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Abstract 

 
An ambient noise tomography is a very powerful tool to resolve shallow tectonic 

structure. This method can be applicable to study oceanic structures when ray paths 

of the station pairs cover the oceans well. 
The Ulleung basin is a back-arc basin which is located in the southern part of the 

East Sea. The study area is surrounded by various types of tectonic units including 

convergent zones. Several hypotheses for the origin of the study area have been 

proposed but it is unclear which one is more appropriate than others. Therefore, 

huge debates are still going on.  

There have been many studies on the Ulleung basin and surrounding areas using 

various methods. But the sparsity of the seismic network in this area makes seismic 

studies on the Ulleung basin and surrounding areas difficult.  

So, in this study, I measure Rayleigh wave group velocity by using one year long 

ambient noise records at the stations located in the Korean Peninsula and Japan and 

get group velocity maps for the Ulleung basin and surrounding regions at periods 

ranging between 5 and 36 s to resolve tectonic structures beneath the study area 
 

Key words : ambient noise tomography, the Ulleung basin, the East sea, Green 
function, Korean Peninsula and Japan 
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Chapter 1 

 

 

Introduction 
 

 

The Ulleung basin is a marginal back-arc basin which is located between the 

Korean Peninsula and Japan where East Sea meets the Korea Strait (Lee et al., 

2001). The lithosphere in this area appears to be thinned < 50km with thick 

sediment layer (~ 5 km) (Chough et al., 1987; Kim et al., 1998). The Moho depth 

of the central part of the basin is less than 20km (Cho et al., 2004; Gil’manova and 

Prokudinf, 2009). On the other hand, the southern part of the Ulleung basin and the 

Korea Strait consist of relatively thick continental crust ( ~30km) and thin sediment 

layer (Chough et al., 1987; Gil’manova and Prokudinf, 2009). These areas are 

surrounded by various tectonic units including convergent zones of Nankai Trough 

and Japan Trench (Zheng et al., 2011).  

There are several hypotheses regarding the development of the region. Popular 

hypotheses are pull-apart model (Jolivet and Huchon, 1989; Yoon and Chough, 

1995) and double-door fan-shaped model (Otofuji and Matsuda, 1983; Otofuji et 

al.,1985; Otofuji and Matsuda, 1987). Since such hypotheses are based on large-

scale seismic experiments or relatively small number of drilling cores, the detailed 

small-scale studies are still necessary to better understand the tectonic evolution of 

the region. However the sparsity of the seismic network in this area makes seismic 

studies on the Ulleung basin and surrounding areas difficult.  
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There have been some previous researches using seismic waves on the East Sea. 

Several seismic experiments were performed for profiles in the study area (Kim et 

al., 2011; Lee et al., 2001; Cho et al., 2004). Although seismic experiment has an 

advantage to image detailed structures, it can only sample the region along the 

profiles and the maximum resolvable depth is limited. Similarly, drilling researches 

can sample sparse points and there is limitation in the maximum depth that we can 

investigate (Tamaki et al., 1992) 

Tomographic methods were also applied. Wei et al. (2012) applied P-wave 

tomographic method on the East Asia, they used dense arrays located in all over 

the East Asia region, and got well resolved velocity maps. Since they focused on 

deep (> 100km) and large scale structures, the maximum resolution on the East Sea 

is larger than 1° and do not discuss shallow structures of the area.  

On the other hand, Yoshizawa et al. (2010) and Zheng et al. (2011) performed 

inter-station dispersion measurements and ambient noise tomography, respectively. 

They included a large number of shore stations deployed around the north-east 

Asia. But they used data from only one station in the Korean Peninsula. In case of 

Yoshizawa et al. (2010), the maximum resolution for the East Sea is larger than 2°. 

The study by Zheng et al. (2011) shows better results in terms of the resolutions (~ 

0.5°). However, the period range applied in their study is between 12 and 40s and 

this period range is too low to resolve the shallow structures such as uppermost 

crust or sedimentary layers.  

