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Attenuation Characteristics of S waves in the
Sedimentary Layers at the Ashigara Valley

Seiji SAITO, Tsutomu SASATANI
Department of Geophysics, Faculty of Science, Hokkaido University
Kazuyoshi Kubpo
Earthquake Research Institute, the University of Tokyo
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We evaluate Q values for S wave in sedimentary layers at the Ashigara Valley by
analyzing accelerograms obtained by a borehole seismometer array during near-by,
moderate-size events. The borehole array consists of three component accelerometers at
depth of 467m, 100 m, 30m, 10m and Om. First, we determine the direction of horizontal
component acclerometers at a depth of 467m about which we have not known by this time.
By comparing the polarization direction of S wave at 100m with that at 467m, the direction
of the 467m accelerometer is determined

Next we calculate Fourier spectral ratios of S wave transverse component at surface
relative to that at each depth. Q values for S wave in sedimentary layers are obtanied by
fitting the theoretical transfer functions (1-D multiple reflection theory of SH wave) based on
the S wave velocity and tentative Q structures to the observed ones, that is, the spectral
ratios. We assume that Q value has frequency dependency of @=&f". The synthetic
transfer functions match closely the observed spectral ratios in the frequency range of 1Hz
to 1I0Hz. The resulting Q values are quite small and have strong frequency dependency : Q@ =
2/°% in the upper most layer from surface to 11m and € is less than 10 and n is more than
0.6 for the lower layers. Finally we compare the observed S wave seismogram at eact depth
with the synthetic one calculated based on the resulting Q structure. An agreement between
them is reasonably good.
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W4, BRENSCEEHBEEY CORBEBEWOZE L WML v, EWikicEE
5THA) BEARMEBICHT 2 BEESTFHOLD, BEHOMELBMT LI LNEEE $ T
TEE-> T3, B, 1989 Fne7) T— I MENRICRLNZEBRD L ) iC, TEEHBES
KWLM BRI RIZTHEG DL ) XN TH 22 EMEZ L, REDHETLY L
DREURBL L >TWV3,

BRE LB EET A MEBRIE, BOBRE THA Y E—F Y ANEBENRSERT L LIC
I NHWIEI N, FNRERBICAEERERIC L > THRELZ N, Fiz, BHEOFERMEIC L) EHE
ENs, Lo T, #MEPORBEOEE 2N LHICBHBLRER L VWOIHERT 200
HELMDLZEHVETH L, B, TETIE, MEEOBEZERI2ETHS QEZ KD S
HAaHEL 7t E N [Hauksson ef al. (1987), Seale and Archuleta (1989), Fletcher et al. (1990),
Aster and Shearer (1991), Fukushima et al. (1992)% ], #fEth o Q EHEEIC/IE L, i
KL B2REVEEHERESEAT I b >TETNS,

#1232, Hauksson et al. (1987) i3, 9 AT Y ¥ NARBWT SEN Q (Qs) xR, &
FHI0Hz LT THEE 1500 m % 6 420 m $ THOFEH D Qs EH7 25, 420 m & 5k T THOEY
7D Qs EA100 L\ ) HEREH/B TR, SLICHBBNREOOMR T, Fletcher ef al

(1990) H*HNT7 A V=T THORY 2 2HTRESOm» LMKRE TH Qs A I0RETH S &
Ry > T8, 7 Sealeand Archuleta (1989) H AN 7 4 V=T T30 m» LHFTF TN Qs
2 REL 5T, 10 2V IFEFIC Qs VI HEREHBTWS,

INHDHRFERIZ, Qs EITREBICKEL LV EWIRELL T30, —H T3 Qs ED
BB EE 2RI HEERDH 5. M2iF, Fukushima ef al. (1992) I3 TIEETT700m &Y
FES D Qs 12D, 1 Hz 5 5 Hz 0 FEBHEE T logy, (QsY) = (—0.52£0.48) logi,

