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Abstract 
 

   Shimabara Peninsula is located in southwestern Japan. There are three 

geothermal areas as well as a volcano on this Peninsula. In this study, we 

attempt to delineate the subsurface structures of the area using integrated 

interpretation techniques on gravity data. This study describes data processing 

and interpretation methods for gravity data. This processing was required in 

order to estimate the depths to the gravity sources, and to estimate the locations 

of the contacts of density contrast. The power spectral analysis was used to 

delineate the regional and the local components of the Bouguer anomaly. A 

bandpass filter was applied in order to separate the local from the regional 

Bouguer anomaly. Three methods were used for estimating source depths and 

contact locations: the horizontal gradient method, the analytic signal method, 

and the Euler deconvolution method. The depth estimation resulting from the 

respective methods were compared, and the contact locations combined into an 

interpretative map showing the direction for some contacts. 

 

Keywords: Shimabara Peninsula, Bouguer anomaly, Power spectrum, Euler 

deconvolution, Horizontal gradient, Analytic signal  

 
 

1. Introduction 
 
   The Shimabara Peninsula, southwestern Japan (Fig. 1-A), contains of three geothermal areas, 
from west to east: Obama, Unzen and Shimabara (Fig. 1-B). The topographic map of Shimabara 
Peninsula (Fig. 1-B) clearly shows that Unzen volcano has been dissected and displaced by many 
E-W trending faults. An active complex stratovolcano occupies the central part of Shimabara 
Peninsula. Many geological and geophysical surveys have been carried out in the Shimabara 
Peninsula to delineate the subsurface structure and its relation to the geothermal reservoirs1) and 
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also a large project named USDP (Unzen Scientific Drilling Project) began in 1999 to study the 
mechanism of the 1990 eruption of Unzen volcano. The gravity method is one of the best 
geophysical techniques for delineating subsurface structures and monitoring subsidence as well as 
estimating mass recharge in geothermal areas during long-term exploitation related to the 
production/reinjection processes. The aim of this study is to understand if there is any 
structural/thermal relation among the three major geothermal areas (Obama, Unzen and Shimabara). 
The present study is based on qualitative and quantitative analysis of the gravity data to delineate 
both shallow and deep basement structures. For that purpose, the gravity data were first digitized at 
an interval of 500 m and subjected to spectral analysis2) to distinguish deep sources from shallow 
sources. The gravity data were transformed to the frequency domain and regional/residual 
separation was made using bandpass filter based on the power spectrum. In this paper, we present a 
new perspective on the subsurface structural setting at the Shimabara Peninsula using the existing 
gravity data. 
 

2. Geological Setting 
 
   The Shimabara Peninsula is located on western Kyushu Island, where no seismisity related to 
the subducting Philippine Sea Plate is detected. Active Unzen volcano is situated in the middle of 
the Peninsula, and is being displaced by the E-W trending Unzen graben, an active regional 
tectonic graben. Rocks produced by Unzen volcano have subsided more than 1000 m beneath sea 
level inside the graben. The tectonic framework of the Shimabara Peninsula is characterized by the 
regional tectonic stresses of N-S extension and E-W compression3). Figs. 2 (A) and (B) show the 
geologic map of Shimabara Peninsula and the tectonic model of Shimabara Peninsula, respectively.  
 

3. Gravity and Well Data 
 
   The gravity data set used for this study contains land gravity data acquired by several 
institutions (NEDO, GSJ and Nagoya University) 4), 5). We have transformed the coordinates of the 
gravity stations positions using software TKY2JGD6), which supports the revision of Japanese 
national geodetic datum from Tokyo datum (with Bessel ellipsoid) to Japanese Geodetic Datum 
2000 (JGD 2000=ITRF94), with GRS80 ellipsoid7). The Shimabara Peninsula is about 816 km2 in 
area. The total number of gravity stations was up to 1007, and average distribution of the stations 
was approximately 3 to 4 per km2. The basement rocks in the study area were reached by many 
boreholes; five boreholes are selected: T-3, UZ-1, UZ-4, UZ-5 and UZ-7 as the control points to aid 
in gravity forward modeling. These depths are listed in Table 1. 
 

Table 1 Borehole depths at the Shimabara Peninsula area1). 

