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Abstract: The Dabie-Sulu orogenic belt is one of the major tectonic zones in
eastern China Continent. In order to obtain the velocity structure of the crust
and upper mantle, we collected the continuous horizontal components seismo-
grams recorded by Shandong, Henan, Anhui. Jiangsu, Hubei seismography
networks and China Broadband Digital Seismography Network during May 2009
through May 2011. Firstly, component cross-correlations (E-E, E-N, N—N,
N—E) for every station pairs were performed; secondly the four component
cross-correlation functions were stacked by using the phase-weight stacking
method; thirdly the components (E-E, E-N, N-N, N—E) were rotated into
the radial (R) and transverse (T) components to obtain empirical Green’s func-
tions of Love waves; finally more than 4000 Love wave group velocity disper-
sion curves are got by frequency-time analysis (FTAN), and the Love wave
group velocity maps in the period of 6—40 s were reconstructed. The group ve-
locity maps from 6 s to 10 s are well consistent with surface geological features.
The results reveal high velocity anomalies in Dabie orogenic belt, Sulu orogenic
belt and western Hubei uplift. North China exhibits low velocity due to its ba-
sin structure; Jianghan, Nanxiang and Hefei basins also show low velocity
structures. The Love wave group velocity maps at the period of 6—30 s indicate
that there are high velocity anomalies in Dabie and Sulu orogenic belts, while
the low velocity anomalies in the middle crust in the previous studies cannot be
found in this study. On one hand, it may be due to poor depth resolution of
Love waves group velocity; on the other hand, this is probably because the met-
amorphic rock zone extends deeper than that in the previous studies. High ve-
locity anomalies appear in Tanlu fault zone and its adjacent regions at the group
velocity maps in the periods of 6—30 s, which may be caused by the upwelling
of the mantle material and the mass exchange between the lower crust and upper

mantle in the state of extension since the Cretaceous.

Key words: ambient noise; Love wave; group velocity; cross-correlation func-

tion; Dabie-Sulu orogenic belt
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Fig. 1 Regional tectonic settings of the study region and distribution
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Fig. 6

6 (a)

(a) Love wave group velocity maps at different periods



820 36

4.2
6a. b , 6—10 s
S
15—20 s
S
6 (b) AKI35  (Kennet eral, 1995) : (2000 (201D
(20—25 km) ,
Fig. 6 (b) Depth sensitive kernels to shear
velocity for Love wave group velocity based (2009)
on the AK135 model (Kennet et al, 1995)
at periods 6, 10, 15, 20, 30, 40 s 30 km ’
7 1°X71° ( 6s 40 s)
Fig. 7 1°X1° checkerboard resolution tests for periods 6 s and 40 s
. Luo (201D S s
; ,  31°—
32°N, 104.5°—106.5°E) . . Luo
. 30—40 s
) 30 s
- s 40 s ,
- 15—30 s



(2000) . s s
N 6—40 s ’
. 40 S S s
S , . (2012) 494
IRIS 7 600 s 8§—
40 s , 25 s , N ,
30 s . (2009)
(2012) . , (2005) S s 40 km
R R . 2009. [J]. ., 52(3): 663—671.

Fang L H, WuJ P, Li Z Y. 2009. Rayleigh wave group velocity tomography from ambient noise in North Chinal]J].
Chinese Journal of Geophysics, 52(3): 663671 (in Chinese).

. . . . . . . 2011. [1l.
, 54(10): 2549-2559.

Huang G, Li Q H, Zhang Y S, Sun Y J, Bi X M, Jin S M, Wang J. 2011. Crustal velocity structure beneath the Shan-
dong—Jiangsu—Anhui segment of the Tancheng—Lujiang fault zone and adjacent areas[ J]. Chinese Journal of Geo-
physics s 54(10) ; 2549-2559 (in Chinese).

, , , s . 2009. [Jl. , 52(3):
653—662.

Huang Z X, XuY, Hao TY, Peng Y J, Zheng Y J. 2009. Surface wave tomography of lithospheric structure in the seas
of east Chinal[J]. Chinese Journal of Geophysics, 52(3): 653—662 (in Chinese).

. , , , van der Hilst R D, s s , s . 2010.
(1. . 53(4); 842-852.

LiY, YaoHJ, LiuQY, Chen J H, van der Hilst R D, Li SC, Huang H, Guo B, Wang J, Qi S H. 2010. Phase veloci-
ty array tomography of Rayleigh waves in western Sichuan from ambient seismic noise[ J]. Chinese Journal of Geo-
physics, 53(4); 842—852 (in Chinese).

, , . 2012. 0l . 32(4): 22-32.



822 36

LiJJ, Huang J L, Liu Z K. 2012. Lithosphere velocity structure of Northeast China from ambient noise and surface
wave tomography[J]. Earthquake, 32(4); 22—32 (in Chinese).

