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Abstract: Based on the observation data of the ChinArray Phaselll deployed in the central
North China Craton, the Rayleigh surface wave dispersion with period range of 6 s to 140 s in
the studied area is obtained using cross-correlation of ambient noise and seismic surface wave
tomography. The high-resolution 3-D S-wave velocity structure of the lithosphere in the central
North China Craton is further obtained with the Monte Carlo nonlinear inversion method. The
results exhibit significant lateral differences in the lithospheric structure of different blocks of
the North China Craton. The central part of the Ordos basin is characterized by high velocity
overall, extending below 200 km, but there is a small range of low-velocity anomalies on the
southeast margin. The North China basin in the east is characterized by low-velocity with thin
crust and lithospheric thickness. Connected low-velocity zones at the northern and southern
ends of the central orogenic belt and below the north-south gravity gradient line are observed,
which extends below the North China basin. In the lower crust and uppermost mantle, the low-
velocity zone in the Datong volcanic group area gradually shifts westward to the northeast
corner of the Ordos basin. While in the upper mantle, the low-velocity anomalies in this area
gradually fade off as the depth increased. And the low-velocity zone extended below the North
China basin in the southeast. Based on the S-wave velocity model obtained in this study, we be-
lieve that the heart of the Ordos basin maintains the cratonic characteristics overall, but there is
a local lithospheric modification at the southeast margin; the North China basin has experi-
enced strong lithospheric destruction and thinning and crustal extensional deformation; the
lithosphere at the northern and southern ends of the central orogenic belt and the north-south
gravity gradient line has undergone partial modification and thinning. The mechanism may be
the same and due to the upwelling of hot material in the mantle below the North China basin;
the upwelling hot material below the Datong volcanic group intrudes into the lower crust below
the northeast corner of the Ordos basin. Then it is blocked by the upper crust when rising in the
crust and flows eastward to the bottom of the Datong volcanic group, forming the magmatic
activity of the Datong volcanic group. The deep source may be related to the stagnant Pacific
slab.

Key words: North China Craton; lithospheric structure; Datong volcanic groups; ambient

noise tomography; Eikonal equation
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Al v A TRl i RO R R 2 —, R A O R =R ALk,
AR VP AS A AR M e DL R P AR el AR AH BRI 1 2% 5 08 BAY TP R & LA (Zhao
et al, 2005) . At v P 78 oty A AUHCAR Pk B G A 1 oKl A 5 P F M (Griffin er al,
1998) , SR F W rh AR AR LA 28 7 1 Jel B 0% AR 36 3% Ak RN AS (] 2 B2 ) B A s . — B Oy
FE R TR BB 75 ) 4 o VR 2 R, Aedb e pnaE AR b e, RPARdL A ML, 200 TR B
Ay 36 136 AR A P B T B, T P S 1 SR 2K 22 S0 2 ke U O T 52 3R 3 R AR T AR, ARR
T B3 4 SO P R, 7 T 5R/R 22 W 7 Hb R AR b 45 b 22 TR) B rp S e L U] AT B A2 1A (R R
JE 114 JR 35 243 ( Griffin et al, 1998; Menzies et al, 2007; Zhu et al, 2011, 2012) .

K B A A Bk Ib 2= S 5T 3R, At va S8 7R 5 b b 7 16 v A8 A 3 30 00 i e 4
s A PR AR K . A IR Bh iR B 2R A (Menzies ef al, 1993; Griffin et al, 1998; Fan et al,
2000) , FLJEE Y b S 2 A7 B (> 180 km) 4852 1 SR AN B MR el i, 2 3RO 40 IX Bl £ el R
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JE 20 (<100 km) , 2R 2% T BUAY (Y T h o R R L e B MR AE F Y R, AR SO bl
TP 38 3 LY 7 7 R Y Bl i RN U8 (Chen, 20105 Tang er al, 2013; Aietal, 2019) . M
AR EFAEAR, T LRI — R A AR R R RS DLz A KR B . i AR i
W X EAT T REMIISE, R TRZHEMWE L . 40 Tang 55 (2013) 56 F 1 5047 F1
T T I B AR A B T A b v b A A A R R R AR B AR b Hb 1Y S A B 32 B R R
S ™, R 2k 60— 65 km, Jf 4 A A PR IR R AN AR PR T AR A, 1]
AT v 3 3 1L RVER R 22 0T A e A R R R R, AL T AR L AL (2019) BT
T 55 W 75 R b, 7% T % AR AR AT T A v R 3E R Y s A RS RL R rh R ek o g b S 2
1) 25 Ay BT A 3 P T i T B 3 L A SR RO [ AR Lei (2012) 26F P ¥R 1
g5 R KIR] LB T 5 B AR R AR 2 5k RSP 4 T A e e 9 R 0 AEE it 2 g, A D dE R
) A PR O T R fe U5 T M, 7T T S 00 A P ) R A 1 R R K R R 5 A

