0.0478
ao=74.5 ‘ ap=>57.125
v ! Cv w }E Cv w
1 0.06712 0.13 0.12184 0.0073
2 0.05409 0.27 0.01138 1.0
3 0.04631 0.39 0.01085 1.0
4 0.01463 0.93 0.05812 0.32
5 0.04664 0.39 0.05532 0.32
6 0, 05664 0.13 0.07300 0.17
7 0.03852 0.53 0.07965 0.10
8 0.01691 0.88 0.02941 0.75
9 0.02604 0.75 0.02958 0.75
10 0.10000 0.011 0.02433 0.82
11 0.02550 0.75 0.04674 0.46
- TP
n : Total number of earthquakes, ¢ : Expectancy, cv=+at+5b2a, W=e *
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(b) HEEROS7

HROAMES 5\ T HAEE CRETAERBELED 5T, 1 ~HBL oM EE TS
R f(D=be " (A XHB) BHFELFE DL EINTVBo FRKEY I XAk LUtEE
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BROYL L THWL ONDEEBBICHT 5B, FREFRCOWTHEESTETET, Tihbb-—20M
BOERAEL, ROMBLORET BT OMEBLRE L T bORKMORBTIZERERTH D & BT
Who KETHEIZNIC 1960412 A X W BE I A ¥ COMBROWTEFINE/R LRV 2L DD, i
BREOHKMMG L BEY, HEE IOEMKEE R 7= v 1 L7cd 0% Fig. 4a,4b KRT,
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Fig. 4a Time interval distribution of Fig. 4b Time interval distribution with
local earthquakes observed at logarithmic scale of -, for the
Oura same data used in Fig. 4a

By - & U RS MRA RO SR (Figda) 235 L 00 FIRME L BEARS D, log - IKoUTO
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5. & 3
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