, , . . 2009. [J]. , 52(10): 2566—
2572.

LuL Y, HeZ Q, Ding Z F, Yao Z X. 2009. Investigation of ambient noise source in North China array[J]. Chinese
Journal of Geophysics» 52(10): 2566—2572 (in Chinese).

, , , , ; . 1989. 1. . (2): 129-142.

Wang Q C, Sun S, LiJ L, Zhou D, XuJ H, Zhang G W. 1989. The tectonic evolution of the Qinling Mountain belt[ J].
Scientia Geologica Sinica , (2): 129—142 (in Chinese).

s , . 1998. [M]. : : 568-579.

Wang Q C, Cong B L, Zhu R X. 1998. Geodynamicsin Formation of Ultrahigh-Pressure Metamorphic Rocks from the
Dabie Mountain[ M]. Beijing: Science Press: 568—579 (in Chinese).

, , , , , . 2000. [M]. : : 204—214.

Wang X F, Li ZJ, Chen B L, Chen X H, Dong S W, Zhang Q. 2000. Tanlu Fault Zone[ M]. Beijing: Geological Pub-
lishing House: 204214 (in Chinese).

, . . . . 2012. - (B . 55(8): 2539~
2550.

Wu P P, Wang C Y, Ding Z F, Chang L J, Li Z. 2012. Seismic anisotropy of upper mantle beneath the Dabie-Sulu and
its adjacent areas[ J]. Chinese Journal of Geophysics, 55(8): 2539—2550 (in Chinese).

, , , s . 2004. [7l. , 25(1): 83—
88.

Wu QF, LuF X, Wang M J, Cheng J P, Liu G L. 2004. The new magnetic and gravity maps of eastern China and their
interpretation[ J]. Acta Geoscientica Sinica, 25(1); 83—88 (in Chinese).

, , s , , , s , s s . 2008.
[1]. : D, 38(10).: 1258-1267.

Xiao Q B, Zhao G Z, Wang J J, Zhan Y, Chen X B, Tang J, Cai ] T, Wan Z S, Wang L F, Ma W, Zhang J H. 2008.
The electrical structure of Sulu—-Dabie and their adjacent areas[J]. Science in China : Series D, 38(10): 1258—1267
(in Chinese).

s s s . . 2000.
0. . 43(3): 366—376.

Xu G M, LiGP, Wang SE, Chen H, Zhou H S. 2000. The 3-D structure of shear waves in the crust and mantle of east
continental China inverted by Rayleigh wave datal J]. Chinese Journal of Geophysics, 43(3): 366—376 (in Chi-
nese).

. . . 2003, P (1. s 774 577
582.

Xu J R, Yang W C, Zhao Z X, Cheng Z Y. 2003. Three-dimensional velocity structure of the Sulu-Dabie orogen belt[ J].
Acta Geologica Sinica, 77(4) : 577-582 (in Chinese).

. s s s s . 2000, -
[1]. . 43(3): 377-385.

XuPF, Liu F T, Wang Q C, Cong BL, Chen H, Sun R M. 2000. Seismic tomography beneath the Dabie-Sulu collision

orogen: 3-D velocity structure of lithosphere[ J]. Chinese Journal of Geophysics, 43(3): 377—385 (in Chinese).
. 2003. ] . 46(2): 191-196.

Yang W C. 2003. Layered mantle reflectors in Dabie-Sulu areas and their interpretation[ J]. Chinese Journal o f Geophy-
sics, 46(2): 191—196 (in Chinese).

. . . 2004. S [JJ. .
20(1): 157164.



5 H - 823

Zhao Z X, XuJ R, Xu Z Q. 2004. 3-D velocity structure in the upper mantle and the mechanism investigation for the
ultrahigh-pressure metamorphosed belt in the Dabie-Sulu region[J]. Acta Petrologica Sinica, 20(1); 157—164 (in
Chinese).

) . 2009. p [Jl. s 54(7): 931-937.

Zhao Z X, Xu J R. 2009. Three-dimensional crustal velocity structure of P-wave in east China from wide-angle refraction
survey[J]. Chinese Science Bulletin, 54(8); 1389—1397.

, , , . 2012. L. ,
55(6): 1919-1928.

Zheng X, Zhao C P, Zhou L. Q, Zheng S H. 2012. Rayleigh wave tomography from ambient noise in central and eastern
Chinese mainland[ J]. Chinese Journal of Geophysics, 55(6): 1919—1928 (in Chinese).

, s , , s . 2009. “ ”
[J1 . 52(5): 1412-1417.

Zheng X F, Ouyang B, Zhang D N, Yao Z X, Liang J H, Zheng J. 2009. Technical system construction of data backup
centre for China Seismograph Network and the data support to researches on the Wenchuan earthquake[J]. Chinese
Journal of Geophysics, 52(5): 1412—1417 (in Chinese).

