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3-D Crustal Velocity Tomography in the Southern
Part of The Korean Peninsula

So Gu Kim* and Qinghe Li**

ABSTRACT : A new technique of simultancous inversion for 3-D seismic velocity structure by using direct, reflected,
and refracted waves is applied to the southeast part of the Korean Peninsula including Pohang Basin, Kyongsang Basin
and Ryongnam Massif. Pg, Sg, PmP, SmS, Pn, and Sn arrival times of 44 events with 554 seismic rays are inverted for
locations and crustal structure. 6X 6 with 0.5° and 8 layers (4 km each layer) model was inverted. 3-D seismic crustal
velocity tomography including eight sections from surface to Moho, ten profiles along latitude and longitude are analyz-
ed. The results are as follows: 1) the average velocity and thickness of sediment are 5.04 km/s and 3-4 km, and the
velocity of basement is 6.11 km/s. The shape of velocity in shallower layer is agreement with Bouguer gravity anomaly
(Cho et al., 1997). 2) the velocities fluctuate strongly in the upper crust. The velocity distribution of the lower crust
under Conrad appears basically horizontal. 3) the average depth of Moho is 30.4 km, and velocity is 8.01 km/s. 4) from
the velocity and depth of the sediment, the thickness, velocity and form of the upper crust, and the depth and form of
Moho, we can find the obvious differences among Ryongnam Massif, Kyongsang Basin and Pohang Basin. 5) the deep
faults (a Ulsan series faults) near Kyongju and Pohang areas can be found to be normal and/or thrust faults with de-

tachment extended to the bottom of the upper crust.

INTRODUCTION

The tomographic inversion of local seismic travel
time data has been become a very efficient technique
to study the earth's 3-D crustal structure with ever-
increasing availability of more powerful computers
and higher quality of seismic data. Many scientists
have studied the seismic inversion methods (Aki, Lee,
1976; Backus, Gilbert, 1967, Benz, Smith, 1984;
Crosson, 1976; Hawley et al.,, 1981; Koch. 1985a, b,
1993; Lees, Crosson, 1989; Liu, 1984; Sambridge,
1990; Tarantola, 1987, 1992; Thomson, Gubbins,
1982; Thurber, 1983, 1985; Walck, Clayton, 1987).

The major problem of seismic tomography inversion
is the multi-solutions. The coupling phenomena bet-
ween hypocentres and seismic velocities make the
seismic tomography from the relative results of velo-
city and hypocentre. One of procedure is decoupling
of hypocentres from the structure which reduce the
dimensions of the matrix of the Frechet derivative
significantly, or the use of subspace method. The uses
of linear equations to non-linear inversion make bias
distortion of the result from practice. However, in case
when the initial model is well chosen and is suf-
ficiently close to the true minimum of the objective
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function, a linear or at least a quasi-linear treatment
appears to be vindicated. The ill posed of the seismic
inversion which induced by the trade-off between
hypocentres and seismic velocities is most complex.
Whereas the concept of regularization is fairly well
understood for linear inversion, one has to use a gene-
ral theory for the non-linear inversion (Koch, 1993).

The increasing of independent parameters to attend
inversion is key for physical meaning. As we know,
it is not increasing the amount of data (of course, the
co-linear data have to be need), but if the indepen-
dent data which possess common physical base as
constrained condition participates in inversion, may
be these data can help to solve the puzzled of pure
mathematical algorithm,

In this paper, we introduce the seismic inversion
basic principle, constrained inversion methods, inclu-
ding P and S wave simultancous inversion, combining
DSS (deep-seismic sounding) and earthquake data, opti-
mal regularization and error estimation. Pg, Sg, PmP,
SmS, Pn, and Sn are common phases understood by
the most seismologists. The relative seismic phases
have similar seismic ray paths, so they can mirror the
same interface. We can inverse the phase readings
simultaneously by using them as constrained condition
to reduce multi-solution of results. Because the rays of
Pg, PmP, and Pn propagate through different parts of
crust, so combining them can get the information from
top to bottom of the crust. According to above me-
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thods, the computer program “3DZL" was performed.

