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SEISMIC EXPLORATION OF THE OBAKU FAULT

By Yoshimasa KoBavashi, Kojiro IRIKURA, Masanori HORIKE,
Fumio AMAIKE, Kiyoyuki KisumoTto and Shigeru Kasuca

Synopsis

Seismic refraction exploration was carried out across a posturated fault near Obaku, Uji
City, Kyoto Prefecture by a procedure employing a land-type air gun and signal-enhancement
technique by stacking. An abrupt change in substratum P-wave velocity from 1.6 km/s in the
plain side to 2.7 km/s in the mountain side was detected at the fault. The depth of the 2.7 km/s
layer is about 20 to 30 m below the ground surface and is smaller than the depth 50 m determined
in a former study which has been correlated with the paleozoic bedrock with velocity 4.4 km/s.
The present substratum with velocity 2.7 km/s in the mountain side is supposed to be a high-velocity
interbedded layer belonging to diluvium and to be cut by the Obaku fault.

L 3 U & I

HEWMER, FEFES0EREEADEROFRERIMBE LT, LAY KLBAHERIORILTY
348, BEED T EHONK THADENE?) KEHEL LTERINTVE. COWREE, TH=A
HHNOMBIRAETNEL LD EETIURAOFBAEL, EILFAIGENEAOTNBEE N EORE
D hothid, FMBEELLONDY, TOEBR, KEMIKE, AThoXENE, LirkiEoERTic
HHCETTANBICS 2O CENBOTERDZVERZLLE,

Z OB b B HERGERENEIROL Db 548, 9197141 UMP o—R & LTITEbhim
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Fig. 1. Upper; Geological section estimated by Kitsunezaki et al. Lower; The refraction
record acquired across the Obaku fault by Kitsunezaki et al.¥ The numbers of
the measuring points correspond to those marked by triangle in Fig. 5.
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Fig. 2. Comparison of Fourier-spectral ratios of earthquake ground motions observed

0.5
0.2

near the Obaku fault.> The left figure shows the cases that the origins are in
the western side, i.e. the waves are incident from the plain side, while the right
one the cases of the opposite situation, i.e. the waves from the mountain side.
The measuring points G1 and G3 correspond to S4 and S10 in Fig. 5, respec-
tively. M; magnitude, 4; epicentral distance, AZI; azimuth of the origins from
the site measured clockwise from the north. The peak frequency marked by
an arrow is lower in the left figure than that in the right.
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Fig. 3. Ratios of power spectra of microtremors between points near the Obaku fault, ©

The numbers correspond to measuring points illustrated in Fig. 5. The fault is
inferred to exist between S8 and S7D by a sharp change in the ratio.
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Fig. 4. Topographical setting of the site under study. 1; the Obaku fault, 2; a linea-
ment as an assumed secondary fault, 3; another lineament.
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Fig. 5. Measuring line in the present exploration and the positions of the Obaku fault
presented by various authors; 1; Mino and Takeuchi?®, 2; Irikura and Kawa-

naka after Kitsunezaki et al.¥, 3; the present study. No. 1 and 2 denote bore-
holes in the Obaku Hospital and Pool that in the Uji-City Pool.
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signal enhancement £ & #A Lic7i4s, 30
fir stack UTaH#hik s & NfcDi3RIFEELE 300
mBEE TTH - Tro Stacking OFHEDHII Fig. 6
KRBT EMBTEDo

3. AEEREHET

Bl R TRT (Fig. 7). ZORICE
MNHO XA EDERDEFIT, FRY OHEICLS
T EHREINTNE (Tap=Tap— Tap+Tep—
T4)/2)e CTOME—R LThM5Z &, 0.8~
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2EDSHBTE, 0T HROFEIT 260~270m
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BEECDXIICTESC LT H) & Shot 300 [
DREEY TR, 20 KHEO T 1. 1km/s,
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4208 DIRXE LDV TR, &R T L.6km/s BFEDS
h3. Loz &M, Likm/s {3 L6km/s &

25

xi02 sec.

Effect of stacking

m
® 120 ——
E
£ 140 I —
160 ———————
o 120 S N
g oL ERSUN
< o> ==
£ 1407
- 1604

20 times
33 35
kX

-
0 20%10°s

Fig. 6. Example showing the effect of stacking
for shot-geophone distances 120 to 160
meters. Numbers of stacking are 1,
10 or 20 times from the top to the bot-
tom group of traces.
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Fig. 7. Traveltime-distance diagram for the Obaku site.
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Fig. 8. Result of analysis according to Hagiwara’s method.
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Fig. 9. Result of analysis according to Hales’ method.