Studies regarding calculating Green functions for ocean paths find out that it is 

possible to extract Green functions from paths passing through the ocean. Also, 

feasibility tests and its applications to tomographic methods with arrays 

surrounding oceans are already confirmed (Lin et al.,2006; Zheng et al., 2011).  

As noticed, dense broadband arrays are in operation in the Korean Peninsula and 
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Japan. But there has been no effort to utilize these valuable assets for resolving the 

shallow structure of the Ulleung basin and surrounding area. So, in this study, I 

measure the Rayleigh wave group velocities for station pairs of broad band stations 

in the Korean Peninsula and Japan using ambient noise cross-correlation method.  

One year long ambient noise waveforms are used and their ray paths well cover the 

study area. The group velocity maps are developed for periods ranging between 5 

and 36s and the results are used to discuss the shallow crustal structure of the 

region. 
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Chapter 2 

 

 

Background 
 

 

The East Sea is a kind of back-arc basin surrounded by the Korean Peninsula and 

Japan. Present features of the sea were formed in early Oligocene when opening of 

the sea was started. The opening began with tearing and thinning of the continental 

crust from the north. In late Oligocene, spreading of the oceanic crust occurred and 

these tectonic events last until mid-Miocene. Additionally, spreading in the north 

which formed Japan Basin effected crustal thinning in the south and south eastern 

part of the present sea, then formed Ulleung and Yamato Basin (Tamaki et al., 

1992).  

There are two major hypotheses regarding the development of the East Sea. One 

is “Double-door fan-shaped model” (Otofuji and Matsuda, 1983; Otofuji et al., 

1985; Otofuji and Matsuda, 1987) and the other is “Pull-apart model” (Jolivet and 

Huchon, 1989; Yoon and Chough, 1995).  

“Double-door fan-shaped model” is suggested based on the paleomagnetic 

deflection data. The observation shows easterly and westerly deflected trends in 

SW and NE Japan. The rotation occurred in 15 Ma ago and the rotation period is 

very short (< 2 Ma). From these observations, two poles are adopted to explain 

opposite trends in two regions. Then the model supposed double rotations about 

two poles and a double fan-shaped opening occurred in the East Sea. In this model, 

opening of the sea happened in short period. With rotation along each pole, 
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continental blocks were torn in more than 500km long range (Otofuji and Matsuda, 

1983; Otofuji et al., 1985; Otofuji and Matsuda, 1987).   

On the other hand, “Pull-apart model” is based on other tectonic structures. This 

model supposes that major dextral strike slip faults caused the opening of the sea in 

a pull-apart manner. From the geological and geophysical researches, there are 

some clues that the sea was not opened for a short period of time. Drilling cores 

including volcanic basement show that their age are older than 15 Ma. Also heat 

flow and stratigraphic research provide the same results. So, the model supposes 

that dextral strike slips, which occurred in NE-SW trending faults distributed on 

the present sea, caused the opening of the sea (Jolivet and Huchon, 1989; Yoon and 

Chough, 1995). 

However, it is still not clear which one is more suitable to explain the opening 

and debates are still in progress.  

The major tectonic features around the East Sea are subductions of the Pacific 

and Philippine Sea plates. Pacific plate and Philippine Sea plates subduct from 

Japan trench and Nankai trough with velocities of ~8 cm/yr and 3~5 cm/yr, 

respectively (Seno et al.,1996). These subducting systems cause complex and 

various tectonic activities such as earthquakes in and around the East Sea and 

volcanisms along the Japan arc.  

From body wave tomography and receiver function results, Philippine Sea plate 

subducts with gentle dipping angle beneath the Chugoku and Shikoku region which 

is the southern boundary of the East Sea. And subducting slab even laterally 

reaches Oki Island (Shiomi et al 2004, 2008; Yoshizawa et al., 2010). On the other 

hand, Pacific plate subducting beneath the NW Japan and Philippine sea plate 

subducting beneath Kyushu region have steeper dipping angle than Chugoku and 

Shikoku region.  
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Especially, many previous studies show that there exists low velocity anomaly 

beneath Kyushu region. It seems to represent upwelling flow from mantle wedge 

disturbed by subducting slab (Seno, 1999; Sadeghi et al., 2000; Yoshizawa et al., 

2010). This hot upwelling is corresponding to volcanic chain in Kyushu region 

such as Aso volcano. Aso volcano is one of the most active volcanos in this region 

and its microseismic signals are detected even at stations in Korea (Zheng et al., 

2011).  

