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ABSTRACT 

 The Quaternary stratigraphy on subsurface geology of the Osaka Plain has been mainly built up with drilling 
cores sampled by 13 deep drilling investigations for the countermeasure ground subsidence and the analysis of activity 
on Quaternary faults. Meanwhile, seismic reflection surveys in the Osaka Plain have been carried out along 13 lines. 
Depth sections of the seismic surveys provided much additional information on the subsurface geological structure. But, 
the correlation between the depth section and the litho-stratigraphy of the Quaternary formation in the Osaka Plain was 
not complete. The upper part of the Quaternary formation in the Osaka plain intercalates 21 marine clay beds. The depth 
distribution of these marine clay horizons can be explained with a linear relation with the standard probability curve on 
base depth distribution at the OD-1 drilling site. This linear relation is used for the correlation between the reflectors in 
the depth section of the seismic survey and the base horizon of the each marine clay bed. The result of the correlation can 
be applied for the mapping on subsurface geologic structure in the Osaka Plain. The author tried to make geologic 
structure contour map of the horizons of the main marine clay beds. These Quaternary marine clay beds have been 
correlated with the oxygen isotope record from deep sea cores. Therefore, those geologic structure maps of the Osaka 
Plain are available for not only the geo-technical utilization but also the estimation of the historical basin activity.  

 

1. INTRODUCTION 
 
 The Osaka Plain is located in the 

northeastern part of the Osaka sedimentary basin 
(Figure.1). The Osaka Sedimentary Basin has 
continuously subsided from the late Pliocene to 
the recent and formed a tectonic basin. The 
central part of this basin is mainly filled up with 
Quaternary formation over 3000 meters in 
thickness. In the subsurface of the Osaka Plain, 
the thickness of the Quaternary sediment is at 
least 1500 meters. 

The geological data on the Quaternary 
formation in the subsurface of the Osaka Plain 
and its surrounding hills are accumulated by 
geological perambulations, drilling and physical 
prospecting. But, the successive distribution of 
the Quaternary formation in the subsurface from 
the hilly area to the plain has not been compiled 

Figure 1.   Location of the study area. 
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with planimetric map except the typical geologic profile. These compile maps are available for 
many kind of analysis on the basin environment.  

In this paper, the distribution of main horizon 
in the Quaternary formation in the Osaka Plain and 
its surroundings is compiled as strip maps. 

 
 

2. QUATERNARY STRATIGRAPHY IN   
THE OSAKA PLAIN 

 
The Plio-Pleistocene stratigraphy has been 

investigated by geological perambulations in the hilly 
areas. The standard litho-stratigraphy of the 
Quaternary formation was confirmed with the detail 
geologic map in the hilly areas (Osaka Group 
Research Group, 1951; Itihara et al., 1975). The 
natural history has been traced on the base of the 
litho-stratigraphy in these areas (Itihara et al., 1987; 
Table 1). As the result of these geological surveys, 
typical marker bed was traced in detail and the 
contour map of the marker bed was compiled as the 
geologic structure map in hilly areas. 

The Plio-Pleistocene consists of unconsolidated 
clay, silt, sand and gravel. The Plio-Pleistocene 
intercalates more than 20 marine clay beds and 40 
volcanic ash layers which are available as marker bed for 
geological survey. The total thickness of the formation in 
hilly areas is measured up to 300-400 meters. The lower 
half part of the Plio-Pleistocene consists of fluvial and 
lacustrine sediments. Meanwhile, the upper half part 
consists of alternation of marine and fluvial sediments. 
Marine clay beds (called as Ma-1, Ma0, Ma1, …, Ma12 
and Ma13 in ascending order, Ma: condensation code of 
Marine clay), which were deposited in shallow bay 
environments, are intercalated in the upper half part. The 
Plio-Pleistocene formation forming the hilly area is called 
the Osaka Group (Itihara et al., 1955). The Osaka Group 
unconformably underlies terrace deposits and alluvial 
deposits. The Osaka Group is divided into lowermost part 
(Pliocene), lower part (Lower Pleistocene) and upper part 
(Middle Pleistocene), in ascending order (Table 1). 

The stratigraphy in the subsurface of the Osaka 
Plain has been investigated with geological deep drillings. 
During the 1960s, 9 deep drillings, called as OD-1 to OD-
9, were carried out for countermeasure of the ground 
subsidence disaster (Ikebe et al., 1970). OD-1 drilling 
core, which was drilled at the bay side area more than 900 
meters depth, is the deepest continuous drilling sample in 
the Osaka Plain (Figure 2). That drilling core is available 
for the standard litho-stratigraphy in the subsurface of the 

Table 1. Quaternary stratigraphy in 
the Osaka area. 