KR KL B T 1 P8 24 o, Je AR db b o R s Ml g kil 2 —, Feidmg kT
R, 2 RE Sh RS e SR, A SRR X BN (BRSCAF A, 19925 Xu, Ma, 1992;
Xu et al, 2005) . 1Al vi S i B2 M 1 o0z —, KR Il BE 19 2 380 3 x Ae b s hir
IR LA B 1 7 A A S R O B AE T, B, OB L] S A R R R —
FLAWF 5T N 51 G W $A S [l B, {HE F X A G ] B A R AT A7 7 41 . Huang 1 Zhao
(2006) 3 T P i 5 B B AR 45 S £ 1 K IR) KL B AT RE 55 K 1 0 AR Bk 1) A0 o I /K A5 565 Led
(2012) T 0L 5% P I3 B 2 BT AR 45 H A S K IR) L8 5 3 aT Be R I8 T 1 b s R 3 1 i 1y
M A 5 Li 55 (2018) 56T 75 50 MR 75 FIIT 72 181 10 J2 B UG &5 SR A ol K IR) K L 9 85 2% nT e sk U 1
h A=) A AN:OE -

TR 3 8 S A R HOH AR & M A % AR AR IR IR, H T OC T AR b s i B SR L R0
Bl g 2t BRGNS T84, X T A b v e PR 40 45 R R SR R R A 1) AT A AR G
W, B4 : Huang 45 (2009) 5 F 10 3% B0 T3 19 50 R 2 W 4 25 A1 Bl JRE & 29 2 160 km;
Tang %5 (2013) JE T S I B 15 1 B 22 30 8 ST 330 ) S0 U 22 107 4 b o A PSR 3 24 O 120 ki T
TERIFE AR (2011) 5T Ja 38 Hb 5c B4 43 A7 45 310 58 /K 22 307 4 b 25 A BBl Oy 130— 140 km, A
R E AR AR XSRS R Z M AFAE — 122 5%, H 55 Chen 5§ (2009) £ T 4%
W B H 15 B A 25 3R (>200 km) FH2E 50K . FEHBBR B Sy b, A TBE H Bl Ok R I g A
Pl A, A A RS R — S [  1 J E ARXE R, T AE 50— 250 ke VR BE Y [P, MR D 1
F % 575 FE M K (Goes et al, 20005 An, Shi, 2006) . K1, ) 50025 46 04 6 B4 0L 25 R Sk 3k
HUIZ X IR 40 19 75 A Pl o 48 ) o) L g A1 b o 7388 A T TR L o) R e IR A i LA o R
B Sy Ah, Hums R BT I R R s AR R R, T Ak AR I AR R, B,
FRATTAT LA 50 % 46 19 6 B X000 9% Ak ok 3 BBCiZ% X3 1 R 4 R 2 R ASE ARk F 5 K TR
KL IRE A SR TG S 7E b 5E N T 3 S R R R U