The western boundary of the East Sea is the Korean Peninsula. Relatively small 

earthquakes (M < 4) occur and there remain some faults (Hupo, Yangsan and 

Tsushima faults) formed in opening era in the southwestern part of the Peninsula 

(Kim et al., 2006). 

Three deep basins (Japan, Yamato and Ulleung basins) and some topographic 

highs (Korean plateau, Yamato rise and Sea Mountains) are main features of the 

East Sea. Basins were formed in the opening era and highs are remnants of the 

continental crust or volcanic activities.  

Crustal thickness varies place to place. Generally average crustal thickness is 

thinnest at Yamato rise (~ 14 km) and thickest at the Korean Peninsula and Japan 

(~ 36 km). So, the crustal thickness of the East Sea is generally thicker than that of 

normal oceanic crust (~ 7 km) and it becomes more than 2 times thicker than 

average at Ulleung basin (~ 20 km; Kim et al., 2011; Shinohara et al., 1992). Water 

depth at Ulleung and Japan basins are about 2 km and 3 km, which are well 

correlated with their crustal thicknesses (Kim et al., 1994; Kurashimo et al, 1996; 

Sato el al., 2004).  

Ulleung basin is located at the southwestern part of the East Sea and the smallest 

one among three deep basins. Its western boundary directly meets the eastern 

continental slope of the Korean Peninsula and the Ulleung Island and Korea 
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plateau stand at northern part of the basin. It is reported that the seismic velocity of 

the lower crust under the continental shelf and slope is high which can be 

interpreted as magmatic underplating by voluminous igneous activity during rifting 

(Cho et al., 2004). Considering results from OBS data, the eastern and southern 

boundaries, where boundaries meet continental margin such as Oki bank, have 

gentle slopes. Seismic reflection studies show that acoustic basement consisting of 

volcanic materials exists at 10 km below from the sea floor (Chough, 1983; Lee, 

1992).  

Thickness of the sediment layer in the Ulleung basin is thickest at south (~11 

km), thinner at north (~5 km), and then thinnest at the center. Most sediment comes 

from slopes due to tectonic movement in mid-Miocene (Lee et al., 2001). Also, 

acoustic basement were formed by active volcanism and lava flows during the back 

arc extension in 20~18 Ma (Ingle, 1992; Chough and Lee, 1992). 
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Chapter 3 

 

 

Data and methods 
 

 

Data 

The data used in this study are one-year-long continuous waveforms of 2008, 

recorded at 59 broadband seismic stations in the research area. I obtain 1 sps 

(sample per second) vertical component continuous waveforms by down-sampling 

20 sps continuous waveforms (BHZ) from 28 stations deployed in the Korean 

Peninsula by Korea Meteorological Administration (KMA) and Korea Institute of 

Geoscience and Mineral Resources (KIGAM). Also vertical component 1 sps 

continuous waveforms (LHZ) of 30 stations of F-net broadband seismograph 

network operated by National Research Institute for Earth Science and Disaster 

Prevention (NIED) and 1 station (INCN) of IRIS GSN broadband network in 

north-east Asia were used.  

 

Ambient noise tomography  

Basic concept of the ambient noise tomography is that Green functions can be 

extracted from the random wavefields by calculating cross-correlations between 

station pairs. Fully diffuse wavefields include waves which are propagating in all 

possible directions (Shapiro and Campillo, 2004).  

Because the modal amplitudes of the diffuse wavefields are random variables, 

regarding two different locations 𝑥 and 𝑦, their correlation is that: 
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C �𝑥,𝑦, τ� =  �𝐹(𝑤𝑛)𝑢𝑛(𝑥)𝑢𝑛(𝑦)𝑒−𝑖𝑤𝑛𝑡

𝑛

 

Where τ,𝑤𝑛,𝑢𝑛 and 𝐹(w) are time, eigen-frequencies, eigen-functions and the 

spectral energy density respectively. So, extracted function has the only difference 

in amplitude factor from the Green function (Shapiro and Campillo, 2004). 

