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Abstract: The mantle velocity structure provides crucial information regarding the thermal and

chemical states and tectonic evolutionary history of the Earth’s interior. The study of mantle dis-
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continuities can provide a clearer understanding of the temperature distribution characteristics and
chemical structure of the Earth’s interior. Moreover, it is important for determining geodynamic
issues, such as the cause of mantle discontinuities and mantle convection models. Seismological
observation data show that velocity discontinuities are commonly found at the depths of 410 and
660 km, as well as in the upper mantle (220, 300—350, 520, and 560 km) and lower mantle
(800—900, 1 100—1 200, 1 800, and 2 400 km) in specific regions of the world. The topography
of mantle discontinuities in different regions may be influenced by temperature, water content,
mineral phase transformation, and subducting plates. The use of precursors to study mantle dis-
continuities has a unique advantage: Precursors arrive at the observation station earlier than the
reference phase, thus avoiding the interference of other phases and detecting the weak discontinu-
ity of the mantle more accurately. In this study, we collected and compiled research results on
mantle discontinuities obtained by using precursors in recent years. The precursors used included
precursors of long-period reflection phases SS or PP, of deep phases sP and pP, and of the Earth
surface reflection phase PKPPKP. In addition, we summarized the characteristics of different pre-
cursors and related research results of mantle discontinuities. Methods for the use of precursors to
study mantle discontinuities have matured. The timely collection and summarization of relevant
research results are important for understanding various scientific problems, i.e., the internal

structure of the Earth, material composition of the mantle, influence of slab subduction on the
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mantle structure, and mantle convection mode.Keywords:

Keywords: mantle discontinuity; precursor; reflected wave; converted wave; subduction zone
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Fig.1 Ray propagation paths of SS phase and its precursor

wave SdS, and PP phase and its precursor wave Pd P

Deuss %Y SS 89K I (Sd S) & BL1E 1§ 1
MK BT 7 B AEZE Lehmann [8] Wr i (220-km) , I
HAEZ 260 km F1 310 km 7 BF B 00 I 31 4 55 14 8]
Wit . Rost 2850 % H %6 R # (1 Ha) & FF 800E , #
FH PP B HTIKUE (Pd P WFFE 1 P b RSP b X |
5 200-km [H] W 167 , I & B0 3% [a) W7 16 S AR AR A0 B 5
Shearer % F 1] PP ij 8 i 7 4 Bk RO L 2 1
410-km [A] W7 18, I & B 410-km (8] W T 77 78 £
30 kmAZ R . An SFUTURIF SS R IK B AR TR
RANE S R | 71 ) -l | o Sy O L1 S T
250~330 km,520 km,900~1 200 km ¥ J& 7L [l N
HOAEAE— L8 55 (1 R G . Tian S5 &0 T K&
() SS i BRIk E L & I 520-km 8] W T 2 — S 55 B0
SERME 8] 7 1 . i 560-km [8] W7 i H S BLE 4 E Y
X3, Houser™ FJF SS Y Hi 9K I (S410S,S660S)
R A10-km [8] Wy T8 2 AR 55 2o 98 A0 A B9 R I OGS
117 660-km (] W 170 2 AR A2 1k 55 2o 47 P9 A i 3 722 fk
MK, Deuss ™ F| I SS #1 PP (I RTIR P HF I8 T F



212 oo

=

T B ¥ i

2023 4

53 AN ) Y% 4 3 (] O T, % B 410~k [] KT 1T 1)
45 6 FH ) 7 B, 520-kem [B) W7 1T 42 R A 2 B S5 A
1M 660-km [H] BT I 7% 1o 7% = AL Py Py $~ [#0 o
R 52 A R 5 B P RONE A A AR A 0 A 7S AR 45
BB, M BEEDY @R SS A oK I R AR AT
G, R BRI B R — B R T AR o S 410-km [A]
T TET R 4 3 T A KT A T 660-kem [R] T AT 3
BT N TR @ L SO T Y D
1.2 sP#pP EREZHATEEAR

sP & BATHY S B 230 b Bk 2 i & A4 5 1 5%
e nl P 5 B8 0L 6 5 1 R A L pP A& AT P
1) 3T b 3R 2 T & AR BT B IA W 5k AR AR . R
SPF A5 A T YR DX B[] W7 1T (40 Moho . LAB.410-km .
660-km 45) IEHE , 76 — LEHe 4 H BRI M 78 43 A % 4R
(RO b Cn 3 o —2E T AR s | B 5L 9O oy
ORI pP L sP SRR M M7 IR B (sd PLopd P 4%,
d Ay TR W T TR B ) oA ff i 2 7 RF vl fy ) BB T ) A )
AL EAR KA, X 263 5 1 9K I RZ A (sd P
pd P 45) BAT B /N JE TR R X, AR T 6 5 I R
Bl 4 U B R L BR P A A 1 R DR T
AR G i BIF 5 b 0 1% i) DB T 65 400 L R U R
AT LA A 7 A 22 Uk U RN R PR G O 9 2 AR B T AT
DA S 2 i A ek b 5 O D 5 A sk A BRI K U f
S HENTAS B HTIK L 5 25 5 AR R B 25 TR 4
JUAL Y TR T TET R B, B R R N IR Sy
P PWD A A A B A0 O A AR BURT
K15 .

Schenk 45 | FY 5 8 1 2 53 119 pP 7 AH 57 9K
U pMP .38 3t &5y B T e R E S5 0
DU B R AT LU A, 15 3] by 76 JBE 8 R B 82 T (1) P B
JEARAL . IR I T vk 6T 50 6 b M se HEA T I 5T K
LNALF B2 300 km, Hb5¢ S5 N 27 km 34 it £
32 kem, [R) A B2 T (9 3 B AR b i AN 1.3 km/s 98>
F 0.9 km/s, Zheng ZEC FH pP.sP.sS fE Moho
B 5 FTEK I pMP . sMP Fil sMS BF5E T 288 K 58
VR %) Hbu 5 R b 2 A, R B R UK T KR A3 b
X 58 S5 R 19~25 km, I3 & B H T 7 b i 15
WY vp/vs HIE 1.6~1.7 Z 18], AT 68 /& B T H i L
B 0 AR 0 77 N S AR ) AR R TR v /o H
MIERGE . Jiat™) S5 S BRN K 52 %) v B b 7% il
FH Moho Jig 5t 18 A1 72 N SR BT sP ORI pP FiF 3K I
WA T BRERIK T J5 b 5e 2549 & BLIE & BRI Mo-
ho YR BE A AL [ Ry 22~ 27 km, 3 W] KBl 4 76 8¢
T E 2R T Al 2 M52 JEE B N 26 km ] B 34 W

WONE] T 15 km, WY R sP A5 H A
LAB Ji& 71 555 19 AT SR I sLABP & B 227155
SRR B 6 R M XAV B AR LAB
60~63 km HN#] 7 78~82 km, A AE B KKl 5 A1
Pl bl i s 1) 25 SRR A G

