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Analysis of continuous GPS data 2000–2003 at 50 stations of the Korean GPS Network (KGN) suggests that
the southern part of the Korean peninsula is tectonically more stable than other regions in the Eastern Asia. The
average velocity was ∼1.5 mm/yr and the average overall strain rate was around −0.3 × 10−9str/yr. The obtained
velocity field indicates the presence of anticlockwise rotation of the whole region with respect to Daejeon station
(DAEJ), in the central part of South Korea. It also showed that KM-OB (Kyonggi Massif and the Okchon Basin)
and YM-TB (Yeongnam Massif and Taebaeksan Basin) have left-lateral shearing movements. Both movements
were confirmed by the deformation analysis of the KGN horizontal velocity field using the infinitesimal plate
theory. The results show that South Korea moves toward the WNW direction with a velocity of 0.9 mm/yr with
a slow anticlockwise rotation. The strain field in South Korea indicates the existence of both compression and
tension. The compression and extension axes have WSW-EWE and NNW-SSE directions, respectively.
Key words: GPS, Korean peninsula, horizontal deformation, KGN, tectonic, strain field in South Korea.

1. Introduction
The Korean peninsula is located close to the eastern

Asian active margin, and is located between the North and
South China Blocks and Japanese island arcs as a part of the
Eurasian or Amurian Plate. Two major factors control the
tectonics of eastern Asia: 1) subduction of oceanic plates
(the Pacific Plate and the Philippine Sea Plate), and 2) the
collision of the Indian Plate with the Eurasia Plate result-
ing in the eastward expulsion of relatively small continental
plates (Molnar and Tapponnier, 1975). Generally, the Ko-
rean peninsula is divided into three main Archaean to mid-
Proterozoic blocks (Hurley et al., 1973; Reedman and Um,
1975; Ernst et al., 1988), which are from north to south:
Nangrim-Pyongnam Massif (PB), Kyonggi Massif (KM),
and Yeongnam Massif (YM). The Nangrim-Pyongnam
Massif and the Kyonggi Massif are separated by the Imjin-
gang Belt along the western part of the North Korea–South
Korea border line. The Yeongnam Massif is separated from
Kyonggi Massif by the Okchon Belt (Fig. 1). Past stud-
ies (e.g., Cluzel et al., 1990, 1991a, b; Cluzel, 1992) sug-
gested that the Kyonggi Massif (South China Block) and
the Yongnam Massif (North China Block) collided in late
Permian to early Triassic. Chough et al. (2000) further sug-
gested that KM-OB (the Kyonggi Massif and Okchon Belt)
began to accrete to YM-TB (Yongnam Massif and Taebaek-
san Basin) located east of the Pyongnam Basin.

Recent tectonic evolution of the Korean Peninsula has
been discussed in several publications using different geo-
physical approaches. Kyung (1993) examined the corre-
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lation between the seismicity and the gradient map of the
Bouguer gravity anomaly in the Korean peninsula and sug-
gested that the tectonic boundaries in Korea are associated
with fault lineaments. Choi et al. (1999) divided South Ko-
rea into seven zones, considering the characteristics of the
Bouguer anomaly map. These seven zones include four
major zones, Kyonggi Massif, Okchun Basin, Yeongnam
Massif and Taebaeksan Basin, and three other local zones.
Kim and Lee (2000) divided the Korean peninsula into four
zones by considering seismic activity, geology, major faults,
and tectonic settings. Two of them are located in South Ko-
rea; one covers Kyonggi Massif while the second covers the
Yeongnam Massif, Okchun Basin, and Taebaeksan Basin.

Generally speaking, the recent tectonic environment in
South Korea, shown in Fig. 1, can be understood by consid-
ering the two massifs, i.e. Kyonggi Massif and Yeongnam
Massif, and two basins, i.e. Okchun Basin and Taebaeksan
Basin, separated by the five major faults, i.e. Bongwha-
jae, New-Okchun1, New-Okchun2, Taebk-seogchun and
Yangsan.

Space geodetic techniques, such as Global Positioning
System (GPS), have been used as a useful tool in investigat-
ing global plate motions and regional tectonic movements
(Argus and Heflin, 1995; Larson et al., 1997). A number of
tectonic studies using GPS have been done for the eastern
Asia covering Japan, China and Siberia (Kato et al., 1998;
Shen et al., 2000; Holt et al., 2000). Compared with other
regions in eastern Asia, geodetic or neo-tectonic character-
istics of the Korean Peninsula have not been well known
because of the lack of space geodetic facilities. In spite of
such a difficulty, several studies have been recently done,
e.g. Park et al. (2001) and Hamdy et al. (2004).

By 1992, precise surveying with GPS started in South
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Fig. 1. Recent tectonic setting of South Korea.
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Fig. 2. Map showing the observed velocity field in the Korean peninsula. The error ellipses show with 95% confidence limits. Abbreviations of tectonic
blocks are as follows; TB=Taebaeksan Basin, KM=Kyonggi Massif, YM=Yongnam Massif, and OB=Okchon Basin.
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Fig. 3. Time series of horizontal coordinates for some selected sites with respect to the DAEJ station. Solid lines are the best fit lines for temporal
changes of the east and north components.