ABEFTHUSE T ChinArray = 1] — B B 7 55 A2 A6 v i v v 1L 14 2% 45 T 20 65 B 0L 0 4
I, R 5 MR P A DG R b 7 TR 9 S22 AT AR R A 14 B TR TR AR R B R DA AR A
F 53 X 3 A P RO RS AN A = 4 S I B AR AN . AR X T EiT N A9 BF 55 (Jiang et al, 2013; Tang
etal, 2013; Aietal, 2019), AH5Y (1) 3BT A B35 B 0 &5 1 43 B, AT 4R R A2 b v h 3 v
B A R R LS TR 2 A, DA — 2P AR T AR b s A B % TR R L R v v
JE 1 JRy 38 22 5 LA R IR AL, IR F 5% Ll PG 2448 b ot 9 O [ kL R A R TG Bh 7E e N ) T
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Fig. 1 Topography and tectonic settings of the studied area (a) and the distribution of array used in this study (b)
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T 5 R 7S AR G B T AL BE o R 32 25 I Bensen %5 (2007) $2 M ik IS ECRFER
L Hz, K¥{H . Rt s . Jo A0 w0 R4 8 0k ik 48 A 215 R 5 o F 0 2 243k AT OB
BB — AL, IF AT S A R SR R S Bl R R R 1 IR 10 SR AT BOAE G
.

Sy B R WY AR MR L, AR SCOR B D & Ik 6 AT WY S A 3 . D B R R Y B DG I
Wt fr &t & m; @ i Li % (2018) & J& 14 i 450 A1 437 0 A8 i % (time-frequency domain
phase-weighted stacking, 4i5 J t-PWS) ¥ B 1K 14 26 B in 45 SR it — 20 & 45 3] 5 36 XF 2 [A]
A TAICEIE . R T i — L4 m E 0 L, K A 5 0l %t Z 18] i T AR DG B 1 RLR—AE 5
5 R RE 5 AT X FR S I TR i 2 0y B2 B, 4R 5 {8 ] Levshin Al Ritzwoller (2001) & J&
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B sl 35 B 3 B 75 15 (frequency-time analysis, 4f
5y FTAN) #E47 450 it 26 09 $ .y 42 ) A
WOt 2 ny B i, B ER & b B/ T 3 A5 B,
&M T/ T 20 RO ECE , 459 30 59 A [ J8 300 i A5
R 2 Bs

Ze k#1042 5, F AT 1] Barmin
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Fig. 2 The number of Rayleigh wave phase velocity

dispersions at different periods
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AR 7 % 1 AT 1 R TR U2 BT AR L 1% 0 A A A b 7R £ sk 22 T SR I b AR I 1 A G
PR ESKC T £ 3 E) R AHAE 22, SRS 3 1 R RN A 3 25 T A R G R R L AR S B
T 20164 11 H 1 HZE 201941 A 21 B & B0 5110 979 A~ M % F5 48 19 1 (0] P8 . 58 19w i
IEHE T AE R EAASE: © S% 5 AR (B 2245, 2017), XM R SR ib 4T T o126 ik, 2K
HWRERBA/NT MS5.5, P 100—160°2Z 8], RIFRHEE/NT 50 km, 53] T 592 454 %
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Fig. 3 The azimuth distribution of seismic

events relative to the center of the array
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Fig. 4 The fitting of the cross-correlation waveform J& R HF B R AR AT DL 3R A8 AT AR i A e R
SO0 0 K L T e 2 TR AR T AR A T 0 A ] S R R, o X 7 e B8R R R A 1Y
AR 2 B S NI, FRATT BT 6— 15 s SR A R T S MR S HORE OC T 0% A T EE R
30— 140 s Ji J01 9 3 7 i 52 =5 0 At wRi 1 A9 A T JRE A DA % o JUT X 7 F) A R BE AL X T 20 s A
25 s INE E AW, 2% Fadel %7(2020) Y7 ¥R T 327 09 LB BEAT A -2, BIAE 20s, ff
FH 0.7 B Y 5 5 MR R EOAR OCTHE S5 SR AN 0.3 AU 1Y Ml 52 S5 R AR R IR TS A R A, AR
25's, fi 0.3 AR A 3 5t MR RS ER OGS A5 SR AN 0.7 A B 3 7 o 00 B R BRI B A5 SR 1
. B ZA3 3] 7S X 6—140 s 19 — 20k 5y B T 5 AH 380 B2 A4S R F T EA T S 8 R A ) i 38