0.9km/s &ick B BiHFHEED (1/01,,=1/2(1/0:+1/2:)) TH-T, H1E, H2BOEDHEIL0.9,
1.6km/s THBEEZONDo

WiT 260~270m XD AHFORMICDWTIE, % 1EEER 0.8km/s THSo Shot 200 & Shot 420 [
DOIREEDPD 2.5~2.Tkm/s OTFREESRROND. COREER T/ HDIZ 52 FDDICHEHEUDLP
VHICE->TZOBREORBADEERLY > 30TH B, BdTIRAGEDHER, 2. 7km/s 53 0hE
HLOEHITHB0

PIEoKET, COMADOHTHEDOABERINDOT, 20X BIELEFVEERTAZEICL, &
THEDRBEEDETHIT L bR II Fig. 8 DL 3 TH 5. B I BOEIOIEICA X ZHT 013
FBIBEETH-T, B2EEEDOZLOBRERZNIEDNL . 1272, B2BEEMNECT 1.6 km/s
M5 2 Tkm/s IKHEFT 2 DILERBROFTNESD ST SIIRELSLVDT, WERELEZHVE
VWOTFICLTES, AFM5i2 0.9/1.6 GF1E 0.9km/s, 28 1.6km/s 2C DL S CERT L &
T 5) OWET, HHh 56 0.8/2.7 OBETE | BOESERDTHIERTH %, Fig. 8 b, 280
milTELEREIBAZELTVEL LN EBbh 3,

FEOHFHOBRLHRT 2 BLEAOEMBREL BV L THE0D, COLIITE 2 BESHBAEL
TOAEEIGERT30RIFE L. 2CTRIE, TEOEMNKE L THHEABTES Hales!® Ok
TR LTHBLEIT B,

Hales OFHEIC K BRI Fig.9 DESITH B, COFEICLBAELICY, B2EEEN L. 6km/s 5
2. Tkm/s WHBTERELCICEZPRERICERTEOT, 22 Th, BEELDEOEA LK, £hS
13 0.9/1.6 ORET, A 5id 0.8/2.7 OBETEIT L THI, Fig.9 oW RES K, ZOEAK
% 260~270m LCH 2 BLEAOREICEENADONG. 12720, BEOKFIIRZRELDEDEE LD
H/hE.

M & 2 R RRARMICIE—R LT 553, Hales HiC L 3 H 100 ED DR %S £ 2 (Fig'10)
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Fig. 10. Graphical analysis for determining the dividing point between 1.6 km/s- and
2.7 km/s substrata. The time term at the shot point at 420 m is assumed as
1.2 1672 sec.

Table 1. Observed and calculated travel times in 1072 seconds.

h uri Teal Teal
iiztt Me:;in?ng Tobs Hagiwara Hales
420 m 150 m 16.5 16.6 17.3

200 14.3 1.1 14.1
300 7.9 7.7 8.2
80 160 9.3 9.9 1.1

FEEE 90~130 m WICRALTH R E 2B, COHETRITINISDTRILL, 170 m B TOMEDHE
DATAARE L TERAINTOAIGESE . KL, 100 m LOEEHMZPPEEDOK EOHIREIKE
LW E, ERERSHRETEOOT Fig 10 HKBAIN TN A LI BHEEEZHEMELTADL TS
%o

X7, Lo 2@ofiick-Td, Lekm/shd 2. 7km/s ~BTTEHEEZERICHRET ST &M
TEITVe 22T, TNTTORNTEREBEIC LMD, COMBRELETICL, i 260~210m &£V
FHOH 2 BEEE 2.5~2.7km/s O BEWMIOMETZD0B b K BRERERRTEE2ERA
K DEHELTHIze Z DR, #HEAIR Fig. 10 KRA IR TVE X 265m &L, AF 0% 2EE
i 2.7km/s LT E0ODBRLINT Efb T CORTTEM RIEULHE, BIME & FEERZ
Table 1 DX ST 5Bo 12150, EREEICBT Shot 420 [2H1F 5 time term (F /i delay time)
13 £=10.05m iciEd BiEE LT 4T=1.2Xx107%ec &{RE Lo

