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Sea level indicators, such as tidal notches and beachrocks, may pro-
vide valuable information for the relative sea level (RSL) changes of an 
area. The study area, Okinawa, belongs to the Ryukyu Islands, Japan 
(Pacific Ocean), forming the emerged part of an active island arc, where 
the Philippine Sea plate is subducting beneath the Asian continent. Evi-
dence of emergence has been noted by various studies. Beachrocks have 
also been studied, however, detailed examinations of their spatial extent 
and cement characteristics has not been accomplished. The purpose of 
this study is to discuss the RSL evolution in Okinawa through the re-eval-
uation of reported sea level indicators, with additional observations of 
beachrocks and notches and RSL predictions. Our findings suggest that 
the majority of Okinawa beachrocks have formed in the intertidal zone. 
Although the vertical uncertainty of the produced SLIPs is relatively 
large, there is a good agreement between the different types of sea level 
indicators. Comparisons with RSL predictions as well as the presence of 

uplifted notches further suggest that Okinawa island is generally charac-
terized by an uplift trend, which is larger in its southern part. 
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INTRODUCTION

Sea level changes are driven by long- and short- term pro-
cesses. Eustatic sea level changes are owed to variations in 
the mass or volume of the oceans and have a global impact, 
while relative sea level (RSL) changes are related to changes 
of the land with respect to the sea surface (Rovere & alii, 
2016). In this framework, fossil palaeo-shorelines may be 
identified through various types of sea-level indicators, such 
as notches, beachrocks, benches, or archaeological remains, 
and they may provide evidence for RSL changes. Geomor-
phological investigations can be particularly useful in the 
identification of coastal subsidence/uplift (e.g. Stiros & alii, 
2000; Morhange & alii, 2006; Kelsey & alii, 2006; Benac & 
alii, 2008; Shimazaki & alii, 2011; Dura & alii, 2011, 2016).

Beachrocks have proven particularly useful in the ab-
sence of other sea level indicators or when coupled with 
other available sea level indicators (e.g. Erginal & alii, 2010; 
Vacchi & alii, 2012; Stattegger & alii, 2013; Karkani & alii, 
2017). Although they have received some debate regarding 
their formation zone and their accuracy as sea level indi-
cators (e.g. Kelletat, 2006), their cement mineralogy and 
morphology are indicative of the diagenetic environment 
(Gischler, 2007), and therefore examination of cement 
characteristics can allow determining the spatial relation-
ship between the past shoreline and beachrock formation 
zone (Mauz & alii, 2015). 

Marine notches are coastal undercuttings extending 
along marine cliffs. They owe their development to various 
chemical, physical, biological or mechanical processes. Ma-
rine notches are particularly well developed on limestone 
coasts and are widely used to reconstruct RSL changes and 
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