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S-wave velocity structures were explored in the northwestern part of Ishikari plain from micro-
tremor array measurements. We measured microtremors using seismometer arrays at 3 sites on 4
days during May - July 2005. Phase velocities in a frequency range of 0.22 - 4.32 Hz were estimated
using SPAC (SPatial AutoCorrelation) analysis of the microtremor records. The S-wave velocity
structures were obtained by the inversion from the phase velocities using a genetic algorithm tech-
nique. The inverted S-wave velocity structures obtained from the microtremor array surveys in the
present and previous studies indicate that the S-wave velocities of a geologic layer clearly depend

on the depth.

I.1x C & Ic

AFFEF IRV A AR O HERE S S FTE L, MBI Z OB o2 < =T Tw
LT ERMBNTWS, iz, 4 - fth (2001) 1, AFFHEHEEL TIrbiv e MEiRE & q
HEREOHKEND, HEEED FICES 3km L EOHFEERH Y, F%fﬁﬂéht%%@%
FRIXZ OHFEBIC E VIR AZ T TWD 2 L 2R L. 20k, 2003 F+EfHZEOBIC
TP Z O TR O BILNTEFICR W T, HERERBOFEIC i@%ﬁ%ﬂ%ﬁ#ﬁ<ﬁtéh,
TENBIZRBWTHMY v/ DAvy VU T RBIERIL, ¥ v 7 KRIZORPo T, ARFEERL
FEICR W C O ASFEFEECAMA V7 DAy Vo I X D BEBRSIRE S L (L - i,
2004 ; &M - 4, 2005).

B HIER OBRICI, ARFEESEL T, AR 5 B o R O A RIR S RATICEE R L
TWie (FH - 4, 2005). Z ORFTHYZRIRIEOBEKIE, FARAEHTES AL OIS O 3
WIAEEREEL TWD EEZ NS, L, ZoMEo 3 RkoEEMEDHBEI~DEED
MR DT DITIE, FRICHEBENICEEDO R E W S WHEMEICEHTIHEEREE+Ho LTV Ak
no .

BAIIZoMBOMEBREE TO SEEEMKEOMAE BN L LT, 200542 OO 3
YA MTRBWTHMEN 7 L—8BIRIZ1T o7z, BT L—8II S LA Y — R OAAEREZHE L,
O FREE I T 2 &R L I L R DTS 2 HEE T 2. S 51T, HEMKET T L OIER
(Bl Z0E, HH - fh, 2007) ICFE5TDHZEE2BRE LT, RHZEL FICHEFEE CHMEIT L —
BRAL AT o Ty - fl (2001) °FEMH - il (2009) DFER & ARFZEDORER LT 5.

II. # & #

,.E-Iﬂ“{I

BRY A~ OHEN Z Fig. 1 1R ¥, REHUROILAN AR EESMAEL, £ OmRlicidE
WARLRFEE IR Y, I RER 2 AR 1 D3 LIS T 5. BREHIEUED O 1)1 O3S
D—FIIATHEIC LY E#L S, TOMBPHREOKFNTH S, FRAEMBIL, 1/5 THE



FFPPEFALPE T I IS 1 DB 7 L —BRAx 161

= ;’V b ; K 3 . MO or A i
appore:SK-1BIE ‘Q%‘ hres =i Z g

Fig. 1. The map showing the location of arrays. The base maps are 1/50000 topographic maps published
by Geographical Survey Institute.

B THLIR) OB - fh, 1956) & THE%F] (GER, 1958) ICE 7235, EEHOHFIC L2
ERITFRD 5T, 1T FHRMF TH 5, #HTOFBEILERICEATHND Z R mbATW
5. BlZIE, FHEEER EORERP G, BRAMIE R IGH 2 S REEO m A2 EE AL Ik < 2 L 3F
ENTWDS BlIZiE, A/ - B8R, 1980).

