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High Resolution Surface-Wave Dispersion Studies in China

Laura E. Jones and Howard J. Patton!
Los Alamos National Laboratory, Geophysics EES-3, MS-C335, Los Alamos, New Mexico

Abstract

The Los Alamos National Laboratory regional calibration project is actively assembling
a database of surface-wave dispersion information for China and surrounding areas. As part
of the effort to characterize surface wave dispersion in China, we integrate prior long period
results from the University of Colorado with our shorter period dispersion measurements in
a high resolution survey of key monitoring areas. Focusing on western China initially, we
employ broadband data recorded on CDSN stations, and regional events (m; 4 and above).
Our approach is twofold, employing path specific calibration of key stations and well-recorded
reference events, and tomographic inference to provide group velocity curves for regions with
sparse station distribution and little seismic activity. Initial dispersion studies at Chinese
stations WMQ and LZH show substantial azimuthal variation in dispersion, reinforcing the
need for careful determination of source regions for path-specific calibration.

Key Words: regional seismic characterization, path effects, China, surface waves,
tomography
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Objective of Study

We build on prior work done at the University of Colorado, Boulder (JSPC) by Ritzwoller
and Levshin [1997] and Ritzwoller et al. [1997]. The present study seeks to integrate longer
period results from teleseismic data with results from broadband records recorded at regional
distances at stations in China and Eurasia. This smaller scale, higher resolution study focuses
on western China initially, employing shorter paths, higher frequency data, and events from
China and surrounding regions. Our initial objectives are twofold and include:

1. Path specific calibration: We estimate surface-wave dispersion for key stations and
source regions, using well-known (CMT) and well-recorded reference events.

Such calibration will result in filters designed to extract surface waves in an automated
fashion for use in surface wave detection, M, estimation, discriminants and further
structural or attenuation studies.

2. Tomographic inference: We combine our measurements with long period measurements
from the University of Colorado for surface—wave tomography.

We'll use the tomographic results to infer group velocity curves for regions with sparse
events and/or station coverage. We then test how effectively the inferred dispersion
curves extract surface waves for the purposes outlined above in item 1.

Research Accomplished

Introduction. Regional surface waves carry valuable information for use in the detection,
location, and identification of small seismic sources. In principal, techniques for locating
and identifying sources developed for teleseismic surface-wave applications might easily be
extended to regional problems. One example of high interest is the regional extension of
M;:my, one of the most powerful teleseismic discriminants. However, major challenges con-
front the effective implementation of long-period to short-period discriminants as source
size decreases: observations must be made at progressively shorter ranges and degrading
signal-to-noise conditions for the long period energy. '

With these issues in mind, detection of surface waves is presently an important research
topic in CTBT monitoring. Emphasis on small magnitudes and regional observations mo-
tivates investigation on the effective extraction of Rayleigh- and Love-wave signals from
complex regional waveforms, where phases have not significantly dispersed, where there is
potentially significant overlap (in frequency and time) between higher-mode surface-waves
and lower frequency body-wave arrivals, and where there may be high levels of ambient
background noise.

Regional calibration of key monitoring areas provides information necessary to assess
capabilities at small magnitudes and to determine propagation characteristics for signal
extraction.

We employ two strategies for building a knowledge base of information for use in extracting
fundamental-mode energy from regional waveforms. Both strategies are based on empiricism
and both involve designing a match filter with some knowledge of the true surface-wave
dispersion on a source-receiver path of interest.




The path specific approach uses historic events and waveforms to develop dispersion curves
from specific source regions. The second strategy, a tomographic inference approach, uses
historic data from inside and outside the monitoring region to measure dispersion on many
criss-crossing paths, and subsequently images the spatial variations of surface-wave velocities
for the key areas.

To some extent these approaches are complementary. While the former will supply highly
accurate information for active source regions, the latter will provide adequate information
for surface-wave extraction when an unknown source occurs in a new source region. We
expand on these issues and our approach below.