()= (1.28+0.22) L v I EBRZE R, TOEBRICLSE1 Hz 255 Hz TQs 1%
L2ThHhdH L, MOFERE LB TLHEEIC O HEIVPIEREL > TS,

ZnE 5 QENIFERICHAIWEL LD LTI, BEBTROMLE» 53, HEERYEDL
LHBEDIRLIBALHL OB Q EEZIRIET LI EVBRE 4 - T 5. AHETR
SH BShEASF #IEL, 1 RTHERFERBICEDWTHEI NI ERERK L BA SN
SENARI FNHET 4 v T4 7 THZLI0E), RIEFRHICBI 2HBEFOSHEN Qs
fERE KD B, T2, QENHEBIKFEIC >V THEETLZ L2 HME L, Q IF Fukushima
et al. (1992) I -» T Q=QU"TRENLAHEEKFEZ L > e 2 lEL 72,

Inm = - 5

FFRTHCIZ2T— 71E, RRKFHERRH R FEICRE L 2B T v A OBRAED
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Fig.1. Left: Location map showing station CNT in the Ashigara valley. Right
: Epicentral distribution of events used in this study. The event numbers are

referred to Table 1.

Table 1. List of events used in this study.

No date time Lat. Back A D M Region
Lon. Azimuth | km | km

1 {90/06/05| 22:43 | 3533N | N14E | 31 | 123 | 55 | Central Kanagawa
139 12E

2 {1 90/06/27 | 06:55 | 35 OON | S12.6W | 31 | 148 | 54 | Sagami bay
139 O07E

3 190/08/05) 16:13 | 35 12N | S452W | 12 | 14 | 51 | W. of Kanagawa
139 06E

4 |{91/07/14| 23:19 | 36 25N | N25.5W | 140 | 187 | 5.4 | E. of Nagano
138 31E

5 || 91/11/19 | 17:24 | 35 36N | N64.5E | 85 82 | 49 | Tokyo bay
140 02E

6 |{ 92/02/02 | 04:04 | 35 14N | S85.5E | 55 93 | 5.9 | Tokyo bay
139 48E

7 {192/05/20 ) 17:23 | 35 12N | S81.1E | 53 92 | 4.8 | Tokyo bay
139 46E

8 1192/10/04 | 10:13 | 34 52N | S429E | 62 31 | 4.6 | Near Izu Oshima
139 39E

9 1192/10/14 | 14:36 | 35 31N | N63.3E | 60 63 | 4.1 | Tokyo bay
139 47E

10 } 92/11/08 } 08:07 | 35 3IN | N11.5W | 27 26 | 3.8 | W. of Kanagawa
139 08E
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D 467 m F TEH 5 SICHEFELN TV S, L L, REF6Tm ICHES LB IZ XD
FAL % BRBERICHERL Tl ies, SEDOBITICH > THAL R HEE T 2 U ENH 5. 467Tm D
WEHOFMOHEEIZOWTL, RETHENS, /2, ZOBRASTHOSES LU PHEOHEERE
I 500 m AR E FTRBIZ L » THRLN T3 (Fig. 12),

HEFHI, 3T OIEER SMAD-16 TH 2, Btz E#r E b TB ), o7 v 7 —
b i3 100 Hz TRERE N T\ 5, FoSRRI BRI 0 Hz~25Hz, ¥4+ 3 v 7L Y316ty
FA/DEBRBOEMNIAEY P, AGCO4EY FT—FEbbE 18y FTHY, FHELIZ
108dB & % 5.

BFIC RV 10 o MBORER X BRANE, B CNT ~ B Rl - Back Azimuth
B =Fa1—F#% Tablelic/mnL, BEACNT & ER% Fig. LIRY., o DHMED
BRJZITEME LW EL L 5 oo L, BRERIEIE/S 12 km b 585k 140 km, BIEORSE
35 FNLNDT UM P LFLRNVLDTH 10 km TH B, <7 =F 2 — FOHFHIL,
3.87559ThH5,

. IEEMBETOFAIRE

BREAECNTIZBWTIE, 0m, 10m, 30m, 100m D 4 & T, +oLFMOEEL - TC
HEETATERIE S 117207, 467 m TiZ Z D HALAHERFICII KRB TH - 72, SRINFFRICKILE, 467
m I3 S N BT OB AHE * KA.

