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Moho depth and sedimentary thickness in Capital region

LUO Yan'?, CHONG Jia-Jun®, NI Si-Dao*, CHEN Qi-Fu', CHEN Yong'
1 Institute o f Earthquake Science ,China Earthquake Administration ,Beijing 100036, China
2 Mengcheng National Geophysical Observatory, School of Earth and Space Science , University of Science
and Technology of Chian,Hefei 230026 ,China

Abstract Receiver functions are calculated with teleseismic P waveforms recorded by broad-band
and short period stations of the Capital Digital Seismic Network, then the thickness and Poisson
ratio of crust are investigated with the H-Kappa method. The inversion results demonstrate that
the crust thickens gradually from SE to NW with an average thickness of 34 km. The crustal
Poisson ratios which are indicative of different tectonic regions, have a good correlation with the
active faults. The regions with high Poisson ratios fall into the cross zone of active faults with
cracked rocks. Because the velocity of the basement is much higher than that of sedimentary
layer, the radial direct P wave propagating through the sedimentary layer becomes very weak as
compared to the converted multiple phase in the sedimentary layer. At typical periods the first
arriving energy consists of the direct P and the secondary conversion phases, and produces
apparent delay of peaks. The quantitative relationship between the delay times of first arriving
energy relative to direct P wave and the thickness of sediments was established by forward
calculation, which enables to quickly estimate the sediment thickness by the delay times of the

first arrival pulse.
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(a) Receiver function profiles of broadband station TLLK and short-period station CDT}

(b) H-Kappa staking results of receiver functions of the two stations
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(a) Forward input model; (b) Theoretical receiver functions; (c¢) Linear relation between the sediment thickness

and the time delay of first arrival peak; (d) Delay of the first arrival wave-peak at station WAK.
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Table 1 Crustal thickness and Poisson’s ratio beneath stations in the Capital Region
Al % H(km) oH V.,/V ok I B4 H(km) oH Vo /Vs ok -
BAD 31. 88 0.75 1.76 0.05 0. 26 NSC 33.75 0.38 1. 80 0.08 0.28
BBS 34.62 0.75 1. 90 0.10 0.31 QIL 33.50 0.62 1.72 0.05 0. 24
BDH 28.00 0.62 1. 82 0.07 0.28 QIX 33.50 0.50 1.75 0.05 0. 26
CDT 34. 88 0.75 1.77 0. 05 0. 26 QSD 36. 25 0. 88 1. 82 0.08 0.28
CGZ 30.75 1. 00 1.97 0.25 0. 33 SFS 36.00 1. 00 1. 81 0.10 0.28
CHC 40. 38 0.75 1.77 0.05 0. 27 SHC 36.75 0.75 1.78 0.06 0. 27
CHL 32.12 0.50 1.73 0.10 0.25 SSL 36. 00 0.75 1. 80 0.05 0.28
cI1Q 31.12 0.62 1.87 0.10 0. 30 SZJ 29. 88 0.88 1. 98 0.13 0. 33
DHC 32.88 0.62 1.91 0.06 0. 31 SZL 34.25 0.50 1. 81 0. 04 0.28
DOH 31.88 0.50 1.76 0. 07 0. 26 TAG 38.00 0. 50 1.83 0. 06 0. 29
FEN 37.00 0.62 1.75 0. 04 0. 26 TLK 33.00 0.75 1.73 0.05 0. 25
FHS 38. 38 0.50 1. 82 0.11 0.29 TST 36. 25 0. 38 1.72 0. 20 0. 25
FHY 30. 00 0.38 2.01 0. 05 0. 33 WAX 33.38 0.75 1.75 0.10 0. 26
FTZ 33. 88 0. 50 1.74 0. 05 0.25 WEA 33.25 0.38 1.62 0.12 0.19
GAN 36. 00 0.62 1.75 0.05 0. 26 XAZ 33.12 1.12 1.83 0.07 0.29
HBZ 35.75 0.62 1. 69 0. 04 0.23 XBZ 36. 88 0.88 1. 81 0.07 0.28
HE] 30. 25 0.75 1. 66 0.12 0.21 X1J 38. 50 0.50 1.71 0.16 0. 24
HUA 39.75 0.75 1.74 0.06 0.25 XIL 35. 38 0.62 1.74 0.05 0. 25
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Fig.4 (a) Undulation of Moho discontinuity in the Capital Region;

