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Abstract: In order to investigate the distribution characteristics of the low velocity layer in the central Qiangtang basin, this study
conducted the TITAN-T teleseismic receiver functions across the Qiangtang basin. And the signal-to-noise ratio of the receiver
function was improved by the phase filtering technique in the time frequency domain. Finally, the one-dimensional S wave velocity
structure in the depth of 100 km below each station is obtained by the nonlinear inversion of conjugate gradients algorithm for the
complex spectrum ratios of receiver function. The results show that the phase filtering method in the time frequency domain can
significantly improve the signal-to-noise ratio and make the one-dimensional S wave velocity structure of the subsequent inversion

more reliable. The Moho depth of the Qiangtang basin is 58 4=6 km , and where has a higher Poisson’s ratio. The low velocity layer
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in the mid-lower crust is widely distributed. The transverse discontinuity is discontinuous, and the depth is between 20 and 30 km,

the thickness of the layer is 6—12 km, the shear wave velocity is 3.4+ 0.1 km/s. In some areas, there is a thin layer of 4 km thin

layer in the mid-upper crust with a depth of 10 km. The low velocity layer in the mid-lower crust of the Qiangtang basin is caused

by the deep mantle derived magma upwelling along the tectonic weak zone, resulting in partial melting in the mid-lower crust and

upper mantle.

Key words: Qiangtang basin; receive function analysis; time-frequency domain phase filter; nonlinear inversion of one-dimensional

S wave velocity structure; crustal low-velocity layer; geophysics.
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Fig.1 Distribution of seismological study in Qiangtang
b =B 278 TITAN-TIH 636 44 3053y 88,52k (89.5° 2k LA By AR v £k, HL bl (8 = MR AR i 1 b 7S AF 7EARHUZ 14 3 0l 5 PR (M 52 4%
R INDEPTH-TII H £33 s BNS. PEABI-RITAE 47l LSS LS — XU SE G LT R, SQT . F e 223, NQT . L I3k 4 b

B R LR A BR Z-R-T) L 88 I % 404k 1 0.05~2.00 Hz
4 30 U A AT U8 I, S5 S s R] ek i R AR vk
Xof =[] AR [] 3 5 i JCH WA o B, AR BT 10 s JF
TR THER T A e 0T U 4 R A a=1.5.
1.1 BRI AR AR

L I A o S — ol 4 R AR e, 36 A T A ) s
T RIS RRAF T o BT RS . (] e B e )
R R I A5 S, BE AR M AR AR T R — Rl R
Rl 5, FH 3R o8 L v 4 19 0 S 088 0 R X 4 9 A5
i b 72 ECHE A RLUE S R T e M R TR] A AR AL TR
DA T ok (it v, 2017) .S 78 4 S — Fofr bsf ] do —
I I A B B A A3 T O 1 e TR B A B (5 S 7
P ) /55 2% 38, 1 i W 55 AF 67 28 A SRR AR W B e 45 A
T /NI A e R s AR B b o ) PR A R T X R

R s 5 194 Hrfig 1 (Stockwell ,1999).
BRER 1 (1) SAS MR E LR

’f| fucf

———e 2

V2

Hodp R WHA], FR R0 o 45 o v 0T 7 AR ¢l

BIALE SR A () WA LA S (o, f ) B #4531 .

h(1)= J{J:OS(r,f)dr}e*fzvt//dz, 2)

OB N7 2 B R AR MR R P T 22
P g RE AR 05 5 MO0, AR T4 28005 5 1
WU T B A A AR S A R I 2 B A A B
— I, AR T IR R A5 Bl o A 2 52 B i AT
RER RS SER=AIDE EEVA S

55 h(OFE SAE e S (7, /) AL B 2 2

S(r.f)= jh(z) e d, (1)



%5 6 0

T 55 265 I 3 0 4 S M 7 (24 5 3 ) 2 7 X 1787

180°
K2 A SCE 50 vh I e e i vh o3 AR
Fig.2 The earthquake distribution in this study
o) 210, = F T8 SRy AR SCRFF S X5 J L €2 (B sy it 72 4

~ 1 al ig;(t.f) 1 al S(T’f)
C 5 e — o) — ji’ 8
(z.f) Nj_Z;e N]Zl\sxr,f)! o
Senp s s e — COS)
[Cle.f)]

BT 5 T WA 1 AR AL A B Ay (ORI T 581+
W=, j7=1,2,3,-+,N.

