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Abstract: Located at the front edge of the Wadati-Benioff zone of subducted
northwestern Pacific plate, the velocity structure in the mantle transition zone
beneath Northeastern China plays an important role in constraining the behavior
of subducted slabs and material or energy exchange in mantle. By modeling P
and SH triplicate waveforms from two deep events, recorded by a dense regional
network stations, we show that a layer of fast anomaly, about 130 km thick,
lies above the 660-km discontinuity with slight depression, which may be asso-
ciated with the westward extension of the stagnant Pacific slab. The mantle
transition zone, as a whole, is featured by low shear wave velocity and high vp/
vs ratio, which may indicate the existence of a water-bearing mantle transition

zone,
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PE D BT e i 43 FL I, 660 ke [A] T TETAE T 20 ) 5T AN RE B A4 TR I AE T, DA X
AR B B i 328 1) S el A5 8 RS Ay LAt g 0F 3 S Y SRR R R R DR s P AL I TR AR o
MR eI 15 28 4d 660 ke [A] W7 11 47 AT B A7 ZEAR A 4. P e 2 A R BF 5 (van der
Hilst et al, 1991; Fukao et al, 2001; Huang, Zhao, 2006) g 7/~ 7E H 248 F1 5+ 5 -/N 45 i X
S, b W S Y T REAATE R MBI R B 5 T Bijwaard 48 (1998) @ 1 42K P i J2 M 1%
T AEH AT I7 4800 2 1 B4 AT Hubs A 0FF of At s Creager I Jordan (1984, 1986) ji
1ok 7 I AR 22 K 0 M s AR PG B R T O vl B % T 20 LA () 2 A4 R Mg s R I AN B )
P I S U R WY s E A SN AT TR ot DX I R S 8 3 R 5 A A AE AR K 25 7 (Gor-
batov, Kennett, 2003; Widiyantoro et al, 1999). ¥ E 4t X A7 F G A6 K F A6 o 45 1
Gk, HC b T N S T A B o A s A P R B 5 0 b R P AR i Al BRE 2 K Bl
J12F i B AR AR OB S8 TR, 1996).

FUAT 27 AR 3t 3t A, 660 ke (] 18T 187 74 2 1845 A AR 5 8 S AH A2 A 56 (Tto, Ta-
kahashi, 1989), #5p & T ZOx A WK i EZ R, KRR, SRR IINILR
SRR B B AH 56 BY TR B 2 R I R 0. Revenaugh F Sipkin(1994) i 33 SeS £ W i #f
FEY, £ HAR MAJO G35 K77 660 km [i] W i & K A id 25 30 km; Flanagan #
Shearer (1998) F A< J& 11 SS Fip 98 5 75 & WF 52 A D95 A8 PG S K06 oy i X 660 km 1]
W T 3 0 129 20 km Li Hl Yuan(2003) F) 142 W sR B WA DF R R W], 7EARJLHBIX 660
lern [H] B 187 90 B3 R M B2 24 35 kem XSk S-P Fe e o . B EL-/NAE RN U5 660 km [A]
10 T UUIE 35 60 km(Castle, Creager, 1998); it S-P # 4 (50 &), FERILH T
J7 660 km [a] W7 [f € B E 4R 1) 76 (130. 8°—131. 4°E) A 660 km H 5 680 km (Li et al,
2008). FyAb . ARBINE A B A K SE ) BT B I AT 660 ke [R] BT TE I 25 R0 O 5 45 48 S o
2% (Vacher et al, 1998; Jacobsen, Smyth, 2006). Niu il Kawakatsu (1996) }& Ai &
(2003) F| HIHe W R BT ¥ » Bk BUZR AL 30 X 77 660 Jern [R] W 1T B 3T AT RE A7 76 5 AR HOE &
AHZZ A G Y 22 B () T T

