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Abstract A total of 87 beach rock samples were collected 

from 37 sites of Amami Islands in order to determine 

formative ages of beach rocks on Amami Islands, and to 

clarify the sea-level change during the late Holocene 

period. Beach rocks began to form 5,720 yrs cal BP on 

Yoron Island at first, and formed continuously between 

4,050 yrs cal BP and 380 yrs cal BP on the sandy coasts of 

Amami Islands. Relative sea-levels during the late Holo

cene period on Yoron Island and Okinoerabu Island were 

slightly higher than those of the present sea-level. Geo

morphic evidences indicate that the islands have pro-          

bably uplifted by earthquakes occurred along the sub

duction zone of Eurasian Plate. However they have re

mained similar to the present since at least the past 4,000 

years at Amami-Oshima Island.

Keywords beach rock, Amami-Oshima Island, Tokuno 

Island, Okinoerabu Island, Yoron Island, sea-level change, 

Holocene

Introduction

Beach rock provides a good recorder of the past sea-

level as it is formed within the inter-tidal zone. And it 

often contain fossil shells, fragments of coral, foramini

fera, diatoms and other marine biocarbonates providing 

good sample materials for 14C dating. The Amami Islands 

(southern part of Satsunan Retto) are a chain of islands 

located between Kyusyu Island and Okinawa Island and 

continue about 450 km parallel to the eastern edge of the 

Eurasian Plate. They consist of four major islands from 

south to north: Yoron Island, Okinoerabu Island, Tokuno 

Island and Amami-Oshima Island respectively (Figs. 1 

and 2).

The coastal geomorphology is characterized most of-          

ten by rocky coasts where marine terraces develop at 

several levels, and which provide evidence of the Pleis

tocene or Holocene emergence. Beach rocks often develop 

on the sandy coasts of Amami Islands. Since Yonetani 

(1963, 1964) reported beach rocks develop on Amami 

Islands, many geomorphlogists and geologists have in

vestigated and described beach rock distributions and 

characteristics.

The 14C ages of beach rock samples collected from 

Amami Islands have previously been reported without 

isotope fractionation (δ13C). Isotope fractionation is 

essential in obtaining correct 14C ages as recommended by 

Stuiver and Polach (1977). Therefore, the author could 

not include the 14C ages reported previously. Omoto 

(2005a) measured isotope fractionations for the 400 beach 
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rock samples collcted from the Nansei Islands and 

obtained conventional 14C ages.

The aim of this paper is to determine the formative 

periods of beach rocks that developed on the Amami 

Islands by calibrating 14C ages reported by Omoto (2005a) 

and reconstructing the late Holocene sea-level change in 

the Amami Islands.

Materials

Previous studies and collection of samples

Amami-Oshima Island. Amami-Oshima Island is located 

about 400 km south of Kyusyu Island and covers 712 km2. 

Bays, peninsulas and small islands are particularly nu

merous on the island showing “Ria” coast. Yonetani 

(1963) investigated beach rock development on Amami-

Oshima Island and he found beach rocks on 35 beaches. 

But the formative ages of the beach rocks remain un

Fig. 1　Location map showing investigated Amami Islands

Fig. 2　Four graphs indicate rate of sample materials collected 
for 14C datings and δ13C analysis. Data were compiled from 
Omoto (2005a)
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known. Omoto investigated the island and collected  

beach rock samples from 10 sites however he could not 

find whole beach rocks from 35 sites described by Yonetani 

(1963). The sample materials collected consist of 11 cal

carenites, 8 fossil corals and 5 fossil shell samples re

spectively. Elevations of the sampling sites were within a 

range between −0.5 m and ＋0.5 m a.s.l.

Tokuno Island. Tokuno Island is located about 30 km 

southwest of Amami-Oshima Island and has an area of 

248 km2. Shorelines of this island are rather simple com

pared with Amami-Oshima Island. Marine terraces with 

high sea-cliffs develop particularly along the west coast. 

Koba and Takahashi (1975) collected Hydnophora micro­

conos (LAMARCK) (TH-084) and Goniastrea pectinata 

Ehrenberg (TH-101) embedded in beach rocks from 

Kinen. They were located at mean high tide level and 

slightly higher than mean high tide level respectively. 

Their 14C ages were 1,655±115 yrs BP and 1,440±115 

yrs BP without isotope fractionation (Omoto 1976). 

Omoto investigated the island and collected 16 beach rock 

samples from 4 sites. They consist of 6 calcarenites, 4 

fossil corals and 6 fossil shell samples. Elevations of the 

sampling sites were within a range of −0.4 m and ＋0.7 m 

a.s.l.

Okinoerabu Island. Okinoerabu Island is located about 

30 km southwest of Tokuno Island with an area of 95 km2. 

