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Figure 1 Earthquake epicenter and seismic station location of research region. (8) KHZ station, the epicenter of the main events and their moment
tensor of source; (b) the location of KHZ station, epicenters of main events and local earthquakes in the shear wave window. @—@ are four main

events, the blue are four aftershocks (>M6.0) of M7.8 earthquake
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Figure3 The shear-wave splitting measuring result of time-delays of fast-slow shear waves and polarizations of fast wave. Y-axis is earthquake loca-

tion depth. X-axisis date of events. The direction and the length of the dot-line

3360

are polarization and time-delay of the shear wave splitting



it 3z

w 2501 (a) ° i

£ °

o 200+ . e ° o p

g (-] ™ (-] hd

=2 150 o f ° e o0 8:= ° i

2 100+ oo ° ° o

Lo} ° ° :* o oo % °

& 50} o° o8 °W o, E

15 { { { : | { { :

W b) °

2

@ — 10 -

KE

=< 51 o @ .

2 ®" o ° %o ° o° °

r!I'I ° *o. e :o :o L ° . ° ° .- o. * °

= 0 [ I I 1 t L I 1 hd
0 10 20 30 40 50 60 70 80 90

T MHRER (km)

B4 P i B2 AR R AL OC R L (8) TR A IH — Al r i S 22 ERR IR B AR AL I G 2R (b) IH— Ak DRuAS i 3 Aok 2 B A= 5 BE AR 1 14 OC
#, Rk o g
Figure4 Time-delays between the split shear-waves and hypocentral distance. (@) Unnormalized time-delay and hypocentral distance; (b) normalized

time-delay and hypocentral distance, showing an ‘excess' normalized phenomenon

WU IR, TIFR N T UREE. 41 & 4(a) T 7 P 3 2|
sk 25 00 AR I 5 IR R R B B ) Ea #. [&1 4(b)
o5 W H AR RR IR A — bR B B 22, BonIH—4k
ZJ5 IR Ik 2 e 25 AR I B R D R R R R
R AR R PR R S B 22 8N, FEYE R A Y.
HILE B4 7F Gao%s N B AIF 5 it 35 Hi s

— AR ] g B R R R H — ki . SERRA Y
25 ) 5 M A7 Mk PN I T AR AR R B, iR 7 A R
JE 2R IR, B AR 8 — A FT 4R S
S 1l D DA IR B B A 5 Sl A 4R B AR R AE 4% 1) S
PEATZ . I TETHE, LU R A4 1) S
A0 BT H B AE 1 SE BR AR B SE O A RUR IR IR, JF
BRIk 43 24 2 A D B T A TR BE BRTE A h, I B
N MBI TIZA M SRR Z A0, R AL A
FUR R4 28 18 BT i 9 (4 45 n) PR T2 B, an &5
Fif2(E2), HABIEIE R TA MRS, S84 g
W — LB B 22 5] ABUAMY R 2, T2 R A A 2 1Y
B A ST WA B0 R PG 2% w5 bR b R
B B 2 TS AR N 3~82 km, $EE—F iR E
JEIRE R T40 km, 81t T iz X DL K 240 X
G RSN

PIEE L, Sl T R B A 25 AR AL g R R =
BH WA

(1) 7E[R —A4 1] S )2 i s ali R B A% 4K e 5
Y B I 22484k 2 e b 5N R DG Y A Tl S 1
TR B AR X B I, IR 4 B i 22 — 5E 5 i 72 % 7 4% 1)

‘ E2

Bl 5 BEbE . REACRRGRITIE R B, IKERLFIRRE, 9
FORHLA, IFTRRE T R ERIR S, hRoR R 2R R R
TR L, MLSER IR AR, R EHSIIR, MBLFRA
TEAS ) 7 PR 2 N R R DR AR 43

Figure 5 lllustration of the shear wave window, source locations and
effective source distance. The gray dotted line is shear wave window.
The ‘g’ isthe ground. The ‘i’ isthe bottom interface of shear-wave split-
ting. The ‘h’ is the depth of the bottom interface of shear-wave splitting.
The black solid line indicates the effective source distance, and its length

is denoted by S The thin dotted line indicates the part of the source
distance that is not in the anisotropic layer

FPEA BTG RE REE B SR VEOC R, B RE IR BB
PR I 3 B 2 BRK

(2) I o i 25 T S 1 A R A A 5 | 11 3] e 22 7
. AR BRI ) A R E AR AL, AR A B 4% 1]
St B ks, DT AT ORI 2 2 i 22 PR Y
8 oo i w8 A DR g 4 T D D B AR A I ARl
17 DUAE L B R YRR 1) 17 g B SR X i 7 ) R X
A S WO £