The Korean Peninsula is located near the boundary
of the Pacific plate and the Eurasian plate. In the
view of plate motion, this peninsula is a transition
zone of two plates. The deep structure can reflect the
induction and deduction of plate motion. But up to
now, there is a blank for 3-D seismic velocity dis-
tribution. The area of southeast of Korea Peninsula is
a tectonic active region. The Kyongsan Basin, the
Pohang Basin and the Ryongnam Massif play im-
portant rolls in tectonic research. We give the 3-D
seismic inversion tomographic results including 8
sections from surface to Moho, 10 profiles along
latitude and longitude respectively, and Moho depth
distribution. According to these images, we analyzed
the structural characteristics of sedimentary, basement,
the upper crust, Conrad, the lower crust and the
Moho. The deep fault features were investigated, and
the major difference of deep structure for different
geological province was studied.

METHODOLOGY
Basic principle

The general expression for the seismic traveltime T;
between ith (i=1, 2, --'m,) event and jth (=1, 2, --n,)
station is:

Ty= 1, u@ ds M

where is position vector, u(r)=1/v(r) is wave slowness,
v(r) is velocity vector, L; is ray pass between
hypocentre and station, and ds is ray element.

The traveltime T is a non-linear function of velocity
v. Using Fermat's principle, the first correction of tra-
veltime is induced by the perturbation of wave slow-
ness, as well as the unknown source. So the per-
turbation equation can be written as (Liu, 1984):

8Ty =| 1, Guds +&x;q -V, T @

where (q=1, 2, 3, 4) are latitude, longitude, depth and
original time of source.
For m, events and n, parameters of waveslowness:

c=(A,B) y=(6vh &T)T (3)

where t is traveltime vector, ¢ is coefficient matrix,
and y is a solve vector including source parameter
0x and model parameters dv.

t=(t;, tyy =ty )T )

A:(Al, AZ, Ame)T
B =diag (B!, B, ---B™)T

t=cy

=] =—ds ©®)
A J'LIJ vy

B oT;;

i ok,
I=nc(i—1)+j (6)
q=4(i-1)+k

where m=m. Xn, , A is mXn matrix, B is m X4m,
matrix, t is the residual time vector of m dimensions,
if tigo) is observational arrival time, and O; is “guess

original time, then:

§=t0-0;-T,, 0
I =n,(i—1)+j
Ox = (0xy, 0%y, ** O%m, )T ®

vx = (8, 8y, -+ 6Vm, )T

Under non-constrained condition, the solution vec-
tor of equation (3) can be indicated as minimum norm:

2
[t=cyll;=m (10)

The formula (9) is equivalent to minimum norm
solution dv.

If the orthogonal projection operator of image
space T'(b) in which @™ project to B, B* is general
Moore-Penrose inverse matrix of B, was writeen as :
P=BB’, then (9) can be rewriteen as:

lt-cy ;= . (10)
| Pe(t—cy) Il;+ I| A-Pe)t—cy) || = min

where I is unit matrix, insert (3) to (10), then

lt-cyll>= an
| Pe(t— ASY)~Béx || +
I 1-Pg) t—-(t~Pp) Adv || = min

(11) is equivalent to minimum norm solution &v and
8x respectively:

I 1-Pp)t-(1-Py) ASV |2 = min (11a)

I Py (t-A8V)-BS% ||} =min (11b)

After some calculating, we can get the model
estimation of and respectively.

Constrained inversion

A. P and $ simultaneous inversion
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We know that the earthquake source can emit P
and S wave spread for the spherical surface. Since
the P and S waves can reflect the same interface, we
can inverse them simultaneously as constrained con-
ditions to reduce multi-solution of inversion. Because
Pg and Pn phases can be distinguished easily as the
first arrivals in various distances, the amplitude of

. %

PmP is stronger in suitable distance, so Pg, Pn, PmP
and corresponding Sg, Sn, SmS are common phases
understood by most seismologists. The rays of Pg,
PmP, and Pn propagate through different parts of
crust, so the combining of them can get the informa-
tion from top to the bottom of the crust, especially
the seismic rays from PmP and Pn can thread up-
going to the upper crust, so the information density
in the upper crust is investigated.

We are also interested in detecting the behind deep
faults due to the anisotropy of high fluid pressure in
the upper crust. In this study we use Pg, Sg, PmP,
SmS, Pn, and Sn to inverse whole crust for incre-
asing the constrained condition for inversion.

B. Combining the DSS data and earthquake
data to simultaneously inverse

Having DSS data, accuracy location, original time
and dense stations on line the reliability of the
seismic tomography is increased, since the accuracy
of result of DSS is higher than earthquakes.