Figure 2. Geologic columnar 
section of OD-1 drilling 
core． 
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Osaka Plain. OD-2 drilling located at the northern part of the Uemachi area, central Osaka Plain 
reached basement rocks at 650 meters depth. This drilling data is also available for the standard 
stratigraphy. 

In 1995, the Kobe Earthquake (M=7.3) was occurred, and the main shock of the earthquake 
struck the constructions in the Osaka Plain. 4 drilling investigation are carried out for research of 
the activity of Quaternary fault and the future disaster prevention by Osaka City and Geological 
Survey Japan (Yoshikawa et al., 1997,1998). The Quaternary litho-stratigraphy in the subsurface of 
the Osaka Plain is divided into Miyakojima Formation, Tanaka Formation and Namba Formation, 
in ascending order, with compiling of those 13 drilling data (Yoshikawa and Mitamura, 1999; 
Table 1). Miyakojima Formation is correlated with the Lowermost and the Lower Part of the Osaka 
Group. Tanaka Formation corresponds to the horizons from the upper Lower Part to Lower Terrace 
deposit. Namba Formation is comparable to the alluvial deposit in the Osaka Plain (Table 1). The 
depth of the upper surface of the basement rocks is directly recognized at several points by deep 
wells for pumping hot springs. Thus, total thickness of the Quaternary sediments in the western part 
of the Osaka Plain is at least 1500 meters. 

Drilling data is useful as individual point data for the confirmation of the stratigraphy in the 
subsurface. Seismic reflection profiles are available for the interpolation among the drilling data. In 
the Osaka Plain, many seismic reflection surveys have been carried out for the investigation of the 
geologic structure since the 1980s (Yoshikawa et al., 1987; Yamamoto et al., 1992, i.e.). 
Particularly, after the Kobe Earthquake, seismic reflection survey was extensively carried out for 
the investigation on the Quaternary fault activity not only in the Osaka Plain but also in the Osaka 
Bay by several organizations (Osaka City, 1996; Sugiyama, 1997; Yoshioka et al., 1998, i.e.). The 
distribution of the basement rocks under the Osaka Plain is clarified as the results of those seismic 
surveys and gravity survey., Vertical displacement of the basement rock is estimated about 1000 
meters along the Uemachi Fault running north and south in the central part of the Osaka Plain. 

 
 

3. ORDERLY DISTRIBUTION 
OF THE MARINE CLAY 
BEDS 
 
The thick conformable sequence 

of the Quaternary sediments is 
confirmed with drilling data (OD-1, 
OD-3, OD-6, TS, HA) located at the 
western and eastern lowland area in the 
Osaka Plain. Thickness of the sediment 
underlying in and around the Uemachi 
area is thinner than the lowland areas. 
With all things considered, the depth of 
the horizon of the same marine clay bed 
in the lowland areas is deeper than the 
Uemachi area.  

Figure 3 shows the correlation on 
the basal depth of each marine clay bed 
between the OD-1 site and the others. The 
depth distributions of the marine clay beds 
at the drilling sites have clearly positive 
correlations with the distribution at the 
OD-1 site. The basal depth distributions of marine clay beds at the OD-5, TS, OD-3, OD-6 and HA 

Figure 3.  Correlation of base depth of marine  
clay beds between OD-1 site and the 
other sites． 
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have linear relations with nearly 1:1 gradient to the distribution at the OD-1 site. Meanwhile, the 
distribution of marine clay beds at OD-2, OD-9, OT and YU sites located in the Uemachi area have 
linear relations with gentle gradient. Those gentle gradients indicate that thickness of the 
Quaternary formation is generally thin in the subsurface of 
the Uemachi area. Those linear relations suggest that the 
Quaternary formation in the Osaka Plain has been formed 
in the orderly relation between subsidence of basin and 
sedimentation. 

Those relationships between the depth distribution 
(X) of marine clay beds at the OD-1 and the distribution 
(Y) at the other sites are analyzed by least square with a 
linear expression of Y=aX-b (a: coefficient on thickness; 
b: coefficient on vertical displacement). Table 2 shows the 
result of the analysis. All correlation coefficients (R) are 
over 0.99. The coefficient on thickness (a) of the sites in 
the lowland area is near 1.0. Meanwhile, the coefficients 
on thickness of the Uemachi area, approximately 0.5, 
indicate that the thickness of the Quaternary formation 
almost equals half of the thickness in the OD-1 site. The 
large values of coefficients of vertical displacement (b) of 
the Uemachi area suggest the relative uplift to the lowland 
area. 