—EARAETT, LI C 3% A B PR Dl B 22

3361



A % B & 2017HEI108 H62% £28294

BErl e fu & e KGR &, hnl e & 4% m) S kAR
AR 2. 3 PN B 0l 2] s 22 dt 5540 T A Ml R 4 1) S
PEF2 ¥ (anisotropic degree, AD)HIHFZ A i 7545 ] 5+
PEA R A A 3E IR S SHO R TE Fe. an SR 2 g R
B 25 3 BE Ve, IH—AL BB 22 TR R, B4R
Y 4 1] SR B ADTT IR R N
ap 8V
W 21 B e WA 5 4% ) S AR B A ADYE & I3 —4b 5
B 21 i 22 5 O S 447 3 B e L

TE— A 0T 45 1] S 40 2 25 4 R 7 RS R0
A b X, RV AR XE DI 5 5 A R PRI 40 4% m) S
MEEARAR R e, (B2, R ERERIEL
TR ) S 2 R B, AT BRI g o 3
B 22 4B IR 0 —Ak, BiA Y TEA SUGEIRES
B T —A K EEds, R

AV, iV,

AP=(svas) < s 2

WSRTE B — A 5 B 2 B 22 (4% 18] S /N ) B
PR BN, oy R 2B R EE AR, A
Ay EggE R, oA, AR SR E B R R T
HTE, WL K 28T 20} 22 dtAS 2 F R TR
SR 80 T s )N

A E —FhRr R g AN, BRI B, o
A 5 Y 45 T S P A bR S gk 2 it mT A 0 ) 2] fsf
ZBERZ IR PR AN R PB4, (H AT A R A%
) S PR T R 1 ) s % 7 2R 1 B Rt A ) A5 3
Jin, I HLAS 1) S5 PR 0 T [ 3 RO T b R AR R TR 4
TN, KA X RIS E )5 AR w S 200, A
o= 2R R R B9 v RE AR AT s K B s LA 1), A EE
Z A £ o] SR A AR A VT FELAR /)N (0%0~40%). Fir LA,
HUR] BEAE B K M 72 (R . ) 4R v S H R ey [T N ) =2
Jei I AL B R il 1) R AR S Y B TE) B N A RE 8
PUMIESR

R, WA NRE2ZBEER— kB E
. IBA, NIZ AT E B AT B B 2 AR I —
2 tag R, #e22H—k it B e g R A
S WL 1) 4 A 0 AR A I SR B PR RS RO R N T
VR EULIN 5 0k i BE B, B U R A R D A R A
HEE/NTFERIER SR E. mEspR, —4
A FREDE N R MR, R R R IR B R TR A
2R ARy E RO, IR Az B TR Z 45 A SR R

=T, Ve (1)

3362

S PREAR I B A 2/ TR IR, DL R, 3
B 22 00 UA — Al % O B A DR R 15 E R
PR TR R T HATHE.

PRLIHG 8 R 9 2% i) S5 P A o o A 4 1) A 2
R PRI N e B D i TR A, S B TR
B R P R TR BE AL B R O3 R M B TR 52
R 3 A e bl v A8 A AR 5 4% 1) S R A BUE 1Y
N HTREE . TG P E X N IRBE, — BRI
O3 T R — A SR ) L

M, BT E TR I — A R AR
SE P U 7 4 T VR B L R R A AU IR R S
XF B p 22 0 — AR SR B . R — DR 25 i
" AR DX R E I ) BE, hAISIA SR T H
A, I H K St R (1815), HXE Rz A 15— 1 3]
22/, S Z JREK. RS b, BUA I B 22 A2
H—AET5 5 R R DA — A RS, BB B
R REFMFARIRE. N, HER T 01
£ A A K DA B 5 TR B AN Tl 2, X 7 ) 7 LB
Sz i/, il IH— R B k. TEhFISAK
WA AT S R A, AR B 22 AN W 4
B WA 545 1) S Pk B SR BLAG S5 2R 2 higi /b B 54
e 55 R EE AL eI, b Xk IO A 200 AR STEL T 5945 21 Y
B 2L RA P S B — R, TR
B [ 25 4 R T i SR (L o2 7 L A I O 2R
PR A R S TR ?