Assume there are m, explosions and m, earthquakes,
then equation (11) can be rewriteen as (Li ef al., 1994):

I P,~P, |2 = min (12)

tm1 Am]
Pl - [(I - PB)th:l P2 - |:(I - PB)Am2 (13)

If we set velocity constrain for 2-D velocity stru-
cture from DSS, then (12), (13) can be rewritten as:

2 .
| P,—P, ||2=m1n (14)

Vm1 Am1
. {G—Pg)tm h= (I—PB)AmJ )

where v,, denotes velocity known.

If there are several DSS lines across on same arca,
we can construct them as a fixed model to use above
formulae (12-15).

Optimal regularization

We select Leveaberg-Marquardt method to get the
optimal regularization. It is demonstrated that the LM

method, in spite of its computational inexpediences
has various properties that make it best suited for the
solution of both the general non-linear inverse pro-
blem and its linearized subproblems. (Koch, 1993).

Database

We constructed database to get the results of
profiles to analyze the velocity distribution as depth
directly.

Error estimation

Following equations are used for estimating reso-
lution and error.

a) The resolution of the model is computed from
the resolution matrix:

R=(BTB+kI)"!B"B (16)
b) The covariance of solution is:
cov(8v)=(BTB+kI) ' Rc® 17

In (16) and (17), R is resolution matrix, B is
Jacobian matrix and B=VT, B" is a transposed matrix
of B, I is unit matrix, 6v is model vector, and & is
the variance of the data which is either estimated a
priori or is evaluated from the a posteriori residual
sum squared. ‘

GEOLOGICAL BACKGROUND OF
RESEARCH AREA

Cho et al. (1997) introduce briefly the geological
background of southern part of the Korean Peninsula.
The Korean peninsula constitutes in general, the
eastern part of the Sino-Korean Paraplatform. The
southern part of the Korean Peninsula is composed
of NE-SW frending geologic provinces. They are
from the northwest to southeast, a) the Precambrian
Kyonggi Massif consisting of gneisses and schists, b)
the Ogcheon Fold Belt with Paleozoic and Mesozoic
marine and non-marine strata, c) the Precambrian
Ryongnam Massif composed of gneisses and schists,
d) the Cretaceous non-marine Kyongsang Basin and
the Neogene Pohang Basin. Besides, the volcanic
province of Quaternary age, Cheju island, is situated
off the south coast.

Southern Korea comprises most of tectonic provin-
ces arranged in NE-SW direction: the Cretaceous Ky-
ongsang Basin, the Precambrian Ryongnam massif, the
Ogcheon Fold Belt and the Precambriar. Kyonggi
massif from southeast to northwest. The massifs are
basement complexes consisting largely of gneisses and
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subordinately Jurassic granite. The Late Triassic Song-
rim Disturance and the Jurassic Daebo orogeny, which
was accompanied by strong plutonism and volcanism
played important roles in structural deformation and
metamorphism of pre-existing rocks.

In the Korean Peninsula three tectonic alignments
are prominent and well expressed by its topography.
The alignment direction is the one that trends N-NW
and is represented by the Taebaek Mountains, which
runs parallel to the east coast in South Korea. The
alignment direction in south Korea probably ori-
ginated from a tilting along faults close to the shore
in the east Sea. The titling has created the topo-
graphic characteristics of the peninsula, which is
characterized as a whole by mountainous regions in
the east and lowlands in the west. Therefore we can
see major direction of alignments NE-SW in inland
and NW-SE near the coastal areas of the southea-
stern parts of Korea.

The Sinian direction is represented by a NE-SW
direction which is mainifested by the trend of the
Okcheon Zone and a distribution pattern of the Daebo
granite batholith of the Jurrasic to Early Createceous.
In the southern part of Korean Peninsula the direction
is well expressed by a few mountain ranges such as
Kwangju, Charyong, Sobaek, Noryong and Togyu
ranges from north to south.

The Ryongnam Massif is situated in the southern
part of Korean Peninsula bounded by a fault with the
Okchon Folded Belt on the northwest and with the
Kyongsang Basin. The Fig. 1 illustrates stations,
events, and seismic rays in our research.
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Fig. 1. The seismic ray paths for the southeastern part of
South Korea Triangles and stars indicate stations and
events, respectively.
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DATA PROCESSING
Data

There are 10 seismic digital stations installed by
KIGAM around research area, Table 1 illustrate the
stations parameters.