Gilbert 2 F| F] pP H 9K B0 58 1 1 n—3E
DO WA B 1 M ) 458, & B 410-km [E] W THI
TE IR b B3 BT 30 km, 660-km [H] B IH
THET 20~30 km, Vidale Z£5F ] pP B4 & H:
TR 30 X 1 S U 32 I i IX /N A T X T B ST 4
N7 g SE R AF ST R B T A10-km (8] K 1A A9 SR 4G
FE A 660-km [i] Wr i A9 & % F Ui, Flanagan %M
WL sS.sP Al pP TR R AH 19 17 5K Ik B 78 000 2] 1%
I DXR J7 A10-km [ia] W7 0 A 0] 42 4K R 33 km, Jf
P AT0-km [R] W7 TET 1= 5 08 000 1) b 2 5 A4 1 A7 7
Wk A R FRTBR % sd PLpd P A% Sd P #F
FETERE K TOME T R g S5 M, & BT 410-km
F1 660-km [a] W 1 43 5] A7 76 46 FH AU DL 4, 76 5
B UK S AL FRART v AR 7 % 7 660-km 7] I8 18T JF i A
T M, T AE R AR AR R 45U AR 660-km [R] B
[ sy

B2 sPREAMIEE s410P HERZTZB (LA
EREERZE , REAEES A KT P K
Ao S k. WKL s410P A EATH5 S K &
A10-km 8] B &7 )& 30 R AT S B b P k)

Fig.2 Ray propagation paths of sP phase and its precursor
wave s410P

1.3 PKPPKP(P'P')BIIK:E TR

PKPPKP ZAH XFkH PP ik, & P Ik % o sk
A B K b 3R 28 35k S IS PR O M R A A B 4 B A
S 45 35 (9 Z A0, Engdahl 2559 A £ A Hb 5% =5 1F
P HPIR] PP Z RG24 150 s AFFHE— A R HE
FH B2 AR R B R 650 km T4 BE Ak ) 0BT IRT 4 BT 9K
. 5 SS.PP.sP K& pP R AH R A2 . P'P ik %
it b BR AN B, AR FE B AR T DL IR L P PR BK %
(PKPdPKP.d A (8] W #9355 HA 78 3230 f2 1



545 % 1)

B8 450, 25 L ) R K D S 0 D R T T 213

SRR T A5 /0N ) 5 P T BB (60° ~75°) PN RE A5 ol 45 B
Mo LI T PP 9K U A A K Y v A A
[ BN S 26 A5 O 1 30 LR 1 (B 3) X (i A5 PP
90K I8 LA T[] DT TR 45 4 0 LR /N R 285 4 A Rk
FR R S AT R T BF 5 U] U T 2 75 O B A% ) A, Benz
AEDSTR Xu S0 F) F PP A HTBR P 410P Fil P
660P" #fE W E1 S8 ¥ L K PG ¥ S g Al U ML DX T J7 410-
ke 2 — 4™ 1 A8 A [) BT T R 38 T B A Sk AR B0 L i
660-km & — AN X AR 11 [ DB 1T L A 0 L PP 410P" 1Y)
P& 3 55 T P/ 660P", ity HH A W i i 48 ) 22 5
PLE T P'410P" HAG 75 Ja 3B Hb DX Bl 0L 21

sl L

B 3 PKPPKP & i 47 3E 3% PKPJdPKP 4t & % 2
TEAAEFESRAERMLE, = AKX
ABKEHEE e T AL EEE N
4 PKPPKP JE 48 & X 87 3K )% PKPdPKP #)
HEAEE AR d KT R W8 IR (e 410
km 660 km %).,0°,70° /X & E P 3B, ERK
& 30 km ]

Fig.3 Ray propagation paths of PKPPKP phase and its
precursor wave PKPd PKP

Whitcomb 27 | H P' P’ #if 3K 3 08 2] T b
i o A ] 9 BE (280 km 410 km 520 km, 630 km.
940 km J 1 250 km 45) Ay () Wi 1 . Adams™ F] F
PP SR B 5T T R A N AR b X g 25 4
KB 420 ke F1 650 km ¥R B Ab #5547 7E B 04 2 5
&, Nakanishi"® F| 1] P'P" i 8K i & 38 7E 5% 3 K74
B HIX T )7 660 km FRANAF7E & — AR 81 7]
Wi, Xu ZE7T R H PP BT R A ST T AR R
7 B b M ) B, O BT W Y 410-km [A]
W7 IfT R 660-km [6] W 1T . Wu 2500 (il PP i IIR ik
TFF 5% 2% B 3% 1) 46 57 1l IX R 7 410-km [1] B 17 LG 45

LT 660-km 8] W7 IA0 A7 75 /N RO AR L X — 45 2R
SCRE LR TR A XA A . Schultz 487 X PP i 4K
PR T — M EE T A B I Radon 28 e FTR B
L% (R BUAR BT 3% L IR T O ik 9T T A R
ST bl R 7 My 25 R, e B 410-km (5] I8 1T 5 R
MaAn A iR A AR A2 A5G T 660-km (1] W T A7 7E
T,

2 F R E 5 48 X 3 08 8] BT E A R R

BT A SCHR F i SS. PP, sP. pP. PKPPKP (P’
P') 25 R A AT BRI L I8 A — Sk 2 35 R ] oAb FE AR 5
AN T B4 5325 % M e ) DB TR AT TS AL 4G Sd P
P A% T SRR AR (SeS Al ScP) = R A &
Bz R B 5
2.1 SdP Fiil

Sd P BE3R P T AT S P AE T IR X M 8 Ja] b
T AL (d Shy ) 7 T 9% ) B e i R AT ) P, iR S
b i) W7 T 22 () B 8 e, W T R 9 R R T U b
% 1V T 18 ) AR AR R AR (] 4) . Chen 2507 A N ¥k
HR B N7 48 B Sd P % 3 5 I X6 37 Jin Ml DXl 0 25
AT T 5T, 85 R BR 1E 230 km fF 7 — 1 F I
F1h S 32 (1) T 18T 3 3% B 9% in b IX R 5 1 Lehmann [i]
Wi TG 2 T DO LA W B AR R B . R
BN R SdP e it & BLAE N i X300 km
FE AT FEAE — W S ) 3 ) DR 1T, L 2 [ D TR A
RAREE T 410-km [RIWTH, Cui %7 F H 58 550487
M2 TN B () Sd P % A5 5T T 2% HR AT
KR M X R 7 (9 410-km [ W5 17, %2 807 %30 98 AT
T U7 410-km [H] Wy AR 375 km, 7R A KR
N5 410-km [8] Wy i F- 248 B 395 km, 5 TASPI1
BERUAA L, 1% IX 410~k [] W 17 £ 168 A2 6 38 O K
FEINH 410-km [ W7 T A B S T RE 2 i 148 OFF o Al
FWTFZE5#0. Richards 2 F)H] SdP ¥ ¥ ik
WEFE T G n—3EGe A0 ohaly 5 O s 25 4 & 30 n
A6 T J7 660-km [A] W7 9 ¥R B 7E 660 ~680 km 2
/6], 7 hn g 8 R 5 660-km 8] B 1A A9 € AE 660 ~
700 km Z[A], Zhou %" FIH T AT HE I S P
5% T Tzu—Bonin Hi X T J7 660-km [&] Wr & 19 45 # ,
KA HL X 670 km 710 km H1 730 km HEAH =
A B 5k A [0 BT 1 P S B DX R O AT 700 km A 740
km P AN R BE A7 78 B B 16T . Li 2607 I Sd P %
W 5T T 3 [ AR b M DX ARF p 3 % 660~k [7] W 1 14
S A A B T A S 660-km [A) WA . A
HIF 5% X 388 1700 P, 660-keny [11] W 1T 32 ¥4 19 01 v 14 5% i)



