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ABSTRACT: This paper reviews trends and issues in research on the detailed crustal structure of the Korean Peninsula. Seismic waveforms
recorded by seismometers contain contributions from the earthquake source, propagation medium, station-site effects, instrument response,
and noise. In this paper, high-resolution crustal-structure studies are defined as the development of spatial seismic-velocity models using
information on the propagation medium. Velocity structure models for the Korean Peninsula have been developed using a range of conventional
techniques, including travel-time analysis, travel-time tomography, receiver function analysis, surface-wave dispersion analysis, and
ambient-noise tomography. Since the first 1D model, advances in seismic network density and computational capability have driven progress
from 1D to 2D and 3D models, and have expanded the study area from the South Korean mainland to North Korea and Jeju Island.
Temporary-network data, such as crustal-scale refraction experiments, have also contributed to constraining crustal structure. More recently,
full-waveform inversion methods and high-resolution imaging using dense nodal geophone arrays have emerged as key directions for future
development. Efforts are also underway to archive and disseminate available models through an online database. Nonetheless, the resolution
of shallow crustal structure-critical for seismic hazard assessment-remains limited, and further refinement of anisotropy and attenuation models
is needed. Improving shallow-crustal models will require the incorporation of high-frequency seismic data and the integration of dense-array
survey results with regional-scale models. These advances are expected to enable more realistic ground-motion simulations and contribute
to seismic hazard mitigation.

Key words: crustal structure of the Korean Peninsula, seismic velocity model, waveform inversion, ambient noise tomography, receiver
functions
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Fig. 1. Comparison of observed and synthetic three-component waveforms for three earthquakes in South Korea. Synthetic wave-
forms were newly calculated using the one-dimensional and three-dimensional velocity models described in Song ez al. (2022).
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Fig. 9. Distribution of the three permanent and 20 temporary broadband seismic stations used in crustal-structure studies of Jeju
Island. The black and gray lines represent topographic elevation contours at 200 m increments, with alternating contours shown

in black and gray for clarity.
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534 0I=7I

WollM = N8 =8 o] &3t |27 2 AJAISE A7t
s o] ORI Qlon, F2 HF X[ZFe] Asid=
2AS NIsAY B35 E4 52 Z= dl ol8H §
o 19 E X eES o] g7t fjEA AT ARRE 2%
HZ|(Kang, 2024)2} UFtZ=(Liu ef al., 2024)0] st A
7k len, I8 102 &4 #4 7= 475 Hs) 2=
H 1= A eE] AR ol HojErh

A

ﬁ
AL B 1YY T8 ERL ol FE AL 4= 9

% B9 i 2 BRI 2 A4S 3D Agt S5
FEE 2U BU2 AT, o2 A2t T4 A2 o
he o meket F uhy Ake] 27] muls G4t o]
ro] A% The Amo} WS GO Ayt =
ERR EEMEBEREES RS ERSE
H:gto] 52 7154 Folk v Ego] F 4 k.

DA T o] & 7|uke] 4] BRI A7t
o] spgto] A5} F20) F7H4 wis mo] s vi-$- gt
£ B 2AE A gah o WHeldE Th 240
2 AAke A A2 E whet S st et udEst B

[t

i
oy

7]

B>
b g

(Moo |\ 57 Depih = 20 km |
.-,% P "

i

Kl
ok

o

o

FohaL ZHskal, w5 A9 Al A9 2pelE o]
Wg AT T A4 AR fake R
& 71ol, A Aimke) b S8 A 2, 0 A
e 9 s o] £ S ufe} e o, BEEs
s e 19l oA U2 e ae] daps v,

S Fuso] AR Reel sk A TR
obUeh Tyl Fe| AHE Bu Jelo] ZAsHe T2
FRYE Wit olelet UL Fuko} 35 o] F50]
w2t FEtR Y 2= A d(sensitivity kernel) ] HE| 2 X
=t Hung ef al., 2000). wakx] Bt Aokt £ T u)
£ fsliAe shAdAbel RidERrS ARgShe Al Sk
ol = Adyt HHe nd wetu|Ests 243 o
271 Ao

o} Sk U R @A) S5 72 ZolH AR
3 34 T Ajole] Aol olgafel mUg MEHoR
ISR o]t EEAIZHE oheh A, AE 9 sk
Fele] AjolS A BeT 5 YOr, AL 34 A
I o] wtFol M FET AR AETS o] &sh=s HE
2|7 7)1 50f| Z3Hd RS FEA ARE 4= et ot
TP Y IFL2 £ F2E ofuzh A, XY B #EL
B2 adfoe gy wrong =37 3h9l Ful oY
= A 3] dAsof gt

IO
prills

ol

Fig. 11. Illustrative example of changes in a three-dimensional shear-wave velocity model during iterative waveform inversion.
MO0 and M20 denote the initial model and a preliminary model obtained after 20 waveform-inversion iterations, respectively.
The same color scale is used within each M00-M20 pair, whereas the velocity range differs among depths. GM, OB, YM, and
GB denote the Gyeonggi Massif, Okcheon Belt, Yeongnam Massif, and Gyeongsang Basin, respectively. The results are presented
to illustrate the model-updating process, and no quantitative geological interpretation of individual velocity anomalies is attempted.
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Fig. 12. Illustrative comparison of observed three-component waveforms with synthetics calculated using a one-dimensional ve-
locity model for the southern Korean Peninsula of Kim et al. (2011), an initial three-dimensional model (M00), and a preliminary
model obtained after 20 waveform-inversion iterations (M20). Black, green, blue, and red traces represent the observations, the
1-D model, M00, and M20, respectively. Z, R, and T denote the vertical, radial, and transverse components. Amplitude scale bars
are given in meters. The comparison is intended to illustrate qualitative changes in waveform fit during iterative model updating
rather than to provide a quantitative validation of the velocity models.
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Fig. 13. [llustrative example of a preliminary three-dimensional anisotropic velocity model obtained through waveform inversion.
The horizontal sections show radial anisotropy at different depths, expressed as the ratio of the horizontally to vertically polarized
shear-wave velocities (Vsh/Vsv). Along profile A-A’, the four vertical sections show, from top to bottom, the initial three-dimen-
sional isotropic Vs model, the preliminary Vsh and Vsv models, and Vs radial anisotropy. The solid black line denotes the Moho
depth profile shown in Song et al. (2022), based on previous studies (Chang and Baag, 2007; Kim et al.,2015), and the vertical
gray dashed lines indicate major tectonic boundaries intersected by the profile. The results are presented to illustrate the representa-
tion and potential application of anisotropic waveform inversion; no quantitative interpretation of individual anisotropic anomalies

is attempted.
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