Approximately, we can suppose that the ambient sources are randomly 

distributed by averaging long time range (about one year). Also, ambient noise is 

scattered by heterogeneities of the earth. So, we can assume fully diffused ambient 

noise wavefields. Then, we can easily extract Green functions using ambient noise 

cross-correlations. Additionally, major sources of ambient noise are located at the 

surface of the Earth, such as caused by oceanic or atmospheric coupling, surface 

waves are simply extracted from ambient noise cross-correlations (Shapiro and 

Campillo, 2004; Shapiro et al., 2005).  

 

Processing 

First, mean, trend and instrument response for obtained data are removed and 20 

sps records are decimated to 1 sps vertical component continuous waveforms. Each 

waveform is divided into one hour long window with 30 minutes overlap. Then, 

root-mean-square (RMS) is calculated for each window. If the maximum peak of 

the window is 10 times larger than the median, the window is not used for further 

analysis. In this way, without applying additional time domain normalization, it is 

possible to remove large transient signals, such as earthquake signals. Since the 

number of selected windows is much larger than the number of windows that have 

been discarded, the possibility information loss due to discarding the windows is 

negligible.  

For the spectral whitening, entire frequency domain is divided into 40 sections 
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and the amplitude of each section is divided into its root mean square. In this way, 

the effects of large temporary signal such as an earthquake can be discarded and 

the usable frequency range can be widen. 

Before calculating cross-correlations, band pass filter is applied in 0.01 ~ 0.45Hz. 

Cross-correlations are calculated for each 1-hr window and whole cross-

correlations are stacked over the one year for each station pairs. Then, cross-

correlation sections for a total of 1,711 pairs are obtained. 

 

Group velocity measurement 

Before measuring the group velocity, the resulting cross-correlation record 

sections are examined. Regarding entire cross-correlation sections, it seems that 

there exists only Rayleigh wave signal. On the other hand, checking for certain 

pairs respectively, another signal which arrives earlier than Rayleigh wave signal is 

easily found in cross-correlation sections. Generally, this signal has larger 

amplitude than Rayleigh wave signal. Apparent velocity of the signal is just 

slightly faster than Rayleigh wave signal in case one station is located in Kyushu 

Island and the other is relatively far from the island. So, the source of the signal 

seems to be the Kyushu microseism which was noticed by Zheng et al. (2011). This 

signal is dominant in 10~18s period. If apparent velocity of the signal is slower 

than 4.5km/s, it affects the dispersion curve of the fundamental mode and causes 

errors in estimating the group velocity at periods less than 18s. So I first check 

whether the Kyushu microseism affects the dispersion curve for each pair or not.  

To do this, I apply the same method which was used in Zheng et al. (2011). The 

reference is the apparent velocity of the Kyushu microseism signal at 12s period. If 

it is faster than 4.5km/s and the distance between station pair is longer than three 

times of the wavelength, the signal is separated well from the Rayleigh wave signal 
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and it does not disturb the dispersion curve. In this case, to improve SNR of using 

data, group velocity is measured by using symmetric component which average 

causal and acausal parts of the cross-correlation sections. On the other hand, if 

apparent velocity of the Kyushu microseism signal is less than 4.5km/s, it can 

disturb the dispersion curve of the fundamental mode. In these cases, group 

velocity measurement is made by using opposite correlation lag of the Kyushu 

microseism signal (Zheng et al., 2011). 

To measure group velocity from selected cross-correlation record sections, 

multiple filter technique of Herrmann and Ammon (2002) is applied manually. In 

this method, on selected correlation parts, Gaussian filter is adopted in narrow 

range gradually and expected arrival times are calculated. Then after applying 

multiple filter analysis, the image is shown in velocity-period grid mesh form. In 

this form, Rayleigh wave group velocity of the fundamental mode is easily found. 