214 oo

=

T B ¥ i

2023 4

BN , B FE X AR 660-km [a] W 1 4 0 2%, %

KR Z A kA 19 B, Kawakatsu 2807

FI I Sd P &4l W 5% 2% B3 IR oh iy N 7 920 km

Qb AEAE R T 78 HAS A 35 3% 55 300 18 19 0 op e T

[ B A7 76 B S (8] B 1T, F 5% A R 920-km (] W AT A2

— ANl U L T 660-Tern a) BT 2 — N A AR B
SIE S

B4 ¥k AP HEBRRTFTEBR (LA EZRE
ERALE, REA R E AT P A S
W, BEHedk S410P A FA789 S s 410-km
8] B @ B He 69 P ook

Fig.4 Ray propagation path of the converted wave S410P

2.2 1ZI8FTHE R 5 E 48 (ScS # ScP)

ScS Fl ScP 72 AH P 2 A% e B S 5 5% AH (E
5). Hir ScS AR S U AE A% B E KA R 3 A
(R AH 5 ScSSeS(SeS2) B AH & ScS & AH F- K 78 1% 12
BT B A R A R A . ScP R S P AR A% 1S
ST A RS IR R s i P R SeS K ScP &
AHAT LA 5% M 0 ) DRy TET K% A% i 30 B RE 25 A
Revenaug 27 FI F] ScS M £ Wk IStk 78 A A
Vi LV R Y B AR R T O BRI B 410-km [] W7 1D
TR % 2 B FEAE . Courtier ZE57° ] ScS iE
WF5E T 3587 2 0 F0 W9 ¥ ( Tasman and Coral Seas)
7 ) M0 45 # L FEAE 410-km (8] B DL 5 00 0 )
G R W AEAE , HOP- % 8 352 km, Kato 4517
FIH ScS BAHBESE T H AT Jr /Y M i 45 14 , & 3
660-km [A] Wi F 3L T 29 10 km, i 410-km [A] W7 1
B B2, Wang 27 FIH ScS EAHBIZE T H
ARG Je ARSI L DX R 5 M 45 # L & BE 660-km [A]
Wit F UL T 10~20 km, X AR U0 ] BE S A 2 7
AR A1 R . Roth ZE75 il 3t SeS AH A T
JARE wh A R J7 P S M X 660-km (8] W7 i R UL T 4
30 km, LiZE7F] ] SeS 52 A AE K P P K R

X(LLVP) At % &k 3 T — A B B (K 7 (UL-
V7).,

Castle " @ 1 X} ScP 7% AH 78 B $i7 357 i i X
FARVEEFE T 7 1 800 km F 418 1 A (CMB) 2 [i]
AT S BB G B D) T T . Rost 281 F H ScP
RAIWEE T A 38 5 FNEK R 22 ] (1) CMB
ML F ., 2 W CMB I 7 77 7 — 4~ M IR (UL-
V2, HJEEF Y 5~20 km., Garnero 259 F| | ScP
EATFGE T VG B KTV T J7 HiL i A 45 44 L UE S
A ULVZ W47 48 . Persh S5 F] F i A 47 Je N
A6 A R R b R 0 I B R R IR 5 ULVZ
HH 2 A1 905 175 55, 76 115 9K 0 N7 12 H B0 1 B T 6 1
K IAZNE D FL(CMB) (1 )5 5 A7 (PcP Al ScP) & il
I3 R L AT BT 2 0 ULV Z R 75 150300 74 488 1 AEK
30° Bl 31

B 5 ScS.ScS2.ScP.PcP EMiE#H% 2 TER
(Z & k&R A ScS & ScS2 EHn, 4 & i
LA AR A SP EAR, B E AR K
PcP Z48)
Fig.5 Ray propagation paths of ScS.ScS2,ScP.
and PcP phases

23 —EEMH

b 72 U 22 3k AN [ R R ) DA TR B T R Bk AR A
BB R e A S H R AN (K 6), S HEAM
SoIlXE 7 [R]  T87 2Z 1- A) 3K I CAB) L i) 17 1o A ) )
I (BC)H F2E i B (6] Wy 10 2 T /Y 3 S
(CD) , H: 3 Ak 22 R 0 BE X 5] DRI T BT F18 3k 2 465
B R AP PO A S Bl B = R AR W) RLAE 5T
AN T, DX 3 P 5 10 3 25 R0, A ) AR
BT P U ERBAHAGE T 4 F S0P b A 4 iy
SERE, B A10-km (A W7 TD I 7 A7 76 G )2, O o
B HEAT T B it ie . MR AR IR o T 4R AL 5
P AR 660-km [H) W7 7 BF T A4 P gl 4 RE S5 4 L K
PRAEJL T8 F 38 253 660-km 8] Wr If R U4 15~ 20
km, EEEESRH P o = E RS R X
b [v] B T AT T R 9L 49 8 660-km (8] W IR 3T



545 % 1)

B8 450, 25 L ) R K D S 0 D R T T 215

2y 11 km, A] i85 5 2R dh A FH 28 19 52 B3 e RLR Oy
AR, T FHBSES W 5ET V8 K F
Pl IX 410-km B W7 I BF 5% 45 SR R W] 410-km [R]
I E TR R (47 H14) km, SEHAE 2 2 % A%
S B R AT 700 km, 255 BN T 5 0 vh
M e P38 B BRI A1 0-kern 0] W8T 17 ) 485 # R AT T AR
P 38, BIF 5T 45 6 W] 410-km J8) W7 18 76 BF 5% X 3
B E AR B T (10~70 km) , {E AR s py &6
PP ARAEE R B RS A, Li S5 i T
T 5 M X A10-km [i] W7 7 B A b Al B 1 485 44 L 45 2]
T 410-km [A] W7 187 VR £ (420 £15) km, £ 410-
km [6] W T 77 50~70 km B3 BE R 0 oh A e | 5
N ESR

