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The boiling sand and boiling water in the Otagawa Lowland by the 1944 Tonankai earthquake were studied by 
questionnaire survey. The number of boiling sand and boiling water was 796. The boiling sand and boiling water 
are mainly generated in the southern part of the Otagawa lowland, and are concentrated in the old river channel, 
low natural levee and relatively low sand dunes along the Enshu-nada coast, which are considered to be prone to 
liquefaction. Liquefaction of a muddy ground is often caused by the presence of a buried sand layer underneath. 
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Fig.1. Study area map. Compiled from the 1:50,000 “Iwata, 
Kaketsuka” topographic map published by the Geospatial 
Information Authority of Japan. 

Fig.2. Topographical land classification map. Compiled from the 
1:50,000 “Iwata, Kaketsuka” geomorphological land classification 
map published by the Ministry of Land, Infrastructure, Transport and 
Tourism of Japan. 

 

Fig.3. Ground classification map. Compiled from the 1:50,000 
“Iwata, Kaketsuka” subsurface geological map published by the 
Ministry of Land, Infrastructure, Transport and Tourism of Japan. 
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Table 1. Number of the boiling sand and boiling water and their percentages to the number of questionnaires in Iwata and Fukuroi areas. The 
representative surficial geology of each district was used as the surficial geology occupying the largest area, referring to the 
geological map. Base geological map is from the 1:50,000 “Iwata,Kaketsuka” geomorphological land classification map published by the 
Ministry of Land, Infrastructure, Transport and Tourism of Japan. 
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Fig.4. Occurrence sites of the boiling sand and boiling water caused by the 1944 Tonankai earthquake in the Otagawa lowland and the left bank 
of the Tenryugawa lowland.  4.1 Imai area, Fukuroi City, Mitsukawa area, Fukuroi City, Mukasa area, Iwata City. 4.2 Kudo area, Fukuroi City.  
4.3 Minamimikuriya area, Iwata City, Toyohama area, Fukude Town, Iwata City, Nisiasaba area, Asaba Town, Fukuroi City.  4.4 Fukude area, 
Fukude Town, Iwata City.  4.5 Kamiasaba area, Asaba Towm, Fukuroi City, Sachiura area, Asaba Town, Fukuroi City. 
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Fig.5. Questionnaires depicting the boiling sand and boiling water in the Kudo area of Fukuroi City. 
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Fig.6. Questionnaires depicting the boiling sand and boiling water in the Nishiasaba area of Asaba Town,Fukuroi City(a) and Toyohama area of 
Fukude Town, Iwata City (b).
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Fig.7. Photograph of crack, boiling sand and boiling water in the 
Minamimikuriya area, Iwata City Photo by the late Mr. Ryotaro 
Miyauchi. 
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Fig.8. Location of the boiling sand and boiling water in the Northern 
Otagawa Lowland. Base maps are form the 1:25,000 
“Yamanashi”(1980) and ”Fukuroi” ( 1986) topographical map 
published by the Geospatial Information Authority of Japan. 
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Fig.9. Topographical classification map of the Northern Otagawa 
Lowland. Compiled from the 1:50,000 “Iwata, Kaketsuka”
geomorphological land classification map published by the Ministry 
of Land, Infrastructure, Transport and Tourism of Japan and 
1:25.000”Yamanashi”,”Fukuroi,Mukai” topographical map of water 
management published by the Geospatial Information Authority of 
Japan. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

Fig.10. Geological section of Imai area, Fukuroi City. Compiled from 
the Crisis Management Department in Shizuoka refecture (1982). 

 

Fig.11. Location of the boiling sand and boiling water in the Kudo 
area, Fukuroi City. Base maps are form the 1:25,000 
“Yamanashi”( 1980) and ”Fukuroi” (1986) topographical map
published by the Geospatial Information Authority of Japan. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.12. Changes in well water and topographical classification map 
of the Kudo area, Fukuroi City. Changes in well water are based on 
responses to the questionnaire. Topographical classification compiled 
from the 1:50,000 “Iwata, Kaketsuka” geomorphological land 
classification map published by the  Ministry of Land, 
Infrastructure, Transport and Tourism of Japan and  
1:25.000”Yamanashi” and ”Fukuroi, Mukai” topographical map of 
water management published by the Geospatial Information 
Authority of Japan. 
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Fig.13. Geological section of Kudo area, Fukuroi City.  
Compiled from the Crisis Management Department in Shizuoka 
Prefecture (1982). 

 

Fig.14. Location of the boiling sand and boiling water in the 
Minamimikuri area of Iwata City, Toyohama area of Fukude Town, 
Iwata City and Nishiasaba area of Asaba Town, Fukuroi City. Base 
maps are form the 1:25,000 “Fukiroi”(1980) and ”Mukai” (1980) 
topographical map published by the Geospatial Information 
Authority of Japan. 
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Fig.15 Topographical classification map of the southern Otagawa 
Lowland. Compiled from the 1:50,000 “Iwata,Kaketsuka” 
geomorphological land classification map published by the Ministry 
of Land, Infrastructure, Transport and Tourism of Japan, 
1:25.000 ”Fukuroi,Mukai” ,”Iwata” ,”Kaketsuka” topographical map 
of water management published by the Geospatial Information 
Authority of Japan and Fujiwara et al.(2020). The left frame 
shows the range in Figure 17, the middle frame in Figure 14 and the 
right frame in Figure 19. 

 

 

Fig.16. Geological section of the Minamimikuriya area of 
Iwata City and Nishiasaba area of Asaba Town, Fukuroi 
City. Compiled from the Crisis Management Department in 
Shizuoka Prefecture (1982). 

 

Fig.17. Location of the boiling sand and boiling water in the Fukude 
area of Fukude Town, Iwata City. Base maps are form the 1:25,000 
“Fukiroi”( 1980), ”Mukai” (1980),”Iwata”(1976) and 
“Kaketsuka”(1987) topographical map published by the Geospatial 
Information Authority of Japan. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.18. Geological section of the Fukude area of Fukude Town, Iwata 
City. Compiled from the Crisis Management Department in Shizuoka 
Prefecture (1982). 
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Fig.19. Location of the boiling sand and boiling water in the 
Kamiasaba and Sachiura area, Asaba Town, Fukuroi City. Base maps 
are form the 1:25,000 “Fukiroi”( 1980) and ”Mukai” (1980) 
topographical map published by the Geospatial Information 
Authority of Japan. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.20. Geological section of Kamiasaba and Sachiura area, Asaba 
Town, Fukuroi City (north-south sideline). Compiled from the Crisis 
Management Department in Shizuoka Prefecture (1982). 

 

Fig.21. Geological section of Sachiura area, Asaba Town, Fukuroi 
City (east-west sideline). Compiled from the Crisis Management 
Department in Shizuoka Prefecture (1982). 
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Fig.22. Percentage of boiling sands and boiling waters by ground 
type in the Otatagawa lowland. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.23. Percentage of eruption types by ground. 
Black square: water, dots square: sand, horizontal stripes square: 
mud. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.24. Location of ground cracks in the Otagawa lowland and the left 
bank of the Tenryugawa lowland caused by the 1944 Tonankai 
earthquake. 
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Fig.25. Correlation between boiling sands, boiling waters and ground 
cracks. 

 gravel and sand sites  sand sites   mud sites 
a: Mukasa area, Iwata City b:Nishiasaba area, Asaba Town, Fukuroi 

City   
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