BAEMB OB, ANROMERICNZ, SMAICITNEE - M (1990) 25, FITHE=RICEL
TIEE)I - it (1990) 723, FHIMRITD>W TR (1992, 2003, 2005), [ - fth (1992), WL -
fi (2008) BHEIC/RD., ZOHIETIE, AMEERLEDOBH TS OYBERENTHOILTRY,
ZO—HHPRICINTWD., Fl, ZOHBOENROM FHEIEIL, K (2005) Z2EICEY R—
VU ZRERK AR EEAVTHALA TS, TRALOLEAESEIC, BF% Tablel ICE L 0Tz,

ARWFFETIL, HUE %2 HC L - BB R 2 B YE ITRAT 217 5 5, BoimITiE & 5 il SRS 1 134
FU b HE RS L IR LRV, Fi, Tablel 225 LWL 72X 51T, Huk - HSCOFENA L
DIFEIEFRFMHICE Y MELCHEBRABERDIGERD D, ARRTIE, LMESRT 2B
FNENOIIRIC L DHES & 5 WITHERHMCZ VY, B Of#HT TIX, Table 1 12" L 72 HiE
48 5 X Layer code V5.
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B OBLANIL 2005 42 5 ~ 7 AIZATo 72, WMEYOREITIE,

F—ZINGRERIC 24 Y NADZ

Table. 1. Stratigraphy on the explored area.
Geologic age ;i;m(jz(;r;) Oka et al. Omokawa et Present stud I;gg:r Note
(1992) al. (1990) Y
Holocene Holocene | Holocene Alluvium  |Al
deposits deposits
Middle Shikotsu
Late Le;;i‘:ts pumice fall Middle to late|
Pleistocene], ,. Dateyama Noppo.ro Shishinai Pleistocene
Middle| . formation .
formation formation
Early Zaimokusaw |Uranosawa Zalmokt{saw Zaimokusaw Lp
a formation |formation a formation |5 formation
Pliocene Tobetsu Tobetsu Tobetsu Tobetsu -
formation formation formation formation
Morai Morai Morai Morai
Late . . . . LM
formation formation formation formation
Ban'nosawa |Ban'nosawa 1
formation formation |
Miocene  |Middle Atsuta Atsuta MM
formation formation 2
Ponsubetsu |Ponsubetsu
formation formation
Seismic
Early Green tuff Bd bedrock
m. & A

Bt V72 A I T30 LS-7000 XT i fH L, #1ZEFHE Lennartz electronics #: LE-3 D/5 s %
Wie. BUICITPEREF RIS L 50 5 WX 100Hz B> 7 ) v 7 TF =& 2k LTz, BiFt ok
EFZENENOBRIAITRWT GPS 12X V1TV, LGS CREAIRB OBV fisk % 5z,

7 U— R E E o 3BIRLE & L BRSO A BHAE 6 25 7 L—Z2 A, TLr—
ORI, FERICMEAEZH W (Table2). [FIRFIC7 72X 8BRS TRIEL, FhEh
OT =1L, L7 L —T#1100m, SL 7L —T80m, M7 L —T#380m, S7L—T
100m, SS7L—T, 30m & L 7.

IV. GIHEEEDH#ETE

WEN T L —BNC X 0GOS EIRER D, MENCE N FRER (LA ) —%) ONFHE
Erkdiz, BRSBTSy N2 T 0 VX —2EAL, 7TL—FRIZELT
1024~163.84 Fb % 1 AT X[ & L CHRIE 2 SEIL, RETHIZR /A X7 X DL nWERE L I24E)
FEEROBE LXK LT, 22 H CAEBEEE (SPAC I, #ilx1X, Okada, 2003) %A L 7z.
SPAC#:TIE, 7 L —DRERDMITIC X V1555 22 B CMHBIRE (SPAC 3 o(f, ) 75,
TU—Er, WS, AR c(f) 2B 2fr/c() 2K ETHE O KNy
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Table. 2. Details on the microtremor arrays.