398 CO08 5 15 uify B 41 Sull AH 57 5 I 117 J5 % L
Pl 4 J2 P& 3 5 A X iy i 4 & L T 3a b O s Ak 3R
WA 8.5 s Ab iy Sk LT AL 1Y) Ps FE 4 B AR © 4] DA
Gy HE B R BTN WM RS Y TR BOR R — B0E B
P 22 (K] 3a. &l 4al K] 4b1) , [A] i PpPs 7= A1 A~ B
8 FE 2R BT S AR A i R AR SSIOR o7 308 U B R (il o
AL 2017 Ab S U — BOrES B TR KB
HE PR Ps B 4 52 A S W L AE 21.5 s 4b
PpPs % AH BE 1% 94 1 067 1 1550 1 ok (&1 3b & 4a2 &
4b2 [ del (Bl 4c2). B I AT UL, 56T S 28 46 1 I A ik
AHASE U8 I Ty ¥ RE U8 A SBUE B B MR A O B AR —
HFERAMER, BEREERL.
1.2 BEWRHNIELERE

FE M R B8 B3 3 Sl 2 i ( Ammon et al.
1990; Ammon and Zandt, 1993) Fl 9k £k 1 /2 78 (X1 3
TG, 1996 ; & AL A, 2005) . 2 M 9 I 5 T8 Ik AR M
TR A AR T 2] H A 5 3R AT e B A (Am-
mon ez al., 1990) . A< 3C BT F 19 J5 15 0 B2 W R 55 2 i

P A AR Rk B i 7 1 L %7 1 B AN AR T 400 B A
BRI (X5 JT, 1996).
eS8 B R KRR b A T[] — b A I
7 2R A B BOE Bl SRR Y 34 i
AHE ST R 2505 kA R S F P USRS oy R A2
T AT DL IR U AR
Yi(w)=X(w)R,(w)+ Ny(w), (4)
Hp k=1,2,,n; [=1,2,3;X,(,k=1,2,,n) M
R,([=1,2,3) 435 0 5 P 1 W 5, Ny O o5
A SAFTESS (53 5 (e ARG (4) 2045 Hh 2 05 R
ts ) 5 3 6] S LG Y SR R SR ME A 1, AT LA
e 30 I I Jo8 4 A v 5 1] AR ) O3 G ) 2 R R
FE L3k 5 vk i A 45 SR BAT BE A 120 ek A O
T3 A B v 1 £ MR LU AN 23 B (X I8, 1996)
2 WA oR S 3 FE % 3 >R ] Tarantola B9 F £k
P I 3 B 38 (Tarantola , 1987) . HE i M g 4 F

f H A R AL
1
s(m)= 5{ (g(m)—d)*Cp,' (g(m)—d)+(m—
mp)TCMI(m - mp)}: (5)

Hortr, gCm) A d 53 590 o P08 FOULN 19 K0 2% kL8
1 59 3 A 82 T AN 5 9504 1 A o K L 5 m
SRR B T p Fom R 5 Co Bl Cudy 2
A R0 B B 02 B+ R S B, T KR
B

(5) 2 9 F b bR 5 AT P36 9066 0% O . ot
08 1 R VRS 2 AT L b e B
R B I T A7
yv—c{gil—meEQ%%Agwnd>@

+CIGIC) T, (g(m) = d)+(my—m,)