(b) Distribution of Poisson's ratio in the Capital Region

41°N

40°N

39°N

38°N §
115°E 116°E M7°E 118°E 1M9°E

B 5 AR A 6l T o U R B 43 A T
Fig.5 Map of sedimentary layer thicknesses beneath

some stations in the Capital Region

5 #EiAiTie

5.1 H-Kappa BMAEMIEA M

A SCAAL ST BT T FEAAT 5 0l 42 WS ok 50, 38 )
JA 6w R B T A K3 T H-Kappa J7 %
Xof 1 JE S 6 i T A R I R A SR
G5 — [ Kb BN 43 A7 O Uk 4 S R b X B S — o
PSR MR, MR RW L6 TS B A
JA 3R 6 it H A U ek BB T M 8] H-Kappa & il
T3V R B A B AT AR BIAR 47 i 45 . R A

AR & 3l 32 R )2 RS BE 52 ), 422 S0 R B30 O] I R AR
A5 52 A, B 78 1T 1) 2 400 RN 22 IR S5 B R AR AR 55 L 4l
7 H-Kappa S {5 45 5 098G BE A7 Bir T B 30 A7 2640
MG ZEREILRZE(—BRIIRZEE XT3
k) 5 1) L H2 U R B0 AR 19 AR 52 2% . H-Kappa &
I3 35 B 2R T3E L r DA Al 50 A5 AS 381 5 78 T R
) R T 25 2R
5.2 EE@mER

T A R DX 35 1 5 JRE BE 24 34 km, b 5T 45 44
) BEARTE 25 2 V0 5 AR 0 1 X O J il B A
A H 2 R 1) PG G T 1) 3 T A TR e A O L
T i 300 2% A0S b DX, 5T JFERE O 28 ke, SR B IX.
P F R PR GR R O a7 e R T 40 km.
B T 1 DX SR 1y ) 2 A AR S A AR e S A, R
AT 43 B AN JC AR E 8] 1 2505 5 — 2% Ol 2R T
) (HEJ)—2%% /0 JE (CGZ)— & (LUT)—FE
(DOH)— BB (CHL) —£& , °F- 34 Hh 7c 5 Hhy A6 30T 1)
28 km 1P Ky 31 km £ A7, N T A9 45 3R B BoR
AL T 2] 2 A2 0 b 3T B R 3 R N B IR —
AN G B CHI R IR B BB T A BT R AR L X
FATH G R A — B 5 4 N IR (KUCO) ,
T (QIL)—2% [ K (XLD), i 7§ (QIX)—¥ 1k
(ZUH)—#ij H (JIXD—%F % 8 (XAZ)— X %
(WEA)— 58 HL(WAX) . # H (LIX) —£k, REchdt
AE ) 734 Ml e JE B A — A5l Y 31 km 1 i 3]
33~34 km Z [i]. 55 = 45 A T A2 A6 T i K B 7



4 1 T HEAE AR X S TR AR R R R 1143

JeHB G DT B X, B T (FEND—B U034 7]
(LBG)— ¥ 8 Ji (LLM)—/b 3§ (SHC) % Jig
(ZHL) — 38 (LAY) —#4 (YIX) — 244 1, 1o
ST H4) JEL B A AR Y 33 ~34 km 4B AL B E Y 36
~37 km AA7. GE T AC AR AU AR L S U SR
A ARt A e AR T I L X b2 S5 B R 34, H o
JRIX Y 36~37 km H AN 11 X 40~41 km. B2 1 44
1 ] 5 RAT L E 1) B A — 2, R I (CHOC) — 3k
It (ZHB)—ik & 1 (ZJK)—F % (HUA)—H J5t
(YAY)— R [ (LIQ) — £ 4 .

TE 3K o AR S PG B2 19 OB 35 L o A A 0 X
R AT VA N P - N oAV N A 1 1 e
(ZHT) , X3k 88 & (LBP) , J&] [l - ¥ b 72 )5 B 249
36~37 km, X I &5 N 7 Hb7c R EEH 5050k 38. 5 km,
38. 1 kn. [R] b b 5 J5 B85 AE KB AR DY JE Y B R
/N DI L PN A M1 2 A T 1 2 R AR Ak L 3 5 1 4T 1
by DX VBT I3 725 b 2 440 KL T 1) e 5 40 5 5 10 A — 2. R
TR IX Mo R SRR S BER T ARG
(YUS) fE 8 & (ZAH) T e 28 #. XA 5 I
U Ab T A A T I 25 1t b A5 T A b X L ] L s X
(R DT R i 3 K X 5 AR L I X b - 4 5 3% )2 b
oA 5 T R ) F g 6 3R 71 B I AT — o R
W) 5. T AR Bl b DX b 5 JEE BE DA P 1L P e R e —
40 km B ZR i A6 8 — A7 98 2 28 km, X — A8
A ST K It G T Vi b 5 a6 e R U T
X — LA