I JEHT G 45 3R 2 1 R T ) PR T 4 R R g e 57 (Tajima,
Grand, 1995) FF Az H A7 78 I 1Y o A1 r 2 800 368 s 1 5 T 42 A i 80077 125 S0 [1) B T
JHCIR B UG s i 9K AN SeS 22 W RS i F RGBS 2 1 24 TR 18] 7 1o R RUBE 9 A AR %
JSE R R LK Sy X b W e R A D R R R BRI AR, X =
AR ZE AL T b0 A A P R AN TR R B, AR B B R R A T A w04 1) W T B 3 R R 4
P55 o TR INT 2 2 o b 0 5 2y 3 2 25 4 1) A &4 vk Tajima F1 Grand (1995) 5 P f
= EEAMBIEEIA NN, RACHLIX 660 km AW FULE 690 km H RN H 2 FEES
I oAl A % 4 R R B s Wang 55 (2006) % X3 SHEisz B8k} ) A 58 ) = W1, 30 [E AR J6 &8
75 660 km [ W7 R 0% 730 km; Wang I Chen (2009) 3@ 18 43 B P i A SH i = 5 52 AH
BIEBERHA N ARACH X 660 e (8] W7 T A % A8 B 2K U0 HL 18] W T 2 b A7 78 v 3 5 15
Wang Hl Niu (2010) X} % 4L G B P ESOR A BTSN . ZIXIRF 75 660 km [ W7 17 A 2 i
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ARG TR M RFGE 7 I RN S T B D 4h, Gl i fe g 2 — AL R
JEFURTIZH XS 5 R S5 H B BT T R 1 e BRI A SCHRUA] I 30 A i ) 2 4 1) v [l 3
e WL o 245 T BRI 1) o 3l e o X3 Pz S 8 = T AR A X 2 I A0 P B IS 24
W AR 660 ke (8] W7 TAT R 30T 357 14 45 F4 R AL
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Fig.1 Earthquakes (beach ball) and regional stations (yellow triangles) used in this study
Gray and green lines highlight the portions of ray traveling below the 660 km discontinuity from event
08140 and event 09197, respectively. P-wave velocity perturbation in the depth range of 629—712 km
from Fukao et al (2001) is shown as background. Upper-left inset shows the study region within the
Eurasia plate and the subducting northwestern Pacific plate. The Wadati-Benioff zone is indicated by
dash-dotted contours (Gudmundsson, Sambridge, 1998)
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Fig. 2 Schematic ray paths of the triplicated phases (a) and theoretical travel times of these arrivals (b).
A deep event with hypocenter depth of 500 km was used and the iasp91 model was applied in
calculating travel times. Dotted, dashed and solid lines show direct AB phase,

reflected BC phase, and refracted CD phase, respectively
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TE = F A AT A T2 RS I W IR A R B T T b R R AR A, D R
JEE B 7 A5 oF 3] B IR TR 5 0. 2 R T AR e DX S 2 R B 5 A R R A
W46 v A 8] T TE (9 IR B (Tajima, Grand, 1995; Tajima et al s 2009), [A] Wi 2 b2 BAELE
H # X (Tajima, Grand, 1995; Tajima et al, 2009; Wang, Chen, 2009; Wang, Niu,
2010+ LA Ko [ U9 T8 (¥ SR B L JEE 46 (Wang, Niu, 20100, FRATHE £ x5 ik #6714 3 M i 6 70 2
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Kl (Fuchs, Miiller, 1971; Wang, 1999); M/ K2 E 245 W W2, IR IE &N 500
km. JFEHCR A& R AT)E . XS S S5 R, U HER N 0.1 %.

FEFSETA TAEMATRT L. FRATEEFE T iasp9l BERIE WS R, | 3 hh T
S 25 R W [E] B TET IR 22 690 ke, [HIWT T 2 A7 7E 2 1 00 1 i A B J2 LA % [] W T A —
JEZ) 50 km {986 BE A B Pk o ) B M R K] B i & 45t T A A TauP (Buland,
Chapman, 1983)313 75 2| A HS FBF. X F iasp9l Bi%, CD BAHAEL 12. 5°H M, AB &
FTEZY 21705 2% . AB F1 CD fEAHTEZY 17 M58 (1B 3e). A Wr i M, CD 52 AR ) B4
i, ABRAHB BB K, S8 B, O, C fHX R H)E X5, HE5E AOC, %
BOD” (I 3D B4, W THE—4EER AL bR FE AR vpr, SpF 2Rl A8 A2 5 3 8 7R IR 2 T 1m) 1Y
T BE LS L o 2[RI W7 TET 22 b A7 A o SRR B )2 i) AR 2 R A AT Y ADB 7% AH 1 5 2k il %2
AR, 1S AB FRAR B AR B2 A 2 26, 5° (18] 3g), T O sSUF1 C g X I 19 7%
H RS2 5 R /0N 1T 25 () BT TR A — BB E 2 B, 7RI Z R ) BC R A B I 4R R R AR 3
Jins A% C g xR Y R R AR R (I 3ho . I 2 3 BE 0 B A N, C 50T 07 79 7% v 8 38 T ik
AN HHE RETC IR ORI, B 52 38— % () BT T8 AR 0 o R C X iz 7 AR R R R DN
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Fig. 3 Synthetic waveforms (displacement) calculated from different models. (e), (f), (g) and (h)
are based on model iasp91 (a), model 1: the discontinuity is depressed to 690 km (b),
model 2 with a layer of high velocity anomalous just above the discontinuity (¢) and
model 3: a broad 660-km discontinuity with thickness ~ 50 km (d)
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o ] st 5 LY o 4% ) A O AT AR 3L T 0 R BB R IR O 75 25 2%, 2009). kA
AT 2 KA E AR RS 37 58 AL Y TR IR b = (58 1) IXSBOE BERE. Oy sk e st 5
Lz b 0 e T A 4 A5 K LA B KL TR] U T 9 5 W AT ] 32 BB ) M RR S PR AR A T 410 ke [ B
T LA o LR A TR] P00 R RS () R 5 R B 2%t X R A A A A ) N B S AT
WPt T A ey 15" AL ME N L R 10°—32° 1y G uli. i &l 1 AP G2k i 42 20 Al WL
ZHRANG L TR E R A X b i P DXL ) LR DR AR G 3t 24 TR L PG AL RSP R e
NI 660 ke (8] W7 I8 B 30T 149 4 2 45 44

