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Abstract We presented high-resolution Rayleigh wave phase velocity maps at periods ranging from 5 s to 30 s

in the northeast part of the North China Craton (NNCC). Continuous time-series of vertical component between

October 2006 and December 2008, recorded by 187 broadband stations temporarily deployed in the NNCC region,

have been cross-correlated to obtain estimated fundamental mode Rayleigh wave Green’s functions. Using the

frequency and time analysis technique based on continuous wavelet transformation, we measured 3 667 Rayleigh

wave phase velocity dispersion curves. High-resolution phase velocity maps at periods of 5, 10, 20 and 30 s were

reconstructed with grid size 0.25◦ × 0.25◦, which reveal lateral heterogeneity of shear wave structure in the crust

and upper mantle of NNCC. For periods shorter than 10 s, the phase velocity variations are well correlated with

the principal geological units in the NNCC, with low-speed anomalies corresponding to the major sedimentary

basins and high-speed anomalies coinciding with the main mountain ranges. Within the period range from 20 s

to 30 s, high phase velocity observed in eastern NCC is coincident with the thin crust, whereas low phase velocities

imaged in central NCC is correlated to the thick crust. However, the low-velocity anomaly in the Beijing-Tianjin-

Tangshan region displayed in the 20 s and 30 s phase maps may be associated with fluids.
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1 Introduction

The North China Craton (NCC) is the largest and

oldest known cratonic block in the Chinese mainland,

and it is unique for its unusual Phanerozoic tectonic

activity. It has experienced a wide range of tectonic al-

terations since Mesozoic, evidenced by geological phe-

nomenon such as the wide range of intrusion and erup-

tion of igneous rocks, a large number of strong earth-

quakes that have happened in the area, (Griffin et al.,

1998; Menzies and Xu, 1998; Xu et al., 2001). A lot of

geological and geophysical studies showed that it may

have significantly different lithosphere/asthenosphere

structures among each part of the NCC (e.g., Zhao et
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al., 2000, 2005; Jia and Zhang, 2005; He et al., 2009;

Huang et al., 2009; Li et al., 2009; Fang et al., 2010).

Therefore, the NCC can be considered as a natural lab-

oratory for studying the formation and evolution of con-

tinental lithosphere. For this reason, it is highly relevant

to study the structure of crust and mantle in the NC-

C for obtaining information on the tectonic alteration

underwent by the NCC and the earthquake activity.

Here we focus on the region, located in the

northeast part of the NCC (NNCC, 37◦N−42◦N,
111◦E−120◦E), that mainly comprise of the North Chi-

na Basin (NCB) and the Yanshan-Taihang Mountain-

s, the two major tectonic units locate in the eastern

and the central NCC (Figure 1), respectively. The west-

ern part of the study region is occupied by the Tai-

hangshan uplift region with some small intermountain

basins (e.g., Datong basin, Zhangjiakou basin, Yanqing-

Huailai basin etc.). The northeastern part of the study

area is dominated by the relatively stable Yanshan uplift
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with its major tectonic units oriented in the E-W direc-

tion. In the eastern NNCC it is mainly covered by NCB

where many subtectonic units (e.g., uplifts and depres-

sions in basins) developed. In the study region NCB can

be divided into one internal uplift (Cangzhou) and two

depressions (Jizhong, Huanghua) (Chang, 1991). The

eastern and central part of the NCC underwent dis-

tinctive evolutions during the Late Mesozoic and Ceno-

zoic. In contrast to the Ordos block located in western

part of NCC, which seems to have preserved the typical

features of a stable craton, the eastern NCC has ex-

perienced significant lithospheric thinning as evidenced

by widespread magmatism activity and normal fault-

ing, among other manifestations. The eastern part of

the NCC is also one of the most seismically active in-

tracontinental regions in the world.

Global and regional tomographic studies have re-

vealed a pronounced low-velocity anomaly at the 100

km depth beneath the NCC and related the low veloci-

ties to the widespread Cenozoic rifting and magmatism

(e.g., Huang et al., 2009; An et al., 2009). However,

these tomographic images do not have sufficient resolu-

tion to interpret the differences of upper mantle struc-

ture among different blocks of NCC. Being proved to

have good resolution, ambient noise tomography

(ANT) are considered to be a very powerful way to

study the crustal and upper mantle structure of the

Earth (e.g., Shapiro et al., 2005; Sabra et al., 2005;