HERMBHOFI L RERICHET 2BICIZ, BRESD orbit # W2 Z X5 %\, HIZIT,
Seale and Archuleta (1989) (3 S# o orbit & L #xE L 2 B DB M % BiF 0 HAL & Wik
TrZ Lok, EERBEFOHME KD, —F, WA - (1991) I3 HMHBEMO R *
EMEL LT, 2HEHEOEEBIPED orbit DFME BT 52 iz Lk DHEER CERMEST
DHMEHEL 7.

FALE KD WHBRT O+mE  icBM r 2 B H 5 HiF, 2 mEHHEOMEERNE
§ orbit DFMEKET 200 HIBFLHTHY, FRBEDL L, BRECNT T3, 100m %
TORBHOFMIZ b > Twdhrb I e F#aE LT 46T m DB A& HET 5.

1. BIRFHZE

BRSO orbit DRI B % 6, FHALEHET HHEFIC & 55048k orbit DRI A M % 6
L7z &, ZOMBHORMEL L ZHBEHINT ZHEMEM ¢ 13, ¢=—(0-6) TH5. 4,
HEENMEFH L L T100 m DMEF 2B, ZOMEC & 5589 orbit DRE B A% i, F
PrEHETNE 467Tm OHEFHC & 5 8HD orbit DREF A2 O, & L, KDHBXE46Tm D
HWEH DI E duer & TIUE, dir=— (Gier—b00) &% 5.

L L, EBICE, KPHABEINREAFEEROEZ EICL 0T, AFHAEF /0
Bl v, SENRRAAMZIELRKDE Z X TEL N, LD - TR T, BREM
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L TREDAFLULETH ), AFHAEK+FITHE W EHHIFENS No.1 & No. 2D 2
DOMBEBTNRE L7z (Tablel), /2, 202 O0DMEIR PENIREID LN /AE Vs
BLIEEER D S B D A % BITIC B 72,

orbit DRMFEDFHEIZIX, Park et al. (1987a) NDFHERZHV:72, ZOFETIE, b R
XERNOFEH L RmE R % BEHERTRO L Z e TE, Lizh->T, BRHADEELRE
BBEHEBEBICMD Z L HTES, 72720, BToNRE % 2R E TRES M5 ELT 2
BEICOWTR, ZOFEZBERATEZWDT, Bl > URMENLELREIXE 2 EET 546
BEhd b,

BARBICE, Rk ) aFIETHIT24T- 72,

(1) BUESE D S B TR S MORFEIZELD/NE WG 2BET 5.

2) (VORHEXEIC DT, BEHIEIC orbit DR % HEET 5.
3) orbit DREEMEHGR, AFABED/NS WEEBREBEEET 5.
4) QDB EBERIC DT, ES D orbit DRAFHENOTH A EH L, HESOH L #

EY 5.

(5) FIBCNDAFEEMZIEIET 5.

FNEQ)Ti2 Vidale (1986) nH % B CTRAFEDREHZED/NE WK% 2.56 BELEA
72, FRAQTIE, FIEG)TRE L - BEEERICEIT 2 F0EE > TRO B HBFHOFME L
2. $hbb, BEESand b fraxE T, E?&;&Faﬁliﬁdf'cw:@%@m orbit DRM K 1A %
Kvrz UL, 467 m DHBEH D F M daertd, Ofo= O fam+RAf) | k=0,12,...N—1& Qbr=
Ossr{fnin+ RAF) 3 £=0,12,...N—1¥k DFENFH)

(
(
(

N-1
¢467:%;(0f67_ efoo) (1)

Thb. £z, TDLI LHET, L180CDTHEERIZET LNT. PEIFOWLIE L LD
BT & X NERD 5 UEH H 5.