B6 PR=FEmMEHXZETERAB.BC,
CD % AR & H Kk Bk A= 30 9

Fig.6 Ray propagation paths of the P-wave triplications

2.4 BRI FIE

PR PR By 1 B T P O S U
T AT I RE R B AR 6 3l 7T 8] W7 T Ak 7 AR
(5640 (Ps. Sp 48) BIF5E & i F J7 Huse Al - Hh g
Ifi] 7 16§ (Moho . LAB,410-km , 660-km %) ff 34 & 45
FCE 7). Heit S5 RS B 482 05 ok 500 2 0F
TR INEE M X LAB R E 4l 50~ 160 km, iii
Moho M KBl T 5 (9 18 km 32 #2481 21 4 55
X F 1 80 km., Vinnik Z5U0 R FH P AL S ik #
W PR B R BT 22 X LAB REEAE 160 km, B
JERFEFVY RIS W W ok B YA S T R R iR
VYR 7 1 g 25 48, ke B T8 BUR S A B R
o 5 D A P R AL R 7 200 km WA AE S DK
SR . Zhu S50 P-S B i A 0 ek B T
8 BE M b X Moho ¥ E A 21 ~ 37 km, Li
SR P-S T 4 7 A R BRI 5 T b 35 S iE
DX 80 2R 5 174 b 0% ] T T 9 R b ORI 2] 1 270~ 280
km B A TRITIAD . 5% RS S50 ) FH At 728 1 Uik O A%
B N5 vk W SE R AE VU R A R 5 AR AE — MR
ST A 100 km PR B R 1) G AR b 2 410-km (8] W7
THT 6 30 3 B B B2 — IV W B A Al 6 ) b e (LA A

D 5 I s 5 0 B 3 25 5 1] 508 0 M K b g
Mo ALSEYEOR PO B R B0 i 7R b b X
660-km [A] Wi AT #E 4T T W AW WFSE, & B 660-km [A]
Wi 7E 128.0°~130.5°E,40.0°~44,0°N X N F
TU o I 76 J FBl 1l X2 AN 3 SR A D nT BB 2 T
L b AR b bR B 2z ) B AR CBAE R BT X R R
%, Cui S50 78 K 1L b X P gk 2 0 ok 8, 2 B
FE 3 L3 72 o e A7 E AN R R B 3 R 4 A R
FR 0 ) Jo b I (A5 e N K AR TR A3 s A T S B T
Hb 5 A HE R

Hh#E

— P
- - - SK

SLEETH

PpPs PpSs Pp Ps
+
PsPs
B 7 PRBERRBHEEERZETE

Fig.7 Ray propagation path of the P-wave receiver function

3 REERE

Wil 5 4> B Hb A2 O8I0 B HE (9 R L R 2 K
FI AN 7] 72 A A J5 301 B 59 72 A SS B8 PP TR 72 7% AH
sP.pP 1 Hh Bk 3% i [ 51 7% A1 PKPPKP(P'P) 4% |11y
HISR . Sd PG 4 i | 4% 1 BT 58 7% A (ScS
ScP) F = 8 7% AH K 3% W ok 805 ik A TR T 4
BRI b0 (] W TS5 AL . FR T K0 R A AE S % R A
Z AT FN K AT R A H R R Y T 38 e S i K
SR T 5 T B 4 T L A A5 B BT 9K U AR A L R A 4
TR b 0 (5] DA 160 25 4 0 BT B, AR SCIIR TSR] E
AR HT BK 9% (S410S. S660S, P410P, P660P, sMP,
pMP.s410P.p410P,PKP410PKP,PKP660PKP %5)
(B 5 IR I X6 AN (] 752 R i BIK 357 1 4R A0E 32E 47 05 40
BG.

(1) SS #1 PP B A K Jal 1 52 AH Re AF , ST A
TE 2 IR NN 6 3 7 8 0 v S5, SS Fi PP T
UK E I 5 R R SS A PP BT AR 7 1 45 A8 5
J 32 MR RN B il 1 7S 8] 43 A5 SRy BRAE# /DN W DL
VYR AR 5 U 43 A0 A B Hh DX b BR P9 25 R IR
SS I PP i 3K 3 19 PR I 38 T LA 2y B[R] W T (410-
km . 660-km) P 14 3 B L% B U . SS FiT 9K i BT



216 oo

=

T B ¥ i

2023 4

FAE A TRETEE 110°~170°2 Ji] (78 X A4~ 36 [l N 52
A = AR T A, HOXE 55 1] W T AR RO R e
FARAFFE 1 200 ke LA 1 i 18] Ui 1 149 25 #49 S 408 L HL
FUTTSR A 1] 43 BE R BAR . PP AT 9K I A 08 I 458 Sy
PRI X JHC 22 1) JH b 7% 4 00— I A o 7 5 0 0 X R
M| PA10P . P660P 45 /i BRI

(2) sP Fl pP 2 37 5% IR 5% 7% A L H R 5t a5 7 5
U8 X 58 3 6] W TR (4 Moho, LAB, 410-km }2 660-
kem 45 ) R 9K I 2 A B/ 1 JE TR R X, 4 H
BR P9 R G5 H 1 4y HER A . sP ORI pP R ORI A 5 —
3 TR P FEAE 70°~95° Z [a] iy v IR PR L 7= (I
10 R P L T 0K 30 B O 4R BB o B A A o
Uz In—3E 5700 ph iy L BN 94 0FF oty 45 ) [ 1B
(18 A% 1) A8 AR AE 58 LA AR R I 34

(3) PKPPKP(PP)ZEH HA S 45 (AT35 1 Ha)
RRAE o [ B 5 6 A58 7 1) 30 AL 3 L, A 3 P 6P AR 1
TR R X A8 1) 43 9 3R K b i) DT 1 45 g A /N R 8 45
EH UK, PP I 5 I R AN AL B B AR T 0 T
T HOET IR I A T BT A S B S AN 1 R R
T (607~ 75%) PN Al 0% 4 5 g b 08 00 %81 , W) X6 1] Bip
T P8 A 200 AE R A7 0 BT a0 ) T 0 BB T 2 75 S 5 2%
AP Xt b 105 ] D8 T 149 22 BU0F 5 v, PP ATOP 11 % e
i 55 T P'660P", 1 HL A7 B & i) 7] 2% 5 . P'660P’
e P A10P" 5 B 37 b b 4 18 ) L AE SRy 3 ML IX A fiE 00
) P'410P,

HbRE 2 T8 % A 410-km [ W7 T 9 0 A 2
HH M A (Olivine) o AHZ! B AH 89 4H 48 3 AL, 660-km
Té] DR T 2y MRS 47 (Ringwoodite) 1) 45 4k 7 (Per-
ovskite) FIEE J7 8 " (Magnesio-Wustite) ¢ AH 25 1&
BCHY . 410-km H1 660-km [7] W 1 A9 & K 3 JE 42 fn
A S T 45 A B R — A S L R RE S T K
b2 W) 5T 43 B A 5, 410-km (4 6 0k 3 B A I Sk A
AR 660-km ST U AS 5 4 S A AR T 30 AT — 5
X SR AL AR A I B T o 0 2 7R 2 5] R R
JEE ) S5 AR Ak L DA T R 0 b 0 [ R T, 7R 2 AT
TE N [R] H X8 R [ 3R B (220 ~ 250 km, 300 ~ 350
km.520 km,560 km.800~900 km.1 100~1 200
km.1 800 km F1 2 400 km) %& 0 1 Hii & 7] b 177 .