Korea with the establishment of the first permanent GPS
station at the Korea Astronomy Observatory (KAO). Then,
the Korean GPS Network (KGN) was established by 2000
with 70 stations as a collaboration by KAO, the Korean
research Institute of Geosciences And Mineral resources
(KIGAM), Ministry Of Governmental Administration and
Home Affairs (MOGAHA), Ministry of Maritime Affairs
and Fisheries (MOMAF), and National Geographic Infor-
mation Institute (NGII). The KGN data quality has been
evaluated by Park et al. (2002). Their results show that

among the KGN stations, 20 stations are instable and should
be excluded from farther geodetic studies. Therefore, we
use the GPS data from the 50 KGN stations to investigate
the horizontal velocities in South Korea and their relation-
ship with the tectonic settings of Korea.

2. Data Analysis
In the present study, we analyzed three years of data

(April 2000 to March 2003) from fifty GPS sites, con-
structed on geologically stable monuments (pillars). Two
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Table 1. The estimated deformation parameters. ω is the angular velocity (10−7degree/year), T is the translation rate (mm/yr), β is the translation
azimuth (degree), α is the azimuth of the principle strain rate of tension (degree), e1 and e2 are the rates of principle strains (10−7strain/year), α and
β are measured clockwise from the north. TB had too few stations and we did not calculate its strain rate. The used velocities in the infinitesimal
plate calculation are the KGN velocities with respect to DAEJ. TB=Taebaeksan Basin, KM=Kyonggi Massif, YM=Yongnam Massif, OB=Okchon
Basin, the blocks were taken from Chough et al. (2000).

Block ω T β Dilatation Shear e1 e2 α

KM −4.5 1.3 −103 0.5 0.3 0.38 0.11 −22

OB −8.5 1 −163 −0.1 0.2 0.47 −0.19 −12

TB — — — — — — — —

YM 2.8 0.7 −11 −0.5 0.1 0.38 −0.89 15

KM+OB −5.1 1 −120 0.2 0.4 0.28 −0.66 −28

YM+TB 1.2 0.8 −20 −0.2 0.1 0.52 −0.74 7

Korea −6.8 0.9 −87 −0.3 0.8 0.37 −0.47 −15
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Fig. 4. Deformation of South Korean blocks (2000–2003). A, B and C
show cases assuming 4, 2 and 1 blocks, respectively. Arrows are not
to scale (for the values see table 1). Abbreviations are the same as in
Fig. 2.

of them (DAEJ and SUWN) are International GPS Service
(IGS) stations, (Fig. 2). The Bernese software version 4.2,
IGS final orbits, satellite clock offsets, and IGS Earth ori-
entation parameters were used for data processing. The tro-
pospheric delays were estimated and the quasi-ionosphere
free (QIF) strategy was employed for the ambiguity resolu-
tion (Beutler et al., 2001). Due to the large amount of data
collected by the network and limited computer resources
(memory and computing time), 8 clusters of observations
had been adopted and a parallel processing strategy was im-
plemented using the Bernese Processing Engine (BPE). To
unify the datum definition for the KGN stations and to pro-
cess all the clusters in one reference frame (ITRF97), three
tie stations DAEJ, SUWN and JUNJ were incorporated in
each cluster. The ADDNEQ program of the Bernese soft-
ware was used to combine all the normal equations. The
cluster solutions are first obtained on daily basis, and then
weekly solutions were produced. These normal equations
were combined into free solution for the purpose of outlier
detection. After the exclusion of all the outliers, a solution
was generated fixing the DAEJ station in the ITRF97 refer-
ence frame.

Finally, the station velocities relative to DAEJ were esti-
mated by using least squares linear fitting for the station po-
sition time series after removing the weekly solutions con-
taining outliers. Figure 2 represents the multiyear veloci-
ties of the KGN together with their error ellipses showing
the 95% confidence limits. Figure 3 shows examples of the
obtained time series.

3. Discussion
The obtained horizontal velocity field (Fig. 2) in South

Korea reveals that: 1) the average velocity (1.5 mm/yr)
is relatively small reflecting the high stability and small
seismic activity of the Korean Peninsula (see KMA, 2001;
Hamdy and Jo, 2002), 2) Most of the Kyonggi Massif (KM)
stations move toward southwest, 3) Taebaeksan Basin (TB)
stations move toward northwest, 4) Okchon Basin (OB)
stations move toward south to southeast, and 5) Yeongnam
Massif (YM) stations move toward northeast. A closer
look at the velocity map (Fig. 2) suggests that South Korea
rotates anticlockwise and that KM-OB and YM-TB blocks
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Fig. 5. Focal mechanisms of recent major earthquakes in and around the Korean Peninsula (Jun, 1990). Empty and full small circles in the focal sphere
represent T and P axes, respectively.