RWAR, fEB B hZ I R4k 208/ vh, B0 T
— s B0 R AR B/ T he 1 — AL TR FE#R A 2 15
MBS TR, B4, BRI X ERE
AR AT LU O A i o3 RS PR e A Y TN R B, 2 4%
JEMER. W, AR /N T I SR EE he s 5 7
S A B MBS R BE R B A A B 4 B R S

6 5 W 5 TR B e AN 2 R AT 4R sl 0 2R
S A TR, AR AN AR]RE JHMCHE Al % X ok
4 5 — A~ S B Al LI 5 3 P9 A8 e P 5 1R AR
A AE—A X, RIS B > 2ES B AR TR
o B 45 i) S5 1 o 3 i 0 201 s 22 Y A — ok S B
Fo e 2 22 U9 — 45 R A A% ) S P 5 5 MR 285
Y AR,

BB E AN WL 5 30t 15 Kl 7 T XA I 2
VT, B AT Ak T I 4 B g BRSNS R
] B, 82 65 0l R 75 A JBt Y 4% ) S Ao 52 B0 o AR
Poy g e AR BN OO, AR B 22 A7 AE



SZ

it

3 RN HE R 2%, TR 1% Ml XU 5 3k R % 19— Ak
B 220K S BN AR E B PR FERXFRARAE R, AT
A 300 Ak 2 o A U — A B T % 04 1l B TR JEE e R
AR R R AR PR TR . X — S5 R R R Y
RAE R, Joie SR IR A S i M e 2 e A A A
LRBE, HERRAEAS 1 SN BUZR N, AR —
P Bk 22 55 7 PR 14 56 2R PR SR S B R AR &
MK B AR, e HBLA— LA 2/ 55 —Ff
CRETH—AE B, B, A eI 2R R 2
6 X Rt AR AR AL R BLS, 1X5 FAT TR Y
IVPAEZR R E OB R RN

UN2R AT AR B, BIDULI &5 o 55 Rl 752 1)
e XAEAS ] B RS IT, B4 B R IR T R R
FURE T A0, PR i 3 B 25 5 — A Z 5 #4198 =
T Sy i 7 TR 8 o v 8 5 B 2 ik />
FHIE, AN 2R R0 Y FLE, X% X R ) #0858 K
A1) SRS A RRE BB A L AR I T B0
F ALY M DBl ) B, X LA )T — AR B
GIH 2% B I SR JBE R T 5 A8 I8 03 SRR AR Y IS S T
WIE.

EIRERBYIR KR, TE—A P BN RRE 1
HBIX, 3l B 7 AR I o 5 e A Y SR TR JEE W] LA
i B R U — P A5 i R A e IR BE R A E . HJEAE
b TR X T BB ) M X, 2% BT IX M 7R O P
A N ) B, LA O U — A 28] ek 2 4 0T 7K P A ek

A I SRR B Sl A . X PR AR AR Rl B
T3 R 53 34 e A TR B ) — N R AR

MRl UL, U3 — A B I 22 (8 5 72 P Y G &R 8]
AT 5 1 3 B4 2 S i SR P R R,
U, A T AT 5 L IX— 5 R 2 0 L PN A B 4% ] e P
TIE DA K — 2 2 [B] 70 ] PN R 58 17 7 AR A5 1 e B .

PLTR 485G 0 5 b X LA R 1l 7% e HOAH DG I 2
rh R 12 e 3 I 2 00 I 45 SR ok B o AL I (1A
6(al)) H oA I — fh i 30 B 252 0 it 25 2 f i T 201347
A 21H 654 HE Z HiKHZ & 3 1945 17 ST 5, %
MR R R R A R, 29100 km. B IV (E]
6(a2)) Fl i} % V(1 6(a3)) 45 ! T 201647111 13H 7.8%%
Hb 72 I JE KHZ 65 3 14 A 0 — 1k 1 30 s 2 00 6 45 2R
%78 MR B B U T, 27450 km.

5] 6(b1)~(b3) 2 ¥ 6(al)~(a3) 3| i 2% 45 7 —fk 1y
S5, W PRI I 3 I 2 B AR U IR i ve /b 1Y
‘T

b TR, 2 XA [ B2 S R A K b
=, MELLH 2 AT RS R KHZE 3T A 4 10 5
PEAFAESC . F52 b, 184 IR BCRHRE 22 52 N 19
23 [H] 52 W Y A 220K, 78 22 R Rl P R 6% WL 0 58] J:
BAER. N 1R HE R BRI & 36 T 7
AR AT BESZ N, AT R R B B AT | R
/N 6.59% Hb 52 2 T A R | e SO0 00 AR X i 14 I
TRBE SR A% B i T 5 A R i o B R T IR B, HE

(a1)’ (b1)
200 10}
™ -]
100 8 ° : L] £ 5 8§ . o .
% % % & )
™ 0 - - + ' 0 ' + }
2 (a2) N E "2
= M 10l
W 200 i ° o # 10
& 100 $° .‘;‘ ¢ @ 5
L] ™ L L
%f ° 2 ° : . °"‘ °
iﬁ 0 + % OfF—5— ' 4
(a3) T (b3)
200 o 10}
o e o e ©
100 ° 5t e
o.'l‘? Sbo ‘? o ° o ]
0010 20 30 40 50 60 70 80 90 % 10 20 30 40 50 60 70 80 90
T RIREE (km) TR (km)