5 ON TR b R I L R 0 A5 R ORI 45 R
T HCAE R IR S35k T 4 Bl 7 15 T 7 1) 205 R R
AR — 35 15 R BE R AR R ] G A ) 3G R L AR R
X 11 - 249 M 2 JE i o 34 k. {HL 2l A5 26 X 3 A8 fk
FROEA K22 58 N TR 1 45 SR B 7R H ey #6 1E Hh
X F s 572 SRR R P AR 1) 1 B o A I 0 DR 2
RAZAL T AE B 2 Gk I — 37, B2 51 45 R 4R h
A AR 1) 7 kg 2 V6 1m0 T R AT 2 A R A
(R 45 S b 5 J5 5 P AR T 1) P 34 T O R, IR
FI B TR R AR AR AE . RO A BUR R/
IX S A s T b B . T R T R B
LR AUAR (AU AR 1) I B A K A 5% A 0415 L.
JURN I A5 45 R A X Bl 22 T Be B TOR5E 5 iA A
() T8 P %) 50 AN ] 48 2 o Ji R 3 7. oy 1
F14 245 SRR RE Ay 0 Pt IX (10 7 g 28 g 2 11—
E R 2 A, A5 2 5 IIORS 40 Y 45 4 T S A A
S3 A R RO GOk

5.3 AMETH

AN A A B S 00 45 SR e B L 7E M e LY
R R 2R T S TARS B A (R A 03 oy WU —
O et e A VA el M S /N2 AR 1 BURR S /N A A £
AR AL AT LA 7 A 4y 1 AR AR IR A A LRI RE 190
AN = N s R RS 1 i 5 A = RO R S K /A = L
FIBREE B2 1) & S5 A AR o6 T SS9 02 . IA AL FL e
0. 26 F| 0. 28 Z[A]XF I 75 A7 4B R H BE L0  /NTF 0. 26
R, KT 0. 28 R R BE Y. — A H g 9
JR AR A 21 A 1 R AR, T e )
ErREE TR UL X A 2o AR AR A A B TS L B R
ZIN B TEAS B D) 52 B TR R 5% 1 0 A Ay A A R
b5 32 2l J W0 0 2 U0 O, FE b e 1 TR BE
FEL PN A 0 R b A 32 A ) 2 T 0 3 N 1 O
V00 T SRR Oy BRI S B R T O R L R R A
2o A TG IR L 100 FH 25 A R T S iR R

VAR U 4 A R X5 A0
BRI FE AL B 40 Hh DX B4 YA RS LU A3 A L I 3RS T AR AF Y
SEOL. FRATT L YW S B 0 T R s R AT o b L O
HAY2 b TR % H-Kappa 73 H T %0 8 1 G b 1
AIATPE. J340 R ARAR DB IR o TR 0 Bl i DX 3
o3 A R AE I A5 30 H-Kappa J7 25 0 £ & 7, Fe 4]
WM T SENAT & . BT 25 AR L T R b X
TA R BU A3 A 52 B0 43 B )RR AR e BETE AL LU (E A R
NG L 53 DA T AN A AL DX — A 8 L DX AR b Ak b
H(TLK), & % (CHL), % J& (QIL) #l F§ #B 7T [
(YUS), #& BE )& (HBZ) . I [& (INXD (1A #a He # /D
F 0. 26, NIAM FUARME X APl iy sk fE S5 (FHS) .
SRAFLQS) , 4= £ 1 (NLS) — 7y b L & i 1T
0.28, )& TIAM L X . X FIAM LI 0 X 22 5 5
M B 1A A AT DS BT I X R AN TE A L
R DXOGF o7 b, 2t 888 114 A o R TR A A8 1 8 DA I
AR o BRI BE R L A A AR SR L TR L
B XX B T 1 AT P X A R R A 1 NWJ) 5k
IO —ERW 2 b.omr A oF gl R, kR
3% S I 241 & — 4% B AR 1) P 47 JR 11 1E AE T ) R
KB R IE Sh R i AL TR — M Y A ] R
FU A RB AR o 2 B S T s L e (R AE . F 0 AT D TR AR
Fb 33 i 43 BRI T LA A BIF 5 K i Hb 5 1) ) 36 25 Bl B
AL R RERENGER R RSER ST DT
R SE AR AT R 2 R AR — 3, Ul
H-Kappa & Il J7 ¥ 2 F e 1, i H & 28 ff i L2 —
Fofr (AT ) (5 P 0 7 1.