Site Array Central location Radius Date Time
Latitude  Longitude (JST)
KOY SS 43. 2346 141. 3923 30 m 2005 May 31  15:53-16:57
S 43.2344 141. 3924 100 m 2005 May 31  16:08-16:56
M 43.2331 141. 3924 380 m 2005 May 31  13:14-15:22
SL 43.2312 141. 3926 800 m 2005 July 9 17:17-18:57
L 43. 2297 141. 3929 1140 m 2005 May 31  12:57-15:21
OYF SS 43.1915 141. 3636 30 m 2005 June 1 15:10-16:10
S 43.1917 141. 3632 100 m 2005 June 1 15:10-16:20
43. 2051 141. 3618 373 m 2005 June 1 12:24-14:29
L 43. 2018 141. 3623 1120 m 2005 June 1 12:19-14:24
BNG SS 43.1714 141. 3080 30 m 2005 June 2 15:07-16:15
S 43.1717 141. 3081 100 m 2005 June 2 15:17-16:13
M 43.1718 141. 3056 365 m 2005 June 2 11:54-14:33
SL 43.1713 141. 3079 800 m 2005 July 9 14:12-16:12
L 43.1728 141. 3011 1130 m 2005 June 2 12:00-14:33

VA E L THGRMIICH bbb 2k, Thbb,
o(f, N =J1,Quafr/c(f)) (1)

ThsdIZLERAWT, MHEE () 2HETS.

KT L—Ir GHEE S AT B RS IS Z B L TR bz & b 2 85 i 6 87
TEHILL T, RMARAFREE & Lz, Figs. 2 ~ 4 \[CEFFEHILTELRDO 3 A MZRBWTHED
AT ALABE 8 KON SPAC (R 2 7n 3. NiABE DM D AL B Bt IT Y 1 Mic kv #7225
HYOD, 022Hz 76 432Hz ETOHPFATH Y, & A b &b JEIREPHEMT 5121 THAH
HWEINEL R GHMERROND.

723, OYF & BNG (Z oW T, EEEREN (R05HZLLF) T, /A XREDREND
EODNCOBRPBHRNWRE, BT LOEYEEX LNDMHEENRG LI IR b 5T,
2L, FLAHEREEDMS SV TWRWERECT LV b S B IRERE T2 3G 6 i
FEATICH Wz, 72721, OYF OREFEMANICSEEMICRIT S 2 L & VIFI Tk 5,

V. EERBEDHT
HEE ST i ah R 235 X 9 70 S RS %, B 73 Y XA (GA 5 Yamanaka

and Ishida, 1996) T X 2 WfEATIC X W HEE L7z, MW TIEE YA b Z &I 1 RIT/KER @S
PAEL, PIRHEE L BEL Ludwig et al. (1970) 12XV SIEEDOR%%E L CThH 27z, Y1 b
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Fig.2. (Top) Phase velocities obtained from SPAC analysis of the microtremor records at KOY site.
Solid curves are the phase velocities obtained from each array size. Different colors of the curves in-
dicate the phase velocities obtained form different arrays. Solid circles are the phase velocities compiled
from the phase velocities of various array sizes. (Bottom) SPAC (Spatial Autocorrelation) coefficients.

FICHEIEE 2 T2 10 Y OFATICE VS ZHEE LTz, 723, IREOTMEREEIL,
N
misfit= "y (0,—C,)*/N @)
i=1

L, 22T, O i 3BANC X 0B LI AIARERE, C, i3 bR ICHE S AL 7o AR
FE, NII7—4% OokzR. BEOHBRR misfit /&< 7ed koG 2B L, Sk
G EHEEL T2,

HEERE R ORI OB ICTIE, misfit ZTRITROIE S DX HEHMIE L 72, RKACE b g &R
TS, misfit BN OEET T NMCIZ, GA XX ZBRZOBE CHESNHEETT LD b,
misfit /IO S DD 1.25 5 E TOMET TV &2 6 FE S D S HER D FEICR L .
ZoLE, misfit PRELRDICHONEREL LD Lo Lk, - (1999) X, 5
misfit U FDOMEEFEH LI b D EFEKHEE L TWB R, ABFE TIEE/ND misfit DETIVE
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Fig.3. (Top) Phase velocities obtained from SPAC analysis of the microtremor records at OYF site.
Solid curves are the phase velocities obtained from each array size. Different colors of the curves in-
dicate the phase velocities obtained form different arrays. Solid circles are the phase velocities compiled
from the phase velocities of various array sizes. (Bottom) SPAC (Spatial Autocorrelation) coefficients.