Bl 6 B2 S — B 22 R IRIE R G FR. (al)~(aB) JrHIFIRI A1, I IV I 6 VAY RIS 22 FIERIREE A5G R (b1)~(b3) 43 lFrm i i1,
PP IV RIS VA A — AL B S 22 R IR R G R, BT I i 8 s e A — b i it B4
Figure 6 Time-delays between the split shear-waves with hypocentral distance. (al)—(a3) Unnormalized time-delays between the split shear-waves

with hypocentral distance in time window I, time window 1V and time window V; (b1)—(b3) normalized time-delays between the split shear-waves and
hypocentral distance in time window I, time window 1V and time window V, showing an ‘excess' normalized phenomenon in all time windows
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Analyzing and correcting the scatter in measurement of
time-delays between fast and slow shear -waves with
near-field earthquakes
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The relationship between the variations of shear-wave splitting parameters and the preparation or occurrence of earthquakes has
been one of the most interesting scientific problems in shear-wave research. It has not been possible to establish a physical
correlation between the variation of the shear-wave time-delays and the change of stress during an earthquake, which can be
confirmed by the vast majority of observations owing to the large scatter in the complete set of time-delay measurements of
shear-waves. Therefore, it is necessary to analyze the cause of the scatter of the time-delays between fast and slow shear-waves
in near-field seismic records and to identify a method to reduce the scatter of time-delays.

Scatter in the measurement of the fast and slow shear waves may arise from the anisotropic structure and complexity of the
medium under the observation station. It may also originate from the data processing procedure. To determine the source of the
scatter in the measurement of shear-waves time-delays, we first need to identify the scatter, and distinguish its effects from the
actual three-component seismic shear-wave records or measurements of the shear-wave parameters. This study is based on
single station near-field seismic data from the KHZ station in northern South Island, New Zealand, from January 2013 to
January 2017. It uses the visualization method to process the shear-wave data and measure the shear-wave splitting parameter
of the seismic event in the shear-wave window of the KHZ station. It assumes that the physical properties and structure of the
medium under the observation station are basically stable. The frequency filtering and distance normalization factors used to
process the shear-wave, which lead to scatter in the measurements of the shear-wave time-delays, are compared one by one. In
addition, the “false scatter” phenomenon, which may be caused by the multiple splits resulting from the anisotropic
stratification of the medium under the observation station, is analyzed. Conclusions and suggestions for correcting the scatter in
the measurement of shear-waves are proposed as follow: (1) the selection of the filter window directly affects whether the
filtered observation data retain the waveform and amplitude characteristics of the shear-wave. If the main frequency of the
shear-wave in the observation window is used as the main reference for the selection of the filter band, the obtained
measurement of the shear-wave splitting parameter is more stable when the majority of the main frequency component is
retained and there is less interference from the other frequencies. (2) The use of the whole source distance in the path
normalization of shear-wave is another prominent factor in the scatter of the shear-wave time-delays. This is unreasonable in
many cases because the source distance is often greater than the actual length that the split shear-wave propagates in an
anisotropic medium. This “excessive’” normalization causes al the time-delays between fast and slow shear-waves in the
observed window to decrease with increasing source distance. (3) The actua path length of the seismic shear-wave through the
anisotropic medium, that is, the “effective source distance,” should be the path length used in normalizing the time-delay. The
depth of the interface where shear-wave splitting occurs should be determined by correcting the “excessive” normalization of
the shear wave time-delays when there is no significant seismic activity near the observation station. The lower interface depth
of the anisotropic medium under the KHZ station, by the near-field shear-wave data, is 37 km. (4) After correcting the scatter of
the time-delays, the shear-wave multiple splitting phenomenon caused by the anisotropic stratification of the medium under the
observation station is identified. From the “shear wave pairs’ in the multiple splitting of the shear-wave data, it can be
determined that there are other layers in the anisotropic medium below the KHZ station, and the corresponding depths of the
interface are 15 and 27 km, respectively. (5) Normalized time-delay results from the KHZ station shows that before the 7.8
magnitude earthquake that occurred on November 13, 2016 at a distance of 50 km, the time-delays became increasingly large
for a few months, and quickly decreased after the earthquake. It is a strong indicator of the stress accumulated and released in
the anisotropic medium near the observation station before and after larger earthquakes. This aspect is expected to become an
observable precursor of earthquakes.

shear wave splitting, scatter of thetime-delays, effective source distance, critical depth, anisotropic stratification
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