Because the Rayleigh wave is broaden according to the distance of path, 

appropriate α which determines range of the Gaussian filter should be chosen. 

Generally, α should be larger at longer inter-station distance. After applying 

multiple filter technique for entire possible paths, I can get group velocities for 

more than 1000 ray paths at each period. Especially the number of ray paths are 

more than 1300 for periods ranging between 20~ 30 s. 

In addition average group velocity and its standard deviation are calculated by 

bootstrapping FTAN (Frequency Time ANalysis) diagrams for entire pairs (Bensen 

et al., 2007). 

In this study, to get group velocity maps for the research area, I use iterative and 

non-linear inversion method of fast marching surface tomography (FMST; 

Rawlinson 2005). This method calculates travel times for each grid which is 

modeled in 2-D by applying fast marching method (FMM) (forward prediction). 
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FMM is a grid-based scheme to solve the eikonal equation applying finite 

differences. It is powerful and quick method for calculating traveltimes of phases. 

Then, subspace inversion scheme is applied to get results (Rawlinson and 

Sambridge, 2005). 
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Figure 3-1. Station map of Korea Meteorological Administration (KMA), 
Korea Institute of Geoscience and Mineral Resources (KIGAM), F-net 
broadband seismograph network operated by National Research Institute for 
Earth Science and Disaster Prevention (NIED) and IRIS GSN station. Black 
lines are entire possible inter-station paths. 
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Figure 3-2. Entire 1711 cross-correlations section for ray paths. Rayleigh wave 
signals are clearly seen at section 
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Figure 3-3. Cross correlation sections which show Kyushu microsesism signal. 
Kyushu microsesism signals arrive ahead of Rayleigh wave signals 
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Figure 3-4. Manually calculated and selected ray paths at 5 ~ 36s 
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Figure 3-4. Continued from previous page 
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Figure 3-4. Continued from previous page
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Figure 3-4. Continued from previous page 
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Chapter 4 

 

 

Result and Discussion 
 

 

Kyushu microseism signal 

As noted above, Kyushu microseism signal is detected at most station pairs even 

at station pairs of two Korean stations and sometimes its amplitude is larger than 

Rayleigh wave signal. In case that recorded apparent velocity of the Kyushu 

microseism signal is faster than 4.5km/s, the signal does not disturb dispersion 

curve of the fundamental mode and group velocity is easily measured using 

symmetric component. 

In cross-correlation section between SBR and ISI stations, Kyushu microseism 

signal is about 2 times larger and arrives much earlier than Rayleigh wave signal. 

In this case, its apparent velocity is about 5km/s at 10 ~ 20s periods where 

Rayleigh wave signal velocity is about 3km/s. So, there is almost no difference 

among dispersion curves of the fundamental mode measured on causal, acausal and 

symmetric components. 

On the other hand, in cross-correlation section between STM and NPR stations, 

Kyushu microseism and Rayleigh wave signals arrive nearly simultaneously. Then, 

Kyushu microseism signal disturbs dispersion curves at 10 ~ 20s periods. Finally, 

measured velocity in the signal recorded section is much higher than opposite 

section. In this case, microseism signal is still large on symmetric component and it 

is difficult to precisely measure group velocities. Therefore, group velocity is 
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measured on the opposite component of Kyushu microseism signal only if SNR of 

the section is larger than 10.  

Figure 4-4 shows some examples of measured group velocity dispersions for 

selected station pairs. To construct dispersion curves, multiple filter technique of 

Herrmann and Ammon (2002) is applied. Ray paths exclusively sampling the 

Korean Peninsula or Japan show clear FTAN diagrams and group velocity 

measurements. And even ray paths passing through the oceans such as IZH station 

located in Tsushima Island to ULL station located in Ulleung Island also show 

clear results. 

Generally, velocities significantly change at 20 ~ 30s periods for whole ray paths. 

