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ABSTRACT

The goal of ambient noise tomography (ANT) is to improve the calibration of surface wave propagation in aseismic
areas, especially at periods shorter than 20 sec, which are hard to obtain from earthquake surface waves. In earlier
work, we improved and optimized the method of ambient noise surface wave tomography for systematic application
and applied it to broad-band seismic data obtained in Europe and the western part of the Middle East. The resulting
phase and group speed measurements were presented at last year’s MRR meeting.

Current work concentrates on the application of ANT in central Asia, especially western China, where significant
data resources are available. The data are taken from about 180 broad-band seismic stations including the permanent
Federation of Digital Seismographic Network (FDSN), two regional networks (KZ and KN), and three temporary
US PASSCAL installations in and around China: HIMNT (YL), Namche Barwa (XE), and MIT-CHINA (YA).
Cross-correlations are computed in daily segments and then stacked over a three-year period (2002-2004). Rayleigh
wave phase and group speed dispersion curves from 8 sec — 60 sec period are measured using a phase-matched filter,
frequency-time analysis technique. The dispersion measurements from our dataset are combined with those from
Zheng et al. (2008) (using the China National Seismic Network) to perform ambient noise tomography. The
resulting group and phase velocity maps demonstrate significant correlation with known geologic features, such as
sedimentary basins and lateral variation of crustal thickness.



OBJECTIVES

The goal of this research is to obtain surface wave dispersion measurements based on cross-correlations of ambient
seismic noise and to produce a new dataset of inter-station phase and group velocity measurements in Central Asia,
especially western China, to complement that of Zheng et al. (2008) using the China National Seismic network.
These new dispersion data are used to produce improved group and phase velocity tomographic maps, particularly at
short periods (< 20 sec), which can provide new constraints on crustal structures.

RESEARCHACCOMPLISHED

Introduction

In earlier work, we developed a new method to approach the surface wave path calibration problem based on the use
of long records of ambient seismic noise. This method, which we call “ambient noise tomography”, is based on the
ability to estimate surface-wave Green functions by cross-correlating long sequences of ambient seismic noise
(Shapiro and Campillo 2004; Shapiro et al., 2005). The details of this method are documented in Bensen et al.
(2007). Dispersion measurements made on the estimated Green functions present significant advantages over
traditional measurements made on recordings of waves emanated from earthquakes. Ambient noise tomography is
particularly useful in calibrating surface-wave path effects at periods below 20 sec.

Previously, we applied this method to the large broad-band data set that has emerged through the growing Virtual
European Broadband Seismic Network (VEBSN) and regional networks in Europe and the western part of the
Middle East (Yang et al., 2007; Richmond et al, 2007). Here, we shift our focus to Central Asia, where significant
data resources are available. Under previous DoE/NNSA and Air Force support, we devoted substantial efforts
toward developing Rayleigh and Love wave group speed data sets and tomographic maps at short and intermediate
periods from earthquake data across Central Asia. These data sets have been widely distributed and used by the US
nuclear monitoring community. Due to its substantial intra-continental seismicity, which results from the continental
collision between India and Asia, Central Asia is particularly suited for classical earthquake surface wave
tomography (e.g., Ritzwoller and Levshin, 1998; Ritzwoller et al., 1998). However, at periods below about 20 sec,
path coverage is suboptimal, geographically variable, and the quality of the dispersion measurements degrades to
shorter periods appreciably compared with longer periods.

Ambient noise tomography improves path coverage and resolution especially at periods below 20 sec across much
of Central Asia with the available data resources. We have processed all the available data sources in 2002, 2003,
and 2004 in Central Asia and obtained inter-station surface wave dispersion measurements. The new dataset
improves the path calibration of short-period surface waves.

Data and Method

In Central Asia, between 2002 and 2004 there were significant data resources available, including the permanent
Federation of Digital Seismographic Network (FDSN), two regional networks, the Kazakh network (KZ) and



Kyrgyz network (KN), and three temporary US PASSCAL installations in and around China. The FDSN, regional
networks and PASSCAL data are all openly available now at the IRIS/DMC. The locations of the stations used in
this study are shown in Figure 1. The names and the operation times of all FDSN station, regional network and
PASSCAL experiments are listed in Table 1. Any experiment that overlaps with another experiment in operation
time is marked with a cross. These overlaps guarantee that dense path coverage in this study can be generated, as
shown in Figure 3. Cross-correlations are run in each of the three years (2002-2004). The cross-correlations include
those between stations within individual experiments and those across experiments and permanent installations.
Letting — represent cross-correlation, we can depict the data processing symbolically as follows: FDSN<?FDSN,
PASSCALS7FDSN, and PASSCAL$? PASSCAL.

The data processing procedure applied here is similar to that described by Bensen et al.(2007) at great length.
Continuous data are pre-processed before cross-correlation and stacking, which includes removal of instrument
response, temporal normalization and spectral whitening. The purpose of time normalization is to suppress the
influence of earthquake signals, which is particularly important in the seismically active region of Central Asian.
Cross correlations are performed daily in the broad period band from 5 to 100 sec and then stacked over all time
periods (three years). The correlation function contains both positive and negative time lags, resulting from noise
propagating from the two opposite directions between a pair of stations. We use the symmetric component of the
correlation as the empirical Green function (EFG) by averaging the positive and negative parts of the correlation.
Examples of broad-band (5 to 30 sec) symmetric-component cross-correlations between a common station LSA
(Lhasa, China) and other stations are shown in Figure 2.