The data used in research area are local arrival times
of 44 earthquakes occurring between December 1995
and December 1996. The local magnitude (M) of the
carthquakes range between 1.6<M;<3.3. Depending on
their sizes, events have been recorded at 3-8 stations.
The epicentral parameters were relocated by using
KMA bulletins, KIGAM reports, HYPO71PC, and
single station 3-comp. method (Kim and Gao, 1997).

We analyze three seismic phases to inverse velo-
city structure and relocation.

a) Pg the epicentral range of 20~120 km as the
first arrival pickings, and they are direct waves,
almost they emitted upgoing from source to stations.
Because these phases are tip and clear, so the
accuracy of them is higher and can reach 0.1~0.2s.

b) PmP the reflection waves from the Moho, and
the epicentral range of 90~250 km to use, including
overcritical distance. This phase has stronger am-
plitude even thought it is as a later arrival phase after
some wavelet. The accuracy of picking up can reach
about 0.2s.

c). Pn the refraction waves along the Moho. From
160 km it can emerge as the first onset but amplitude
is small. They are clearer and tip with increasing
epicentral distance and the duration time between Pn
and PmP are longer. However, because the energy
from Pn is not stronger, so the onset is not clear on
some distance, and the accuracy is not higher. We
think the accuracy can reach about 0.2s.

d). S-wave including Sg, SmS, and Sn corres-
ponding to Pg, PmP and Pn. They are later phase, so
determining the arrival is difficult and the error will

Table 1. Station parameters.
Latitude Longitude Height
M S D M S km

19 BBK 35 34 48 129 26 24 02
20  CHS 36 10 48 129 05 24 02
21  DKJ 35 56 24 129 06 36 0.2
22 HAK 35 55 48 129 30 00 0.2
23 KIM 34 49 48 128 35 24 02
24 KMH 35 10 48 128 55 48 0.2
25 MAK 35 22 12 129 10 48 0.2
26 MKL 35 43 12 129 14 24 02
27 GRE 35 03 00 127 12 00 02
32 CGD 35 36 00 128 49 59 0.2

No  Statio
"D
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be larger, and we think the accuracy will be about
0.2~0.3s.

The hypocentres are subjected to certain quality
criteria. Thus the following events are eliminated
from the inversion if: (1) they occur outside the area
of the model (2) the quality of the hypocentre
location attributed by HYPO71 is poor in case of
fewer than three stations recorded. These criteria
reduce the original events, finally we select the data
to inverse as 44 events with 153 for Pg and Sg, 91
for PmP and SmS, and 33 for Pn and Sn in the
research area.

Mode and Initial model

We select plane layer block model with discrete
velocity parameters. For this model, each horizontal
layer is divided into blocks of equal size. A constant
velocity is defined at each block. Within each layer
and among different layer the interpolating function
was used. This makes the model applicable to 3-D
ray tracing techniques. Fig. 2 shows map of study
area and seismic profile lines (B-B', C-C', M-M/, and
N-N).

According to the data and geometry of research
area, we determine inversion mode as:

Scope: 34.5°~37.5°N, 127°~130°E

ar

38"

35"

126° N . . 130"

Fig. 2. The seismic cross section map. The seismic pro-
files of B-B', C-C', M-M,, and N-N' are given in Fig. 4.

Table 2. Initial model.

Block: 6 6 with 0.5° (44.2x55.3) km

Layers: 8 layer with 4 km each layer.

According to former research results (Kim & Kim,
1983, Kim & Jung, 1985, Kim & Lee, 1994), we try
to calculate several tens models to test the stability
of various models. After comparing them we de-
termine the initial model shows as Table 2.

Inversion processing

We had experiments to test the suitable model.
The test results demonstrate that for various models,
the Moho form and the velocity distribution are
similar basically. It means that the inversion method
is independent of the initial model, and the result is
stable. Of course, the model result is close to actual
practical situation.

Optimal solutions will then be retrieved using the
various optimal regularization techniques, lengthy
objective and subjective evaluations of these models
and of some personal judgement based on the practical
experience of the author. The trade-off characteristics
for regularization and resolution have to be performed.