JRUEEF 22 Ml 52 25 35 A1) T i e (] T 10T ) F 9 B4
TR R R (O R B DX S8 Can A A8 AR s T TR
XS R 45 32 0 A s B0 DX 38 452 ) e ) T T RS 240
SR R BIF ST 45 SR AR A — S A . BRUG, B A R
S 5040 1 AN W AR 8RB R O vk S T BRI L 255 F

G DX AN [ VR B ) 38 ] DB T b 2% 4 A RO 5
Sl AT R B L 2 A S ) R AH I L R G IR N
3 10 R AEATE 5T Hb 5 [V DT T A 40 245 4 4% 5T i i i) D
THT 45 40 5 18 B K i W) AR S B AR A B 1 5 i
SN RIS Y B A M Bk ) ) 2 T Bk A 2R S
2 BT 28 SR A BF 9 6 T 16 5 B A b 2R 9 350 9
JE AT R AR AL 27 55 4G L iff S e i) T T D) R
8 Xof 4SS 3 5 b Bk 2 ) 2 ] R LA R R L

5 % 3Lk (References)

[1] NIUF L,KAWAKATSU H.Direct evidence for the undulation
of the 660-km discontinuity beneath Tonga:comparison of Ja-
pan and California array datal]]. Geophysical Research Let-
ters,1995,22(5) :531-534.

[2] 9455 4R S, R o SRR UK s i T () 09T TR (0% e AR B2 ARF o afy

2] Rl 2718 4R »2003,48(4) :320-327.
JTIANG Zhiyong, ZANG Shaoxian, ZHOU Yuanze. Undulation
of the lower discontinuity of the sea of the Okhotsk and pene-
tration of the subduction zone[]]. Chinese Science Bulletin,
2003,48(4) :320-327.

[3] RINGWOOD A E.Composition and petrology of the earth’s
mantle[ J].Science,1999,285:1545-1548.

[4] KATSURA T,ITO E.The system Mg;SiO;-Fe;SiO; at high
pressures and temperatures: precise determination of stabilities
of olivine.modified spinel.and spinel[ ] ].Journal of Geophysi-
cal Research:Solid Earth,1989,94(B11):15663-15670.

[5] BINA C R,HELFFRICH G.Phase transition Clapeyron slopes
and transition zone seismic discontinuity topography[J].Jour-
nal of Geophysical Research Atmospheres, 1994, 99 (B8):
15853.

[6] KATSURA T,YAMADA H,NISHIKAWA O.et al.Olivine-
wadsleyite transition in the system (Mg, Fe)»SiO,[]].Journal
of Geophysical Research:Solid Earth,2004,109(B2) :105-122.

[7] DEUSS A.Global observations of mantle discontinuities using
SS and PP precursors[ ] ]. Surveys in Geophysics, 2009, 30(4/
5):301-326.

[8] RINGWOOD A E.Composition and evolution of the upper
mantle[ J].Washington DC American Geophysical Union Geo-
physical Monograph Series,1969,13:1-17.

[9] HELFFRICH G R,WOOD B J.The earth’s mantle[J].Nature,
2001,412(6846) :501-507.

[10] 1ITO E, TAKAHASHI E.Postspinel transformations in the
system Mg>Si0,-Fe;SiO; and some geophysical implications
[J].Journal of Geophysical Research: Solid Earth, 1989, 94
(B8):10637-10646.

[11] SHEARER P M.Upper mantle seismic discontinuities[J].Ge-
ophysical Monograph-American Geophsical Union, 2000,
117:115-132.

[12] AIYS,ZHENG T Y,XU W W,et al.A complex 660 km dis-

continuity beneath Northeast China[ ]J].Earth and Planetary



545 % 1)

7 98 B » S < ) FH B IR AVE 5 M i 1] DB TR 1) o 0

217

[13]

[14]

[15]

[16]

(171

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Science Letters,2003,212(1-2) :63-71.

CHAMBERS K, DEUSS A, WOODHOUSE ] H.Reflectivity of
the 410-km discontinuity from PP and SS precursors[ J].Journal
of Geophysical Research:Solid Earth,2005,110(B2) :301.

TIBI R.Detailed structure and sharpness of upper mantle dis-
continuities in the Tonga subduction zone from regional
broadband arrays[]].Journal of Geophysical Research At-
mospheres,2005,110(B6) :313.

FLANAGAN M P,SHEARER P M. Global mapping of to-
pography on transition zone velocity discontinuities by stac-
king SS precursors[ J].Journal of Geophysical Research: Solid
Earth,1998,103(B2) :2673-2692.

B ER L R OTEE, E ARSI 2 TR X 300 km (] W B9
SdP AR ()] s BR P, 2012,55(5) :1591-1600.
XIE Caixia, ZHOU Yuanze, WANG Zhuojun, et al. Evidence
of SdP conversion phases for the 300 km discontinuity be-
neath Tonga—Fiji region[ J].Chinese Journal of Geophysics,
2012,55(5):1591-1600.

CHEN J,ZHOU Y Z,WANG H C.Detection of the Lehmann
discontinuity beneath Tonga with short-period waveform data
from Hi-net[ J].Science China Earth Sciences,2014,57 (8):
1953-1960.

WILLIAMS Q,REVENAUGH ]J.Ancient subduction, mantle
eclogite, and the 300 km seismic discontinuity[]]. Geology,
2005,33(1) ;1.

MATSUKAGE K N,NISHIHARA Y,KARATO S L.Seismo-
logical signature of chemical differentiation of Earth’s upper
mantle[ ] ]. Journal of Geophysical Research Atmospheres,
2005,110(B12) :305.

REVENAUGH J,JORDAN T H.Mantle layering from ScS
reverberations: 3.the upper mantle[ ] ].Journal of Geophysical
Research: Solid Earth,1991,96(B12):19781-19810.
GAHERTY ] B, KATO M, JORDAN T H. Seismological
structure of the upper mantle:a regional comparison of seis-
mic layering[ ] ].Physics of the Earth and Planetary Interiors,
1999,110(1/2) :21-41.

TIAN D D,LV M D, WEI S S, et al. Global variations of
Earth's 520- and 560-km discontinuities[ ]J].Earth and Plane-
tary Science Letters,2020,552:116600.

