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Abstract

In this paper, the velocities of 154 stations obtained in 2001 and 2003 GPS survey campaigns are applied to formulate a continuous
velocity field by the least-squares collocation method. The strain rate field obtained by the least-squares collocation method shows
more clear deformation patterns than that of the conventional discrete triangle method. The significant deformation zones obtained
are mainly located in three places, to the north of Tangshan, between Tianjing and Shijiazhuang, and to the north of Datong, which
agree with the places of the Holocene active deformation zones obtained by geological investigations. The maximum shear strain
rate is located at latitude 38.6◦N and longitude 116.8◦E, with a magnitude of 0.13 ppm/a. The strain rate field obtained can be used
for earthquake prediction research in the North China Basin.
© 2006 Published by Elsevier Ltd.
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1. Introduction

The current crustal deformation of China is divided into two parts by the north–south seismic zone which occurs
along the longitude 105◦E (Ma, 1989). The crustal deformation of the western part is more active and one order
larger than that of the eastern part (Shen et al., 2000, 2003). Many investigations have studied the western China
crustal deformations which are mainly controlled by the Indian Plate colliding with the Eurasian Plate (Molnar and
Tapponnier, 1975; Pelzer et al., 1989; Northrup et al., 1995; Royden et al., 1997). Because of smaller magnitudes and
sparse GPS data available in eastern China, the study of the current crustal deformation in eastern China is mainly
limited to some active zones, such as the North China Basin, Taiwan island, etc. (Wu, 1999; Wu et al., 2003a; Yu et
al., 2003). However, in eastern China there is a heavy population. More and more GPS surveys are conducted in this
area including some continuous GPS stations. After 2001 and 2003 GPS surveying campaigns conducted by the State
Seismological Bureau, there are more than 400 GPS station velocities available in eastern China. About half of the GPS
stations are located in the North China Basin, which is one of the most active crustal deformation areas of eastern China.
In this paper, we use these GPS velocities in the North China Basin to study its current crustal deformation pattern.
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Because the velocities obtained may be contaminated by observation errors, the obtained deformation patterns based
on these velocities may be biased from the truth. El-Filky and Kato (1999) applied the least-squares collocation method
to obtain a continuous displacement field based on the discrete observation stations in Tohoku district, Japan. This
method can filter out the short wavelength movements caused by the observation errors (El-Filky and Kato, 1999). In
this paper, we applied the least-squares collocation method to 154 GPS station velocities in the North China Basin. A
continuous velocity filed is formulated and the strain rate distribution on a grid size of about 12 km (0.1◦) is calculated.
The results are compared with the conventional discrete triangle method.

At first, we present a brief introduction of the conventional discrete triangle method and the least-squares collocation
method; then results on the strain rate distribution by each method are calculated and compared. Based on geological
investigations and neotectonic movements, the obtained strain rates distribution is discussed and interpreted.

2. Methods and horizontal strain rate distribution

2.1. Discrete triangle method

Under the assumption of uniform infinitesimal strain, the horizontal strain components can be calculated by the
horizontal displacements of three points of a triangle. Supposing the displacements of the three points to be A : (uA, vA),
B : (uB, vB), and C : (uC, vC), then the strain components can be calculated by (Eringen, 1980):

uB − uA = �xABεxx + �yABεxy + �yABω

vB − vA = �xABεxy + �yABεyy − �xABω

uC − uA = �xACεxx + �yACεxy + �yACω

vC − vA = �xACεxy + �yACεyy − �xACω

⎫⎪⎪⎪⎬
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(1)

where �xAB, �yAB, �xAC, and �yAC are coordinate increments of sides AB and AC, respectively, εxx, εxy, and εyy

are the three components of the plane strain tensor, and ω is the differential rotation (clockwise rotation is positive).
They are defined as:
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where u is the displacement in x direction and v is the displacement in y direction.
As long as the three points A, B, and C are not on a line, there is a unique solution for Eq. (1). Noting that

d = [ uB − uA vB − vA uC − uA vC − vA ]T (3)

x = [ εxx εyy εxy ω ]T (4)

then Eq. (1) can be written as a matrix:

Ax = d (5)

where

A =

⎡
⎢⎢⎢⎣

�xAB 0 �yAB �yAB

0 �yAB �xAB −�xAB

�xAC 0 �yAC �yAC

0 �yAC �xAC −�xAC

⎤
⎥⎥⎥⎦ (6)
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