& A o TUI 5% 4 RO Y O 4 (4 0, 1 B N 3R
5 N YR ACHY . 42 ek RO 3% FU AT SR A T
B S a3k, S 7 1 v TR IR 3 51 AT e [] J4 Wi e
B (5] 542 1] > 5 O R0 2 IR 0E LU TR E A 18 R
KL, B R A Tl A B AT A o 4 X 2 RO &
ARG 6 295 23 3R W 0 A v B O 0 L R I AR S
H9) i 15 R ) 1 49 TG G (XA T, 1996)

AR B 15 3l T 90 S B B8 7R P IO A AT
DA 12 Wi R B ) 5 HG e 1) o 23 LG A A R



HERFR2%  http://www.earth-science.net

44 %

1788
@ 10 20 “u%@}o 40 50

-10

i PPIY) b)) bu WO e x?

0F ’rrrr’r»’ » } r)} ’}’ ’ ) ‘ {H '\ “ J] ]" ’\:”\' \b b'r
skod R k‘} ) 1}‘ ?\H\]‘ ‘IH‘!\‘\W‘) Ha:‘( )

( m\“‘\‘m‘\‘ ;12) " Ps
> N rn*hﬂ)wk HM{M }}X
%10 ( w;;l\”( K ,‘

Q<@Uﬁ>f?  ﬁ)uU \, ;MHwhin

15 ‘:\‘ PR ‘) /M’( )

o

20 b M) | “\ Y

s L 2('(, ) HW WH , VHH i‘”cil l\‘ \r‘m(}‘

e IPM» { AT | 1)

30 \JP' )H? )Hw“ ”M} H}x‘x'i},”’k
(b) Wb RiE

" (.)" '[1'o|“>“““20“"‘ 301'40 ”!”

T T T AL

5\'}L | \\\\M‘\ rklg),”
] I
Y L»HLL»LHL&L LLL»» " YNy 'M >»»»»,p
VIV b
5_‘ Mul [BRRERRN )HI‘HHI‘]J]‘ Hli H
WO b

z }M W ““»)L D)) l»;»l»hmmmm ) m ol

%1 r ) >.‘|.)|ww]|uu T ]

- b)) )wHNHHH HHHIHHHHHHHHH)I»H
15_‘“ "i”l ”HPH 1) ’HHHH"\N bHi‘
20_“; ’ Hl‘mll )t : m» “

N rnmmmmmmmm»mm mwn actrns

PN DD ST T | 1l
LR o (T
P13 IR SBOAR 57 0 I i ) T L
Fig.3 (a) The receive function of P wave R component of C008; (b) shows phase filter in time-frequency domain output of

the data from (a)
a.C008 & & i U M4 ;b. CO08 5 &

ol SR MR A T R AR 5 2] 1) (] 3 1 5 R B Sk A B Y
22 W5 o B, SR B 2 — > 6 3l 10 s 10 b R A 1Y 4
WAL BRI B 1 ST (B . AR SC Y S T8 4 AR R A (R A 2
BREIC Y - X 45 2R | ST T SR TR b b e ) A6 A5 AL Y
P EE N 6.0 km/s, T T Hb 78 9] 465 5280 (14 P ik 2R
JE 7.0 km/s; MR Y S B E  Vs=Vp/1.73 %

3 8 BTSSR A7 08 3B 3 M R B CO08 5 15 3l R 43tk P I H2 AL o 5 S AR 67 0 08 115 () S (b) X 1

AR B B AR YE A 3 0=0.32Vp+0.77 45 s X
T R Y )8R A R O PREM BRI . 4 K=Vp/ Vs,
S8 e B K=1.732, #u i i K=1.80. 5 prfifi
I i v R A VG R M X R A A AT T AN
AT A R o 3k 2 i



UL A5 AL IS I Ak b i SE AR 0 A 5 8 2R R X

AL I Y
4°> | “ LLLL I fo“i | Ssmy;;»;»» 50
R . Al

(a2)

(b2)

(c2)