KAWAKATSU H,NIU F L.Seismic evidence for a 920-km dis-
continuity in the mantle[ J]. Nature,1994,371(6495) :301-305.
WYSESSION M E, LAY T,.REVENAUGH J.et al. The D"
discontinuity and its implications [ M ]//The Core-Mantle
Boundary Region. Washington, D. C.: American Geophysical
Union,1998:273-297.

CASTLE J C, VAN DER HILST R D.Using ScP precursors
to search for mantle structures beneath 1 800 km depth[J].
Geophysical Research Letters,2003,30(8):1422.

CASTLE J C, VAN DER HILST R D.Searching for seismic
scattering off mantle interfaces between 800 km and 2 000 km

depth[J].Journal of Geophysical Research:Solid Earth,2003,

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

[39]

[40]

[41]

108(B2) :2095.

SHEARER P M.Constraints on upper mantle discontinuities
from observations of long-period reflected and converted pha-
ses[]].Journal of Geophysical Research Atmospheres, 1991,
96(B11):18147.

SHEARER P M.Global mapping of upper mantle reflectors
from long-period SS precursors[ ] ].Geophysical Journal Inter-
national,1993,115(3) :878-904.

LEE D K,GRAND S P.Depth of the upper mantle discontinu-
ities beneath the East Pacific Rise[ J]. Geophysical Research
Letters,1996,23(23):3369-3372.

GU Y,.DZIEWONSKI A M, AGEE C B.Global de-correlation
of the topography of transition zone discontinuities[ ]J].Earth
and Planetary Science Letters,1998,157(1-2) :57-67.

DEUSS A, WOODHOUSE ].Seismic observations of splitting
of the mid-transition zone discontinuity in Earth's mantle[ ] ].
Science,2001,294(5541) :354-357.

SCHMERR N, GARNERO E J.Upper mantle discontinuity
topography from thermal and chemical heterogeneity[ ] ].Sci-
ence,2007,318(5850) :623-626.

HOUSER C, MASTERS G,FLANAGAN M, et al. Determi-
nation and analysis of long-wavelength transition zone struc-
ture using SS precursors| ] ].Geophysical Journal Internation-
al,2008,174(1) :178-194.

LAWRENCE ] F, SHEARER P M. Imaging mantle transition
zone thickness with SdS-SS finite-frequency sensitivity kernels[ J].
Geophysical Journal International,2008,174(1) :143-158.
FLANAGAN M P,SHEARER P M.A map of topography on
the 410-km discontinuity from PP precursors[]].Geophysical
Research Letters,1999,26(5) :549-552.

ROST S,WEBER M.A reflector at 200 km depth beneath the
northwest Pacific[J].Geophysical Journal International, 2001,
147(1) :12-28.

ROST S, WEBER M. The upper mantle transition zone dis-
continuities in the Pacific as determined by short-period array
data[ J].Earth and Planetary Science Letters,2002,204(3/4) ;
347-361.

DEUSS A,REDFERN S A,CHAMBERS K.,et al. The nature
of the 660-kilometer discontinuity in Earth’s mantle from
global seismic observations of PP precursors [ ] ]. Science,
2006,311(5758) :198-201.

LAWRENCE ] F,SHEARER P M.Constraining seismic ve-
locity and density for the mantle transition zone with reflected
and transmitted waveforms[ J/OL].Geochemistry, Geophys-
ics, Geosystems, 2006, 7 (10) [ 2022-08-31]. https://agupubs.
onlinelibrary.wiley.com/doi/full/10.1029/2006 GC001339.
THOMAS C, BILLEN M I.Mantle transition zone structure
along a profile in the SW Pacific: thermal and compositional
variations[ ] ]. Geophysical Journal International, 2009, 176
(1):113-125.

RICHARDS M A, WICKS C W.S-P conversions from the



218

%

Hi

T #&

B 14 2023 4F

[42]

[43]

[44]

5

]

[46]

[47]

[48]

[49]

[50]

[51]

[

o]

transition zone beneath Tonga and the nature of the 670 km
discontinuity[ J]. Geophysical Journal International,1990,101
(1):1-35.

FLANAGAN M P,SHEARER P M.Topography on the 410-
km seismic velocity discontinuity near subduction zones from
stacking of sS,sP.and Pp precursors[ J].Journal of Geophysi-
cal Research:Solid Earth,1998,103(B9) :21165-21182.
FKRKK.T SXVELAR R pP i 3K I8 AT 5 2o I 1 AT TR
RECT// v el st R Ay B2 22 5 — /R AR 2238 SO AL Bt
[ R B2 25, 20120174,

WAMG Yongfei, DING Zhifeng, LIU Hongjun. Mapping to-

A

pography on discontinuity of transition zone using pP precur-
sors| C]// Proceedings of the 28th Annual Meeting of the
Chinese Geophysical Society.Beijing: Chinese Geophysical So-
cety,2012:174.

ZHOU Y Z,YU X W, YANG H, et al. Multiplicity of the 660~
km discontinuity beneath the Izu—Bonin areal ] ].Physics of
the Earth and Planetary Interiors,2012,198/199:51-60.
ZEE L koA XE L R T R B ML SR sP R
ST IR S 0 01— D AR ol < 4007 i B T R BEE L) ] b TR AR
2016,38(1):53-58.

QIN Manzhong, ZHANG Yuansheng, LIU Xuzhou, et al. On
“410” discontinuity depth of the Tonga—Fiji subduction zone
by the sP precursor recorded by Gansu seismic network[]].
Acta Seismologica Sinica,2016,38(1):53-58.

BT A R TR L TSP IR A B B 5K i 06 P
b DX A - B 1 R A D) 0. Hb Bk B 4 3R L 2017, 60
(7):2589-2598.

CUI Qinghui, GAO Yajian,ZHOU Yuanze. The nature of the
lithosphere-asthenosphere boundary beneath the central
South America area from the stacking of sP precursors[]].
Chinese Journal of Geophysics,2017,60(7):2589-2598.
WHITCOMB J H, ANDERSON D L.Reflection of P'P’ seis-
mic waves from discontinuities in the mantle[ ] ].Journal of
Geophysical Research Atmospheres, 1970, 75 (29) .
5728.

BENZ H M, VIDALE ] E.Sharpness of upper-mantle discon-

5713-

tinuities determined from high-frequency reflections[ J]. Na-
ture,1993,365(6442) :147-150.

ZHANG B, ZENG X, XIE ], et al. Validity of resolving the
785 km discontinuity in the lower mantle with P'P’ precur-
sors? [J].Seismological Research Letters,2020,91(6);3278-
3285.

WU W,NI S,IRVING J C E.Inferring Earth’s discontinuous
chemical layering from the 660-kilometer boundary topogra-
phy[J].Science,2019,363(6428) : 736-740.