P 5 J7 180 o J] 300 14— 24 B 7 1A A RE 0 AT, EL 6 AR 1A% R 31 A B TR TR I A R
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Fig. 5 Maps of Rayleigh surface wave phase velocity at different periods in the central North China Craton

The average phase velocity Ave for each period 7 is shown in the lower right corner
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Fig. 6 1-D reference model (a) and sensitive kernel curves of the Rayleigh wave phase

velocity at different periods relative to the S wave velocity (b)
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JEVI AR TR R L b 0 S R A DG, R B B R A BB T A, T A [ Ll A DX AR
ey B R B 3 N i = AR AC ZE R U, AR SR T K IR) LU 2RI Bl i R R R
1.3 —#SHEEBKARE

A 3CAH FH Li 55 (2019) & & 1) 3 F 5 JR Bl 5 45 52 45 K 2 (Markov chain Monte Carlo, 475 4
MCMC) Bifi HIL R A 1 A L 5 T8 7 10k XoF 7 S W 75 ORI b 528 T 9082 5 %) iy 7 TR 6 N R R AT IR
S, ARICEEA PR S0 — 2 S Uk BB, I 4l R A B 5 XA 0.25° X 0. 25° A% 1Y
e S P BERLAY . MCMC S T Jy 125 32 %8 38 5 1l B 8CT DU 3 5 6 ABE 38 43 A1 i BE LR AR
XA B REA AT e, IR AR J5 36 40 A 09— SE Pk BT . 3 BB 4132 7 5 A MKk ) B I i A%
BTz N A, HRE A5 2] T 34009 B A (Bodin et al, 2012; Afonso et al, 2013; Shen
etal, 2013), TEMAAEFIA .

X TR A WA A5, R 5 PR P R M 52 S 7 A 81 % A S R RICEER 5 S T S IR R L FRAT
N — 2w b ol B R O =% IR AR TR, M s A L s R )2 R B AR R S
R — RS H PR Z 4 A S AR, S TR AU B A S R B L DUARZE R BE R
BUZ i b H7e F b b8 i S B BE 45 1 4 D =X BHESRSEA R, M58 )R B i 5 8
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TG VR B 2 oL PR A R R T RS A [ E Y RN B B Y 13 A S RO T RO — 4 S P
. A LE% Crustl. 0 £ BRI (Laske er al, 2013) KB & TR B9 04 B L 3h I . 554
THT B %) 46 TR B R U T Wang 45 (2017) 2 T2 bR £ i 25 38, JF Rt HAE £5 km Ju BN 6 30
7 3C 3K B PREM 5 A ( Dziewonski, Anderson, 1981)4E by b 5% A1 M i i ) 45 S I o &, Hkzh
0 O £20%. 208 Li 4 (2019) /Y535, A 2R AT 6 85 52 K5 R 7 il i 50 12 70 A A 253 i)
R RAE IR i S 18] 8, X RS WA A, HEAT T OT IR ORISR AR, R I R AT SR B v i &
BEIEZ 147 4 000 A 7Y SR Al 1 5 50 WE R 25 B 4 A, I R T LS4 (B4R 2 B A S o e 2 19— 4k
S W . R 7 R T Hrp AN WM S — S il o R AR R v 4 SR, AV DL 0 [ A
FEAERE L. AR SUE I — 2 S I B A A SR S R RRAE, b AR AL
(38°N, 109.5°E) ([ 7a, 7d) 00 T30 /R Z M 25, 76 - b g 4% R 52 B0 w0 U RRAE 5 RO A% 45, 2
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Fig. 7 Examples of 1-D S-wave velocity model inversion. Their positions are represented by blue dots in Fig. 1