1144

Bk 4 # 2 4R (Chinese J. Geophys. )

51 %

5.4 MREEE

AR ST H — {2 A R B PRE  E TRRZ R
BURBE M J7 . e i — A DUBZ i BEREAY L 5 2o 2
AR JEE B T T T O BV A o 4, T R B
W BRI B B 06 S B IA POUR 0 BI I 2%, AT EE I
FRUZ R A A0 5 0 20 P 0 A SR B[R] i 06 R Pl 5
I 555 5 o R 000 £ 42 AT R 50170 T 380 9 0 ) B R L o
2 Gl T DU 0 8 BE . 8 2 30T # T UT R
iz b DGRz XU AR 2 R B AT DL TR A
GEIZ 0 DX 5E 5 A0 25 K | 32F A7 5 b 1 32 3l 50 A 4L R
(B N Sy T | e e T 1 o E RSy i
Ak T XM ER & L O X DX b 45 R AR TR
NS HFTEIRAE T 4505, 783X 26 4 X ] LAl A
SCHE Y Y T TR DRECR E DR 2 R

IR A5 R F W, 1 B A X LA PR
1 of i 2 OB TR B A 1 i kg s HL B DURUZ
L ) 88 s 3 D e A G B R POk ) xR
J2 R AR A U AR B A LA R S
St T ) I 0 B A O () E R P 0 9k A B
BT UTBUZ R EAE L 3.0 km F] 6.6 km
NG R A B TR AN UT AR S5 R T — 2

H T2 AT B KRGS 3 2 A6 B AR T Xof P 34 3 A
ARCJRK BRI {2 AT R B4 TR R 5 R R 45 4 24
SRS 2%, SR T T Y5 AT R AT R DT )Xo - 2 R 24
SR B W R B T i DA R R BT A 4 5 T
DA AR 17 i 249 R 2 38 11 308 JBE 45 4. TR I L FR AT DR T 8
T A0 Pl b DX T R TR R T I AR BF 5T IR A K X
S8 TR A 11 B R 25 4
B R E R G WD R AT T R
FR KT kL. v [ b 7R R b BR ) BEBIF 5T BT S BB 1
TERHE AL BT 1 R R Jr T 25 7 7 AR R i 5 Bl 7
1 — I TR 3R

2 % 3k (References)

[1] ke HERB PS5 LW E R XM =481 =S 5 0
FEH e R BT AR H Bk B2 4. 199437 (6) 1 759
~766
Zhang X K, Yang Y C, Zhao P, et al. Three-dimension
seismic transmission experiment in the Luanxian earthquake
region of North China: tomographic determination of the
upper and middle crust structure. Chinese J. Geophys. (in
Chinese) ,1994,37(6) :759~766

L2] EMG, £ 56 Py ss. TR R J7 5 TR J0 6 3t % X 3t
TEAMEE . MR B2 4. 1993,36(4) 1 445~452
Wang C Y, Wang G M, Lin Z Y, et al. A study on fine

[4]

[5]

71

[8]

[9]

(10]

[11]

[12]

[13]

crustal structure in Xingtai earthquake area based on deep
seismic reflection profiling. Chinese J. Geophys. (in Chinse) ,
1993,36(4) :445~452

Huang J L. Zhao D P.

heterogeneity and

China.

Crustal
seismotectonics of the region around Beijing,
Tectonophysics,2004,385.159~180
FFOWLRORME LR BISE. E SR X b oE PR S I = 4
TR S5 R K OH S AR R R MR B4 4R 2006,49(3) 1 805
~815

Qi C, Zhao D P, Chen Y, et al. 3-D P and S wave velocity
structures and their relationship to strong earthquakes in the
Chinese capital region. Chinese J. Geophys. (in Chinese) ,
2006,49(3) :805~815

TR BRE 48, E AR, GUH R L X b 5E = 4 P B
GEH. MR F R . 2003,25(1) 1 1~14

Yu X W, Chen Y T, Wang P D. Three-dimensional P wave
velocity structure in Beijing-Tianjin-Tangshan area. Acta
Seismologica Sinica (in Chinese) , 2003,25(1):1~14

Zhu L. P. Moho depth variation in southern California from
teleseismic receiver functions. J. Geophys. Res. , 2000, 105
(B2): 2969~2980