ENGDAHL E R,FLINN E A.Seismic waves reflected from
discontinuities within Earth's upper mantle[ ] ].Science, 1969,
163(3863):177-179.

HELFFRICH G. Topography of the transition zone seismic
discontinuities[ J ]. Reviews of Geophysics, 2000, 38(1):141-

[53]

5

[54]

[55]

[56]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

158.

ROST S, THOMAS C. Array seismology: methods and appli-
cations[ ] ].Reviews of Geophysics,2002,40(3);2-1-2-27.
SRR e S SR IN YRR AR A i 2 A T i B S e S T
(1] R B4R . 2002, 45(3) :407-415.

ZANG Shaoxian,ZHOU Yuanze.N th root slant stack and its
application in study of mantle discontinuities [ J]. Chinese
Journal of Geophysics,2002,45(3):407-415.

13 ,JEROEN Ritsema. R [ SS fif 8K i 8 7 i 5 38 4f 1] 0B
R AELC/ / Fv el R 4 B4 22 88—+ /U 4E 2 8 S04 b
AU E M ER W B2 22, 2012 208,

BAI Ling, JEROEN Ritsema. Study of global mantle transi-
tion zone di from SS precursors[ C]// Proceedings of the 28th
Annual Meeting of the Chinese Geophysical Society. Beijing:
Chinese Geophysical Society,2012:208.

SHEARER P M,FLANAGAN M P.Seismic velocity and den-
sity jumps across the 410- and 660-kilometer discontinuities
[J].Science,1999,285(5433) :1545-1548.

AN Y.Imaging mantle discontinuities and velocity structures
using the radon transform[ DJ. Edmonton; University of Al-
berta (Canada) : Department of Physics,2007.

MO SR BT . G0 AR L B ER R — BT S0 A A e K S i b X
b8 5o P S5 BT ST [T ], L BR W B 22 4. 2021, 64 (3) : 838-
850.

XIAO Yong,ZHANG Ruiqing. KUANG Chunli.Mantle tran-
sition zone structure beneath the Alaska—Aleutian subduc-
tion zone and its surroundings[ J]. Chinese Journal of Geo-
physics»2021.64(3) : 838-850.

CASTLE J C, CREAGER K C. Seismic evidence against a
mantle chemical discontinuity near 660 km depth beneath
Izu—DBonin[ ] . Geophysical Research Letters, 1997,24(3):
241-244.

JIANG G M, ZHAO D P. Observation of high-frequency
PKiKP in Japan: insight into fine structure of inner core
boundary[J].Journal of Asian Earth Sciences,2012,59:167-
184.

SCHIMMEL M, PAULSSEN H. Noise reduction and detec-
tion of weak,coherent signals through phase-weighted stacks
[J]. Geophysical Journal International, 1997, 130 (2) . 497-
505.

SCHENK T,MULLER G,BRUSTLE W.Long-period precur-
sors to pP from deep-focus earthquakes: the Moho underside
reflection pMP[ J].Geophysical Journal International, 1989,
98(2):317-327.

ZHENG Y C,LAY T.Low wp/vs ratios in the crust and up-
per mantle beneath the Sea of Okhotsk inferred from
teleseismic pmP,smP,and suS underside reflections from the
Moho[ J]. Journal of Geophysical Research Atmospheres,
2006,111(B1) :B01305.

JIA X,SUN D.Imaging the crustal interfaces along the Ryu-

kyu Arc—trough system using precursors to teleseismic sP



545 % 1)

7 98 B » S < ) FH B IR AVE 5 M i 1] DB TR 1) o 0

219

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

and pP[]]. Journal of Geophysical Research: Solid Earth,
2021,126(2):e2020]JB020413.

GILBERT H J,SHEEHAN A F,WIENS D A, et al. Upper
mantle discontinuity structure in the region of the Tonga
subduction zone[ J ]. Geophysical Research Letters, 2001, 28
(9):1855-1858.

VIDALE J E,BENZ H M. Upper-mantle seismic discontinui-
ties and the thermal structure of subduction zones[]]. Na-
ture,1992,356(6371) :678-683.

ADAMS R D. Reflections from discontinuities beneath Ant-
arctical J]. Bulletin of the Seismological Society of America,
1971,61(5) :1441-1451.

XU F, VIDALE J E, EARLE P S.Survey of precursors to
P'P’.fine structure of mantle discontinuities[ J].Journal of
Geophysical Research:Solid Earth,2003,108(B1) : ETG7-1.
NAKANISHI 1. Seismic reflections from the upper mantle
discontinuities beneath the Mid-Atlantic Ridge observed by a
seismic array in Hokkaido region, Japan[]].Geophysical Re-
search Letters,1986,13(13):1458-1461.

XU F,VIDALE J E,EARLE P S,et al. Mantle discontinuities
under southern Africa from precursors to P' P’y []]. Geo-
physical Research Letters,1998,25(4) :571-574.

SCHULTZ R,GU Y J.Multiresolution imaging of mantle re-
flectivity structure using SS and P'P’ precursors[]]. Geo-
physical Journal International,2013,195(1) :668-683.

CUI Q H,ZHOU Y Z,LI W L,et al.Seismic evidence for the
410 km discontinuity beneath the Hindu Kush—Pamir region
from the SdP converted phases|[ ] ]. Tectonophysics, 2019,
766:31-39.

LI J,CHEN Q F, VANACORE E, et al. Topography of the
660-km discontinuity beneath northeast China: implications
for a retrograde motion of the subducting Pacific slab[J].Ge-
ophysical Research Letters,2008,35:1.01302.
REVENAUGH ], SIPKIN S A.Seismic evidence for silicate
melt atop the 410-km mantle discontinuity[ ] ].Nature,1994,
369(6480) :474-476.

COURTIER A M, REVENAUGH J. Deep upper-mantle
melting beneath the Tasman and Coral Seas detected with
multiple ScS reverberations[ J]. Earth and Planetary Science
Letters,2007,259(1-2) :66-76.

KATO M,MISAWA M.KAWAKATSU H.Small subsidence
of the 660-km discontinuity beneath Japan probed by ScS re-
verberations[ ] ].Geophysical Research Letters,2001,28(3):
447-450.

WANG X,LI J,CHEN Q F.Topography of the 410 km and
660 km discontinuities beneath the Japan Sea and adjacent
regions by analysis of multiple-ScS waves[ ] ].Journal of Geo-
physical Research:Solid Earth,2017,122(2) :1264-1283.
ROTH E G,WIENS D A.Depression of the 660 km disconti-
nuity beneath the Tonga slab determined from near-vertical

ScS reverberations[ ] ]. Geophysical Research Letters, 1999,

[79]

[80]

[81]

[82]

[83]

[84]

[86]

[87]

[88]

26(9):1223-1226.

LI1J W,.SUN D Y,BOWER D J.Slab control on the mega-
sized North Pacific ultra-low velocity zone[ ] ]. Nature Com-
munications,2022,13:1042.