Coastlines of Okinoerabu Island are rather smooth on the 

southern coast, however small bays and peninsulas 

develop on the north facing coast. The island consists 

mainly of Quaternary limestone beds, namely the Ryukyu 

Limestone Group. Marine terrace development on the 

island was investigated in detail by Koba (1974) and Koba 

et al. (1980). The 14C age of beach rock collected from 

Ohtukan showed 1,265±110 yrs BP (TH-162: Goniastrea 

sp.: 0.6 m a.s.l.) without isotope fractionation (Omoto et 

al. 1976). Omoto investigated the island and collected 26 

beach rocks from 11 sites. They were 11 calcarenites, 10 

fossil corals and 5 fossil shell samples. Elevations of the 

sampling sites were within the range between −0.5 m and 

＋1.0 m a.s.l.

Yoron Island. Yoron Island is located about 30 km south

west of Okinoerabu Island and ca. 20 km to the northern 

end of Okinawa Island. Its area covers 21 km2. The coast-          

line of this island is as non-complex as Okinoerabu Island; 

however it has an embayment opening to the northwest  

at Chabana. Hori et al. (1972 and 1973) investigated beach 

rocks in detail and attempted to analyze cementing 

mechanisms and the process of beach rock formation 

based on chemical and X-ray analysis of the fabrics. They 

reported two 14C ages collected from Akazaki (1,030±80 

yrs BP) and Kurohana (1,420±80 yrs BP) without iso

tope fractionation (Hori et al. 1973). Omoto investigated 

and collected 21 beach rocks from 12 sites. They were 13 

calcarenites, 4 fossil corals and 4 fossil shells samples. 

Elevations of the sampling sites were within a range of 

−0.6 m and ＋0.8 m a.s.l. Whole samples collected from 

Amami Islands are listed in Table 1.

Methods

14C dating and δ13C analysis

Chemical assays for 14C dating were carried out based 

on the 14C dating manual (Omoto 1993). Fossil coral sam

ples were fresh enough for 14C datings and showed clear 

grow- ing structure inside. Re-crystallizations and con

taminations caused mainly by algae were carefully 

checked under microscopic observations prior to chemical 

assay, and unsuitable sample materials were removed. 

Species of fossil coral samples collected from Amami 

Islands were Montipora, Goniastrea, Platygyra, Porites, 

and Acropora sp. while almost of all shell samples were 

Tridacna squamosa. Calcarenite samples were composed 

of fine grained fragments of fossil corals, foraminifera, 

diatoms and other biocarbonates. More than 95% (weight 

percent) of them were dissolved in hydrochloric acid.
14C datings and δ13C analyses for beach rock samples 

were carried out at the Radiocarbon Dating Laboratory of 

Nihon University by the author. The δ13C values of sample 

materials were measured by IsoPrime mass-spectrometer 

(Micromass Co. Ltd.). The same carbon dioxide used for 

β-counting (14C dating) was introduced into the appa

ratus.

Calibrations of equipment have been carried out by 

using standard samples of N.B.S., I.A.E.A. and Oztech 

samples. Standard deviation in δ13C measurement was 

smaller than 0.05‰. 14C dates have been corrected for 

isotope fractionations (δ13C). Conventional 14C dates were 
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Table 1　Calibrated 14C ages (median values) of beach rock samples collected from Amami Islands. 
(After Omoto 2005a)
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calibrated by IntCal 04 computer program (Stuiver et al. 

2005). The marine reservoir effect (400 years: Stuiver et 

al. 1986) is automatically corrected using the modeled 

marine 14C calibration curve (e.g. Marine04: Hughen et al. 

2004). However the calibration of marine samples is 

complicated by local and regional deviation from the 

global average. Accounting for this deviation, a local 

correction value, or ΔR─the difference between the 

modeled 14C age and the actual 14C age of surface water for 

the surveyed island─needs to be corrected (Stuiver et al. 

1986). Deviation is caused on a marine sample when it 

was influenced by 14C –depleted deep ocean water (up

welling) and meteoric water (dominant water flow from 

island). However author could not find any suitable ΔR 

for the Amami Islands then he assumed ΔR was equal to 

zero.

Results

Isotope fractionation

A total of 87 beac h rock samples were collected from 

37 sites of four major islands. They consisted of 41 cal

carenite samples, 26 fossil coral samples and 20 fossil 

shell samples respectively. Isotope fractionation ranged 

between 4.8‰ and −3.3‰ and the average δ13C value 

over four islands was 2.0‰. It is notable that the average 

δ13C values of 3 islands (50 samples) were outside the 

range of 0±2‰ given for marine carbonates and organ

isms by Geyh and Schleicher (1990). The maximum and 

minimum δ13C values for calcarenite samples in the 

Amami Islands were 3.8‰ and −3.3‰ respectively, while 

the average was 1.7‰. The maximum and minimum δ13C 

values for coral samples were 4.3‰ and −0.9‰ respec

tively, and the average value indicated 1.5‰. In addition, 

maximum, minimum and average δ13C values for fossil 

shell samples were 4.8‰, 0.0‰ and 3.0‰ respectively. In 

the Amami Islands, average δ13C value for beach rock 

samples decrease gradually from southern Yoron Island 

(2.7‰) to northern Amami-Oshima Island (0.5‰).