In addition, optimal solutions are also eventually
based on the minimization criteria for the non-linear
objective function, or the total residual sum. The
RMS value of the traveltime residuals obtained for
most of the seismic events lie in the range 0.1~0.2s.
The standard deviations for the epicentral coordinates
are 2 km and for the depth is 5 km. In our computer
program, we have a termination criterion for the
iteration. The final result is comfortable for the
above.

We got 8 isovelocity tomography cross sections
corresponding to the stratified model (See Figs. 3a
and 3b). The Moho distribution was also obtained
(See Fig. 4). According to our main interests, we
construct 4 seismic profiles along latitude and
longitude. These images are shown on Fig. 5. The
confidences of results in four comners are less
because the rare seismic rays pass through that area.

Fig. 3a and 3b show the tomographic sections from
surface to Moho. Fig. 4 is the Moho distribution. The
inversion scope and profiles are shown in Fig. 4. Fig. 6
also shows the velocity model obtained from receiver
function (Lee, 1997). The Moho depth is estimated is
as 28.0 km from this analysis.

Layer 1 2 3 4 5 6 7 8
Depth (km) 0-4 4~8 8~12 12~16 16~20 29~24 24~28 28~32
Velocity (km/s) 5.00 6.18 6.35 6.45 6.65 6.90 7.40 8.05
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Fig. 3a. The isovelocity map along the horizontal plane. Each block thickness is 4 km including 1st through 4th layer. We
can sce the high velocity at 3~4 km and low velocity at 1 km near Pohang area.
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Fig. 3b. The same as Fig. 3a but from 4th through 8th layer. We can see the low velocity layer at the lower crust.
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Fig. 4. The cross sections of the seismic profiles along the vertical planes. We can see the velocity anomalies near Pohang,
Kyongju, and Ulsan areas from the seismic profiles, B-B', C-C', M-M' and N-N'.

129 130

Moho depth
Fig. 8. The contour map of the crustal thickness under the southeastern part of South Korea from 3-D seismic tomography.
The Crustal thickness are determined as 30.7 and 29.5 km mear the Kyongsang and Pohang basins, respectively.
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Fig. 6. Inversion of receiver functions for the Pohang station (PHN). a) individual (dashed, dotted) and stacked (solid) re-
ceiver functions for NW direction for teleseismic events and NE direction for deep-focus events. b) final (thick solid) and
initial (thin dotted) velocity models for the Pohang station. ¢) receiver function waveform fits, thick and thin solid lines in-
dicate stacked and synthetic receiver functions, respectively (Lee, 1997).

MAJOR RESULTS Combining the profiles and horizontal sections (see

Fig. 3a, 3b, 4, and 5), we can get the information for
Sedimentary Layer and Basement basement and sedimentary layer as follows:
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The average velocity in sedimentary rock is 5.04
km/s in general, in some region it can reach 5.5
km/s. The depositing thickness of sediments are
about 3-4 km in general, but for various regions they
are not the same, and deepest is 6 km in some area,
and it appears shallower (about 2-3 km). The sedi-
mentary layer has 4-5 velocities strata, they are 4.8,
5.4, 5.6, 5.8, 6.0 km/s respectively. The area con-
toured by 35.5°~37.5°N, 128°~129°E except the not-
theast and southwest corner represents deeper deposi-
ting, especially following areas: a) 35.5°~36.2°N, 128.
7°-129.5°E (about Kyongju, Yongchon, near Pohang),
it is Pohang Basin; b) 36.4 (-N, 127.8 (-128.7 (E
(about Sangju, Chungju), it is a part of Kyongsang
Basin. We can see a velocity model of Pohang sta-
tion using receiver functions from Fig. 6 (Lee, 1997).
We can see the rapid velocity gradient at about 3~5
km and the low velocity layer at about 10 km deep
and the Moho depth is estimated as 28 km.

The average basement velocity is 6.11 km/s, and _

highest is 6.18 km/s and lowest is 6.02 kmy/s.

a) In the Bouguer anomaly map, there is a triangle-
shape region, ie. contoured by (37°N, 129.2°E),
(35°N, 127.7°E) and (35.2°N, 129.4°E), the higher Bou-
guer anomaly (10~65 mgal) exist, and we can see also
that in (36.8°N, 130.0°E), (34.5°N, 128.2°E), (34.7°N,
129.7°E), the velocities are higher.

b) In the northwest of a line linked between two .

points (37°N, 129.0°E) and (34.3°N, 126.8°E), there
are lower Bouguer anomaly (-45-0 mgal). On the
same site the velocities are lower.