ROST S,REVENAUGH J.Small-scale ultralow-velocity zone
structure imaged by ScP[J].Journal of Geophysical Research
Atmospheres,2003,108(B1) :2056.

GARNERO E J,VIDALE ] E.ScP;a probe of ultralow veloci-
ty zones at the base of the mantle[ ] ].Geophysical Research
Letters,1999,26(3) :377-380.

PERSH S E,VIDALE ] E,EARLE P S. Absence of short-period
ULVZ precursors to PcP and ScP from two regions of the CMB
[J].Geophysical Research Letters,2001,28(2) :387-390.

FEWERE , JH T AR R L A AR L SO BE AR T A BR AR BT O IR
SRR MR = AR RN ). M Bk B2 4, 2016, 59(4)
1309-1320.

CUI Huihui,ZHOU Yuanze, SHI Yaolin, et al.Seismic detec-
tion of a low-velocity anomaly under the stagnant slab be-
neath the eastern North China Craton with P-wave triplica-
tion[ ] . Chinese Journal of Geophysics, 2016,59 (4);1309-
1320.

ZE[E AR AR R DT LT P = R A T 3 T s B
g e A el T 2 AU 2 0 R L) ). BR A B 27 4, 2014, 57 (7))
2362-2371.

LI Guohui, SUT Yi, ZHOU Yuanze. Low-velocity layer atop
the mantle transition zone in the lower Yangtze Craton from
P waveform triplication[ ] ]. Chinese Journal of Geophysics.
2014,57(7):2362-2371.

S, T AR KRR T P S E A AR X L b
W 3 B 25 AR F [ ], b Bk By B2 41 . 2017,60(10) - 3765-3779.
LU Miaomiao, DING Zhifeng, ZHU Lupei. Upper mantle ve-
locity structure beneath South China derived from triplicated
seismic P waveforms [ ] ]. Chinese Journal of Geophysics,
2017,60(10):3765-3779.

E T, #EG T A8 VG A6 AT AR O X 410-km [ 7 T L
TV S PR (). Ry P 2412 . 2018.61(3) £ 819-831.
WANG Xiujiao, HAN Guangjie, LI Juan. Low-velocity layer
atop the upper mantle transition zone in Northwest Pacific
subduction zone[ ] ]. Chinese Journal of Geophysics,2018,61
(3):819-831.

BRI TN BR R SR ET R AR PR Al 2 M S A
B A10-kem [l W i AR B 5 LT, 0 2k 4 B 24 i, 2021, 64
(2):507-524.

LI Jiaqi, NING Jieyuan, CAI Chen, et al. Topography of the
410-km discontinuity in and around subduction zone from
nonlinear inversion of triplicated waveforms[J].Chinese Jour-
nal of Geophysics,2021,64(2):507-524.

L1J] Q.CHEN M,NING ] Y,et al.Constraining the 410-km
discontinuity and slab structure in the Kuril subduction zone

with triplication waveforms[ J]. Geophysical Journal Interna-

tional,2021,228(2) :729-743. (F#% 243 )



5545 % 45 1 Wt VR 2 3 7 MR R A R A B R 243

time object detection for autonomous driving[C]//2017 IEEE 413-425.
Conference on Computer Vision and Pattern Recognition [42] Klein F W.User’s guide to HYPOINVERSE-2000,a Fortran
Workshops. Honolulu, HI, USA.IEEE, :446-454. program to solve for earthquake locations and magnitudes

[39] ZHANG X,ZHANG J,YUAN C C,et al.Locating induced earth- [R].US Geological Survey,2002.
quakes with a network of seismic stations in Oklahoma via a deep [43] WALDHAUSER F.hypoDD a program to compute doub-
learning method[ ]].Scientific Reports,2020,10:1941. le-difference hypocenter locations [ R]. Earthquake Science

[40] ZHANG X,ZHANG M, TIAN X.Real-time earthquake early Center.2001.
warning with deep learning:application to the 2016 M6.0 cen- [447 ROSS Z E.IDINI B,JIA Z.et al. Hierarchical interlocked or-
tral Apennines, Italy earthquake [ ]J]. Geophysical Research thogonal faulting in the 2019 Ridgecrest earthquake sequence
Letters,2021,48(5):2020G1.089394. [J].Science,2019.366(6463) :346-351.

[41] ZHOU Y J,YUE H,FANG L H,et al. An earthquake detec- [45] SHELLY D R.A high-resolution seismic catalog for the initial
tion and location architecture for continuous seismograms: 2019 Ridgecrest earthquake sequence: foreshocks, after-
phase picking, association, location, and matched filter shocks, and faulting complexity [ J]. Seismological Research
(PALM) [J]. Seismological Research Letters, 2022, 93 (1) Letters,2020,91(4):1971-1978.

(EB% 219 )

[89] HEIT B,YUAN X H,BIANCHI M, et al.Study of the lithos- Geophysical Research: Solid Earth, 2000, 105 (B2): 2969-
pheric and upper-mantle discontinuities beneath eastern Asia 2980.
by SS precursors[ J].Geophysical Journal International,2010, [93] LI A B.Crust and upper mantle discontinuity structure be-
183(1):252-266. neath eastern North America[ J].Journal of Geophysical Re-

[90] VINNIK L, KOZLOVSKAYA E, ORESHIN S, et al. The search Atmospheres,2002,107(B5) :2100.
lithosphere,LAB,1LVZ and Lehmann discontinuity under cen- (947 Pz, v gl 8 S, = TR HE- T R e IR A% b e e A A
tral Fennoscandia from receiver functions[ J]. Tectonophysics. 1 5 - o A AR ) ] A R 2 (D B s BR B 2E) L 2004, 34
2016,667:189-198. (10):919-925.

[91]  BRGEF, ERNF , 25 M0 75 J /5 JAE 70 2% b Hb e A4) 15 R AIF . 28 Bk 7 R WU Qingju, ZENG Rongsheng, ZHAO Wenjin. Upper mantle
3 LA B MR R [ ] 3 B L 2005.51(6) : 708-712. tilting tectonics and land-land collision processes in the Hima-
XUE Guangqi, QIAN Hui,JIANG Mei. Tectonic characteristic layan-Tibeta plateau[ ] ]. Science in China (Ser D), 2004, 34
of mantle on the west edge of Qinghai—Xizang Plateau: re- (10):919-925.
ceiver function inversion through west Kunlun orogenic belt [95] CUI Q H,ZHOU Y Z,LI ] T,et al.Crustal thickness ( H)
[J].Geological Review,2005,51(6):708-712. and vp/vs ratio (k) images beneath the central Tien Shan re-

[927 ZHU L P,KANAMORI H.Moho depth variation in southern vealed by the H-k-c method[ ]J]. Tectonophysics, 2022, 822

California from teleseismic receiver functions| J |. Journal of 229157.