AR L Lic, £, o2& Z2FRHIORT LT, FHEEMOMERKEZMD Z LN TE D,
WEMIEOHEE T, ThZhod A b THRATRRMORET - Ic XV HFEoh TV L EE
RREEZBEIC, BRLE REHAZREL 2. FLBHEYA FOHITEND.

1. KOY (dL&£4#R)

KOY Ti&, HA bk 2 flRE 0 72D O RKFERERERR @ > TWD (AlAH,
1993) *. RHEHRAE TIIECHE=ZRZ2L L L TEY, FAMAR (1993) OMEREGEE K I IX
7V — BT ~MARIRE OREEESYRE S P TV 5. AT T, Z OMBIREEEEWE 2 & 5t 7

B, AMMAR (1993) IZATROCHEETH 553, ARTHEL TS MHUEEWRTIIEEH - i (2009) 1Z5IH &
naTns,
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Fig.4. (Top) Phase velocities obtained from SPAC analysis of the microtremor records at BNG site.
Solid curves are the phase velocities obtained from each array size. Different colors of the curves in-
dicate the phase velocities obtained form different arrays. Solid circles are the phase velocities compiled
from the phase velocities of various array sizes. (Bottom) SPAC (Spatial Autocorrelation) coefficients.

iy g f:%%‘JENﬁZﬁ%ﬂ%ﬁF@ S5BORBIEZICICEEOREHA 2 < (R 10mFE) REL, S
HOH E OBRFREPA 2 )R < (0.4~2.3km/s) IZRREL 2.

 DRSFHE DR EWTHE TIXHEILRICOWTHAL LN TWRWO T, BIURIT-OU T o SCH
PELUTo. BEE OB LMY (Middle terrace deposits) « (F3|LIE (Dateyama formation) *
MAIRE (Zaimokusawa formation) DD EHEREEICEATIERHIR oo, 22
TUE, AR E OWMNTIC L2 e BB L T, FMEEHRY ohZEILEA 18 (Tablel

DOUPRE) &L, UPEBLIPE (MARE) L02BEFRELZ. LB LM ARE DR
iE, FEhOo#E (B, R, 1992) el b, EE 100m BiBICH D LIREL, W
TIIEBE REPHZ £20m & L7z,

JeHpiE g 7 — & X—2 (DR, & DB ; g TopdbiliE =cis, 2003) 12id, Zo¥A b
JFADOR =Y 7T X DHEERK PN S OpFHR S TWD, ZhbofEREICE, FaoR—
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V> 77 E DD BIRTERE O JLEELRE & HER S VD B D3R 35~40m IR B D, T
D, ZOYWA N TOMNEEEDLRRHZ 35~40m & L7z,

DETRELE+EBICOWTHMT ZITo7c L T A, DI 0378 misfit DEWTEHERILO
J8D SHEHEENKEIEEDE, —IITmmLREHERPEN IR GO, 22T, K
FEHo2E GETRELESE; EHELFATABICR) 218 MM2E) IcELd, 78
+HAE L LT 21T o728 24, B62Z00BRWHERE LN, BEMICELNTREE
% Fig. 5 TR,

2. OYF (&£iR)

COHBITIIKFMBAR DY, »OTEBICHMEZHEEL TWeZ bbb T, MTFHERA
FHEMEE THDS. ZoFA oM, AR —Y 7 ORF SK-1 (LB e iR E
B, 1968) WK F SK-1 CAiAM, 1995) 2ERHY, EESEEPHALPICISATND.
7o, FHRICEL TH (2005) 2MEEFL TV 5.