Lin et al., 2007; Yang et al., 2007; Zheng et al., 2008,

2011; Zhou et al., 2012). Additionally, North China Seis-

mic Array (NCSA) stations deployed around the NNCC

(e.g., He et al., 2009; Fang et al., 2010; Pan et al., 2011)

allow us to explore the crust and upper mantle struc-

ture at a more detailed level by ANT method. He et

al. (2009) and Pan et al. (2011) obtained Rayleigh wave

phase velocity maps between 10−60 s using teleseismic

observations recorded by NCSA stations, and their re-

sults made a good agreement with each other, suggest-

ing that phase velocities are faster in the central NCC

than that in the eastern NCC at shorter periods (e.g.,

∼16 s), and it becomes a contrary situation at longer

periods (e.g., 26 s, 30 s). Moreover, the lateral varia-

tions of phase velocities between central NCC and east-

ern NCC block become smaller at much longer periods

(e.g., 60 s). Fang et al. (2010) have made use of ambi-

ent seismic noise measurements from NCSA stations to

generate Rayleigh wave group velocity maps at periods

from 4.5 to 40 s with a resolution of 25 km. However,

these resulting maps for Rayleigh wave group and phase

velocities, respectively obtained from ambient noise to-

mography (e.g., Fang et al., 2010) and classical surface

wave tomography (CSWT) (e.g., He et al., 2009; Pan et

al., 2011), are not consistent with each other and even

contradict, especially as the period becomes longer (e.g.,

between 20−30 s).

In this study, we applied ANT to the data that

have recorded continuously from the NCSA between

October 2006 and September 2008 to construct high-

resolution Rayleigh wave phase velocity maps in this

region. We then compared the obtained maps with pre-

vious tomography (Pan et al., 2011; He et al., 2009;

Fang et al., 2010). We believe that the shorter peri-

ods and more detailed phase velocity images presented

in this paper would be a significant improvement over

published dispersion results and shed new light on geo-

logical structure and tectonic process of this region.

2 Data

In order to investigate the deep detailed structure

of the NCC, the NCSA was carried out by the Institute

of Geophysics, China Earthquake Administration from

October 2006 to April 2009. 250 transportable stations

were deployed in the northeast part of the North China,

of which 190 were broadband stations. Each station was

equipped with Guralp CMG-3ESPC sensor (frequency

bandwith 0.02−60 s) and recorder of Refteck130B. Time

of the instrument was synchronized with GPS. In this

study we collected the vertical component of continu-

ous seismic data recorded by 187 broadband stations

of NCSA from October 2006 to December 2008. Figure

1 shows the distribution of those stations used in this

study superimposed on a simplified map of the main

tectonic features of NNCC. The data over 26 months

helps to make the distribution of noise sources more ho-

mogeneous, allowing more reliable tomographic results

can be obtained. These continuous recordings have been

cross-correlated and stacked for all station pairs. Path

lengths range from 100 km to more than 600 km. The

distribution of inter-station paths provides very dense

and homogeneous ray path coverage for NNCC, allow-

ing a significant increase in resolution with respect to

previous studies (Sheng et al., 2008, 2011).
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Figure 1 The tectonic sketch map and the distribution of stations. 1. Broadband stations; 2. Major active

faults; 3. Cities; 4. The study region; 5. Depression in basins; 6. Uplift in basins. A.Yanshan uplift; B. Tai-

hangshan uplift; C. Jizhong depression; D. Cangzhou uplift; E. Huanghua depression; F. Chengning uplift; G.

Jiyang depression.

3 Method

3.1 Estimated Green’s functions from noise

cross-correlation

The exclusive use of vertical component data im-

plies that the cross-correlations obtained by us only con-

tain Rayleigh wave signals. The data processing proce-

dure applied here is similar to that described in detail

by Bensen et al. (2007). To avoid the redundancy we

only summarize our data processing briefly as follows.

We obtained the estimated Green’s functions from

ambient noise cross correlation. Continuous data were

pre-processed before correlation and stacking. Single s-

tation processing began by removal of the mean, trend

and bandpass filtering at 4–50 s from each daily record

after being decimated to 1 Hz. It’s not necessary to re-

move the instrumental response because the seismome-

ters used in our study were identical with each other.

When a record was missed for some instrumental prob-

lems, zero value of data was added to synchronize the

clock. In order to reduce the influence of earthquake

signals and instrumental irregularities from the time-

series prior to cross correlation, time domain normaliza-

tion was performed by using the running-absolute-mean

method.