S UEROEEREE LTh- LENVERES E, SEINIER Teal - AELULEEEEN
W, FRERERICADESDICRE 2 BOEELAKICH - LB EEEEEBIELRD, CoBs
CRALROIETHER EADI {5,
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Shot 80 DIRBICE ONBBELBFICOVTARRTET 5, Fig.T OEHIMCASNE X 5
80 H5RITICRAINEYBHLD bERS - LB HBETIHONBMBRLE0THS (Fig.
110 7 8o ZOFERK 1.8km/s T 110~190m
Bl r TR AR OB THSA, Fig 1l
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Fig. 11. Example of weak arrivals(’) preceding & ICRET 5 DRIL LA—BHTHEEELZ DN
the employed first onsets(°). The pha- 7, L7cdi-T, LBOFFRERIZZO LS DRE
ses probably correspond to waves pro- LEMLTHRT~ETHES
pagated along a high-velocity inter- ’ R
bedded layer which thins out in the BiC, Shot 300 & Shot 420 HIORELVTH
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Fig. 12 Comparison between underground structures determined by Kitsunezaki et al.®
and in the present study.
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DHEERLTBE, 2.7km/s 13 2.0km/s EIRPiflNC & 5 5HEEDEE 4. 4km/s O RMGEETH 2 HE
S TTLBDEN, COLIBHWREELEE, 20km/s EBEAS T v Vv ¥ LOSBHREMD SRBICHE
79 % 360~370m :ATHED S 2m BEOEMCHEET S LIKRY, PPREALDOTLOISERED
RNTEE L. TDZ L, Shot 300 H5AF~D ERE REFEBBNGOL UTHEHBTICLER
%Y 5o

4 & -3

AEIOFEETOERD SEEWEHE B EELONTOHANIT, F2EEED L6km/s 5 2.7
km/s KAELTEY, »DOZDOLEHOEESY 1.6km/s OfT 10m P EEL B ->TWAT EBHLRE
85720 2. Tkm/s BO LERHEEHRBALFOLMT, BE 20~30m EETH 5. COEII, MEfck
3, HABLEEE TORESK 50m i UABED (Fig. 12), Riciz &£ — Y v 7 HRE ORISR
WETITbhi: No.2 $81) bHETEAZINTV S, CORE—RTAMY, EE 50m i 4 4km/s
BIEETHOIK L, FE 20~30m iz 2.7km/s BREINZ LV ORARBHLEEFL2. L L,
PRTA-THSE, CRICRMENRSSC bbb, THbL, MEMHRLYD <7 oS FEEDEH
ZEELTWERVE, 44km/s L0 LEEBOEFEZTH0.9km/s & LTHD, 2. 7Tkm/s KU TBH
BRETLTOREOMDLTHE. bbb, 2CIKBROLIBWHOBLTH S, [ e TOEBRD LETI
0.9km/s DFEEMBREINTNEH, CHRBEOKTHEAIINTOROHBICHT 3HETHE0IC, KR
B 6 HHLET (L2 OML0 P REERBZ 5 1 3km/s ), RERTO LELHKE LTOFER
L1km/s BBELILAI] &o

Lichi-T, MEfcLS3 0.9km/s RESDURENVEILTHEEZS5TRHSH, HOOK R IZ
K= VS DRERICKRER >TVBDTHEDD, ThERNMEERRTERLVTHS S COFFEHER
T570iTiY, 27km/s BREEEOREVHHBLEL 308XV EEbN0%, Mk 0.9km/s 3,
4.4km/s X0 FEEAZMEIGEOAE TEOTED S FHEE TH50IKHL, 4MoFETELIN
2.7km/s REIBAOIC, THELEHBMZZHBICTETLHACI BB IR -TELIEELELLNS
H5,LDEIIET ST EREFNERED TR 72770, 2.7km/s B OEIR, Mo time
term Z2RV/NIL LT ERVBETHRINEZRESE . OS5 BPRENRSD £ 573 LRI bR
R} ELBTHBo

FHE L, CCTREINAFEFOKEVOHMERER, NS>0 IHECL,D, 110~190m THES
NizbDICHL, HMBIC LD LcdDTHSS. 2O EDD, COFBH 265m LB TAICILL S
D, ZOHBEBNERTEOTEL, BBICX > TROIN T THEEOFE X DELERTEDTH 5,
A S ETHIE, ZOBAICRTR FEH) Kb OBMBORERNHHETH LM, AEOEETIR
P RATDEEEEDPAKETEL DM INBL - EEZBTENTED, ZODITIE, BERD
{&d 20~30m LIETRINIZIZSITN.

