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AMPLIFICATION OF LONG-PERIOD MICROTREMORS
DUE TO SOIL DEPOSITS IN THE AREAS AFFECTED
BY THE 1989 LOMA PRIETA EARTHQUAKE, CALIFORNIA

By Junpei AkaMaTSU, Masayuki Fuirra, Hiroyuki KAMEDA,

Nobuo Icnikawa and Ryouichirou MINAI

Synopsis

Soil amplifications for long-period (1-10s) microtremors were studied in three
areas affected by the 1989 Loma Prieta Earthquake; Peninsula Cities, Santa Clara
Valley and Santa Cruz City, California, where strong motion and aftershock records
were obtained. Spectral ratios (ground site/rock site) obtained from simultaneous
observations were discussed in terms of surface geology and configuration of
bedrock. It was shown that long-period microtremor measurement is useful for
microzoning an urban area.
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Fig.1l. Long-period microtremor study areas affected
by the 1989 Loma Prieta Earthquake in
Califirnia.

FEIC - TV 5, R FERHEHRICRESEFA L Ot oREANESF LML, chit <A
rayy—=y XicHEAT A HEEBRS L TE 1YY, Loma Prieta HIETIRIBRETRIHE BN, &
BHALEOBBIc LV ERI NI EDD, COHETLIEBEHBIROERELLETI L
kD, FVHEEEOHVODICT S I EHTAETH L LER SN B, £, Loma Prieta HEAEILEHF
Tld, RO E MR IS /2 VI TSR O R W AIRIE O RA MBS BB S 1, KEH
R TIREBRICH L CEAARIEL Y EBRHRORESKE L, i, BoRALAERITRIENSRERL 5%
O, EBAEOUBEPRBHBOTEBLEZ SNABIEMSHEINTVEY, T ORIREENL%E
HAlOEREHE L, BB RESEtoFRIcERT A2 LTOMBREEET I LLEETH S,

ORI Lo, HENIHEBELZE L, BEEHA - REEROTHL O - BEHIRO Peninsula
Cities, Santa Clara Valley 3 & CEBIRICEOAEFE O Santa Cruz City T1990F5~6 HicER
HowgoBlltEmkE L7z (Fig. 1),

2. B LB

2.1 SRR

(1) Peninsula Cities
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Fig.2. Surface geology and site locations in Peninsula
Cities. Notations of geology are; KJf=Fran-
ciscan formation, TMzs = Tertiary Mesozoic
sedimentary rocks, Qal=Quarternary alluvial
deposits, and @m={ill on baymud.

BRI T, B8 MREEB ~1 <y FEoETHSomEREX S dBRBoRMAEICIEA TY
3, ChEBERLT, HEDREO San Mateo City 4 5BE®D Foster City icZ 3R EREL, 14
HTHRIL 7o WERSA EBRADOME % Fig. 21, £/, £—) v &R X 3 MEME® % Fig. 3
IR L tce HUEWE IZERRIAKR O+ o 4 —  Vikil 2R, BRE (3R~PAERMEREES) OESIEE
Fim SAEEIc A TIREIENT 543, Lo BIS-LON H#R & B0 AP6-RWS i & TRERX - T
W3 EBbhd, TRhbE, HEMELEVHOBERMATIE, OTA & FOX Ol T 50 ft TH 5258
B0 AP2 T 2851t, FAEHMOBEEED T, JLMlo LON fHET 270 ft ixf LEGRI® RWS fHET
650 ft & P PENY,
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fol & EXHITS B,

(2) Santa Clara Valley

Fig. 4 K ZBHE" BRSO E AR T, BRI Santa Clara Valley %ML T, FERID Los
Altos Hills % 53| Alum Rock £ 3 6 A TiTbN7, PO KIR % BHEHEASICH VA, KIR
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s> TW3Y,
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Fig.3. Cross section of Peninsula Cities (after Atwater et al., 1977).
Qhe=Holocene estuarine deposits, Qha=Holocene Alluvial
deposits, Qpe=late Pleistocene estuarine deposits, Qpa =late
Pleistocene Alluvial deposits, and TMz=Tertiary Mesozoic
bedrock.