2. fBWE L URITRSE

Table 1 ® No. 1 & No. 2 DRIz & 5 &&kicDWT, Vidale (1986) MHFFsE% fvs TSR
BCRBFEFT2T-72. CoR2L LIS, EICSEEZEA, 0, RBEEILELES 2.
S6MRANTA Y FEREL 72, ZDOKR%E Fig. 2, Fig. 3icmR¥. HATRINTWENHHE
ELITA Y FITHS,

Park et al. (1987a) N k) D74 > FyOBORME R % BHEEERCRE L2, &
% Fig. 4, Fig. 51TRT. Zo#RE%2A5%, No.l, No. 2 nHiE L § E¥E 1 Hz 80 <
N7 MABERLTEY, sBEEERE T3 strike, dip & b REL T3, 72, 2O0HE
& 12 100m A dip A%, 467 m D dip iI2 X T/IAE { e 5T B, 467 m TD dip 47 10°~20"THh
HDITHAT, 100 m TIRIIFIT 0y, ZHIZ100m & 467m DDA » E—F> 2niE iz
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Fig. 2. Polarization analysis of records from event No. 1. Upper

depth. Lower :

: 100m

467m depth. Each horizontal component of the 467m

accelerometers is referred to COM1 and COM2. STRIKE is polariza-
tion direction in horizontal plane from North (100m) or COM1 (467m).
DIP is polarization direction from horizontal plane. PE is angular
polarization : PE=0 indicates linear polarization and PE=1 indicates

circular polarization.
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Fig.3. Polarization analysis of records from event No. 2. Upper : 100m
depth. Lower : 467m depth. The other notations are the same as in Fig.
2.
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Fig.4. Frequency dependent polarization angles for S
wave portion (2.56sec) of event No. 1. Left : 100m depth.
Right ; 467m depth. The upper most figures represent
Fourier amplitude spectra for three components of S

wave potion.

&, WMEBERDBEBRIHRL L BIFEERRICE I Z ER2RBEL T3,

ZORERD b, BBERBOEED dip %31 0°TH 5 BEEERZ B, RO L ) REER
DEFHEL 46Tm DHEHE L 72, B2 BREEEI, No.15°0.8~1.8Hz, No.2 1.
0~2.0Hz TH» 5. ZOFE 467Tm OHEHOETD 1 DFAIE, No.1 DHEHD 513 —61.8,
No. 2 DHEL 513 ~60.9° L FTEI N7z, 7277 L L 180T E I N T W5, FHEHELIE
HIRZE, BESMT Fig. 6 IR Y. 2O00OBRBAVIEANTSH Y, FLEBEELNEC,
DO LWRRTH D EEZ LN 5, BRI D 2 ODELEH L, B4 1 DB —61.4°,
F/2E 614180 THBEL.

T180°DAHEEMEIC DWT, TNEHEET 572512, 100m &, 61.4°EIEL 72 467 m O P ¥4
BfHE DK FEBI DS % ik L /2. 2 # Fig. 7i2/RT. No.1 & No. 2 DFcgaiisic, Pk
DIRMEND K E V> No. 9 DMBENEERD H b TRL 72, KEBDIRIEH/NZ WO THET L5 W
7%, No. 6 NEFE RD L LMV D> T B EXRTENG, L72hi> T, MM 467m
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Fig.5. Frequency dependent polarization angles for S
wave portion (2.56sec) of event No. 2. Left : 100m depth.
Right : 467m depth.

Table 2. Difference between S wave polarization direction at each depth and 100m depth.

Difference S.d. Difference S. d.
_(90"6100) -4.2° 1.6 ‘(00—0100) —6.7° 0.4
_(010‘6100) —4.7 1.8 _((910"0100) _8;8" 1.1°
— (830— 0100) —7.4 2.1° —(830— 8 100) —20.0° 1.6°

DHBHOFALL, BS 15 —61.4°, KD 25728.6°Th b L#EL 72,

ABIDFHRHEEIC A T2 HEOHE,I L L 2 HRT b onic, IO FET, 100 m 23# 2 |
720 m, 10m, 30m DHAEFREL 72. Z0OER% Table2i12RY, No. 1 DHEICDOWTiZ4°
~7°% No.2 DHIEIZOWTIZ0m, 10mA#6°~9°, 30m»720°& I ERIC - Twb, No.
20 30m HMWOFRREUNRTIEECKRELBE L > TWEY, ZOREIRL b L %W, o
FRITOWTIY, BMBEFHREBEHFOFNREOWMERE L, SEBMHEERICHRE L 2 FEN#ESR
ED2ONDBERNEZ LN, LL, WTFIICHEIZINFEICE - TH 8 UTORE CE:S
DHPERET DI EDTEREEZ LIS,
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Fig. 6. Differences between S wave polarization direc-
tion at 100m depth and one at 467 depth : — (6.6, —
6100). These are obtained from STRIKE in Fig. 4
and Fig. 5 at each frequency. Used frequency range
is between 0.8Hz and 1.8Hz for event No. 1 and
between 1.0Hz and 2.0Hz for event No. 2.
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Fig.7. Wave forms of initial P wave at depths of 100m and
467m for events No. 1, No. 2 and No. 6. Triangles indicate
onset of P wave on the horizontal component.
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IV. Qs fEBENHRE

