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Low-velocity layer atop the mantle transition zone in the lower Yangtze Craton

from P waveform triplication
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Abstract The P waveform triplications from the seismograms of a mid-deep earthquake at the
Ryukyu subduction zone recorded by the Chinese Digital Seismic Network between the epicentral
distances from 10° to 23° are used to study the upper mantle structure beneath the lower Yangtze
craton. Comparing the observed seismograms with the synthetic ones from different models based
on IASP91 earth model and using the ray-tracing method, we find that the 410 km discontinuity is
a gradient zone with the thickness of 20 km and there is a low-velocity layer atop the discontinuity
which becomes thicker from southwest to northeast beneath the lower Yangtze craton. The low-
velocity layer is characterized by a thickness varied from 40 km to 57 km and P velocity decreased
by 2.7%~4.5% and should be the result of partial melting of mantle peridotite.
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Fig. 1 Map showing the location of the earthquake and regional stations used in this paper
The black triangles indicate the location of stations, the white stars are the turning point of the direct P phases on the ground, and the
beach ball marks the earthquake focus. A and B label two areas used in the paper, and each area expands with the angle of 10°. The depth
of turning points in the A area is 162~528 km and B is 159~522 km.

A 45 (5] VB 18T 22 1 1 [l 97 9 AR AH A [ I8 1 A
S R AR BC LA K ) W7 1T 22 14 [ 47 7R A CD. 58
A AB I e A P B 5 11 TR0 22 b 0 SR R 3 AR b R
V) DB T R B A 56 5 CD 52 A H 30 17 3 5% [ 1 1o I
32 T[] DB TR L 0 R A A R U AB R BC B
A AR XoF 38 B R B AT S e ) BT TR 2 b ) 4 R
fiE s AB 5 CD 52 AH ) 21 i 22 Bk B R AiF 32 22 s e 1]
W TR A ) 3 R AR R/ S (Wang et al. , 20065 I
B FAE, 2012;Li et al. , 2013). K T 315 =&
TR 1 S BRI TE I 72 B A Ak B R AR A SOl
AT E B (Tian et al. . 2007) 6B HE E R, I
RS 236 05 AT AR (4 B AL (Wang, 1999).
T AR SCH S AE FHRET 410 ko [ W7 18I ) &2 4%
S RE) TR Ay T sk A 52 2 R U ok R DA % R R B A
& K b M 7 RS A 2% 45 A el O 0 5 Ak 1) S L AT
PERE T b [ M RE A C SR R A T E SIS AR ALY
f — > b TR b AR Y ) R PR ORE . 9% b RE A
F(25. 435°,123. 897°) ., kK W} %] 2 2011-04-16
01:11:10. 38,7524 N M,5. 8, B UE IR K 131 km" .
3 [ R 4 RE {5 8 0 (NEIC) 3 F 58 4547 % FE
DL 2] 11 32 i A5 A 5 IR Ao () R 5 b fT B T

1) http://www. isc. ac. uk/

Distance/(°)

2 AL

1oL+
30 35 40 45 50 55 60
(#-Distancex10.6)/s

Bl 2 Ca) 410 lemn (1] BT (67 B3 = S 7 TS £ 8% 42 (D)
Mg E iR B AL B e A TASPYT (Kennett &
Engdahl, 1991 , ¥ B 4 131 km
AB 7R TE 0] W7 1 2 b A% RE 09 Bk P i BC 27 ) i 1 1)
S 5 CD 373 8] W7 181 2 71 % 5 11 b 72 35
Fig.2 (a) Ray paths and (b) travel time curves of the
triplications near the 410 km discontinuity for an event
with focal depth of 131 km. The model used is IASP91
(Kennett & Engdahl, 1991)

The AB branch is the direct P wave propagating above the
discontinuity; the BC branch is the reflection off the
discontinuity; and the CD branch is the seismic wave traveling

below the discontinuity.



7 ZEEEAE ST P = E AR 4 S I A fh s IO K e 2 A

2365

IR W RA R AR, A B T = SR AN
PUIN. A TG MRS P o = H R AH . S i = H R A
OSBRI AS SCHCA (] S B = F R Al 17X
M P AT — i 1) T ) A SO0 52 R B R AT T
0.05~1 Hzf i il 35 ¥ 4b B % b 78 5 410 km 7]
DT TET R G Y = 2 AH AR 107~ 23° 7% B Y [
M. R T3 1 o hiim 410 ko (] B i B i)
JBE 5 kg 14 DX SR A A T DR UE AT 2 06 o Jo i L 9
TE Bl 5% v B 18 23 A AR SCH IR O7 0K 6 3 LA 10707
A2 AR 18] B8 73 B AR B A XIS4T 23 A (&L D).
G FRATRE A X B 1) 3 52 B 17 90
SRS AR T A& 3a H TR 1Y P = E R A F .
M P = E R AR AR S Al LUE L WL E A
TASPOL LRI i ) BRI 5E I IS 29 3 s, — it L
Ik 2R GEE 4 D 22 AT BE J2 rh T o 110 B 25 4 s R
TR JRE i 58 AN S 1Y . R 8 M 25 B o R TR TR R
BRZE )Y F R A 5 |k A = R A E I A R
g8 i 22 A 2 5% W B TR 40 45 4 B A iR
(Tajima and Grand, 1998; Wang and Chen, 2009). 7