(a—c) Rayleigh wave phase velocity dispersions; (d—f) 1-D S wave velocity models. The black dots represent

the observed dispersion curves, and the gray lines represent the calculated dispersion curves,

and the blue curve represents the final average S-wave velocity model
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Fig. 8 Horizontal slices of S-wave velocities at different depths in the central North China Craton. The average S
wave velocity Ave of each depth is shown in the lower right corner
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TEHLSEIREE A, 5 km (9 S B B2 U1 f (18] 8a) J€7n 1 L 7e s 254, E 2 5 bR
A I A O . AR IR IR AL, AIF 5T D3P 1) A R s A0 e B D AR, B A L v A, T T
Ay, MERA M, KIS E M LT R 2 i 4, DR L sk 8 DX vk B o Y
B AEARTURRZ A5G T I bk X R AY S P AR R B0 iy R A, L A8 BT Lt bk, 5 32 1l iR oK Ay
bk, 53 2 DX SR A5 i I RS HH SR A 0 L AR SO R 5 b 3 i ) T 3 B R AR A A AT S
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UEBA T 25 B i ] Sk

15 km R B2 AL 19 S I3 BE U0 R (18] 8b) SR SORT i v dth 7 1) B2 454, Horp, — AN b 3%
B DX F2 A b TR [) SO BT 3, () VG SEE e 22 A5 AR AR, I by A 2= B L — 1l i
Wy, B TRV WA, FE 506 F 1178 24 db v i K R K e A R s s
K. Hphh, v b /IR S5, A BE 5 R AR AQ LR M 5w 1 AE A5G (Tang er al, 2013) .
TR RN CHE S5, R T RHAEH SR RS, SRS E a8 3. KIT
T Ll R R Ry B, R T K  [XR A F E  H SE 2 A

30 km VR BEAL Y S PR BE V) B (18] 8e) BB T M HLSE A A, MR T LM AE, KRRk
LR B30T A 0 3 S ) S 3 0, LV RO O, R i & I B B Ll — il i Al AT RE
T HE T M7 2 B4R A BB, R IA) L B 30 DX 38 A 1 b 7% 9 b 3 %) M i A ) T 4R
AT, 26 B TS LAY AR X k. AR b b, YT A, KR A L AR O il
A 2 7R X 46 IR 7E 1 R B 20 3 sl B 3k b b TR, ARk 2 XA A A T M )R
BE . SRR 22 1 A b R AR K TH 2R 3R v i, IE IR b o R A2 IR, KSR R AR E .

50 km PR BE ALY S P FE D) A (6] 8d) 322 R e T I Ml THER A 25 4, IR Ll B O A
R 5 AT M e A T R, (ELE R 4 D, R DR O ) Y O A% 28 SRR 22 4 B A AR
AT, S, RS 0 58 A%, FTRE S 1 b 24 BT I M T30 i) |
I B . KAT I Ll FAedb 2 b iy 22 B4k, XN T RIALER M6 BE LR, U SRt iE SR R b
SE ] AT, HL 5 ORAT LU e i A S AR . SRR Z AL R IR R IR E 1Y
M, 5107 2w B e R I

70, 100, 140, 200 km ¥ B &b 1% S 3 B2 U] Fr (18] 8e—h) 2R 3 M R ECAH [R] 1Y 70 A5 4 ik, 2
W b g i R R A L AT LA R, BEE TR R BG o, I DX A A 7 A DR AR
S, B F AR T KR KL B BRI L U R A R T LA K S e L R T AP R A
i NS PR 3 /S . (AR A, 7 200 km R, K IR KL BE AR RS 5 1) 0 AR b 2 b 2R B
A O B s B I B S, AT RE W TR IE I R A SRS S TR EOR IR DA, SRR 20
Z M 1L TG 2445 T BER 7 D) 4k 8 3% B HE A B 1 e T