Data Collection. We have assembled and continue to process broadband waveform data
from IRIS and CDSN stations within and around China. Of special interest to us are the
short-path (3° to 15°) surface wave data compiled for western China. Further details and a
table summarizing the data are found in this volume (Phillips et al., 1997).

Software. We have ported the Ritzwoller and Levshin Frequency-time analysis (FTAN)
code to our machines, to further ensure the compatibility and smooth integration of our
short-path broadband results with existing longer path results from University of Colorado.
In addition, this code has the attractive feature that it allows easy selection of the appropriate
surface wave mode branch for analysis, helping to separate out fundamental modes on our
shorter paths. This processing scheme also allows simultaneous determination of spectral
amplitudes and phase and group dispersion.

Preliminary Regionalization Results. Preliminary results are presented in this paper for
paths involving two stations of the Chinese Digital Seismic network (CDSN), WMQ and
LZH, and events shown as circles or diamonds for earthquakes, and a star for East Kazakh
explosions [Figure 1].

One pressing issue in our study concerns the detection of surface waves as a function of
magnitude and distance. In areas of the western United States, regional surface waves with
periods between 8 - 50 sec are recorded well enough to be used in moment tensor inversions of
earthquakes as small as m; 3.5 (Patton and Zandt, 1991; Romanowicz et al., 1993). Despite
the relative complexity of structures in western China, surface waves appear to be cleanly
recorded on some far-regional paths to small magnitudes. To illustrate this, we show a
Rayleigh-wave record section using the events plotted as diamonds on Figure 1 [Figure 2,
right-hand panel|. Broadband records have been filtered to enhance the surface waves. These
results show that events with m; in the mid-4 range are well recorded across the Tibetan
Plateau out to at least 1500 km. The record section also shows the evolution of wave-trains
with distance, illustrating compact waveforms at short distances and better-separated, more
easily identifiable fundamental-mode surface waves at far distances.

Definition of distinct source regions for the path specific approach is a major consideration
in our work. This is driven by the scale of heterogeneity the extent to which dispersion curves
vary laterally. We illustrate this on the left-hand side of Figure 2 with waveform data from
LZH. Again, broadband data have been filtered to show the surface-wave arrivals for five
events in source region A, a compact source site about 25 km across. At a distance of
about 800 m, we find that surface waves are well-recorded for the m, range 4.1 - 6.2. All
waveforms display very similar "inverse” dispersion characteristics for the 15 - 40 sec period




range visible after filtering. Waveforms are presented for two other source regions at about
the same range as A, but different backazimuths. The dispersion characteristics for these
events may be different enough to define two more source regions distinct from region A.
Tests need to be devised to evaluate criteria for source region definition.

Similarly, preliminary dispersion results for station WMQ underscore the need for path-
specific calibration, and also for limiting the size of a specific source area in path calibra-
tion. We have collected and processed three-component broadband date for 26 CMT events
recorded at station WMQ. Group velocities for Love and Rayleigh waves were measured at
periods of 10 to 50 seconds. Resulting dispersion curves for paths around WMQ are gener-
ally consistent with a modified Eastern Tien Shan earth model (Figure 3ab, bold curve) but
nonetheless show significant azimuthal variation. Curves for paths through the Jungarrian
basin (fine dashed line; Figure 1, Figure 3) show the effects of slow basin structure at higher
frequencies. Note that prior long—period studies do not resolve the Jungarrian basin, but
our higher resolution work clearly will.