After the time-series had been processed for each

day, cross correlations were computed daily and stacked

over all time periods (about 27 months). We also ap-

plied the spectral whitening in the frequency domain,

to flatten the amplitude spectrum of the ambient noise

in the period band of interest. For containing Rayleigh

wave signals coming from opposite directions along the

two-station path, the resulting cross correlations was

often asymmetric with respect to the positive and the

negative lags due to the inhomogeneous distribution of

ambient noise sources. By averaging the positive and

the negative lags of the correlation, we used the sym-

metric component of the correlation as the estimated

Green’s function. Then signal-to-noise ratios (SNR) of

each Green’s function were calculated and only the func-

tions with reasonable SNR (SNR>15) were used for fur-

ther analysis. SNR is defined as the ratio of the peak

amplitude within a time window containing the surface

wave signal to the root mean square of the noise trail-

ing the signal arrival window. Figure 2 shows part of

the Green’s functions with distance from 150 to 500

km. Although Rayleigh waves are dominant in Figure

2, there is considerable energy showing up outside the

window of surface waves. This noisy energy is proba-

bly due to the strong seismic activity in the study area,

whose effect could not be completely eliminated even

after normalization processes (Zheng et al., 2010).
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Figure 2 Stacked cross-correlations after being bandpass filtered (10−40 s) are plotted as a function of

distance and time. Both positive (causal) and negative (acausal) lags are shown. To prevent the plot from

being too dark and messy, only a small number of correlations with SNR greater than 25 are plotted in each

distance interval.

3.2 Measurements of Rayleigh wave phase ve-

locities
We measured the phase velocity dispersion curves

of the fundamental Rayleigh wave from the estimat-

ed Green’s functions by the frequency-time analysis

(FTAN) technique, which is based on the continuous

wavelet transformation (Wu et al., 2009). Wavelet anal-

ysis, also known as multi-resolution analysis, uses a se-

ries of dilated and delayed oscillatory functions to de-

compose a time-varying signal into its nonstationary

spectral components. There are two key advantages of

wavelet analysis over traditional Fourier analysis and

windowed Fourier methods, one is that the wavelet anal-

ysis retains information on how the spectral content

varies with time delay, and another is that the accu-

racy of the time and frequency remain constant over

the entire time-frequency domain (see detail in Wu et

al., 2009).

We can obtain the travel time t for the central peri-

od T0 according to the FTAN analysis introduced above.

As being described by Yao et al. (2006), the phase ve-

locity cAB at frequency. ω can be calculated by

cAB(T0) =
Δ

t− T0

8

, (1)

where T0=2π/ω is the corresponding period, Δ is the

inter-station distance.

We used cubic-spline interpolation to transform

cross-correlation matrix to a phase velocity versus peri-

od image and applied an automatic pick technique when

extracting dispersion curves (Yao et al., 2004, 2005).

The dispersion curves can be easily identified and auto-

matically picked when start point and end point of the

branch are given, and this technique greatly enhances

the efficiency and reliability of phase velocity measure-

ments. All measurements were performed manually one

by one.

3.3 Data selection

For N stations there are N(N − 1)/2 interstation

paths, but not all paths can be used to obtain a high

quality dispersion curve. In order to get a reliable to-

mography result, we used four criteria, which were min-

imum interstation distance (3λ), reasonable SNR, clus-

ter analysis and travel time residual, to identify and

discard bad measurements.

Firstly, the distance between two stations must be

greater than three wavelengths to ensure that full sur-

face wave packets can be separated from precursory

noise and interpreted as far-field measurements (Tsai



Earthq Sci (2012)25: 241–251 245

and Moschetti, 2010).

Secondly, only cross correlations with SNR ≥15 are

measured, as described before.

Thirdly, clustering measurements obtained at a

particular station from a set of earthquakes located near

to one another is commonly used to assess uncertainties

in earthquake dispersion measurements (e.g., Ritzwoller

and Levshin, 1998). A similar cluster analysis can be

applied to ambient noise data. We selected dispersion

curves of those ray paths with similar azimuths and

similar distance to one particular station. Because of

almost sampling in the same area, beneath which as-

suming there is not great lateral variations of S wave

velocities, these dispersion curves are considered to be

very similar to each other, and the very different one is

dubious dispersion curve and should be discarded. By

using clustering analysis, we can verify the reliability of

measurements and discard the dubious ones.

Actually, the fourth criterion was performed during

the inversion step. When a solution for phase velocity

variations was obtained, remaining travel time residuals

were calculated along all paths simultaneously. Some of

their value may be large due to measurement errors and

other factors, and this kind of data was unreasonable

and should be discarded. In this study, only the data

with remaining residual less than 3σ were accepted (σ

is the initial travel time residual), and the procedure of

tomographic reconstruction was repeated. Such selec-

tion of the data was performed several times until all

residuals were small in the data set.