*1 OWEFMIIR

Table 1 List of events

" REBZ(UTC) HIE /km Lo jor B E L
o _H- 71 /°N ZE/°E M
S A 0 B ORp NEIC) T e Y BB /km
08140 2008-05-19 10,08,36. 31 513 km 12.50 131,87 5.7 519
09197 2009-07-16 06:29.,04. 76 477 km 42.37 133.0 5.3

7 18 3 R IR R B R 25 X = H R AR OE B RE . FRATTOAE M L AL R A 08140 FHAFHEAT T
AN AT T 330 S id & By P Al pP B AH, R4S 1 B A0 5 TR Bl 519
km, 5 PDE(preliminary determination of epicenters) H 45 Hi ) 513 km #H2Y4. B FH 4
09197 FEHE/IN . I3 W5 M LU AR, TR BEREARME LU, Jovk dEAT B 67 PRI 4R
T PDE Hgrh gy Y IR TR EE . AR B e O & w47 1 J7 2 fA AL IE (Niu, Li, 2011),
FERS K73 B BEAT e A5 B 1 DD ) o3 L FRATHRE UG 1O 5% 25 BR AN w4 Oy 462 B8 1 R
FEXE P WA S BEHEAT TR BAL BE L S8 P TE S35 0 0. 05—1 Hz F1 0. 04—0.5 Hz. EIEHL
IR T 423k CMT (Dziewonski ez al » 1981) 43K & . %3 % 3 T (9 43 B £ 0. AT LA
K GEREL 1 s 1Y e 30 ek BOR I AL RE IR I (] ek 8. 5 3 = SRR Ay X R IR R LA By
SR A LR T, 2 00 Y 5 e R AR 2 0 B R b S AR R 2=, R A D
T E AL G I A v, FATT o VR AR X B B RO 0 1 . O R AT B8 R b R I ok B 4
= EEABIE LA R

AT B PR SH i = H RAHBIE # 47 7 BB G, LhgEf 08140 1y SH N
i, UL 3 F) M R PO D R W], CD FRAH B R b B (29 13°) R T dasp91 A5 B ) 151
(29 11°) (& 4d vhagel). 454 Fim r R AL BT R B, %30 X 660 ke (8] W7 T 7] BE y — 6 )&
JZ 5 RIS B GO0 I A4 52 R ELC DR T B0 U AEL . 5 73 ) DB T 22 b A A — > o 3 2 8 1Y iy
25 SEONEA . O siALE A AOC DX 58 B 3 90 35 25 S, 3 WY () R T P B R A
IR TUC. P =ERA TP WRI T 10X 3 MR, W 2RI S, SH Bd s, fEsEh
B 16°LUS . AB #1 CD B3I 22 B 0 K T RS HOIAE . 180 1 & A 3 60 B 52 i 3R 19
FE i BOD X7, FATTIE 1 25 3 W > b 5= g5 1 19 SH 0 s B e S50 00 2 1 s 9 BOD
X7, KX —IRAEEIRAY . 2 LR RAE A b 08 o 3 3 X8 AT RE A 78 57 D) i Ik
SE. R P e E A, FRATERA I RIS . X PR R TR XIS AR
vp/vs H.