Pl 4 AU AR 7 218 6 717 S 455 % b
Fig.4 Detail contrast before and after phase filtering
al b1 el Ay I AU 0 RIS B4 53 , 20 S0 B2 18] 3a 5 HE T Y 78 23 5 a2 b2 L2 SR BB B 3L 3%, 43 31 %8 1z P41 3b Ty HE ) 78 43

2SR5

TF 5% 45 S 3% W1 9 90 e it F 42 15 o 5075 31 9 Mo~
ho % 1 8 J& B i 52 Sn E 45 ) B9 45 0w —
i, Moho S I LA — By 80 B AN 3% 252 S 1 o o ol B
JEAT R e T 45 R R 7 i i Moho Bt A4b S
U BB 290 4.4 km/s (5 RS RIS Al A=, 1998 ; R B
8 ,2017) , AR SORE S R B 45 T 4.4 km/sPE
7O 1 B R 4y S L R B R AR AR T B R R F
BIARA L, A0 OG5 S ilcAE 2% 1 . F 92 IX ) Moho &
JZ k5846 km, H it 88.5°2k # T 19 V- 2 R B N
59.0 km, 1 H 1 Fg FE H P TR B2 R 61.5 km, JL FE 5
SR BE N 58.7 km, B TH R AL AR 2 B IR AL
T e, R AT N Y B 9T 4 R — B (2R AR S
2006; Gao et al.,2013). M A= #B ¥ 89.5°H I () °F- 44
TR N 56.8 km, %5 74 3 Y 88.5°% T i 1 , 1M H. Mo-
ho TR R 8 K W98 X 4% & 3 T 7 A b A F
0.270~0.330 (K 5) ,F#1H Jy 0.302; B 2= 7k 42 55
(2006) INDEPTH- [l 4815 (4 °F- 210 #4 L 0.290 8
P, 0 R X R4 (2014) FH H-K 3145 i 45 3R (OF
BIAM R 0.278) M LA R 25 8 B & Rl /R 3
FHAS ) J5 1 DA BAS [a) 1 550 40 45 31 (9 70 B Lb (8 41 3%

AT, 92 38 b DX 0 SF- 359 901 B BU A 8 0E 5 b 58 AT AR L
{2 B 8 i 72 11

PRI As R R A Al AR 4y (V4R i)
U 45 R 5 S BRI TR 0 G R EOHR 2 0.93, 1 A2 1]
g3 i (R 4y &) 194G RECHAE 0.93 KA |, JF HLR &R
SYAE0.95 K LA B 5T B A 7 8 %, AH
BT R 2017 ANMEE R WA R m A5 T
et VR 3K A Y UL AR RO W A R AL A
F 0 — 4 S P 25 R B eT &

IS B 514 6 Ul ) — 4k S P 45 H L R
T~9. [ 7~9 i SR S0 2% R OR T 4E R 4T (6
2 3R~ TASPEIOL 3 B #8578 | 4 L i fz i 45 2 1) 7
— A T AT E L RO A R R B, b 3R 20 km 1)
Hh b M R 2 R SR % v R AR ) LR R DL
TV FEAE 96 58 45 M 20~60 km I B (19 T M5 Y
BT % 5 I e TASPETO L FE 455 8 g A% , 4% 1) S 78
35~60 km Ab 3 i 22 I BT K, et A I i 2 B Y J IR
& T = R ) Moho BT ¥R R 60 km 2247, JLT-
J& TASPEI9L #5 % 35 km A 5 £ , 76 3 B A A |-
TASPEI9OL £ AL #E 35 km IR 1Y Vs HL#: /i 3.75 km/
sBKER AN 4.47 km /s, 1M IE 3 1 X 9 Vs T2 LA 65 Btk
1) 1E B B2 32 T 36 N 1) . B ARG 1A 22 SCk I o )2