ZNETI, SED QP Qs=Qf "TELINIFAHEBKERE2FHOLREL, 1kTEER
HERBICEDWT Qs MENHEZITH. FEr LT, HETRHNIN-SEDR7 VL
10m, 30m, 100m, 467 m TEBE N7 SEN 27 } L E DHHTE & BB S DR OEERE
ThbHEEZT, SHEIFEEICAF L E2D 1 XKLLERFNERICEOW - EREENE S
FRCT 49 T4 7E3BZEICEN) Qs (f) HEHET 5.

1. SBDOARY PIVERRY b VDR

¥, BNECERE FME T L2 transverse FAIC A S 5. No. 3 DHENBAE % trans-
verse FHlCH#EE L 729 % Fig. 8127, No. 3OMEIZEREH 12km iz 3 H-T
AT A2 0 OB F TlE, SEDIRIEITAE ( ZOMERBIE o> T3, SEE
SFZHEET B MBS LEFIELBIZ L2075 T, BEBERIC R TEBERS S8 T
CHDOPHLELTHY), FARBIIHWEE L THERO m TIE AT mIC TR 2EICL > T
5. Fig. 8 CHEEHOTIZER TR L 72 & 512 SIEE 1 MHAI» 5 5.12 B ORHE K H % #E
LEBEXICBIT L SHED R M vdRKb iz, Z HEc multitaper spectral analysis{Park et
al. (1987b)] #FE\>72, taper iX, N =512 @ 2z prolate taper % 3k THw/-,

ZNk L TNo. 145 No. 10 0 10 HOHEIC DWW T SEEHF D A7 P LiKeh, HE
E10m, 30m, 100m, 467m NDKEIITDWTZLZ FILHEKe 72, Fig. 9IcRBEI T &I
0m DA P EE WEOHEBICODWTEREELRZLDERT. FOFELAT
HokEt—70REHIZIIET—HL TS, LIrL, E—70F3 o0 TRARELZESLD
EXHN,PAZIE0mE ImDARZ PVHERSE 3 HzoE— 27 DfER KR/ ERKT L0
DEEFDH L, TDLIHILUE—TJEDEFLDEFENDRIITONTLALND,

72, 0.5 Hz ITOMEREHM TII R~ P vl k& CENL G, 2, /A XDz T
hbrEzZ b5, Fig. 101k No. 8DHBENSENZAL7 )& ZNERTD 1.25 MDA~
FATHB, UTF, ZOSHEEMDARZ L% Peoda DARYI P ERKZEIZT S, SED
AT P NEKRKDLFHAIXETD P coda lZBARZINT B EFL2DHRUTHEHH, S
BENZAR7 P NWOIRIED P coda D227 FLOIRIEE TE- Tv 3 & 5 S A& ¢k,
EEHEREDOSED 2T P NHIZZ DM SEORERB LY IEL C RBL v EF 2 L1 5,
—f&iz, 0.5 Hz UTFTOEFHREFIE T, R0 mD2 5 30m F THORIDART P2V
3S#H & Pcoda D227 P NFIZIZFE L K LW DIRIEZ 3> T 5, £72, ;RS 100m & 457m
DPAIL Pcoda DA2T F WORIBH SIEND 27 F LOIRIES B> T3, Fig. 10 oL
72 No.8 D L HICIRIBD/NZ WHIETIZ, 1 Hz LTOEBREEM 22T ¢ <, 1 Hz U Lo RE
BT SENZART P WOIEIRH P coda DA77 F WOIRIEZ TRIZHEAYVH D Z & a7bh
5, W2, 1000mDSERRZ D 1.2Hz & 2.5 Hz DIRBAB L ETHE, L)%k
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Fig.8. Transverse components of S wave at each depth
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Fig. 10. Comparison between S wave and P coda spectral amplitudes from event No. 8 at 0m
(left) and 100m (middle). Spectral ratio of S wave at 0m to that at 100m (right).
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installed.
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Fig. 13. Observed spectral ratio of S waves at free surface relative to that
at 10m depth and theoretical one (Upper left). Also shown are sensitiv-
ity tests of the transfer function by varying the attenuation parameters
of €, and n (=1 to 3 and n=0.0 to 1.0).
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Fig. 16. (a) Comparison between observed spectral ratio (0m/467m) and
theoretical transfer function (@, =10, n=0.6). (b) Change of the theoret-
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Table 3. S wave velocity and density structures (initial and final models) and
Qs structure obtained in this study.