DL L. 2/ v i A58 AU 43 A 45 R Oy il G — R IE SR AT 05 3 T 50
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Fig.4 Comparison of observed (black solid line) and synthetic (black dashed line) waveforms computed
from velocity models of P wave ((a) and (b)) and SH wave ((¢) and (d)) from events 08140 and 09197.
Green and red lines are theoretical travel times based on iasp91 and our preferred model NEChina_P or
NEChina_S calculated from program TauP, respectively. (¢) and (f) are the comparison of our preferred
models with the reference model iasp91. Station corrections of ~1.0 s and ~ 2.0 s for P and SH records
within epicentral distance 18°—22° are made. The corrections might be related to local structure beneath
stations. Synthetics were aligned with observations at first arrivals. Two numbers on right side of each of

waveform denote the code and azimuth angle of each station
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BE LA B b Y P il B AR 7 NEChina_P % A1 S i o B 42 % NEChina_ S 4c il D). #
%) NEChina_P Fl NEChina_S ¥ 7R o 58 X3 F 7 19 660 km 8] Wr f R BH — 2 25 35 km
(86 B J2 5 AHXT T dasp91 A7, NEChina_P BERIZR W] 660 km [A] W7 i Z A7 7EJE 2 130 km
(1 v TR AR B )2 SR S P (E 2 100, 7E 600 km Ab K BIHR K, 29 1.3%; 1fif NEChina_
S R D U] B -t 5k U Y A ARAEAE LY 1M SR, TE LR AEAE S P ik ol B 45 44 A
BN ) A X 7 3 5

3 i E&®R

T 3 0 P A T TR M R = 08140 F1 09197 = T FE A IR T B AR AT BB A B LA, Al
3T AR AR X F 0 I A A PR S Pl . T A AR R A A T
DR ) = EAH EZARE, W B A C S HIME T ER LI AB il CD By A X 2645, {5
FEAE X B W A L B AT AR A — e R, RS2 AB 5 CD 58 CZ R, AR IR IR i 40L& A &
ARAF. 33K A BE S B T 3% X3 ) R AR () N B AP R R R AR B ) A A A A S R i A T
I 2% (Tajima, Nakagawa, 2006). 5340 [543/ A M, &35 F 7 i X
S Ae A W] BE A Y AR . AR R TR B VR A W] L s e 2 ] DT IR R A . FRATTXT
FHAF 08140 HEAT 7RG B 0 745 RN = R A B AR N . 24 £0.15 s(Ye et
aly 2011) 5 PR PF 09197 ¢ F /b 2 {5 M EL 09 28 37 9 R T R (R A7 38 5 00, 3k th e v %
PEFR AT BEBL A AN GF A RTRE DR R . 53 Ah o = B AR R WV 7 R R R S L PN 1% 3 B 45 4 24 R
EEHS, FRATIEY H I AL R 470 km 2 [ (40 B 45 K TR AT R R

FATAT B A B 58 X8R 660 kern (1] BB 167 B 3 3 BE S5 48 FEEAH LR LA R B —, i
R — 82 130 km B BB AR md )2, HIRIWI &4 7295 km RM U0, XE
W% 7€ 660 km [AIMr1f0 2 b A B4 T 04 6 RSF PR oh il . X —45 R 5 Fukao %5 (2001)
J Huang I Zhao (2006) 3@ i 247 BUG J7 1:45 B B 7E H AWV LAVE . KOF FEAR SR ol L i
P A 1052 2 Al P I 1] G ZE AR 24 1000 ke (9 BROIR 25 K — 2. 1107 A0 R B T I R AR T
122 W32 b X0 bR B 30 5 3 &5 /N (Bina, Helffrich, 1994). 5 —, 660 km [a] W7 ifj A J& —
RPN — RAE LR, T — A EL 35 km BREZ . X5 Wang Fl Niu (2010) X XI5,
P i P T A0 BT 45 S — 3. JEMNE 5 HH A8 (Vacher ez al, 1998), 3% #% Al Z9) % 19 im A (Wang
et al, 2006) 34 1] P AR (] F 1T AR BE . 55 =, AN RIS T S WARE S H . 1 P
BOHEIER . TRV, op /s HOME 7R 5% 5y EARAN R AR 2y 1,87 A 1. 84, & T
lasp91 BIAYIY vp /vs {H (1. 84 F1 1. 82). MBI S5 3 A BB MR R X A P AN S 5 ol i 45 44
22 ARk, Fe AL AL SRR 22 BT A4 P L S I BB 1) 72 4k 53 % &2 % (Higo ex
al, 2006). Jacobsen il Smyth (2006) SZ K WF 58 B , g 52 I 4 b /K B9 77 76 RE 5 fk 35 i A
G S W, mixE Py s BE s ma 0N, BRI, FRATTHE NI 5 DX T A b sk U PN RT R
GHY0.2—0. 3 EBRES LMK (Ye eral , 2011). X5 Karato (2011) F 32 b X UL 5]
Fh e L 215 3] 1 b 0 TR K 4508 — 3L

&

SR A A e S0 AR SO T AT L. R v [ R R i Bk B AT 5 T [ I R 5
Wb 2 03 P O D A I T 4R 13t 14 BT K.
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