¢) In a small area (35.5°~36°N, 128.5°~129.0°E),
there are lower velocities and lower Bouguer ano-
maly, especially, the position with lowest velocity is
coincident lowest Bouguer in the same area.

d) A small area with higher velocity (36°~36.5°N,
128.5°~129°E, v=5.08~5.17 km/s) has higher Bouguer
anomaly (10 mgal).

€) There are two lowest Bouguer anomalies regions
with 10~20 mgal, in the same area, the velocities are
lower with 4.93~4.99 km/s.

Conrad discontinuity

In the result of research tomography, there is a
velocity discontinuous layer that is divided into the
upper and the lower. The characteristics of isove-
locity contour in the two parts are remarkably
different. This interface is Conrad discontinuity. In
the upper crust, the velocity distribution form flu-
ctuate obviously, some higher (lower) velocity layer
(body) embed in normal layer. But in the lower crust,
horizontal velocity layer can be displayed.

The average velocity on Conrad layer is about 7.06

km/s, the highest is 7.14 km/s, and the lowest is 6.92
km/s. The average depth of Conrad is 21.2 km with
26.1 km deepest and 14.5km most shallow.

The moho discontinuity

Fig. 5 is the Moho depth distribution. The average
depth and velocity of Moho in research area is 30.4
km and 8.01 km/s with 8.07 km/s (highest) and 7.92
km/s (lowest) respectively. The form represents dee-
per in west and shallower in east. There are three
small areas with shallower depths: a) 35.3°~36°N,
128.5°~129.2°E (around Taegu), the depths are about
28-30km; b) 36°~37.2°N, 129°~130°E (around An-
dong, Yongdok, Pohang), about 28~30 km; c)
37.3°~37.5°N, 128.4°~129°E, with 28~30 km. Deeper
Moho areas are: a) 35.3°~36°N, 129.2°~130°E (aro-
und Kyongju, Ulsan), about 30~31.5 km; b) west of
129(E except above shallower area, it is about 30~
31.8 km, the deepest is 34.5°~35.5°N, 127°~128.3°E
(around Sunchon), about 31.8 k.

We found that in the Ryongnam Massif the Moho is
deeper, in Kyongsang Basin and Pohang Basin the
Moho is shallower. It is an essential feature of this area.

Major characteristics of the upper crust

The crust of research area can be divided into the
upper and the lower parts. The interface is Conrad.
From surface to 20~21 km is the upper crust. The
upper crust has four velocity layers except for the
sedimentary layer.

For the first layer under basement, the average
velocity is 6.11 km/s, and the scope variations are
6.02~6.18 km/s. This layer presents horizontal
basically and the thickness is 1.5~2.5 km in general,
and most thick is 5 km and shallow is 1km.

The average velocity of the second layer is 6.35
km/s and the highest is 6.42 km/s, and the lowest is
6.25 km/s. The thickness of isovelocity changes from
1 km to 13 km, appearing stronger inhomogeneity.

The average velocity of the third layer is 6.58 km/s
and the highest is 6.66 km/s, and the lowest is 6.47
km/s. The thickness variegates from 2 km to 15.2 km.

The average velocity of the fourth layer is 6.82
km/s, the highest is 6.90 km/s and the lowest is 6.70
km/s. The thickness variegates from 2 km to 15.6
km, the inhomogeneity can be found.

A remarkable boundary line among higher and
lower area is coincident with different geological
province. On the profiles scope, the Ryongnam
Massif, Kyongsang Basin and Pohang Basin present
higher area, lower area (including small higher area)
and higher area respectively, the outline shows the
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boundary line for various geological provinces.
The major characteristics of the lower crust

A remarkable feature of the lower crust is that the
form of the lower crust appears horizontal basically.
The depth from 21.2 km to Moho (30.4 km) is the
depth scope of the lower crust. There are three
velocities layer in the lower crust. ie., the first layer
has average velocity of 7.06 km/s with 4.3 km
thickness, and it is Conrad layer. The second layer
has average velocity of 7.32 km/s with 2.7 km
thickness. The third layer has average velocity of 7.61
km/s with 2.2 km thickness.