(3) Santa Cruz City

Fig. 5 it ZBHEY & BllSOMBE %2R L1z, Santa Cruz City i¥ San Lorenzo River O KR
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P#E 30km/s U FOBOES X, FUBEEETSmEj%, FUERLETH 10m, AT 70
mpPlEEHEEs NS,

USGS it L 2 AREBAY Ti3, EBHEEIC X0 2IRMICAER L7 EE R 5h 2 B AR T8l
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Fig.4. Surface geology and site locations in Santa
Clara Valley. Notations of geology are the
same as those in Fig. 2.

0 1 2 km

Fig.5. Surface geology and site locations in Santa
Cruz City. Surface geology: MP = Metasedi-
mentary rocks and Marble, Qt=Marine terrace
deposits, and Qal=Alluvial deposits.
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Table 1 IZERIAORBME & BT ICHER ST EROBRIBRAE X L1,

2.3 MRHE

7 — 5 B RIRDFNETIT - 120

(1) FHESFAIE: 0.1-3.0 Hz OB OMBERHOHE, hid, FHH - BRIck 3 ZEH]ER|
BULiz7 4y =%, FRHCE B ZEHREHORRERET V7Y X 290 X 0 BB TT - 72
BB ROBREOBETHIL, ¥ v v MERZEE L HA0RY & REEROBIRS » R 12,

(2) MXMEORE: 11 HWOLE» S, SAPOMME (FL L THHE) kKESATHWEVLXRE
164 B 2RA T,
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S5 CIEABEBIBEDOTFHR <y vk (RIBH) ZHEL, OB 10% 2y « v F— L EBAA
& (BA=MA) FRLET-TV 3,

Fig. 6 i FERFNRICHE - 7B fl & LT, 164 DRIOMERERE R, A~7 M VvBLUZ0OHERT,
KBRS S HUBHE O EITICIR D A (N40° W) EEASH (N50°E) ORSTH 5, HEirk
(RWS) T, KEBRSICHBOBEEREBERBL LHEEL -/ BRSNS,

Fig. 713 KIR TfT » 7c5 SRR EH OB OBRTH 5, BELRERA <7 P VIBVL—F%
RLTHBO, FEEOFHEICED 012~ 3.0 Hz OEWERBERICH I - TH & X 7 & OEEREIESEE
RTTHOOTV BT L2, R - EARPOBRREBICLZUBTH 20, T ORBHEHTR ~”
PVEEDSERRTIREE ER SN B,
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Table.1 Surface geology and observation time, at which simultaneous observations were
made. In addition to these observations, repeated observations were carried out
at LOE from 19:15 on May 31 to 09:15 on June 1 for investigating’ temporal
variation of microtremors. * denotes strong motion site. # denotes observation
for short period misrotremors. Surface geologies are : KIf=Franciscan Formation,
Qm=f{ill on bay mud, Qal=Quarternary alluvium, QTs=Quarternary Tertiary
sedimentary rocks, TMzs=Tertiary and Mesozoic sedimentary rocks, MP =Meta-
sedimentary rocks and Marble, Qt=Marine terrace deposits