3.4 Tomographic inversion

In this study, a generalized 2-D linear inversion

method developed by Ditmar and Yanovskaya (1987)

and Yanovskaya and Ditmar (1990) has been applied

to construct the phase velocity maps. As a widely used

procedure (e.g., Wu and Levshin 1994; Wu et al., 1997;

Ritzwoller and Levshin 1998; He et al., 2009; Fang et

al., 2010; Li et al., 2012), this method is a generaliza-

tion of the classical 1-D inversion method of Backus and

Gilbert (1968) for 2-D problems. The inversion is per-

formed for all interest periods (5, 10, 20, 30 s) one by

one. We usually take the average of phase velocity model

as the starting model for each period. Taking into ac-

count incompleteness and inaccuracy of the data set, we

look for a smooth image m(r) of the real velocity per-

turbations relative to the starting model. Finally, it is

possible to state the problem of searching for a solution

as finding the minimum of the following function,

Ψ(Ce) = (δ t−Gm)T(δ t−Gm)+α

∫∫
|∇m(r)|2dr, (2)

where,

m (r) = (C−1
e (r)− C−1

0 )C0, (3)

δ ti = ti − ti0, (4)

(Gm)i =

∫∫
Gi(r)m(r)dr =

∫
l0i

m(r)/C0ds, (5)

∫∫
Gi(r)dr =

∫
l0i

1/C0ds = ti0, (6)

where r = (θ, ϕ) is the position vector, Ce(r) is the pre-

dicted distribution of phase velocities, C0 is the initial

phase velocity. ti is the observed travel time along the

ith path, ti0 is the travel time calculated for the start-

ing model, l0i is the length of the ith path and s is

the segment along which the inversion is performed. α

is a regularization parameter, which is very importan-

t and controls the trade-off between fitting the travel

time and smoothing the resulting maps. We conducted

several tomographic maps with many different regular-

ization parameters, e.g., α= 0.02, 0.05, 0.1 and 0.2. We

preferred to use the value of α=0.2, which gave relative-

ly smooth maps with small solution errors.

4 Results

Our data selection criteria result in a total num-

ber of 3 667 phase velocity dispersion curves of fun-

damental Rayleigh wave at periods from 5 s to 30 s.

Figure 3 shows the distribution of these paths. Figure 4

shows corresponding number of paths at different peri-

ods, even the least number exceeds 1 000 at period of

30 s. Obviously, there is a dense and homogenous cov-

erage of paths in the study region, and this provide a

very good precondition for the high-resolution surface

wave tomography.

To study the characteristic of dispersion curves be-

tween different blocks of NCC, we collected dispersion

curves entirely through the central NCC and eastern

NCC, respectively. Finally, we obtained 970 dispersion

curves in the central NCC and 386 dispersion curves

in the eastern NCC. Then we calculated the average

dispersion curve for these two blocks, respectively, and

made a comparison with AK135 model (Figure 5). It

shows that phase velocities in the eastern NCC are

faster than that in the central NCC at shorter peri-

ods (e.g.5−10 s), while it becomes a contrary situation

at longer periods (e.g., 20−30 s). Additionally, disper-

sion curves through the eastern NCC have greater er-

rors than that through the central NCC, indicating that

speed of dispersion curves through the eastern NCC

have bigger changes. Phase velocities in both the NCC

blocks are slower than that for the typical global conti-

nent model (e.g. AK135 model).
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Figure 4 Number of paths at different periods

from 5 s to 30 s.

We performed checkerboard tests to validate the

tomographic results (Figure 6). The study region was

divided by 0.25◦×0.25◦ and a velocity perturbation of

±0.3 km/s with respect to the average phase velocity

for each examined period was assumed for the blocks.

The test results show that the input model is well re-

covered at each period, suggesting that the resolution is

quite good in most parts of the study area, indicating

t/s

c/（
km

•s
-1

AK135
Eastern NCC
Central NCC

）

Figure 5 Average dispersion curves through the east-

ern NCC, central NCC and for the AK135 model.

it is reasonable to divide the study region in-

to 0.25◦×0.25◦ grids and the horizontal resolution of

the phase velocity maps is ∼25 km in much of the study

region.