3 g

3.1 T

DR A A BiF 5% R T e W 7S RS TS 3 0% e ) U O R AT RS R, BT LA SC S U
AR R AR A AT B A BE AR L SE E  A A EE H AR R 1 R P A
XK, ARdb G I ERA BRSO E A DL SRR 22 1 4 M b 2 55 DX R S T
fiE 5 10 BB A R UURZ A 5 (Zhang er al, 1998) . Hir, #Edb 2 | a0 45 2445 A A6 380 5 4
g, AT AR AR R I L X TR R AR R . e v, Ll P A R A 3 I I SRR A
NNE-SSW [n] f {1 3 7 55 1L VG 2445 B 07 B 5 o) AR R, TF B 3R AT A9 A5 7 55 |l 38 ) 38 L3R W)
B, 25 A L0 (2014) He T b SR T 45 SR O 1L 78 SR8 R B i Uy 7 b R — > 32 sk iy 4f
YT ZE M, T Yin 55 (2017) T 0K M L @4 0 T A B 9T 45 R N SRR R BT DAY L 7R AR BIE S
e, IWZRVE [ 19 &1 CC' R DD (] 9¢, 9d) AT LIURZE 3, #Evh T HbAe, 1L vE 2445 ma B I fIK
S A R 1IN 32 T ) AR R A R AT R L R AR ) AR AT T T RE SR T AR TR
ST IR . Ik, FRATTAYSE R 1L VY 24 R B s TR BT VAR TR AR A (Yin er al, 2017) £
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Fig. 9 Vertical sections of the S-wave velocity model, the positions of which are marked with black
dotted lines in Fig. 8h, the thick black lines denote the Moho depth

BT HEYE . Zad B Ll 1Ly A SRR 22 0 2 b 1) R b E VT EE (] 9e) R, TSRS T
50 BT A A 0 B, I b R e A 2 b b, RTREACER T IR A g B R
AT TS, &R ERA T I R HE I, JF 52017 A A B 0 S0E s, X 5 R 5
(2010a) AF 58 W 2 21 19 12 X 0380 1) A BT DS E AL AR 5
3.2 EABEY

A A A BB b, d Oy B Y S DR B R AR AL TR b b v A b v RE rp R A 1
P AL 7 i B DK ¥ PRI R S DXl DA R 4 P A I R AT e Ll AR IR . o, e
B AR S — A R 5 R T KL B 0 5 SR B A O, g L B A B T8 T 22 ok
LI A% % (Tang et al, 2013; Lieral, 2018) . Xu % (2005) 545 U 28 K 8] J Ll BEBR P & 38 e ik
G35 T R WAL 5 A P AR T o, X5 AR S A PR A A T DT b ot K b b g 3R I Dy
RUBE B4 AR 3 S A GE R, I B K] kL R DX 8 1 5 B e it T 0 A 2R R i & A T ek
T RO T L ) B A SR A A P R AR TR B a2 I R S R DX 9 L L DL R
AT, ATREAR AR X 28 X 1) 5 A Bl o 8 32 B 1O R R BE Y e i RN 98 (Huang et al, 2009;
Tang et al, 2013; Dong et al, 2014) .

e 3 LT R g A AR R AR T R A7 T A B e e, EAS S
Y8 7 FLAR G S AR AT AL B 55 (18] 8e—g) , AT REAXER T pg #8090 A2 B2 AR XG4 BEl AR
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XFHJEL, i% 5 Tang %5 (2013) FYBF IR 45 - — 2. 534, AR X 76 /A 9 b 7 G F 5% v A
W 5% 5] (Bao e al, 2013; Jiang et al, 2013; Guo, Chen, 2017), HLE4H F177E 2 5 . Guo Fl
Chen (2017) 5 T 75 5 M 75 142 15 ok B50A5 31 1) B B 7R 12 AR 3K 76 29 70 km F1K T 100 km %
JERA T SRR Z WM T 75, 482 SR % 2 2 b 2R w50 J7 19 55 Bl M 2 A7 A R S R R
1M Bao % (2013 ) 1 T 75 5t M 75 UG A9 25 S A8 58 R 22 30 40 b 7R B 00 oK & 90 Bk 28 ) I DX 8, oA
SRR 22 3 4 M A AR DR AR RRUE L FEARS SO Ay B R A SRR 2 B AR AR R A A
Pl Hbu 15 S0— 100 ke % B b W 5% 1) Jmy 35 ) A1 4 (161 8d—1) , PIREARER T R &R Ay 45 A Bl e, B
AR ST 25 51 S R R R 22 0 4 b R B 0 S A LA T Jm S M0 I 4508