Peninsula Cities Santa Clara Valley Santa Cruz City
Site Data Time Site Data Time Site Data Time
No. Code Geology M D H M [No. Code Geology M D H M [ No. Code Geology M D HM
1 BIS KJf 523 17:00( 1 KIR QTs 531 17:30| 1 LOE=*x MP 517 11:45
2 FOX @Qm 524 10:00f 2 ARP TMzs 6 1 11:00( 2 BAR=* MP 518 8:30
3 APZ2x* Qm 524 11:15 3 SJI=* Qal 6 1 13:00] 3 KAL=* Qt 518 9:30
4 RWS* Qm 524 12:30] 4 AGN#* Qal 6 1 15:30) 4 SHE=* Qt 518 10:30
5 RWS* Qm 524 12:35)| 5 SNV=* Qal 6 1 17:00] 5 TRE=* Qt 518 11:30
6 ARG Qm 524 15:00] 6 PAH=* QTs 6 1 18:30| 6 TRE=* Qt 518 13:00
7 CHA @Qm 524 16:01 7 WAL=* Qal 518 15:00
8 LON Qm 524 17:00 8 BLAx* Qal 518 16:00
9 LON @Qm 524 17:23 9 WAS* Qal 518 17:01
10 MAL=* Qm 524 18:20 10 CED=x* Qal 518 18:00
11 MTR KJf 525 10:30 11 LAUx* Qal 518 19:00
12 SYL Qal 525 12:00 12 LAV=* Qal 518 20:00
13 CHE Qal 525 14:00 13 CE2+* Qal 519 9:00
14 O0OT2 Qal 5256 15:00 14 BAS* Qal 519 10:00
15 OTA Qm 525 16:00 15 SBR* @t 519 11:00
16 AP6* TMzs 525 17:30 16 EFFx* Qt 519 12:10
17 CEW Qal 519 15:00
18 CEW3# Qal 519 15:11
19 PGM Qal 519 16:00
20 PGM# Qal 519 16:12
21 FNT Qal 519 17:00
22 FNT$# Qal 519 17:11
23 LOE=x MP 519 18:15

2.4 BTXIREREER

BEOHEER <7 b V% Fig. 6 OFITRZ &, BB LTI ETERS, KEERSE, B
BAICREVEFICHEDL, 15HZUETERICE - TW3, HM FTiR ETEESZ 0.7 Hz fHEH S B
AN 543, KFBIHSTZ 03 Hz D OHEMULBE R E— 2 - T3, HMR FEIRIAIR AT
ERBMBESOBHRICEVDOT, HB/ABO R~ vk SHIMIC & 2 RS2 T LIS 3 R
KEP %R 2 68N H 5, HEAHICB T 2 BAR TR AT BRSNS BRI ERT
TEBHSHITE-TEO'®, | Hz U EOBEEREE IEANEB 0BT - BRASh TV B,

Fig. 8 1 Santa Clara Valley ®E¥EETRIS KIR 12313 2 4 BREIREAIEIC L3227 P AVEBRT
Nl 01~05HzmA 3 3E2E D, 1 Hz U EOSAKES GEKROBmME & bicERL, &K
30 EREORIBELERT, BEABBEOZLEIKEERED» oL T 2REBOREEILLEELON
35, REEBEROELEATHNRERBIOBRAZLICIET 5, chonl ehs, |HzP EOERER
B E R =7 b HIC & » THIARIEAS A 2 C L RREE L Bbh 2, T, FEOBaL
B 1 Hz U F O EBEEBRIcOWT DO R~ v ABET 3,
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Fig.6. An example of velocity seismograms of microtremors,
velocity amplitude spectra and their ratios observed simul-
taneously at ground site (RWS) and reference rock site
(B1S). Horizontal components are shown in the directions
parallel (N40° W) and normal (N50° E) to general trend
of geological division in the bay area.
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Fig. 7. Comparison of velocity seismograms of microtremors,
velocity amplitude spectra and spectral ratios obtained
with different instrments at the same site. Note the same
wave forms and spectra showing the accurate instumental
corrections.
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Fig.8. Temporal variation of amplitude spectra of microseisms
observed at reference rock site (KIR).
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(1) Peninsula Cities

Fig. 9 I BBIRIA & BEBRSOERE R <7 b2 ik SERONECEN TR, KESERS I3
BHEEDOETICOETEAM (N40° W) DRSO AZERL 1,
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SRR E RICBEEIEML 038, KEBRSRE—27 2B LT3, ATMEEBRSORERICE
i B S IKEFR BT S ETEERS & EREER E LI HA M 2L EL 50507, KE
BRNOE— 2 HBOBEEARERML-bDTHA ), TOEIMNELVETSZE, OTARKBIS
L7THz fHEDSIWE— 7 2 FOX B3 15 Hz D E— 7 &, HMSoSEEd 2 BEKIRTH 508, Hifk
OEBRMCEET 5 L Bbh iz,