5 Discussion and conclusions

In this section we analyzed the obtained phase

velocity maps in terms of the geologic and tectonic fea-

tures of the study region. Using the tomographic in-

version method as described in the previous section,

Rayleigh wave phase velocity maps at 5, 10, 20, and 30

s have been presented (Figure 7). Overall, similar low-

and high-velocity features are observed at phase veloci-

ty maps (10−30 s) from teleseismic array methods (e.g.,

He et al., 2009; Pan et al., 2011). However, the phase
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velocities arise from CSWT are about 1−3 percent high-

er than those from ANT. The discrepancies have been

reported by Yao et al. (2006) for Tibet and several pos-

sible factors that contribute to these discrepancies are

discussed (in detail see Yao et al., 2006).

E
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Figure 6 Checkboard test. (a) Input 0.25◦×0.25◦ model; (b) Recovery of 0.25◦× 0.25◦ model for the path coverage

at T = 5 s. Black triangles denote the stations; (c) Recovery of 0.25◦× 0.25◦ model for the path coverage at T = 10 s;

(d) Recovery of 0.25◦× 0.25◦ model for the path coverage at T = 30 s.

Surface waves at different periods are sensitive to

seismic shear wave speeds at different depths. It is evi-

dent that the sampling depth of Rayleigh waves increas-

es with period. In order to guide the interpretation, the

sensitivity kernels of Rayleigh wave phase velocity were

calculated. The 1-D vS model used in the calculation is

from the previous studies of Li et al. (2009).

The maps at shorter periods (e.g., 5−10 s, Figures

7a and 7b) are primarily influenced by the upper crust

and these velocity maps are well correlated with the ma-

jor surface geological features in the study area. This is

consistent with some other recent seismic studies in this

region (e.g., Huang and Zhao. 2004; Tian et al., 2008;

He et al., 2009; Fang et al., 2010; Pan et al., 2011). In

general, higher phase velocities (>3.15km/s) are ob-

served in the Taihangshan, Yanshan regions and some

uplift areas (e.g., Cangzhou uplift), where Paleozoic

strata and Precambrian basement rocks exposed widely

on the surface. In contrast, lower velocities are observed

in Quaternary intermountain basins (e.g., Yanqing-

Huailai, Yangyuan-Yuxian) and depression zones (e.g.,

Jizhong, Huanghua). The major sedimentary basins and

uplifts in NCB (thin lines in Figures 7a and 7b) are

clearly imaged at 5–10 s periods with different patterns

of phase velocity distribution. The deep seismic sound-

ing (DSS) (e.g., Jia et al., 2005) and receiver function

results (e.g., Luo et al., 2008) show that the sedimentary

rock of NCB is about 2−8 km thick. The low velocities

in short-period phase maps likely reflect deep sedimen-

tary rocks in these basins. Figure 8 reveals that phase

velocities at 10 s is very well correlated with the depth of

sedimentary rocks from DSS data. Furthermore, phase
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velocity maps at 5 s and 10 s also show that the average

velocities in the basins of eastern NCC block are lower

than that in the basins of central NCC block, which ag-

rees with the P-wave arrival times tomography results,

i.e., the upper crust in the eastern basins has lower ve-

locities than that in western basins (Huang and Zhao,

2004).
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Figure 7 Rayleigh wave phase velocity maps at periods of (a) 5 s, (b) 10 s, (c) 20 s, (d) 30 s. The blue line in (a) and

(b) is the topography boundary of mountains area and basins, and thin lines represent the boundaries of sub-geological

units in eastern NCC. They are Jizhong depression, Cangzhou uplift and Huanghua depression from west to east,

respectively. The red line in (c) and (d) is the gravity gradient belt of the Great Xingan Range-Taihang mountain.

Compared with the shorter period maps, the low-

and high-velocity feature on the map of 20 s (Figure

7c) is very different, it shows that the average velocity

in the eastern block is faster than that in the central

block. The velocity distribution is in good agreement

with the results of previous surface wave studies from

CSWT method (e.g., Li et al., 2009; He et al., 2009; Pan

et al., 2011) and body wave tomographic imaging (e.g.,

Tian et al., 2008). However, the velocity characteristics

revealed in our maps is clearly different from that in

Rayleigh wave group velocity maps (e.g., Zheng et al.,

2008; Fang et al., 2010), in which they found that the

average velocity in the eastern block is generally slower

than that in the central block on the maps from 12 s

to 30 s. We believe that the sparse stations has limit-

ed resolution on different blocks within the NNCC in

Zheng et al. (2008)’s study, and their map maybe only

represents large-scale averages and illustrates little lo-

cal detail. The velocity anomaly in different blocks of

NCC revealed by our maps may related to the lower

crustal composition (Li et al., 2009) that resulted from

the reactivation of the NCC occurred in the Mesozoic

and Cenozoic time (Qiu et al., 2005).