Basal depths of each marine clay bed are converted 
to the depth at the OD-1 site with those relational 
expressions. Then, the converted depths are averaged with 
respect to each marine clay horizon. A probability 
distribution curve on basal horizons from Ma-1 to Ma10 
beds at the OD-1 site is made with averages and standard 
deviations of those converted depth data. 

This probability distribution curve indicates the 
standard distribution of the marine clay beds in the Osaka 
Plain. The distribution of marine clay bed at any point in 
the Osaka Plain can be explained with this curve and the 
two coefficients on thickness (vertical expanding and 
contracting of the curve) and vertical displacement 
(vertical shifting of the curve). Thus, this curve makes it 
possible to correlate between seismic reflection profiles 
and horizons of marine clay beds. The correlation of 
seismic reflection profiles using with this curve is 
mentioned as follows.  

More than 20 seismic reflection surveys are carried 
out in the Osaka Plain. In the Osaka Bay, many acoustic 
reflection survey lines are located. Many profiles are made 
by those surveys. In those profiles, reflectors on boundary 
between the upper layer of low acoustic impedance and 
lower layer of high acoustic impedance are plotted with 
phases filled black in trace of the CMP combine. These 
well-continuous reflectors can be correlated with basal 
planes of marine clay beds.  

Figure 4.  Examples of the 
correlation between the seismic 
profile and the standard curve 
of the marine clay distribution. 

 

Table 2.  Coefficient of the linear 
expression between OD-1 
and the others. 
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Consequentially, these traces in seismic profiles are correlated with the probability 
distribution curve on the distribution of marine clay beds with the two coefficients on thickness (a) 
and vertical displacement (b). Fig. 4 shows a example of the correlation.  

 
 
4. COMPILE OF THE STRIP MAP 

  
Geologic map in the hilly area, drilling data in the plain and correlated seismic profiles are 

used for making strip maps on the horizon of each marine clay bed. The strip map signifies the 
morphology stripped the overlying strata above the horizon of each marine clay bed from 
topographic map. Figure 5 shows several examples of the strip map in the Osaka Plain. 

The strip map of the base of the Ma13 marine clay bed deposited at Holocene transgression 
mainly made with the database of shallow drilling indicates the paleo-topography adjacent 
Holocene transgression at 10 ka. The strip map of the horizon of older marine clay beds indicates 
tectonic movements of the basement rocks. For example, the strip map of Ma3 marine clay bed 
shows vertical displacement along the Uemachi Fault running north and south in the central part of 
the Osaka Plain. The vertical displacement of the Ma3 bed along this fault ranges from 250 m to 
400 m. In the east part of the Osaka Plain, the distribution of the base of the Ma3 bed is higher in 
the northwest part than the southeast part. This distribution suggests the tilting of the basement 
block framed by active Quaternary faults such as Uemachi, Ikoma and Arima-Takatsuki faults. 
Meanwhile, there are several small basement blocks and generally dip to the center of the Osaka 
Bay in the west side of the Uemachi Fault. The base horizon of the Ma3 bed is correlated with the 
base boundary of the 21st stage of the δ18O stratigraphy of deep sea sediments (Yoshikawa and 

Mitamura, 1999). Therefore, the distribution of the basal horizon of the Ma3 bed indicates the same 
time horizon at 0.865Ma. 

Figure 5.  Examples of the strip map Ma13(Holocene marine clay bed) and 
Ma3(Marine clay bed at 0.87Ma) in the Osaka Plain.  
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5. CONCLUDING REMARKS 
 
The thick Quaternary formation in the Osaka Plain is formed by the tectonic subsidence of 

basement blocks and global sea level change. The result of the statistic investigation of the depth 
distribution of marine clay beds in the subsurface of the Osaka Plain made it appear that the marine 
clay distribution is explained with the linear relationship to the standard stratigraphy at the OD-1 
site. That linear relationship is available to correlation between the seismic profile and litho-
stratigraphy of the Quaternary formation. 

The strip maps on the main horizons of marine clay base in the Quaternary formation are 
made with drilling data and correlated seismic profiles.  Because those marine clay horizons are 
correlated with the δ18O stratigraphy of deep sea sediments, the each strip maps indicate distribution 
and geologic structure on the same time horizon. Therefore, those strip maps are useful as base map 
on subsurface structure in the Osaka Plain for 3D basin analysis. 
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