wic, AEOEETREIN 0.8~0.9km/s, 1.6km/s, 2 Tkm/s 2 EHED & 5 BBEICHET 5
RELASEINEL 5o EQIC 2.7Tkm/s BRMETRONTVE EEL NS LT 5052 OBHEICIIEK
MBI bo 2L, TZIC 0.8~0.9km/s {355 1 BAMEI L H) - Tinb 5B, ZOM3H 2 BicH-T
fEbBEETH S0

Mg & SEEEEIC D WD TR, JL Y OF — 2 sBE1cis 5 (Table 2), Zhic kiU

0.8~0.9km/s |3 REARNIPRUE & /o ISUERUE LD o1

1. 6 km/s 12 (1) ReaRbFEE o2 B LM 05> b#E (G2) © vy, ¥l (2) fnitiE
TEDS bW - $L D vy OOTIMIEND, TET — 10 HF OKED SH LTROAEDH AR
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Table 2 P-wave velocities of various strata near the Obaku site.

Time Stratum Vi* V.Li* I;‘:::)th Site
Fill — — 0~ 0.5 | Uji Campus
Alluvium or Clay Layer C1 | 1.2 1.1 ~ 2.3| Kitsunezaki'"
Upper Diluvium Gravel Gl 1.3 } 0.8 ~ 45
Gravel G2 1.7 ~ 8
Lower Diluvium Gravel G3 2.1 2.0 ~14
(Osaka Group) { Sand and Clay ~ Sel - 1.7 14~
Clayey — 1.3 Oguraike to
Diluvium Unsaturated Clay — 0.9 ‘ rr;ea;n OF’ak“ .
Saturated Clay — 2.0 ' ilt:lurlfzakl
Paleozoicum { Weathered Layer 3.0 —
Unweathered 4.4~5.2 —

* V/ and V_L denote velocities along and across strata, respectively.

EEZBNBo 2. Tkm/s FfEE LTREL:BE LMY 3. 0km/s S HTOH, HIREHSHHLTZO
AHEEIRMEL, TLARKED S LEARBO oy LABRETH S0 2 7km/s FThETIKAMSNTH
BUBBOMEE LTRPPETELOTH I, ChRATAOEETKD I /7 niGEEoEH BRIl
HO5, TBEE - FIFOBREEEINID, TLRWHDOERTHL .

R, 2. 7km/s SUEBBTHE LTI L, CHSEBERBETRONTOATWEESKTHEL LI L
2, kL SHONTVEEEBOBENEEIZEOHEIC S L LEVIELTVAZ LIt b, Chidk
BERREOVR THEY THEI N AREEORBIAEICEER LT L &S FELED.

R, HERBRONBICOWTIZ, 4RORBETINRLD H2PWET D ORERMBE SN/ (Fig. 5)o
ZNIIRBERD 1. 6km/s ~ 2. Tkm/s B ADMBRENBDZOT, HTOBENEGTHL TV WIRER
TETEROD, ZNERSDEETRIZ, 188, Fig.5 EBEOTHBRIGUCERLTEAIRTVS
2, BB > TZ S Licbd TR,

5 #& i

(1) FRHEEDRKRS 5 Y Y FSET, BRI 7# & Stacking ic k% Signal Enhancement 21T
135 BT EEE LR U R, (ORERENENE 5 LR SN TV TH 2 BHEEHKFHEIC
L6km/s 5 2. Tkm/s CAZET BT EERT L

@) #HEWEBEOILEICREINS 2 Tkn/s B, EROBREVERT HAERESE (4 4km/s) DEX
50m kb EOHH 20~30m ICHD, ZDOREPSEXTHHED S LEEOBOHRIBETSH S LHEES
(%

£l [

AWECEMEREN, FEHERRSELEELURKS I ¥ v FOEREF S FRT 8 &t @
R FEAEREEE Y 2 - ORMICEB LE T,
TT7H Y RBEERNRETHRERRZFEOSOT, ZOEAICOVTRRERGKBERR, TEMER
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KEEERICE L CEERVIE S, ZORFCOVTRABESMEIER, BEfh—RIEEL T2
720 BHITR, RBAFEEREEHANZE, MREH, B KEBOHYZEE.

=) VSERAFROVTIE, BEREATERARERRELZBEREMBRES KOHRRSHR & CRRX
JEB LUFEHMRRO BRI > 70

T OVTI, —i, KRTEAEA BZEOEREZY, ELHOEEERE KUSEOHKR
I DWTIKE AR I RIRB & EICE#HR LT icidnie.
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