initaial model final model Qs (=Qu™
Depth Vs P Vs P & n
m m/sec | g/cem® | m/sec | g/cm?

0-11 110 1.2 110 1.2 2 0.8
-23 220 1.7 220 1.7 3 0.7
-50 250 1.7 250 1.7 4 0.6
-57 500 2.0 330 1.9 6 0.6
~68 270 1.8 330 1.9 6 0.6
-90 560 2.0 560 2.0 7 0.6
-240 790 2.1 790 2.1 =10 0.4~0.8
-420 970 2.2 970 2.2 =10 0.4~0.8

420- 1260 2.3 1260 2.3 =10 0.4~0.8

BT OFER, RANTFEICBIT 2HMED Qs g%, KL 5 0mDWREFTIE 1 Hz» 5 10
Hz o BEEA T, $72467TmDORSFTIE1 Hz o5 6 Hz 0FEBBFATRDLNI, ZD
WK% E LT Table 3R,

V. % £

AR TIE, QsfE%HEET Bl - THBMPGHF O SWAREH SH BEEASH D 1 kKT
ENHERCHEBTELLEWIRELB WD, ZOENELYE LEL L2 Qs [EREOZY
HRHERT 20, HRMELR AR TRE L. 1 K T2ERFER CHE I ERE
BELZAVT, Q42 XKDBIEHTER12L I0Hz DAEKERATHREIICHIT 2HEHBHE
BREARL, BRESE KL, ERFEBEOBICL - T, KB IAA Ay F 74
NF—%HFT 10 HHz YLD BB 2D Bv72. Fig. 171C# 3 100m B & 1467 m DE
WELEEE A1 & L CABRL - ERMERLR # SHTS 0BG E » b TRT.

100m DFLERE AT L L CHE L - BRILBIIERE TR TW S, 467m DFskE AN
ELTHELL-ERTREIBAEE STV BRCBIAL Uiy, TR0 m & 467m
DEND A7 e 1 RTCEEBRFERTHE S NEEEED B D VR 2z
EERBLTWREEZ bNb, Figl6 %4 )—ER52 1 Hz» 5 3 Hz ofTl3FHRE S Lk
BRI BRESL TEH-> T 2nizxfL, 6 Hz 25 8 Hz CREHRBEI;BAELZ L -
Twa, wihice k, 100m Ditsks AN L LAERTERIIB CRAGESEZHER L TE Y, 100
m R CRIEDIELE L BITIC L > TH LN QBEDRZLEEAIRINL, BE100m &
467m DRIz OV Tid, No. 1 & No. 2 DHENBE BT, REFHHIED 213 & AS
AEINE LS o200 b Ltk

Kiz, SERD b N7z Qs fl L MOBMFETEKD b Mg Q % T 5. AT - (1993)
13, MBEGENRL 2 4HEICEBW T, R7 A—/LTEA S - ES S+ HVv-7, 0.5 Hz~20
Hz 0@ TS ED Q H%E KD, BEBKEEICOWTRILL. #oidgh, oMok
BLBIh->Twa, B -4 (1993) » Fig. 7 & Fig. 8 I ABRIC BT 2R B0
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Fig. 18. Comparison between the resulting

Qs values in this study and other
studies. @s values in layers with S
wave velocity slower than 700m/s are
shown. Hatched area shows a range
of @s values evaluated in this study.
(modified from Takemura ef al. 1992)
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