At periods less than 20s, group velocities for ray paths only sampling the Korean 

Peninsula, such as INCN-BUS, KSA-BGD pairs, are 2~5% faster (3.05 ~ 3.1km/s) 

than average velocity (2.9~3.0km/s). On the other hand, group velocities for ray 

paths passing through the ocean, such as SBR-SND pair, are 2~5% slower than 

average at periods less than 10s, except ray paths passing through the Ulleung 

basin. At periods longer than 20s, group velocity for ray paths which include Japan 

station tends to be slower than average by 3~6% 

 

Checker board test 

For periods at 10, 20, and 30s, ±10% velocity perturbation from the average is 

assigned to each checker and three different checker sizes (0.6°x0.6°, 1°x1° and 

1.3°x1.3°) are used to test resolving power of the data and inversion scheme used 

in this study. For each period, more than 1000 ray paths are available. For period of 

10s, the number of ray paths used for the inversion is more than 1300.  

Theoretically, inflection point of the trade-off curve between RMS misfit and 

model variance is used to select optimum inversion parameters, such as damping 
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and smoothing factors. By doing this, damping and smoothing factors of synthetic 

test is chosen for each period. In this study, calculated appropriate damping factors 

vary within 10 ~ 20 for each period. For example, damping and smoothing factor is 

20 and 10 at 30s period.  

Checker board test results are shown in Figure 4-7. Even 0.67°x0.67° checker 

size is applied, recovered images are good at 5s period in the Korean Peninsula and 

Japan arc. But smearing with NW-SE trend on the ocean area appears because ray 

paths with NE-SW direction are relatively rare. Similar results are also shown at 

10s and 30s periods and NW-SE trend smearing happens slightly at 30s periods. 

For results using larger checker sizes such as 1°x1°and 1.3°x1.3°, the checkers are 

well reproduced in the Korean Peninsula and Japan arc at entire periods. Also, 

smearing is reduced and the boundaries of checkers are well imaged. 

 

Shallow structure of the Ulleung basin  

Group velocity maps at 5~36s are shown in Figure 4-8. One of the most 

significant features at longer than 20s is strong high velocity anomaly (~10%) in 

the Ulleung basin. It is dominant at 20~30s over the basin floor but becomes weak 

and finally disappears at longer periods. It is easy to recognize that the trend of this 

high velocity anomaly correlates well with topography of the basin.  

This significant high velocity at around 20~30s can be interpreted as a result of 

crustal extension in the Ulleung basin during the opening of the East Sea in 

20~18Ma (Tamaki, 1988; Ingle, 1992; Kim et al., 2011). Considering group 

velocity maps calculated in this study and group velocity sensitivity kernel results 

of Zheng et al. (2011), top of the upper mantle finally reached around 20km depth 

and partly shallower than 20km. In contrast, Moho depth of surrounding area is 

known to be more than 30km (Chough et al., 1987; Gil’manova and Prokudinf, 
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2009). Roughly speaking, the depth of the maximum sensitivity of Rayleigh wave 

group velocity at periods between 20 and 30s is around 20~35 km. Therefore, each 

ray can sample the crust or mantle depending on specific path and results in 

significant spatial heterogeneities at given periods. However, the level of 

heterogeneity becomes weaker because velocity structure in the mantle dominantly 

affects the group velocity maps at longer periods. 

The most dominant feature at shorter periods (< 20s) is a low velocity anomaly 

which is located at the southern part of the East Sea. This low velocity anomaly is 

weak at the center of the basin compared to the boundaries at 5s. On the other hand, 

the northern center of the basin shows relatively higher velocity (close to the 

average value of the whole study area) than surrounding area at 5s period. Because, 

for acoustic basements, two-way travel time is up to 6s~7s at south, but up to 5s at 

center of the basin (Lee et al., 1999, 2001; Kim et al., 2011) and known thickness 

of the sediment layer is up to 12km at south of the basin, but only up to 5km at 

north (Lee et al., 2001; Ingle, 1992; Chough and Lee, 1992). So, the interesting 

feature shown at 5s period possibly represents sediment layer thickness pattern of 

the basin. 