X JiE 76, Kind R, 42 50R. $ W5 ok %50 52 950 185 L 1 doe R B8R 1
T B AR ek I Bk B2 4. 1996,39(4) :502~513

Liu Q Y.Kind R, Li S C. Maximal likelihood estimation and
nonlinear inversion of the complex receiver function spectrum
ratio. Chinese J. Geophys. (in Chinese), 1996, 39 (4): 502
~513

X JA 7€, Rainer Kind, 2%, w5 %5 752 & 100 A9 #2150 o8 52
B ARG SO MU BR Y B4 4 1997 .40(3) : 356~ 367

Liu Q Y., Rainer Kind, Li S C. The receiver functions at the
stations of the Chinese digital seismic Network (CDSN) and
their nonlinear inversion. Chinese J. Geophys. (in Chinese) ,
1997,40(3) :356~367

FBRZE /N, 3R T8 5. ] Wiener I8 J7 13 32 BB ol HE 4R
M. P E b A 2003,19(1) :41~47

Wu Q J, Tian X B, Zhang N L, et al. Receiver function
estimated by Wiener filtering.
China, 2003,19(1) :41~47

Wu Q, Li Y, Zhang R, et al.

Earthquake Research in

Receiver functions from
autoregressive deconvolution. Pure Appl. Geophys. . 2007,
164:. 2175~2192

Wu Q. Li Y, Zhang R, et al. Wavelet modelling of broad-
band receiver functions. Geophys. J. Int. 2007, 170; 534
~544

FEPRZE B AR L T S8 ALY T2 7 H WA BRI BT 9 7 s R B 3t o
5. BRI, 1998.41(5) :669~679

Wu QJ, Zeng R S. The crustal structure of Qinghai-Xizang
Plateau inferred from broadband teleseismic waveforms.
Chinese J. Geophys. (in Chinese), 1998,41(5):669~679
oK AR P RIS T RO R AR AL G T S B 45
50 H R LR . R LA L 2006, 49(5) : 1359~ 1368
LiY H, Wu QJ, An Z H, et al. the Poisson ration and



44

T HE A AR X S TR R R DR R

1145

[14]

[15]

[16]

[17]

crustal structure across the NE Tibetan Plateau determined
from receiver functions. Chinese J. Geophys. (in Chinese),
1998,41(5) :669~679

Tian Xiaobo, Wu Q J, Zhang Z J, et al. Joint imaging by
teleseismic converted and multiple waves and its application in
the INDEPTH-III passive seismic array. Geophys. Res.
Lett. , 2005,32, doi:10.1029/2005GL023686.

VE LT K8 R AR W8 6 V5 4t b VY 430 1 0 5 XU A B A3 A
HhBR Y B 2E 4, 2005,48(5) : 1077 ~1084

Xu W W, Zheng T Y. Distribution of Poisson's ratios in the
northwestern basin-mountain boundary of the Bohai Bay
Basin. Chinese J. Geophys. (in Chinse), 2005,48(5):1077
~1084

Zheng T Y, Zhao L, Chen L. A detailed receiver function
image of the sedimentary structure in the Bohai Bay Basin.
Physics of the Earth and Planetary Interiors, 2005, 152.
129~143

Shallow efeects on

Soc .

Thomas, Owens, Rovert. structure

brooadband teleseismic P waveforms . Bull . Seism .

(18]

(191

[20]

[21]

Am. , 1988,73.765~780
FRALAR L F 9 RS A AR e AR AL = R S5 R
Yy 4 3R . 2006,48(6) ;1316 ~1324
Jia S Y, Qi C, Wang F Y, et al. Three-dimension crustal
gridded structure of the Capital area. Chinese J.Geophys. (in
Chinese) ,2006, 48(6):1316~1324

R, 5 TR RSB HESE. o # 18 H IX b 52 dn B i 3 A2 3 5
%, db et BF2E Ak L 2002

Xu X W, Wu W M,Zhang X K,et al. the Newest Tectonics
and Earthquake in Capital Area. Beijing:Science Press,2002
DAV EE T SR A B S O A s A JE e
H [ P o ik - 1989

Ma X Y, Ding G Y, Gao W X. et al. Lithospheric Dynamics
Atlas of China.
House, 1989
Zandt G, Ammon C J.

Beijing: China Cartographic Publishing

Continental crust composition
constrained by measurements of crustal Poisson’ s ratio.
Nature,1995,374:152~154

R WD