Well name Well head altitude above sea level 

(m) 

Bottom depth below sea 

level (m) 

Depth from the head to 

the basement (m) 

UZ-4 117 1385 682.1 

UZ-7 383 1073 483.5 

UZ-5 606.4 595.7 595.4 

UZ-1 297.8 659.57 908.4 

T-3 53.2 351.06 248.1 
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Fig. 1 A) Location map of the Shimabara Peninsula in Kyushu Island and B) the elevation map of Shimabara 

Peninsula. 1=Chijiwa fault; 2=Kanahama fault; 3=Futsu fault. 
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Fig. 2 A) Simplified geologic map of the Shimabara Peninsula; B) Tectonic model of Shimabara Peninsula 8). 

   
   The gravity data is compiled from different institutions. Some differences may exist when 
surveying or measuring. A correlation plot between the gravity data of GSJ and Nagoya Univ. is 
shown in Fig. 3. We observe a good correlation between these gravity data sets (Fig. 3). Thus, the 
gravity data does not require any kind of transformation.  
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Fig. 3 Correlation between the gravity data of GSJ and Nagoya Univ. 

    
   The gravity data of GSJ and NEDO are positively correlated with the station altitude due to the 
effect of the topographic masses in the short-wave range which can be described by a linear 
regression (Figs. 4 and 5). The Bouguer density is the slope deduced from the correlation between 
the Bouguer anomaly and topography. From Fig. 4, the Bouguer density is 2,300 kg/m3 for the GSJ 
gravity data and 2,200 kg/m3 from NEDO gravity data (Fig. 5). These values are not so far from the 
value of Bouguer density of 2,400 kg/m3 estimated by Murata (1993)9). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.1 Bouguer anomaly 
   A terrain correction was applied for the raw gravity data using the program GKTC8710) with a 
mesh of 250 m. A density of 2,400 kg/m3 9) was used to yield the Bouguer anomaly map shown in 
Fig. 6. The map is characterized by a low Bouguer gravity in the central part of this area less than 
20 mGal, and a high north-to-south trending contour greater than 30 mGal which may reflect the 
volcano-tectonic depression zone. The Bouguer anomaly (!gB) is the difference between the 

Fig. 4 Correlation between gravity data of GSJ 

and altitude. 

Fig. 5 Correlation between gravity data of 

NEDO and altitude. 
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observed value (gobs), properly corrected, and a value at a given base station (gbase), such that: 
 

! " obsbaseB gcorrgg #$%& '                                              (1)  

With 

! " ! " DTCBFL gggggcorr !!!!! #$#$%'                          (2)   

 
where the subscripts refer to the following corrections:  
 
L: latitude;  
F: free-air;  
B: Bouguer;  
TC: terrain correction;  
D: drift (including Earth tides). 
 

4. Spectral Analysis and Filtering of Gravity Data 
 

4.1 Analysis of the energy spectrum 
   The power spectral analysis yield the depths of significant density contrasts in the crust, where 
there is little information on the crustal structure. Spector and Bhattacharyya (1966)11) studied the 
energy spectrum calculated from different 3-D model configurations; Spector and Grant (1970)12) 
studied the statistical ensemble of 3-D maps. They concluded that the general form of the spectrum 
displays contributions from different factors and can be expressed as: 
 

! " ! " ! " ! "rtCrbaSrhHrE ,,,,,,, (% ""                                 (3) 

 
where 
 
E: Total energy; 
r= 2ð(f2

x+f2
y)

1/2 : Radial wave number (r= 2ðf, where frequency f can be measured in any 
direction in the x-y plane);  
è= tan-1(fx/fy): Azimuth of the radial wave number;  
ãõ: Express ensemble average;  
h: Depth; 
H: Depth factor;  
S: Horizontal size (width) factor;  
C: Vertical size (thickness or depth extent) factor;  
a, b: Parameters related to the horizontal dimensions of the source;  
t, Ô: Parameters related to the vertical depth extent of the source. 
 
It is clear that only three factors (H, S, and C) are functions of the radial frequency r ; thus in the 
case of profile form, Equation (3) can be written as: 
 

! " ! " ! " ! "$($$% qtCqaSqhHqE ,,ln,ln,lnln Constant                    (4) 


