1790 HiERFES hitp://www.earth-science.net 44 5

*1 AIWALE K Moho iR EFIHM L

Table 1 Locations of broadband stations and measured Moho depth and o

Moho - R Moho - PR
B ZECE)  4ECN) I & ZJE(E)  HiEN) o
(£2km) (£0.001) HHht (£2km) (£0.001) HHua
C008 88.49 33.37 61.2 0.265 54 NQTO04 89.26 33.12 58.6 0.335 33
C009 88.39 33.30 61.3 0.215 56 NQTO06 89.19 33.20 58.6 0.335 48
€010 88.59 33.32 58.4 0.270 61 NQTO08 88.48 33.47 58.3 0.305 30
Co11 88.33 33.23 58.6 0.250 66 NQT10 88.53 33.56 58.4 0.260 34
C012 88.08 33.23 53.2 0.350 82 NQT12 88.54 33.66 61.2 0.310 32
C013 88.22 33.19 55.8 0.325 66 NQT14 88.78 33.83 53.9 0.350 21
CO15 88.30 33.05 61.2 0.295 47 NQT16 88.78 33.93 53.8 0.335 31
C016 88.45 33.02 58.5 0.350 29 NQTI18 88.71 33.96 61.1 0.250 22
C017 88.47 32.97 53.1 0.345 35 NQT20 88.63 34.03 61.1 0.310 21
C018 88.42 32.87 53.1 0.340 30 NQT22 88.64 34.11 61.1 0.270 45
C019 88.48 32.75 61.3 0.285 56 NQT24 88.62 34.23 61.2 0.275 54
C111 87.90 33.23 61.3 0.310 68 NQT26 88.58 34.31 61.2 0.285 52
Cl12 87.92 33.16 64.1 0.265 28 NQT28 88.56 34.41 61.3 0.290 51
C113 88.74 33.27 60.9 0.300 43 NQT30 88.62 34.50 55.9 0.340 53
Cl14 88.67 33.08 61.3 0.280 52 NQT32 88.66 34.61 55.8 0.345 64
EQTO02 88.96 33.11 52.9 0.335 60 NQT34 88.46 34.71 61.3 0.295 52
EQTO04 89.37 33.13 55.7 0.235 64 SEQTO02 89.54 32.97 53.9 0.345 23
EQTO06 89.53 33.08 61.1 0.315 44 SEQT04 89.64 32.88 53.0 0.350 24
EQTO08 89.55 33.19 63.9 0.335 41 SEQTO6 89.70 32.78 58.8 0.345 31
EQTI10 89.51 33.32 58.4 0.350 36 SEQTO08 89.72 32.68 52.9 0.345 31
EQTI12 89.53 33.41 53.2 0.350 39 SEQT10 89.76 32.59 61.2 0.295 29
EQT14 89.69 33.09 53.0 0.335 25 SEQT12 89.70 32.48 53.2 0.345 25
EQT16 89.81 33.13 61.3 0.285 27 SQTO1 88.63 32.20 58.8 0.345 106
EQT18 89.88 33.20 58.5 0.305 26 SQTO02 88.64 32.35 61.6 0.275 60
EQT20 90.02 33.23 61.2 0.295 21 SQTO03 88.61 32.47 64.2 0.270 51
EQT22 90.15 33.25 61.1 0.290 21
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Table 2 Low velocity layer distribution in the mid-lower crust
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(£0.5 km) (£0.5 km) (£1.0 km) (£0.5 km) (£0.5 km) (£1.0 km)
SQTO1 20 30 10 NQT20 20 30 10
SQTO02 22 30 8 NQT22 20 29 9
SQTO03 22 30 8 NQT26 20 30 10
CO018 18 29 11 NQT28 24 34 10
C017 24 30 6 NQT32 19 30 11
C016 21 32 11 NQT34 19 29 10
CO015 25 35 10 C012 20 30 10
CO11 21 31 10 €013 22 30 8
C010 20 29 9 NQTO06 20 28 8
C008 23 35 12 NQTO04 22 31 9
NQTO8 19 25 6 EQT10 19 31 12

NQT16 22 30 8
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Fig.7 The S wave velocity structure along the 88.5° line
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