Moreover, low velocity anomalies are observed in

the range from 20 s to 30 s nearby Tianjin and Baoding

region. He et al. (2009) and Pan et al. (2011) previous-

ly imaged the low velocity anomalies near Tianjin and

its adjacent region. These velocity anomalies are consis-
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tent with regional P-wave tomography (e.g., Tian et al.,

2008). The low velocity anomalies in these regions are

possibly associated with fluids (Huang and Zhao, 2004).

Rayleigh wave at periods (20−30 s) (Figures 7c and

7d) are principally influenced by the lower crust and up-

permost mantle structure beneath the region. Overall,

the low velocities are observed beneath the entire cen-

tral block and the relative high velocities are observed

beneath the entire eastern block of NCC from 20 s to

30 s period. The lateral variation of phase velocity in

this period ranges could be mainly due to the S wave

speed in lower crust and upper mantle, which is al-

so associated with lateral changes in crustal depths,

composition or temperature (Li et al., 2009; He et al.,

2009). DSS and receiver function analysis showed that

the crustal thicknesses increase gradually from 30 km in

eastern NCC to 40 km in central NCC (Jia and Zhang,

2005; Luo et al., 2008). Within the period range from 20

s to 30 s, high phase velocity observed in eastern NC-

C is coincident with the thin crust, whereas low phase

velocities observed in central NCC with the thick crust.

In section 4, we compare the average dispersion

curve respectively through the central NCC and east-

ern NCC. Our tomographic maps agree with the result

that phase velocities in the eastern NCC are slower than

that in the central NCC at shorter periods (e.g.5−10 s),

while it becomes a contrary situation at longer periods

(e.g., 20−30 s). It may be associated with that the east-

ern NCC has the more lateral and thicker sedimentary

rocks, whereas thinner crustal thickness. Velocities ei-

ther in central NCC or eastern NCC is obviously slower

than that of AK135 model at all interest periods. These

two points above are consistent with the results of the

previous tomography studies of using teleseismic data

(e.g., He et al., 2009, Pan et al., 2011).
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Figure 8 Phase velocity map at T = 10 s is compared with the distribution of the depth of sedimentary rocks in the

same study region. (a) Phase velocity map at T = 10 s which we obtained from ANT; (b) Distribution of the depth

of sedimentary rocks from DSS in the same study region (data from Jia and Zhang, 2005). Phase velocities are well

correlated with the depth of sedimentary rocks, with high anomalies corresponding to shallow sedimentary rocks and

low anomalies corresponding to deep sedimentary rocks.

Ambient noise surface wave tomography has been

applied to data from the NCSA within the NNCC to

produce high-resolution Rayleigh wave phase velocity

maps. Using vertical-component time-series recorded

between October 2006 and January 2008, we generate

cross-correlations between all receiver pairs and mea-

sure phase velocity dispersion curves by using

FTAN based on the continuous wavelet transformation

method. In our study, the Rayleigh wave phase veloci-

ty maps at period from 5 s to 30 s with a resolution of

∼25 km are constructed. Because of the large number of

ray paths for inversion for phase velocity maps, our ve-

locity maps provide more detail within the central and

eastern NCC than published surface wave studies. The

resulting phase velocity maps at periods of 5−10 s corre-

late well with the dominant surface geological features,

with low-velocity anomalies corresponding to the major

sedimentary basins and high-velocity anomalies coincid-

ing with the main mountain ranges. The phase velocity

maps at period from 20 s to 30 s reveal the difference

of crustal thickness between central and eastern NCC

block. Velocity changes are visible across Taihangshan
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Front fault in our phase maps only at period shorter

than 20 s, implying that the fault may be a crustal-

scale fault in this region. The low-velocity anomaly in

the Beijing-Tianjin-Tangshan region displayed in the

20 s and 30 s phase maps may be associated with fluids.

Ongoing research will apply the noise cross-

correlation function (NCF) method to isotropic group

velocities and Love waves, and joint inversion of the

Rayleigh and Love wave dispersions that result from

NCF and classical two-station method enable us to in-

fer the 3-D anisotropic shear wave velocities, which may

give more detailed information on the crust and upper-

most mantle in this region. Joint inversion with other

technique (e.g., receiver function) is also in considera-

tion in our future work.
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