The stronger inhomogeneous upper crustal
velocities and horizontal stratified lower crust may
indicate that the tectonic movement happened mainly
in the upper crust. In contradiction to some area of
inter-plate or intra-continent where the Moho and the
lower crust has stronger inhomogeneity, the different
lower crust form may reflect that the tectonics and
movement manner, evolution and geodynamics in
this area are not similar to above area.

For the kyongsang basin and pohang basin

The tectonic situation

Kyongsang Basin was formed in front of the
Ryongnam Massif after the fading of the Daebo
Orogeny. It extended to the western Japan which was
located close to Asjan Continent during the Cretaceous
to Early tertiary before drifting to the southeast of its
present position. The Kyongsang Basin is a broad
downwarpring basin, rising slightly in the east near the
present southeastern coastal area.

The Cretaceous sediments in the basin exhibit a
kind of molasse type consisting of conglomerate,
sandstone, shale and some pyroclastics. The sediments
have been differentiated into the so-called Nagtong,
Silla and Bulguksa Series in ascending order. As to
the depositional environment there are wide ranges of
opinion, such as floodplain and lacustrine.

Due to pre-existing topography prior to the sedimen-
tation, the basin is subdivided into the Yongyang,
Uisong and Kyongsang proper subbasins from the
northeast to the southwest. The sedimentary formations
m the basin dip generally southeast showing ho-
moclinal nature, thought broad open folds exist in
many places. At the close of Cretaceous intermediate
volcanic rocks extruded onto the basin covering the
southcentral part of the basin forming the Yuchon
Group. Subsequent to th volcanic activity with age
ranging from Late Cretaceous to Early Tertiary.

Trends of faults in the basin area show predo-

minantly a north-northeast direction with subordinate
west-northwest and east-northeast tendencies. Plate
tectonic movement affected the Kyongsang Basin from
the Late Cretaceous to Tertiary as the Japanese Islands
drifted southeastward from the Asian Continent.

The Pohang Basin is composed of terrestrial
sediments at the lower horizons and marine sediments
at the upper horizons. Both of them belong to the
Miocene, but the later rests unconformably on the
former. These formations show a monotonous structure
striking north-northeast and dipping east with minor
open fold in this places (Kim, 1982).

The feature of sediment and basement

There is a obvious shallower boundary line bet-
ween Kyongsang Basin and Ryongnam Massif on
the shallower layer, see first layer section (Fig. 3a).
From Fig. 4 and 5 we can calculate the velocity
distribution and buried depth form. In general, the
average velocity in shallower layer (0~4 km) of the
Kyongsang Basin is 5.06 km/s except a small area,
higher than the Ryongnam Massif (4.98 km/s). The
small area is near Taegu, has lower velocities, about
4.93~4.99 km/s. The lower velocities area is co-
incident with lower Bouguer anomaly area (0~10
mgal) (Cho et al, 1997). The buried sedimentary
depth of Kyongsang Basin are 3~4.2 km. In the
Ryongnam Massif, h=2.5~4 km. The velocity of
basement in the Kyongsang basin is 6.07~6.18 kmy/s.

The buried sedimentary depth of Pohang Basin is
3~4.5 km, and average velocity is 5.15 km/s, it is
higher than Kyongsang Basin and the thickness of
deposit is more than later. The velocity of basement
is 6.11~6.18 kmy/s for Pohang Basin.

The feature of upper crust

From the Fig. 4, we can find the features of the
upper crust among Ryongnam Massif, Kyongsang
Basin and Pohang Basin are very different.

In the Pohang Basin, the velocities of the upper
crust are higher, that is, the form of velocity ascends.
In the Kyongsang Basin, the velocities of the upper
crust are lower, that is, the form of velocity descends
(See Figs. 3a and 3b). In the primary impression
from the rough data in the Ryongnam Massif, the
velocities also ascend.

The moho form

The Moho depths are 29.5km for Pohang Basin,
30.7 km Kyongsang Basin and 31.1 km for Ryong-
nam Massif respectively.

General impression
For Pohang Basin, Kyongsang Basin and Ryong-
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Table 3. Major features of various provinces.

Ryongnam Massif Kyongsang Basin Pohang Basin
Sediment Thickness (km) 342 345
Velocity (km/s) 5.06 5.15
Basement Velocity (km/s) 6.02~6.18 6.07~6.18 6.11~6.18
Upper crust Velocity (km/s) Higher Lower Higher
Moho Depth (km) 30.7 29.5
Middle Shallow

nam Massif, the velocity of sediment are higher,
middle and higher, the thick of depositing are deep,
middle and shallow, the velocities of the upper crust
are higher, lower and higher, the Moho are shallow,
middle and deep in order. The comparisons of major
features are list in Table 3.