KM SO O FHEEN (LB E RS, 1968) T X, ZoHICIIRFAHH
EMFEN S ALICE RS D EREIE S H Y, KT SK-1 IR FEROBERBEPRbEE - T

3
a2\
€ h
é —
2 k% &
E N z
[ o
> [
@ a
o
T 1

0 T T

0.1 0.2 0.5

Frequency (Hz) Vs (km/s)

Fig.5. The left panel shows comparison of the observed phase velocities (open circles) and theoretical
phase velocities of the fundamental mode of Rayleigh wave calculated from the various velocity struc-
ture model at KOY site. The right panel shows velocity structure models. Blue lines indicate the phase
velocities calculated from the best fit model and its velocity profile. Red lines show the estimated pro-
files within 1.25 times the minimum misfit value of the best profiles. Dotted lines in the right panel
show a search range for the inversion.
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W5 EZAICHD. BT SK-1 3% SK-1 OERICE L, KEEROETFICHZD. OYF
7 L—OHE, KEEROBEOIRIZILAERICH Y, KAT L—E% (B 1.3km) IKF SK-
1 LW SK-1 ORIV, 22 TiE, 7L—0ENY 2EEL T, % SK-1 &% F SK
-l OEEREES 12 & L CHEITIC V.

FEHHGIL, KOY LFBkiC, LPE (MARME) & UPRE (FHEllfE - BRI ORE ;
(2005) DEFIRBICHY) D2BE LK. Z02BO FROEREE, M (2005) X ZhEh
#7200m & 100m & ESNTEY, ZOEZEMATS. MHEEICONTIE, #EDB 2254 A
WOR—=) I TF =B %BHL, B 40m (IS5 HEE & R O KLRHERE & HEE L 7z,

UECHRELZ8E+EBIORDIEOUMT 21T o1c & T4, DT h 78 misfit OZALTH
WPHHIC DD FAL3BO STHENKELIELOE, HEREIHBD TEWERERNE LN
o, 22T, Zo3BEIBICELD, 6 BHRBTHELLEZA, HESNHEDIZLD
TIhE<ROENTZ, 72, BEHO 2 BOHERREALITY KE<E ooy, Zo
2BLELDTIRBEL, HROIBHEBLEL THELL., REMICEL R S HEERE %
Fig. 6 IZ7R7.

3. BNG (7EB¥)
ZoYA b3 SEANCIITELEEE G5RD) SR EREESm b TWS (Bl 23k
MBS EIRBZE B4, 1990 ; [, 2005). Z oA EICHMAR—Y > 7 O SK-1D 2

Phase velocity (km/s)
Depth (km)

0- : ‘
0.1 0.2 0.5 1 2

Frequency (Hz)

Fig. 6. The same as Fig. 5 for OYF site.
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HY, KEEREORKRE L b THRL L FEESIEEIEIREZ B2 (1990) 72 81T
SNTWD, ZOR—=Y v ZICRBITFI2MARRBETRIG 7Y — % 7 8O O @5 FGRE T
A (1995) 7R EIRENTWS, FaFLIR SK-1D ik, Hlfolgicri@EdstEx6hd L
2, ZOR—=) VI TOEBOBELZTRE LT, BET5%LNOEEINE BE ORI &
L.

MARRE LY BRI TIE, ETHARE L BIRE (FhEilER X O R EHERY IS R) O
B (2005) O 16 MAHLEHEEK 150m LH#EE NS, HIEEO TR, Hilk DB R
(- ffh (2008) IZX W RENTWBELDOR—Y » Z I HEEE 45~50m EHEE SN 5.

DAL 8 &+ HAED 5 72 5 [ OWHFAT AT > 1285, FIPHICH D FHD 3BOIES D&
MKEPoTD, W GEEENHEESNDGRELT, RYRMBIHE ORI, 22T
Ihbo3EE1E MME) ELTEEY, 6 B+HHBE L T 2{To/k. Bbhik S
A & Fig. 7 1R

VI. & =&
AW TORE T, BREAREZMOBREST - VI ERRETERAD LN TSI,

Mg D STHEENRD 5 TWD, Table3 IZAED 3H A MIRITS SIRHEELMEZ &I
Flwic, i, SELFERICHORERERZTICEERARE 2RO c ETHEEI#RN S S #

3 H T e, 0
BNG L
] o
7 2 \
£ ; SR
z £
g % ] e £
< o
> (]
g : -3 ©
©
£ 1
] - 4
0 T 1 T T[T T T 5
0.1 0.2 05 1 2 5 00 1 2 3 4

Frequency (Hz) Vs (km/s)

Fig.7. The same as Fig. 5 for BNG site.
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Table. 3. Comparison of the estimated S-wave velocities in km/s. The S-wave velocities by Yoshida et
al. (2009) are also shown.