Fig. 10 it € — 7 OAFEE (pea) & RAR7 P VOEMOKEE 5 BEH (f.) & OBEHIEICXZE(E
PRTRU I LD STEBRICEBITT 2 IV T h o O BERITRMINICIEL 155, T O Fig. 2
KRS N BEREORS LETHBOBS BIREICHEMYT 2BEELCHER L —HKLTVWE, ol
i3, ROBLZCESOWTHBOEERENERTELIILARBLTWEEEL NG, £k, E—7
PEECHMINAC L OMEOL v E—F AR ENWC EBTHEEIN S,

Fig. 11 K HEERE0THRIBL Gl/E8) %277, SBllSoEs s 7idghzh, ETH
(), HEBEICETKES (d), ChicEARKEE (G) 0R/BSTHS, WEHE (SYL,
CHE, 0OT2) ®E»TORWETHAE (OTA, FOX) T 1 Hz LI T OEAEEIR T ORIGHENIITE
ERONIIV, EDILTHEL 185 ITRVREMICIRIBEMAMEFE IR T, HBIERIENT 2, 2
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Fig.9. Amplitude spectra and their variation with site locations in
Peninsula Cities. Vertical components and horizontal components
in the direction parallel to the longitudinal axis of the bay
(N40° W) are shown.
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Fig.10. Spatial variation of characteristic frequency
for soil amplifications. f,..=peak frequency
of spectra at soil sites, f..=frequency at
which amplification occurs.

e LTHBRREHOERREVY, BRKCHBITTIZIEHOERLOAEL, 72k 0 1LHE» S8
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KESHBEL TV, L LS, EREOFEIHNEEED LON & AP2 (275 ~ 280 ft) & THRIBH
KRERBOMNS D, Thid, EBOTTOEIOBEV S, RICHBRBKEEHRLS BT 2 AR
EHREL T, BBREOBECHEBEOER,» SOBBOEVERRLTVE LS ICBA 5,
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BREShTBYY, BREOBBICBRTsEELONS, ChitoVTi}k, BTHRT 2,

(2) Santa Clara Valley

Fig. 12 lc#E 2 <=7 b L ERT, HBROEAOEEE (ARP) OB ETEH, KESKSIHL02 ~
03Hz & EABBIBTHEAOEE E (KIR, PAH) DIRIED 1 /8BEL/NIVL, Zo0HRIicit
ARP DR P Vi SER TR, Hif FLOBRSTRE-7BESNY, EEERITII VA ARP
EHBL T, EVCEBEETRIBSEML TV 5, FEMAMTIE, ZHIOIEOEVERIC O TRIERM
BECARBERTE U TBVEERE -7 ZREBWY, T T HELOBEHSER S WBbk S E-h
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Fig. 13 i AEEBOEIRIEER Uiz, EROKEES KIR Icxid 2H, i3 KIR/ARP ©
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Fig. 11. Averaged speciral ratios for given frequency
bands in Peninsula Cities. Left bar denotes

UD component, and center and right bars

denote horizontal components in the directions
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the longitudinal axis of the bay, respectively.
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Fig.12. Amplitude spectra and their variation with site locations in Santa Clara
Valley. Vertical components and horizontal components in the direction
parallel to the longitudinal axis of the bay (N40° W) are shown.

1: ground site, 2: KIR, 3: ARP.
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Fig. 14, Examples of amplitude spectra and their variation with site locations
in Santa Cruz City. UD and NS components are shown.
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Fig.15. Averaged spectral ratios for given frequency bands in
Santa Cruz City. Left bar denotes UD component, and
center and right bars denote horizontal components of
NS and EW, respectively.

Table 2. Comparison of mean ampli-
fication factors for frequency
range of 0.5—1.0Hz between
terrace sites and Alluvial
sites in Santa Cluz City

Components terace Alluvium
UD 1.03+0.17 1.56+0.72
NS 2.37T+£1.17 3.20*+1.10
EW 2.19+1.42 3.32+£1.18
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