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ABSTRACT: There are many tsunami boulders in the islands of the Ryukyu Archipelago. Among them, 
tsunami boulders in Okinawa (Kasakanja), Miyako (Higashi-Hennasaki), Shimojiri (Obiwa) and lshigaki 
(Ohama) Islands are famous. These tsunami boulders are definitely due to the past mega-tsunamis. An exper­
imental study has been undertaken on the mechanism of tsunami boulders by using a specially developed 
tsunami generation device. Various single blocks having different densities and cliff models with different 
geometry and materials are prepared and tested. The experiments shown that tsunami boulders found on 
terraces are likely to be associated with cliffs having a toe erosion and failing like passive flexural toppling 
failure. The authors describe these experimental studies and discuss their implications in the tsunami boulder 
formation as well as the estimation of mega-earthquakes. 

1 INTRODUCTION 

Tsunami induced boulders are found worldwide and 
the mechanism involved in the formation of such 
tsunami boulders is still controversial. There is no 
doubt that such huge tsunami boulders can only 
be caused by huge tsunamis resulting from mega­
earthquakes. There are many tsunami boulders 
in the islands of the Ryukyu Archipelago. Among 
them, tsunami boulders in Okinawa (Kasakanja), 
Miyako (Higashi-Hennasaki), Shimojiri (Obiwa) 
and Ishigaki (Ohama) Islands are famous and they 
are definitely due to the past mega-tsunamis (Aydan 
and Tokashiki, 2018). The authors have initiated 
an investigation program to quantify the geometry 
and position of tsunami boulders and topographical 
conditions in their close vicinity including the ero­
sion state along the shoreline. However, the forma­
tion of tsunami boulders and associated conditions 
are quite important for both understanding the past 
mega-earthquakes and future earthquakes in rela­
tion to the preparation of disaster mitigation plans. 

The authors have developed an experimental device 
to investigate the formation mechanism of tsunami 
boulders. The device is capable of inducing both tsu­
nami waves due to thrust faulting and normal fault­
ing. The model cliffs with toe erosion were prepared. 
The cliffs were either continuum type or blocky type. 
The continuum type cliffs were prepared using plaster 
while the blocky cliffs were made of Ryukyu lime­
stone blocks. The experiments were carried under 
different velocities of faulting and the geometry of 
the model cliffs. The experiments shown that tsunami 
boulders found on terraces are likely to be associated 
with cliffs having a toe erosion and failing like passive 
flexural toppling failure. The authors will describe the 
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findings from these experimental studies and discuss 
their implications in the tsunami boulder formation as 
well as the estimation of mega-earthquakes. 

2 OBSERVATIONS ON TSUNAMI BOULDERS 
IN RYUKYU ARCHIPELAGO 

The present observations were made on selected 
tsunami boulders in Okinawa (Kasakanja), Miyako 
(Higashi-Hennasaki), Shimojiri (Obiwa) and Ishigaki 
(Ohama) Islands (Fig. 1), which are definitely due to 
the past mega-tsunamis. For this purpose, the authors 
have been utilizing aerial photogrammetry and laser 
scanning techniques to map the boulders and their 
geometrical locations with respect to the topography. 
Although the tsunami boulders in Ishigaki, Miyako 
and Shimoji islands were initially believed to be due 
to the 1771 Meiwa earthquake with an estimated mag­
nitude of7.4 (Aydan and Tokashiki 2007), the recent 
studies indicated by Aydan and Tokashiki (2018) that 
they were much older. Particularly, the tsunami boul­
der in Shimoji Island is probably the largest in the 
world. Table 1 gives the size and elevation of the tsu­
nami boulders and their distance to the nearby cliffs 
in selected locations. In addition, some large boulders 
of metamorphic origin and sandy tsunami deposits 
were observed by the authors within Ryukyu lime­
stone layer during an excavation of a large engineer­
ing structure in lshigaki Island (Aydan and Tokashiki 
2018). These observations also imply that the events 
were cyclically occurring in Ryukyu Archipelago. 

One can also find many boulders on the 
tsunami-induced boulders., which we call "Sea Tsunami 
Boulders"(Fig. 2). However, it is extremely difficult 
to differentiate from the boulders resulting from cliff 

seiki
タイプライターテキスト
Included in Proceedings of 2019 Rock Dynamics Summit in Okinawa
© 2019 Taylor and Francis Group, London, UK. Used with permission.