L Present study Yoshida et al. (2009)
ayer
KOY OYF BNG HGU MHR YHT
0. 043 0. 056
Al 0. 244 0.181 0.216 0.131
0.158 0. 229
UP 0. 426 o 6oL 0.373 0. 395 0. 594 0. 414
LP 0. 598 ’ 0. 463 0. 969 1.013 1.292
Pl 1.016 0.922 0.781 1.431 1. 520 2 060
LM 1.581 1.372 1.045 1.575 2. 266
1 1.961
MM &~ —f————  1.481 1.925 1. 969 2.906 2. 063
2 2. 242
Bd 3.716 3. 041 3. 003 2. 969 3. 484 3. 484

B A RO EH - fh (2009) 12X DFERGFIRFICORL 2. EOBREHETD, stk HifE
TRBRDRIIV SIEEEZRTH, bEBREDOIELOEERT. B5O0X0HAEZ AL D
BHBZ LIC SIEE ARSI OB E L TZ I 7IicHivwe (Fig.8). Z I TiE, 4 - #h (2001)
O SNKOFER SR 2 72, SEHEOHEEELT L O R RWE W) IBEIIIED 5, FFic

J& (FIBHEHH) LVEWET, I & & bIC STHEEENREINL TS Z & RHARKIORS L
W5,

OYF %A ~i&, MM - (1987) X 24&EY A M EIZERICHEATOMETH S, MH -
fih (1987) 1T K& D PCFREREE & ARBFEIC X D ACAREREE 2 bhlk U 72 (Fig. 9). Wi (Ao Blin
WERDITH»D 6T, 04Hz U ETIRIEFICREN—HZ/RL, ORI TREEEDES WAL
HEEMELN TS EEZLNS. —F, 03Hz LT TIIAZEIC L D b DODIF 5 MRV

WENMSE LN TWS, KIFFEICE S OYF ® L 7 L—D SPAC %%k (Fig. 3 o 7R#) 1%, 0.3Hz

BTOLREREIMA RSN, T OREEAE TR b T s> TnD . ABF%E
WETIE, KBEEGMICEIRE /A X8 EDOFEE T T SPAC HREPAETL, Ak XY At
HEEAMED ICHEE SN AIREMR D 5. Z OFEIL MM & OALFEE OHEE LB % 5 2 T

5 A[REMEAS S ¥, Table3 TH OYF ® MM J& 12 ftho> MM J& DHEE & <2372 0 RV Ml 2R L

TWab., LML, HEMEREEOMMEEICE Y RDENE IME (EEFHEK) LoEn
BTiX, tho¥ A FofEE bR THY, IMB IV EVBIZOWTIEZY 72 S HEE KD
LRTNDL EEZLND,

VI ¥ & &

2005 FFICAFFEEALER D 3 YA MR THE 7 L—BII 217V, Z2HH CHBEIC X 5 fF
#rT0.22~4.32 Hz O W 21572, /Jonlcoiuhiis, oREICIVESh TV IHE
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Fig. 8. Distribution of S-wave velocities as a function of depth. Solid line shows an S-wave velocity es-
timated from the SPAC analysis of the microtremor array records obtained in Ishikari plain by the pre-
sent study, Sasatani et al. (2001) and Yoshida et al. (2009).

1 X SPAC
v ] Okada et al. (1987)
é 2 : . Of-k
< .Q< e Present study
2 &
O
o
g 1 a
() ]
(%] i
© i
x ]
e ]
0.1 1 10

Frequency (Hz)

Fig.9. Comparison of S-wave velocities at OYF site analyzed by the present study and Okada et al.
(1987).
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