On the other hand, some seismic stratigraphic interpretations by seismic 

reflecting methods insist that there are complex and multiple layers at the north, 

which make short, high-amplitude doublets on seismic reflection image above 

acoustic basements (Lee et al., 1999; Kim et al., 2011). It is considered as complex 

of volcanic sills/flows and sediment layer formed between late Miocene ~ the 

Quaternary (in 12Ma) by vertical volcanic activities which also formed sea 

mountains and base of the Ulleug Island (Lee et al., 1999; Kim et al., 2011). So, It 

can be another possible factor which causes velocity difference in the basin at 5s 

period. 
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Low velocity anomaly at the Korea Strait 

In contrast, low velocity anomaly is observed in the southern part of the East Sea, 

near Tsushima Island, at almost entire periods. This low velocity anomaly is weak 

at longer periods ranges but becomes strong at less than 20s. Around 20s periods, 

low velocity anomaly in the East Sea, which is stretched in E-W direction, is 

clearly shown. It is consistent with previous tomography studies (Zheng et al., 

2011; Yoshizawa et al., 2010). And also, at 5s period, the anomaly is stretched to 

the east shelf of the Korean Peninsula and the north shelf of southwest Japan along 

coast line. 

If I look at the occurrences of the shallow earthquakes (< 35km) between the 

Ulleung basin and the Tsushima Island, it seems that the epicenters are coincide 

with the low velocity anomaly region at short periods. Also, many earthquakes 

occur at the north-east of the Tsushima Island where low velocity anomaly is 

strongest at 5~10s (Figure 4-9, dashed rectangular). Many shallow earthquakes (< 

35km) also occur following the boundary of the Ulleung basin (Choi et al., 2012). 

These earthquakes mainly have thrust or strike slip mechanisms (Kim et al., 2006; 

Choi et al., 2012). But relationship between low velocity anomaly and earthquakes 

occurrence is not clear and more studies are needed. 

. 

Group velocity map of surrounding area 

There is strong low velocity anomaly along the south off shore of Japan arc at 

20s group velocity map. As period becomes longer, the pattern of the anomaly is 

also changing. Low velocity anomaly shows NE-SW trend from south end of the 

Kyushu to Oki Island at 30s. This low velocity anomaly changing pattern coincides 

with subducting pattern of south-west Japan and may represent hot flow from 
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mantle wedge beneath the Kyushu region caused by subducting Philippine Sea 

plate beneath SW Japan (Seno, 1999; Sadeghi et al., 2000; Shiomi et al 2004, 2008; 

Yoshizawa et al., 2010). So, long period results for around Kyushu, Shikoku and 

SW Honshu regions well resolve specific structures, which have been noticed by 

previous tomography studies (Zheng et al., 2011; Yoshizawa et al., 2010). Also, 

low velocity anomaly at south of the Kyushu, especially around the Aso volcano, is 

well detected in entire short periods following volcano chain (Seno, 1999; Sadeghi 

et al., 2000; Yoshizawa et al., 2010; Huang et al., 2013). In addition, high velocity 

anomaly along the high mountain ranges at the northern part of Japan arc is also 

well resolved at around 15s.  

For the Korean Peninsula, I can easily identify that there is low velocity anomaly 

along the Tae Baek mountain range at 30s. Also, at 25 ~ 30s, strong low velocity 

anomaly is shown along the Jiri mountain range, the highest area in South Korea. 

The western part of the Korean Peninsula shows relatively lower velocities. Based 

on isostasy, it is natural that this kind of perturbation happens along high mountain 

range. 
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Figure 4-2. Dispersion curves for acausal and causal part of cross-correlations 
section between SBR and ISI stations. 
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Figure 4-3. Dispersion curves for acausal, causal part and symmetric 
component of cross-correlations section between STM and NPR stations. 
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Figure 4-4. Some examples of measured group velocity for some station pairs 
using by multiple filter technique of Herrmann and Ammon (2002). (a)~(e) 
show FTAN diagrams and selected dispersion curves for INCN-BUS, KSA-
BGD, SND-SBR, ULL-IZH and SBR-NOK station pairs. 
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Figure 4-5. Average for whole periods calculated by using FTAN (Frequency 