Recommendations for Future Work

Along with the ongoing measurement of dispersion curves for specific source sites and
stations, we’ll devise tests to determine the lateral extent of such source regions to increase
the reliability and robustness of our path specific approach. Dispersion curves inferred from
our tomographic maps will be tested for their effectiveness in signal extraction, and the maps
may be modified accordingly. We plan analysis of spectral amplitudes and the eventual con-
struction of an attenuation map for western China and later, Asia. Finally, the accumulated
broadband data allows the possible use of body waves and higher modes for source parameter
studies, including accurate determination of depth.
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Figure 1. Map of study area showing locations of stations, events, and paths
discussed in this paper. Elevations are shown as shades of grey in three intervals:
-100 to 1000 m above sea level, no shading; 1000 to 3000 m, light grey; and above
3000 m, darker grey. Large bodies of water are shown by the darkest grey areas.
Source regions A, B, and C, discussed in the text, are identified on the map.
Earthquakes used in making the Rayleigh-wave profile in Fig. 2 are plotted as dia-
monds. Other earthquakes are plotted as open circles, and the East Kazakh and
Lop Nor test sites as open stars. Great circle paths are shown as lines. Dotted lines

are those paths through the Junggarrian Basin with slow group velocities at short
periods in Fig. 3ab.




995 ‘ UISHO Ja)fe SuIL], *90UQI0JoI 10¥ T I3

009 00t 00¢ 0 ur dewt oy} 99§ *,$9T7 PUB (97 USIMIDQ SyInWIZeoeq JOJ nesye[d

_ I N _ N L ueaqL], 9Y) U0 Pajeoo] sayenbyires 10y penord ST uonoas p1osar e
\ (009 quBu oqy U0 “opLI WD 6LL D PUR toLTT “WHY LOL € ‘op1T JO WnuIZE

-3[orq pue WY £OY JO 20URISIP 95BIOAR UR I8 Y :UMOYS 9Je SUOI3I
20Inos 221y ], -Surmsumop 1sadre] oy uo SuruSire owin Ajdwis 4q
pazifenbo oseyd usaq aA®Y 159 AY) UO $A0RI) YL, "ZH £0°0 I& PRIAI[Y
ssed-mo[ 7T uonels je s3uip100a1 Juouoduiod [eoNIaA 7 2In31g

00¥1
238 ()9

LN SR S ——

0021 D 'S

wy e¢
'y

Uy ee
(4%

wy 01
vV 9y

uy o1
¢S

- \ —009

ooy

wy €1 g
79 9w

002 H7ZT ‘Soaem YSID[ARY




‘K1ousgoraiey [erore] 0} anp A[qeqoid 1STX9 SOOUISYIP JURDY
-TUSTS QWOS Inq ‘paAIdSqo o) YIm adeys ur 9a18e A[eIouad
soAIND uorsiadsip [opojN opuew oddn N © PIm (6989°d
TR MO T861) ZOTMOURTIOY JO Gy [opow [eIsTIo £q pajorpaid
soAIND uorsiodsIp [opouwt moys am ‘uostreduwod 10 ‘neaje[d
urJoqL, oY} U0 HZ PUe Y UOL30I 90IN0S UIIMIA( SOAIND
uo1sIodSIP PoAIasqo aJe sdulf uryy, (o) -opuew rddn INHNJ
e YIM (LEbb'd ‘B6 UO[M ‘€661) B 10 ASIBSOI WOIJ UMIONLS
[BISTIO POYIPOWE B UO Paseq SI YOIym ‘UMOYS ST 9AIND AJIO0[oA
dnoa3 Jepowr & ‘(q) pue (&) YJoq U] 'SOARM QA0 10} Ing (q) se
ouwreS (q) "1 @InJry 99§ (p11os) syred jusuroseq uIf[LISAID
Aqurews oydures yeyy syyed ssoy) pue (peyop) urseq uenres3ung
o y3nory ssed jey syjed :sdnoid om) ojur umop usyoiq ore
SoAINO uorsIadsIp oaem-ySIIo[Aey (8) ‘euly) ure}sam ur syjed
P2109[9s 10J SOAIND uolsIadsip Awoea dnoin ¢ am3rg

098 ¢ porrdd
001 0T

07

‘SOABM 9,

001

298 ¢ pored

0l

7 H7Z'T “(P9Y10P) SIARM IA0"
£t pue (pjos) ysp[key (3)
001 01

ABM [3I9]

07

1$°C

0¢

ge

oy

0c

s/ury ¢ AJ00[9A dnoin)




