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Multi-frequency measurement of relative traveltimes between different stations

Junko Yoshimitsu!™

I have developed a method to measure relative traveltimes of teleseismic P-wave between two stations as a function of
frequency. The method includes an automated correction for the dispersion effects caused by the crustal reverberations at
stations. Relative traveltime is computed by cross-correlating the corrected P-wave waveform at a station with that at the
other station at ten narrow frequency bands from 0.03 to 0.77 Hz.

This method was applied to the seismograms including the broadband ocean-bottom seismograph (BBOBSs) data
from the TIARES and Polynesian BBOBS networks in French Polynesian region and the NOMAN network in northwest
Pacific Ocean. Obtained relative travel time data have been used to improve the spatial resolution in the previous seismic
velocity model using finite frequency P wave traveltime tomography.
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Multi-frequency measurement of relative traveltimes between different stations

1. It wic

HERAFE R 2 5 - THUE T AT (2B R0 7 T
THb., TOPTOHMEWR NES T 7 4 —1THIRAFLO
3WTCH RN EEREEE TNV 2G5 kS L CEELT
ETHY, WIKNEE S A I 7 AORIAICKE CHEBLL
QA

HEWERT— 5 2 VP NES T 7 1 —dihAik
AIEATTD L) BEEEOHEEZHAO 2L, AR
NTIEA T T OBHERIEIRZ #5572 (151 21X Obayashi et
al., 2009; Fukao and Obayashi, 2013). #EH D H LA
DOk Z T — % L3554, BUBEIERAK 2 e L7z
PRI D W — AN R H oo VET T T 4 =8
TN T&7., L2LadbamRERICEDS ST — 4
TR O D O LITRR Y, HFEBGER O MBS
TR 2 RS OB & o> TH&7% % (Dahlen
et al., 2000; Hung et al., 2000). 7272 L3 f#HEAHS70 km %
MZAHE) 70—V INEST 74 =TI, WEED
B BN ORI T — % & WG 1 — A OVISER T 5
Yer &, SRR 2 0E L 72 H BRI R — A OVIZ#EH
THHELTIZE ALERDPR SN TV (Obayashi
etal,2013). L LEZ4ZEEH Y FCREl S5 E
ROSHERE 77— & LTfiiv, N2 FEoERNE
BN D REDENEER T LI EI2L-oT, ME
7574 —DMEE RN LSS5 ENTE S (Sigloch
etaL,2008;1hngetaL,2014;ObayaﬂﬁetaL,2016)

Z T, H7p B T HEEIN A O PURAHRE R & fR 4
7 MR WA A W CllE S 2 B2 L
72, SHREZOFEETIL Y FR) AT T B LUK
PRI B S M7 A G E R B O 7 — & 1E
L, 7% 2 H7-0TZ 2IcHET 5.
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Table 1. List of the center periods and the corner frequencies.

1. BRI BT B PO L -5 — R

0, RKOMHBIRELE 7 2 R & R0 R o MY 72
RS & T WA EARE S CllE L. S o hdkx
THIEIWZEY, 72— ADAH EATY AR 7 58k
WxF LT ERENTTEREE 20 5. RWETIE, HEA
Ny MR, REOESNTWAEER Ao T, #il
FHHED 20 LT & 2 2 £ TOMAEDLEIZBWTP
WO ZI L 2 22X, BRSO ERO
WEZ T R-72. T2, LVELOEREEL 20, R
7 % JE A T ERE R IE LT\ 5. iR oHLEE
2308 E L, 1/y2THRBINE 25BNz %L 138
FTOI0NY R, $72b530,21.2,15,10.6,7.5,5.3, 3.7,
2.7,1.9,138®10/8 > F (Tablel) Zi%E L7z HllE%
11729 7200, BHEFZIE Table 1O X 9 %2105 A TN
VRIATANY —FEPT, ENENORIEETICB W
THEET R o7z, BEIETOMBROLEGIZL - T
PIRIETIAETRT 5720, HEEERGIZL 2 B0
PEHPELAZENHLZ EPHMENTWD, HiRSHE
Y OFHIE % 4T 9 728 Obayashi et al. (2017) HMEFT 5
FHEAEPY ANz, ZIUIBINE T O MR E D 5 P
AFHIRFT DV AR AZEHEL, 2% L VoI
AT 3 05 TEAAARTES L THOLMHBEEELS b 0O
THbhH. ZOBOEMN ST oML L L CCRUST2.0
(Bassin et al., 2000) ZFH L7z, PIRERDT D A 27 1
YEFUoES (B) EBLZ1EPGOEE GENS
CEEH%ZE L, WEMIIIHEREBOEE) 77 L v
AW L BEIE & OB REHEOX % B CHERE L3
Ex L7

Fig. VIZAHAAHBINC & 2 AHK R 2 24T 72 o 72 M BB K
OB %R$. BllSSOCIE) 77 Ly AL L, SOC2
EDOPHOMIERTME LB THL. VT7 LR
WIESOC1 % ¥ 7 + &4, IKOHBRE % & 2k %
BN E O R EREE 5.

3. e U -2 7 — &

RFETIE, 7L FE) AT B IO AEED
ZHIHDORERERIZ OV THE T 5.