show slow left-lateral movements.
In order to study present deformation of South Ko-

rea, the obtained horizontal velocities were analyzed us-
ing the infinitesimal plate theory (Harvey, 1985; Grant,
1990; Hamdy, 2001). There we assume that the deforma-
tion is infinitesimal when the changes in the line elements
between any two points are much less than the distance
between these points. This assumption is reasonable for
crustal deformation in the geodetic time window (up to 100
years). The general equation used for the strain calculation
is X2 = (S + R) X1 + T , where X1 and X2 are the posi-
tion vectors, S is a symmetric matrix representing the strain
tensor, R is the matrix of the rigid body rotations, and T is
the translation of the whole body (any body can translate,
rotate and/or deform if exposed to force fields).

We study here three cases of deformation analysis: four
blocks, two blocks and one block (deformation of the whole
South Korea). In the first case, we divide South Korea into 4
blocks according to the geological settings, i.e. two massifs
KM and YM and two basins OB and TB (Hurley et al.,
1973; Reedman and Um, 1975; Ernst et al., 1988). Our
deformation analysis results (Fig. 4(a), Table 1) show that
the KM and OB rotate anticlockwise, while the YM rotates
clockwise. The maximum tensile strain was found to be
5×10−8str/yr in KM, while OB and YM had compressional
strains. On the other hand, the maximum shear strain rate
was 3 × 10−8str/yr in KM. The deformation parameters for
TB were not calculated because of inadequate amount of
data.

Our velocity map (Fig. 2), along with the hypothesis of
continent-continent collision between the KM-OB and YM-
TB (Cluzel et al., 1990, 1991a, b; Cluzel, 1992; Chough

et al., 2000), encourages us to consider the two blocks
case. The results (Fig. 4(b) and Table 1) show that KM-
OB translate toward WSW and rotate anticlockwise, while
YM-TB translate toward NNW and rotate clockwise, that
is, KM-OB and YM-TB show left-lateral movements. The
strain in KM-OB was tensile (2 × 10−9str/yr), while that in
YM-TB showed contraction (−2 × 10−9str/yr).

Finally, the overall deformation parameters in South Ko-
rea were investigated. Our results show WNW translation
as fast as 0.9 mm/yr accompanied with anticlockwise rota-
tion. The principle axis of tension was NNW-SSE while the
compressional axis was WSW-ENE (Fig. 4(c) and Table 1).
These directions can be compared with earthquake mech-
anisms as shown in Fig. 5. Jun (1990) determined focal
mechanisms and source parameters of seven shallow earth-
quakes with magnitudes grater than 5.1 and less than 6.3.
His results show that the earthquake mechanisms in and
around the Korean peninsula were predominantly strike-slip
with small amount of thrust components. Their P and T
axes were ENE-WSW (N71◦E) and NNW-SSE direction,
respectively. Furthermore, Jun et al. (1999) investigated
22 large intra-plate earthquakes in and around the Korean
Peninsula (from 1963 to 1996), and concluded that the av-
erage P axis is almost horizontal and in the ENE-WSW di-
rection. The observed overall compressional strain rate in
South Korea was about 0.3×10−9str/yr, and the shear strain
rate was about 8 × 10−9str/yr. Such strain rates are about
two orders of magnitude smaller than those in active areas
such as Japan (EL-Fiky, 2000), a result consistent with the
smaller seismicity of the Korean Peninsula.
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4. Conclusion
The observed horizontal velocity field in South Korea re-

vealed that: 1) the average horizontal velocity is as small
as 1.5 mm/yr reflecting the high stability and small seis-
mic activity of South Korea, 2) southern part of the Korea
Peninsula rotates anticlockwise, and 3) the KM-OB (Ky-
onggi Massif and the Okchon Basin) and YM-TB (Yeong-
nam Massif and Taebaeksan Basin) have left-lateral relative
movements.

The strain analyses in South Korea showed that: 1) KM-
OB translates toward the WSW direction with slight anti-
clockwise rotation, while YM-TB translate toward NNW
with small clockwise rotation, 2) the southern part of the
Korean Peninsula moves toward WNW by 0.9 mm/yr and
rotate clockwise by −6.8 × 10−7deg/yr, 3) the principle
axis of tensile strain in South Korea is NNW-SSE direction
(compressional axis is WSW-ENE), which agrees with the
earthquake source mechanisms, and 4) the average strain
rate in South Korea is as small as −0.3 × 10−9str/yr (com-
pression).

The results, obtained with three years of observations at
50 permanent GPS stations, revealed tectonic framework of
the southern part of the Korean peninsula. Future velocity
data with longer time span, together with detailed studies
of other geophysical techniques (e.g., gravimetry, seismol-
ogy and magnetism) will help us fully understand the plate
tectonic setting of the Korean Peninsula.
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