. . . . . 2006. - L. . 41(2);
568—579.

Zhu G, Xu Y D, Liu G S, Wang Y S, Xie C L. 2006. Structural and deformational characteristics of strike-slippings
along the middle-southern sector of the Tanlu fault zone[ J]. Chinese Journal of Geology, 41(2): 568—579 (in Chi-
nese).

. . . ) . 2002. AR .
45(5): 646—663.

Zhu] S, Cao J M, Cai X L, Yan Z Q, Cao X L. 2002. High resolution surface wave tomography in east Asia and west

Pacific marginal seas[ J]. Chinese Journal of Geophysics., 45(5): 646—663 (in Chinese).
, , s , s , . 2005.
[M]. : : 68-86.

Zhu] S, Cai X L, CaoJ M., Gao D Z, Zhao F Q. Du Y S, Wang Y. 2005. Series 7 of Monography on the Three-Dimen~
stonal Structure of Lithosphere in China: The Three-Dimensional Structure of Lithosphere and Its Evolution in
South China and East China Seas M]. Beijing: Geological Publishing House: 68—86 (in Chinese).

. . . 2002, Rayleigh [J]. , 45(4): 475482,

Zhu L B, Xu Q, Chen X F. 2002. Group velocity of Rayleigh wave in Chinese continent and its adjacent seas[J]. Chinese
Journal of Geophysics» 45(4) ; 475482 (in Chinese).

, . 2007. 7. . 28(1): 1-13.

Zhu L B, Xiong A L. 2007. The frequency-time analysis method for surface wave dispersion measurement[ J]. Seismo-
logical and Geomagnetic Observation and Research , 28(1) . 1—13 (in Chinese).

Bensen G D, Ritzwoller M H, Barmin M P, Levinsh A L, Lin F C, Moschetti M P, Shapiro N M, Yang Y J. 2007. Pro-
cessing seismic ambient noise data to obtain reliable broad-band surface wave dispersion measurements[ J]. Geophys ]
Int, 169(3): 1239-1260.

Bensen G D, Ritzwoller M H, Shapiro N M. 2008. Broadband ambient noise surface wave tomography across the United
States[J]. J Geophys Res, 113; B05306. doi:10.1029/2007JB005248.

Chen L, Zheng T Y, Xu W W, 2006. A thinned lithospheric image of the Tanlu fault zone, eastern China: Constructed
from wave equation based receiver function migration[J]. J Geophys Res, 111(B9). doi;10.1029/2005]B003974.

Derode A, Larose E, Campillo M, Fink M. 2003. How to estimate the Green’s function of heterogeneous medium be-
tween two passive sensors Application to acoustic waves[J]. Appl Phys Lett, 83(15): 3054—3056. doi:10. 1063/
1.1617373.

Dziewonski A, Bloch S, Landisman M. 1969. A technique for the analysis of transient seismic signals[J]. Bull Seismol



824 36

Soc Am, 59(1) . 427—444.

Gilder S A, Leloup P H, Courtillot V, Chen Y, Coe R S, Zhao X X, Xiao W J, Halim N, Cogné J P, Zhu R X. 1999.
Tectonic evolution of the Tancheng-Lujiang (Tan-Lu) fault via Middle Triassic to Early Cenozoic paleomagnetic data
[J]1. J Geophys Res, 104(B7); 15365—15390.

Herrmann R B, Ammon C J. 2002. Computer Programs in Seismology[ CP]. St Louis: Department of Earth and Atmos-
pheric Science, St Louis University.

Kennet B L N, Engdahl E R, Buland R. 1995. Constraints on seismic velocities in the Earth from traveltimes[ J]. Geo-
phys J Int» 122(1): 108-124.

Levshin A L, Ratnikova L, Berger J. 1992. Peculiarities of surface-wave propagation across central Eurasial J]. Bull
Seismol Soc Am , 82(6): 2464—2493.

Lin F C, Ritzwoller M H, Townend J, Bannister S, Savage M K. 2007. Ambient noise Rayleigh wave tomography of
New Zealand[]J]. Geophys ] Int, 170(2); 649—666.

Lin F C, Moschetti M P, Ritzwoller M H. 2008. Surface wave tomography of the western United States from ambient
seismic noise: Rayleigh and Love wave phase velocity maps[J]. Geophys J Int, 173(1): 281—298. doi:10. 1111/
J. 1365—246X. 2008. 03720. x.

Liu X W, Jin Z M, Green H W. 2007. Clinoenstatite exsolution in diopsidic augite of Dabieshan: Garnet peridotite from
depth of 300 km[J]. Am Minera. 92(4): 546-552.