There are not only obvious difference between
massif and basin, but also the Kyongsang Basin and
Pohang Basin. They are different kinds of basin, and
may be they have different creating and formatting
mechanism.

For deep faults

After comparing the Fig. 4 (B-B', C-C', M-M', and
N-N'), we can find that in the upper crust there are
some interesting phenomena.

From Fig. 4, C-C' profile, we can find under
144km the velocity both east and west are not the
same, the difference is 0.24~0.25 km/s, and if it is
a index of fault, then may be on the east uplift
and west downwarpring, the end can reach 23~24
km under surface, the extension point on the land
may be located among Kyongju, Yongchon, and
Pohang.

From Fig. 4 B-B' profile, we can find similar
results too, that is, the velocity both east and west
are not the same, the difference is also about 0.24~
0.25 km/s. The end of velocity difference line can
extend to westwards along 7.23 km/s interface. The
emergent point on the land will locate west of Ulsan,
depart from 20~25 km.

If it can be interpreted as the deep representation
of the Yangsan fault, then the fault may be a normal
and/or thrust fault, the upcast side is in east and
downcast in west, and its strike direction is NE-SW,
at least from above three break points can line the
direction and dip. We also can think that this fault
has not extend to 37°N and 34.5°N.

The outcrop location of faults in B-B' and C-C'
profiles corresponds to 108~145 km on the profile
lines. It may reflect that there are series of faults
near Kyongju and Ulsan areas. Especially the normal

and/or thrust faults in the upper crust are found in
the east side profiles near Kyongju and Pohang areas.
We think the Ulsan faults are detachments on the
bottom of the upper crust.

CONCLUSSON AND DISCUSSION

The crust is composed from the upper and the
lower parts. The interface of the upper and the lower
crust is Conrad discontinuity.

The average velocities in sedimentary rock are 5.04
km/s, and the thicknesses of sediment above basement
are about 3~4 km in general, but for various regions
they are not the same. The Pohang Basin and
Kyongsang Basin have deeper sediments. The average
basement velocity is 6.11 km/s.

In the upper crust, the velocity distribution form
fluctuate obviously, some higher (lower) velocity
layer (body) embed in the normal layer. A remar-
kable feature of lower crust is the form of lower
crust appears horizontal basically. The depth from
21.2 km to Moho (30.4 km) is the depth scope of
the lower crust.

The average velocity on Conrad layer is 7.06 kmy/s,
and the average depth of Conrad is 21.2 km. The
average depth and velocity of Moho is 30.4 km and
8.01 km/s. The form represents deeper in west (Ryong-
nam Massif) and shallower in east (Kyongsang Basin
and Pohang Basin).

For Pohang Basin, Kyongsang Basin and Ryong-
nam Massif, the velocities of sediment are higher,
middle and lower, the thicknesses of depositing are
deep, middle and shallow, and the velocities of the
upper crust are higher, lower and higher, the Moho are
shallow, shallow and deep in order. We can draw the
outline of Basin according to the velocity distribution of
the upper crust. We can see a high velocity layer at 3
km and a low velocity zone at around 10 km in the
Pohang basin. This well agrees with the results of
receiver functions (to see Fig. 6). The discontinuities by
gravity and magnetic anomalies at Pohang region are
also found to be at 3~4 km and near 11 km,
respectively (Cho ef al., 1997). The Yangsan and Ulsan
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Fig. 7. The seismicity map of the South Korea. The open
and closed circles indicate historical (A.D. 27~1905) and
instrumental earthquakes (1906~1997), respectively.

Faults have deep displays from the profiles, and they
may extent to the bottom of the upper crust as a
detachment form. This is coincident with the earthquake
occurrence near Kyongju and Ulsan areas in Fig. 7.

Due to lack of the events, the confidence of four
corners of inversion scope is less reliable. We have
to obtain more interpretation of geology and geop-
hysics for anomalous velocity distribution in seismic
tomography investigation. Besides we shall have
more detailed and accurate 3-D tomography as
higher quality data are retrieved as we expect in the
very near future.
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