A, WA ORAT I WA 5 A b 4 A8 A ) RE IR Y 5 e G EE ) B B R A
X0, T REAR 2R A A b v h o b LU A BRI O A, X SR R AR
b7 TS A P AR O B (R ¢ 45, 2010b) . FR PG [a] R S I8t 32 3 o P RBAR R 1 rp AR 3 1 i Y
oA VLS B P VY ) 7R T R, X 5 B T R B 25 R — B (Chen et al, 2009) , X Ff R 7Y
Ti] 5 3% T 38 5 1) A5 1 P R PTG 1) 4T R O (Huang, Zhao, 2006) . {H 3 7E
B, TP A Y g BEAE L g (50— 140 km) 22 PR 5 50 R 22 307 7 b 2R g SR Y
1o 155 (18] 8d—g) , FRIAIZ X I 25 A1 B AT RE A 8 22 7™ IR, RS R Rr A X R . M AR
A5 F B, AEdL vE B0 4R . P HL R 7E 2 1. 85 Ga Bl /& A= il 4 I ft & 5 B A b v 1373 19 B
&, FBHE AL T Hh B 1L (Zhao e al, 2005) . 78 AR SCHY 7 A PR R ep, op st Ll 47 25 4 P
AN TR Y oA i 22 5 0] R S AR b vE BE B 2% 1 AL TV Ak T Sl Rl VRS 1Y I R iz 2 A X
SO X IR B R — P L CR H RS, 2011) . ARSCHIBERLA SR, 76 B, 18
At s iz b sk L e b g ) AV SRS S VR R b R B A A R IR R A, HLRE
vz e db b 7, AT RE AR R 3 8 F 3 1L e b 7 g 14 A R T e ) LRI AR [, B AR
At A H T D5 A i b T B AR T AR N R AT R LU T A A R b I O 1 v R LD R b
Uiy, 3 Ry S B A B A VR L X SR HRE AR R B (2009) 4 H A 2 DX Y A B
B3R DL 9 R 1R B VR pl AV T o E A A5 4. Huang I Zhao(2006) FE T4 I i 44 19 25 9 2 7%
VG 1) IR o 0 O P 3 B B I 2 45 i E R AL D BB EE AR, 5 AR B 5T LB B Y L A A Ao
ERH XTI LT N BRI, A5 0 DR T R e A B B B K 2 5 BT b 0 O P B
T, AT 3 A S P AR 5 % (Fukao ef al, 1992; Zhao, 2004; Lei, Zhao, 2006) . M, F&A14
D) e 35 325 1L e e 1 A T R R YR T U 1 RO AR P R B K AR, AR U, P
38 L1 A P ) M R T 2 S RO R AR R A T AR R A G, X5k HAEAE(2012) $EHE Y
TR AR R ART w2 A b 5w B i IR 1 32 B 8l ) R AT A

SRR 22 T 4 T 5 R 7R R 4 R B X IR AN, R R 3R B R RS Y = BURRAE ELE 200 km DL R
(1818, 9), JIEBAH: 5 47 P8l B B AT RE 1K 3] T 200 km DL b, B KGR 1 vo b i@ M. X S5 AT A
PR THT I8 AR 46 R B o SR R 22 0 b R 7 B A B AE 7E 25 % (Huang ef al, 2009; Tang
etal, 2013), 55 5 T 2 W50 ok BRI B BUAR 09 BF 5% 45 SR AH £ & (Huang, Zhao, 2006; Chen ef al,
2009) . PRI AS SO 43 B RS I R RS AL [ T 32 RE AL T A b B I M Y SRR 22 307
oA B R R R 2 BB IR R, PR T S R, 5 PR 55 (2010a) IO BIF ST 45 A A
3.3 KEIRWBERED

FEAS B 5T 45 30 0 25 A Pl B AR vp ) SR TA) e LU R B 30 DX 3 1 8 3 IR SEURRAE £h TP R Mo
— EAEAR A b, HAETRE SRR AR AT RE WoR T b g AR T R I b Y I
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AR AL B8 MK RoR, BEE TR EERE N, IR BT 75 B9 A DI T e
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