22

20

{
T
f
|
T
|
|

oo
T
1

_.
(=)}
P
N
=

40 50 60 70
(z-Distancex10.6)/s

@ T ey
A

Distance/(°)
Z
>
<

SO B R R B NEIC 25T 58 B L& =
AR E B . HE B R oL (ISC) JEF pP 52 M 45 1
F14) 755 V5 R B U TR0, v F 139 ke MR B Ak o 4 7 1 3
T A IR D 7 o S R ) O s )
AT R LA A 5 3 — i i 5 932 3 1) {1 3l 45 A A A O
. E B P 410 Tem (8] BT b A RE S5 4L L F AT S
)7 3b TR 1 M-TASPO1 B2 %58 70 = Y
b A AE — A R B R AR A b L5 10, 5°
(DWU &3 5] 16. 3°(QLIT &34 #5 ¥ 19 Hik P
Wi B — B0 AN 3a i B SRR TR, T
AB E M 4 7E & 3 QLIT, F] FA& 8 1 M-
TASPO1 #E#I X & 3k QLIT 19 H 35 P ik 5t k38 1515
IR BN 353 km. 353 km DL (1 3 i 45 44
38 1 1B 2 M-TASPIL AR SR B, 410 km (1] I 187
(1 P i = T REAHHEA T A RO 2 R

M 3a S BRI G R AT UE H, AB 52 AH 1 28
IEFEE 16, 374 4 (B ul QLIT 4b), AB E A K fE
1 BC RAHZE T B A2 B 8 T B A s, AOC
FIBOD# M-TASPO1 £ AU 25 i (1) B 38 {H 22 B 2 fm

0 . . .
(b)
—— M-IASPII
— — IASPI9I
100 - -
200 - -

Depth/km
W
S
(=}
T

400 L -
500 | E
600 L L
6 8 10 12
Vp/(km-s™)

3 oI P gl F0HIE S B 2R 5 (b) M BR AR 1A
() B SE 0 PR LI B B R 2k O TASPO 1 #2780 i B30 5 I ol 28 R (0 S 2k U R 68 5 I 4Ry M-TASPY L
B R T I I 2 AR DL AE SCUEDD 5 (b) o i) R (4 jE 2 A 3R TASPOL it JEREAY LK 2 S22 M-TASPOL AL,

Fig. 3

(a) The observed direct P wave and theoretical travel time curves and (b) the earth model

The black solid line in (a) represent the records of P wave velocity, the black dashed line is the theoretical travel time curve of TASP91

model, and the grey line and dash-dot line are for the M-IASP91 model; the black dashed line in ( b ) represents the velocity model of
IASP91, the grey solid line is the M-IASP91 model.
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Fig.4 The travel-time curves and theoretical seismograms for different velocity models

(a—d) represent the comparisons of the theoretical seismograms and travel times among the reference model M-IASP91 and model I, II,

IIT and 1V, respectively.

(a) represents a low-velocity layer atop the 410 km discontinuity (model 1); (b) shows that the 410 km

discontinuity extends to 430 km (model II); (c) illustrates that the 410 km discontinuity is a gradient zone with thickness of 20 km (model

11D ; (d) represents the increased velocity gradient under the 410 km discontinuity (model 1V).
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The black solid lines in (a) and (b) are the observed and synthetic seismograms of P triplications, respectively. The black dashed lines in

(a) and (b) are the theoretical travel time of model TASP91; the grey solid lines in (a) and (b) indicate theoretical travel times for model

LYC-A. The black dashed line and grey solid line in (¢) represent model IASP91 and the best-fit velocity model LYC-A in A area, respectively.
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Fig. 6

Observed and synthetic waveforms in B area and velocity models

The black solid lines in (a) and (b) are the observed and synthetic waveforms of P triplications respectively. The black dashed lines in (a)

and (b) represent the theoretical travel times of model LYC-Aj; the grey solid lines in (a) and (b) indicate theoretical travel times of model

LYC-B. The black dashed line and grey solid line in (¢) represent model LYC-A and the best-fit velocity model LYC-B in B area, respectively.
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