To evaluate the quality of cross-correlations, we calculate the signal-to-noise ratio (SNR) for each cross-correlation.
If the signal-to-noise ratio (SNR) is larger than 15, Rayleigh wave group and phase speeds are then measured using
a frequency-time analysis (Ritzwoller and Levshin, 1998; Lin et al, 2008). The inter-station dispersion
measurements from cross-correlations are used to invert for the Rayleigh wave phase and group velocity maps using
the method of Barmin et al. (2001).

Ambient Noise Surface wave Tomography

Zheng et al. (2008) performed ambient noise tomography in China using data from the China National Seismic
Network. They obtained inter-station Rayleigh wave dispersion measurements between the 48 Chinese backbone
stations at periods from 8 to 60 s. Because most of the 48 stations are located in eastern China, the path coverage in
western China is relatively sparse. To increase the density of path coverage and improve the resolution of
tomography in western China, we combine the dispersion measurements from our dataset with those from Zheng et
al. (2008) to perform ambient noise surface wave tomography. The tomography is performed for both phase and
group speeds on a 1°x1° grid across western China and surrounding regions using the tomographic method of
Barmin et al. (2001). Resolution is estimated simultaneously using the method described by Barmin et al. (2001)
with modifications presented by Levshin et al. (2005). An example of path coverage and resolution is shown in
Figure 3 for the 20 sec measurements. Results are similar for other periods.



Examples of resulting phase and group speed maps at two periods of 12 and 30 sec are shown in Figure 4. For
comparison, maps of sedimentary and crustal thicknesses are plotted at the bottom of Figure 4. At the short periods
(< 15 sec), surface waves are dominantly sensitive to shear velocities in the upper crust. Because the shear velocity
of sediments is low, short-period low velocity anomalies are a good indicator of sedimentary basins. In the 12 sec
Rayleigh wave speed maps, low velocities are correlated well with the locations of major basins including the Tarim
Basin, Qaidam Basin, Sichuan Basin, and Ordos Basin. At the intermediate periods of this study (25-60 sec),
Rayleigh waves are primarily sensitive to crustal thickness and the shear velocities in the middle crust, lower crust
and uppermost mantle. At these periods, low velocities are usually observed in a region with thicker crust. In the
30 sec Rayleigh wave speed maps, low velocity is observed across Tibet where the crust is very thick (Figure 4f).
Higher velocity is imaged in regions to the north and east of the Tibet. The boundary between fast and slow
velocities nearly coincides with the sharp topographic change.

CONCLUSIONS

In this study, we use ambient noise data recorded at about 180 broad-band seismic stations including the permanent
Federation of Digital Seismographic Network (FDSN), two regional networks (KZ and KN), and three temporary
US PASSCAL installations in and around China: HIMNT (YL), Namche Barwa (XE), and MIT-CHINA (YA).
Group and phase velocity dispersion measurements between stations are obtained at periods from 8 sec to 60 sec.
These dispersion measurements are combined with those from Zheng et al. (2008) taken from the 48 stations of the
China National Seismic Network to perform ambient noise tomography. The resulting velocity maps provide an
improvement in the understanding of surface wave dispersion in Central Asia, particularly at periods below about 20
sec. The group and phase velocity maps agree well with known geologic features, such as sedimentary basins and
the lateral variation of crustal thickness.
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Table 1. Broadband seismic networks used in this study during 2002-2004. The network names are shown in rows
and columns with the same order. A crossed block indicates the two networks overlap in time; i.e. inter-network
cross-correlations can be performed.

Network (network Code)
(appr. Operation time)

HIMNT (YL)
(Sep 2001-Dec 2002)

Namche Barwa (XE)
(Jul 2003-Dec 2004)

MIT-China (YA)
(Sep 2003-Dec 2004)

FDSN and Regional
(G,PS,IC,I1,1U,KZ KN)




A FDSN @  PASSCAL

KZ and KZ network

Figure 1. Station distributions in W. China and surrounding regions. Stations include international stations (FDSN),
regional networks (KZ and KN) and PASSCAL experiments (from west to east YL: HIMNT,; XE: Namche Barwa;
YA: MIT-CHINA).
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Figure 2. An example of a cross-correlation record-section with inter-station paths plotted in the top diagram for
cross-correlation with SNR > 15. The result is centered on station LSA (Lhasa, China), for the symmetric-signals,
band-pass filtered from 10 - 30 sec.
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Figure 3. (a) Path coverage and (b) resolution estimated for 20 sec period. Resolution is defined as the standard
deviation of 2-D Gaussian fit to the resolution surface at each model node.
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Figure 4. (a-d) Rayleigh wave phase (top) and group (middle) velocity maps at 12 and 30 sec periods. The velocities
are plotted as perturbation relative to the average values. (e) and (f) Maps of sediment thickness and crustal
thickness (Laske and Masters, 1997). The major sedimentary basins are labeled: Tarim (TM), Daidam (QM),
Sichuan (SC), and Ordos (OD).