Time ANalysis) diagram (Bensen et al, 2007)and bootstrapping 200times. 
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Figure 4-6. Trade-off curves between RMS misfit on model variance and 
roughness for 5, 10, 20 and 30 s.  
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Figure 4-6. Continued from previous page 
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Figure 4-6. Continued from previous page 
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Figure 4-6. Continued from previous page 
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Figure 4-7. Checherboard test results at 5, 10 and 30s. grid sizes with 

0.67°x0.67°, 1°x1° and 1.3°x1.3° are used in calculations. 
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Figure 4-7. Continued from previous page 
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Figure 4-7. Continued from previous page 
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Figure 4-8. Group velocity map at 5s ~ 36s 
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Figure 4-8. Continued from previous page 
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Figure 4-8. Continued from previous page 
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Figure 4-8. Continued from previous page 
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Figure 4-9. Shallow earthquakes (< 35km) occurrences in study area.  
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Chapter 5 

 

 

Summary and Conclusion 
 

In this study, I conduct ambient noise tomography using one year long data 

recorded on dense seismic arrays deployed at the Korean Peninsula and Japan arc. 

The main target of the study is the Ulleung basin and surrounding regions where 

the ray coverages are good. Kyushu microseism signal on cross-correlations 

section is well separated and each dispersion curve for entire possible ray paths are 

examined manually. Finally, I can get group velocity dispersion curves for more 

than 1000 ray paths. Based on these dispersion curves and FMM method, group 

velocity maps are calculated at 5~36s range.  

At longer than 20s periods, results well resolve the pattern of the crustal thinning 

in the Ulleung basin. It is well coincided with topographic boundary of the basin 

and results of previous seismic and geological studies. Also at short periods, the 

effects of sediment layer, acoustic basement, and volcanic remnants are well 

resolved. On the other hand, low velocity anomaly which appears between the 

Tsushima Island and southern boundary of the Ulleung basin may be related with 

the faults and earthquakes occurrences in the same region. Also, the effects of 

isostasy at the Korean Peninsula and upwelling hot flow existing beneath volcanic 

belt at the Kyushu region are clearly identified. At less than 20s, group velocity 

maps show high sensitive result on shallow structures which have not been 

mentioned before and also specific features which show characteristics of the 

region. 
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초 록 

 

배경잡음을 이용한 토모그래피 방법은 천부 속도 및 구조를 측정할 수 

있는 매우 효과적인 방법이다. 또한 해양을 지나는 관측소 쌍에 기록된 

배경잡음 기록의 교차상관관계로부터 그린함수를 추출하여 이를 

토모그래피에 적용하는 방법이 타당하며 특정 해양 지역에 대해 

직접적인 적용하여 연구한 사례들이 다수 존재한다. 

울릉분지는 한반도와 일본 사이에 위치한 배호 분지로 남쪽으로는 

대한 해협으로 이어진다. 이 지역은 섭입대를 포함한 다양한 

구조환경으로 둘러싸여 있다. 이러한 동해의 열림과 관련한 울릉분지의 

생성과정에 대한 다양한 이론들이 제시되고 있으나 아직 명확하지 

않으며 여전히 논의가 진행되고 있다. 

지진학적 방법을 이용하여 울릉분지와 주변지역에 대한 몇몇 연구들이 

시행되었지만 해양이라는 특성으로 인하여 해당 지역 내에 직접 설치된 

관측소가 부족하다는 점 때문에 이 지역을 연구하는데 많은 어려움이 

있다. 

본 연구에서는 울릉분지 및 주변지역의 천부 속도 및 구조를 파악하기 

위하여 한반도와 일본에 설치되어 운용중인 조밀한 지진관측망에 기록된 

1 년 동안의 배경잡음 기록을 이용하여 레일리파의 군속도를 측정하고 

이를 토대로 울릉분지와 주변지역에 대한 군속도 지도를 5~36 초 

주기에 대하여 측정하였다.  

주요어 : 배경잡음 토모그래피, 울릉분지, 동해, 그린함수, 한반도와 
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