Lobkis O I, Weaver R L.. 2001. On the emergence of the Green’s function in the correlations of a diffuse field[J]. J
Acoust Soc Am, 110(6) : 3011—3017. doi;10.1121/1.1417528.

Luo Y. Xu Y. Yang Y. 2011. Crustal structure beneath the Dabie orogenic belt from ambient noise tomography[]].
Earth Planet Sci Lett, 313: 12—22.

Luo Y, Xu Y. Yang Y. 2013. Crustal radial anisotropy beneath the Dabie orogenic belt from ambient noise tomography
[11. Geophys J Int» 195(2); 1149-1164.

Montagner ] P. 1986. Regional three-dimensional structures using long-period surface waves[J]. Ann Geophys, 4(B3) .
283—294.

Okay AT, XuS T, Sengor A M C. 1989. Geosite from the Dabie Shan eclogites, central China[ J]. Eur J Mineral .
1(4): 595-598.

Okay A I, Sengoer A M C, Satn M. 1993. Tectonics of an ultrahigh-pressure metamorphic terrane: The Dabie Shan/
Tongbai Shan orogen, Chinal[ J]. Tectonics, 12(6): 1320—1334.

Schimmel M, Paulssen H. 1997. Noise reduction and detection of weak, coherent signals through phase-weight stacks
[J]. Geophys ] Int, 130(2);: 497—505.

Shapiro N M, Campillo M. 2004. Emergence of broadband Rayleigh waves from correlation of the ambient noise[ ] ].
Geophys Res Lett, 31(7); 1.07614. doi:10.1029/2004G1.019491.

Shapiro N M, Campillo M, Stehly L, Ritzwoller M H. 2005. High-resolution surface-wave tomography from ambient
seismic Noise[ J|. Science, 307(5715): 1615—1618.

Snieder R. 2004. Extracting the Green’s function from the correlation of coda waves: A derivation based on stationary
phase[J]. Phys Rev E» 69(4). doi:10.1103/PhysRevE. 69. 046610.

Tarantola A, Valette B. 1982. Generalized nonlinear inverse problems solved using the least squares criterion[ J]. Rev
Geophys Space Phys, 20(2): 219—232.

Tarantola A, Nercessian A. 1984. Three-dimensional inversion without blocks[J]. Geophys J R astr Soc, 76(2): 299—
306.

Wang Y. 2006. The onset of the Tan-lu fault movement in eastern China; Constraints from zircon (SHRIMP) and
0Ar/%Ar dating[J]. Terra Nova, 18(6): 423-431.

Weaver R L, Lobkis O I. 2001. Ultrasonics without a source: Thermal fluctuation correlation a MHz frequencies[ J].
Phys Rev Letr, 87(13): 134301.

Weaver R L, Lobkis O I. 2004. Diffuse fields in open systems and the emergence of the Green’s function[J]. J Acoust



Soc Am, 116(5); 2731—2734.

XuZ Q, Yang W C, Ceng R L. 1998. Drilling Operations in the Dabie-Sulu UHPM Belts, East China[ R]. Potsdam,
Germany: A Proposal to ICDP: 1—68.

Yang Y J, Ritzwoller M H, Levshin A L, Shapiro N M. 2007. Ambient noise Rayleigh wave tomography across Europe
[J]. Geophys ] Int, 168(1); 259274,

Yao H J, Xu G M, Zhu L B, Xiao X. 2005. Mantle structure from inter-station Rayleigh wave dispersion and its tectonic
implication in western China and neighboring regions[J]. Phys Earth Planet Inter , 148(1) . 39—54.

Yao H J, van der Hilst R D, de Hoop M. 2006. Surface-wave array tomography in SE Tibet from ambient seismic noise
and two-station analysis: [. Phase velocity maps[]J]. GeophysJ Int, 166(2): 732—744, doi:10.1111/j. 1365-246X.
2006. 03028. x.

Yao H J, van der Hilst R D, Montagner J P. 2010. Heterogeneity and anisotropy of the lithosphere of SE Tibet from sur-
face wave array tomography[J7]. J Geophys Res, 115; B12307. doi:10.1029/2009]B007142,

Zheng Y F, Zhou ] B, Wu Y B, Xie Z. 2005a. Low-grade metamorphic rocks in the Dabie-Sulu orogenic belt: A passive
margin accretionary wedge deformed during continent subduction[J]. Int Geol Rev, 47(8): 851—871.

Zheng Y F, Wu Y B, Zhao Z F, Zhang S B, Xu P, Wu F Y. 2005b. Metamorphic effect on zircon Lu-Hf and U-Pb iso-

tope systems in ultrahigh-pressure eclogite-facies metagranite and metabasite[ J]. Earth Planet Sci Lett, 240(2)
378—400.



. 2007
. . 2007

. 2011

2007 ; 2014

3 2009 s

2006 . 2001

; 2009 ; 2012