Band index 1 2 3 4

6 7 8 9 10

Center period (sec) 30 21.2 15 10.6
Corner freq. (mHz)  23-47  33-66 47-94  66-133

53 3.7 2.7 1.9 1.3
133266  188-377  266-533  377-754  533-1066
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Fig. 1.

measurement of P-wave between two stations at 10 frequency bands

socl
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soc2

Example of seismic records used for the relative travel time

from 0.03 to 0.77 Hz. Red traces are reference waveform and black
traces are observed seismogram. Vertical lines show theoretical P wave
arrival time. Shaded area mean time window.
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Table 2. List of events.

ERATRRE S NBIHIA TN, RRETIEIZOZo0
R R R EIRE O 7 — £ 12 2., 200145 5 2005
FAZHFTT L TR 22 7 Ml CRR S 7z ke i
EBLHEPolynesia PLUME network (Barruol, 2002) , LDG
network (Laboratoire de Geophysiue in France), Global
Seismographic Network (GSN) @7 — & Ol % [FI |2
7% > 72, Fig. 21ZHIEIEH L 728l T 2 7R 9.

3.2 JEvu P

JEFEARETI, 2010425 201441205 T [ 529
DU~ > Mv] Ta Y 2y M XY RIS
#8NOMAN: Normal Oceanic Mantle Project (Utada et al.,
2013) SRR & A, JLPARE Y v 7 F —ilEE0deiEIZ 10
A, F A8 H DL E R E S WEIIAM T2 b
N7z, AHETIEZONOMAND 7 — % 1)1z, NOMAN
OELEINEIZITIRIS (Incorporated Research Institutions for
Seismology) O#illl T, WAKE, GUMO, YSS, PET, MIDW,
ADKDO7—%, BXU, B KR AHAERTIc & - Tk
HENHARE IR &N T\ A F-net (] 2 (X Okada et
al., 2004) @7 — % OfE & [ I2AT 7% 5 72, Fig. 312l
SEVAER L 728 2 R T

BB LAmET 7Ly FR) 227, LK
FARZ, v 7= Fa— Febllk, BULAA S OEILIREA
302590 DEFHD S DA #AI L7z WA L7z
EDEYL% Fig. 2 (d), Fig. 3 (b) IZZF NFIURT .
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4. WERSRLE LD

Y7 =F a— el EO#FE, 43101 X b (Polynesian
BBOBS array : 1001, TIARES : 341, NOMAN : 1761#)
OWEEAT R o 7.

R TIEMERELOB L L CTable 212783 124D A
N MR

F2. HWEANY M
No. date latitude longitude depth (km) Mw
1 2003/01/20/08:43:06.70 —10.490 160.770 33 7.3
2 2003/06/16/22:08:02.14 55.490 160.000 174 6.9
3 2003/12/27/22:38:01.88 -21.670 169.840 10 6.7
4 2004/09/05/10:07:07.82 33.070 136.620 14 7.0
5 2004/10/08/08:27:53.54 —-10.950 162.160 36 6.9
6 2005/03/21/12:23:54.09 —24.980 —63.470 579 6.8
7 2009/02/18/21:53:45.16 —27.424 183.670 25 7.0
8 2009/08/09/10:55:55.61 33.167 137.941 297 7.1
9 2009/11/09/10:44:54.77 -17.236 178.335 590 7.3
10 2012/04/28/10:08:08.09 —18.685 185.295 134 6.6
11 2012/07/28/20:03:56.80 -4.651 153.173 41 6.5
12 2012/08/31/12:47:33.38 10.811 126.638 28 7.6
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Fig. 2. Map of seismic stations in French Polynesian region and earthquakes used in this report. Red triangles show broadband ocean bottom
seismometers (BBOBSs). Blue triangles indicate land stations. Red open stars mean earthquakes.

(a) Polynesian BBOBS array stations deployed from 2003 to 2004 and land stations.

(b) Polynesian BBOBS array stations deployed from 2004 to 2005 and land stations.

(c) TIARES network stations and land stations.

2. 7Ly FERY AT TIIBIT 2 WEBIN A, AREAG R EE RS, F A SR LB, REGRE I LR O R R A R
(a) 2003 42> £ 2004 4F |2 A1) T %18 & 4172 Polynesian BBOBS array DRl 1, 35 X OV b i B .

(b) 2004 4742 5 2005 412 A1 CTREE S 1172 Polynesian BBOBS array Ol i7, 35 & OV F i Z= il .

(c) TIARES network Ol &1, 35 X O - Hh =21l 5.
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Fig. 3. Map of seismic stations in Northwest Pacific region and

earthquakes used in this report. Red triangles show broadband ocean
bottom seismometers (BBOBSs). Blue triangles indicate F-net stations.
Green triangles are land stations served by IRIS. Red open stars mean
earthquakes.
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Fig. 4. Distribution of traveltime residuals from the average. Colored circles plotted at the locations of BBOBSs and land stations show the deviations.
Red stars in lower map denote epicenters.

X4, A~ b 1-3DERFEZE. Polynesian BBOBS array 8 L OOk FHERHL, AbE TLRBMSOEREEY 70y ML OTHL. K4
NV MIRL, EHIB0R, 158, 15HOMEMRS L ORI L 75 L 0EERL TV,
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Fig. 5. Distribution of traveltime residuals from the average. Colored circles plotted at the locations of BBOBSs and land stations show the deviations.

Red stars in lower map denote epicenters.
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Fig. 6. Distribution of traveltime residuals from the average. Colored circles plotted at the locations of BBOBSs and land stations show the deviations.
Red stars in lower map denote epicenters.
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Fig. 7. Distribution of traveltime residuals from the average. Colored circles plotted at the locations of BBOBSs and land stations show the deviations.
Red stars in lower map denote epicenters.
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