14C age of beach rock

Amami-Oshima Island. The oldest 14C age given for beach 

rock samples collected from Amami-Oshima Island was 

4,052 yrs cal BP and the youngest age was 523 yrs cal 

BP.
14C ages continue within ±3σ error range from 3,338 

yrs cal BP to 2,204 yrs cal BP, and from 1,323 yrs cal BP 

to 523 yrs cal BP respectively. But it has broken between 

4,052 yrs cal BP and 3,338 yrs cal BP, and between 2,204 

samples collected from Amami Islands. (After Omoto 

2005a) yrs cal BP and 1,323 yrs cal BP respectively.

Tokuno Island. The oldest 14C age of beach rock samples

collected from Tokuno Island was 5,163 yrs cal BP and 

youngest age was 538 yrs cal BP. 14C ages of beach rock 

samples after 5,163 yrs cal BP is 3,024 yrs cal BP and 

continue from 2,331 yrs cal BP to 2,272 yrs cal BP, and 

from 1,831 yrs cal BP to 731 yrs cal BP respectively. The 

ages intermit between 5,163 yrs cal BP and 3,024 yrs cal 

BP, and between 3,024 yrs cal BP and 2,331 yrs cal BP 

respectively.

Okinoerabu Island. The oldest 14C age given for beach 

rock samples collected from Okinoerabu Island was 3,850 

yrs cal BP and the youngest age was 380 yrs cal BP. 14C 

ages continue from 3,850 yrs cal BP to 3,482 yrs cal BP, 

and from 2,997 yrs cal BP to 380 yrs cal BP respectively 

however it is broken between 3,482 yrs cal BP and 2,997 

yrs cal BP.

Yoron Island. The oldest 14C age of beach rock samples 

was 5,721 yrs cal BP and the youngest age was 573 yrs cal 

BP. 14C ages continue from 2,838 yrs cal BP to 573 yrs cal 

BP however it is intermitted between 5,721 yrs cal BP and 

2,883 yrs cal BP.

Discussions

Formative period of beach rock

Marine carbonates and organisms have been trans

ported from their original locations to the inter-tidal zone 

by ocean waves, deposited on the beach, cemented by 

calcium carbonate and then became beach rock. Hence 

their ages never indicate directly the correct formative 

periods for the beach rocks but indicate only the time of 

deaths of the marine organisms.

Russell (1959) reported that some beach rock had been 

cemented since World War II. Yonetani (1963) investi

gated beach rock development on the Tokuno Island, and 
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found “nails” and a “silver comb” at Sadaiguma. He 

estimated that these items might have been used within 

the last 200 years. While Takenaga (1965) found frag

ments of a “soy sauce bottle” at Kametoku beach and he 

considered that the beach rock might have been formed 

within the last 100 years. These facts suggest the differ

ence in time between transportation of material and its 

cementing has occurred in very short time probably with

in ca.10 years. Consequently 14C age of beach rock in

dicates maximum age and the genuine formative age 

seems to exist within the error range (±1σ).

Omoto (2006) proposed that beach rocks might have 

formed in every case during the late Holocene period. The 

cemented strata of beach rocks dip usually seaward and 

landward slabs (the highest slab) are considered to have 

been formed prior to the seaward ones. The idea is based 

on the principle of sedimentation.

Many geologists and geomorphologists believe that the 

sea-level has not changed drastically in the last 5,000 BP, 

so that the beach rocks have always been formed under 

the inter-tidal zone. This means that the beach rocks 

collected from the inter-tidal zone may indicate different 

ages even if they were collected at the same elevation. 

And a fossil shell or coral sample collected from the upper 

part of the slab (beach rock) may not always indicate the 

oldest ages, because there remains a possibility that 14C 

dated material was transported and fixed at a slightly 

higher position after an older sample material was included 

in beach deposits.

Omoto considers if two ages overlapped within ±3σ 

error range, these beach rocks have been formed con

tinuously otherwise they were formed individually. Com

plete 14C ages of beach rock samples collected from 

Amami Islands are shown in Fig. 3. Beach rocks began to 

form 5,721 yrs cal BP on Yoron Island at first and the last 

formation was 380 yrs cal BP on Okinoerabu Island. In 

the Amami Islands beach rocks were formed at three 

stages; i.e. 5,720 yrs cal BP, 5,160 yrs cal BP, and con

tinuously between 4,050 yrs cal BP and 380 yrs cal BP 

respectively. The ages of beach rock formation differ 

apparently according to the islands surveyed. Several time 

differences among the islands may be distinguished in 

Fig. 3.

Middle -Late Holocene sea-level change

Marine terraces that developed at several levels on the 

Amami Islands provide a good evidence for the emergence 

of the island. Ota and Hori (1980) estimated the elevations 

of marine terraces formed in the last interglacial period 

(MIS-5e) and the Holocene period however they have  

not always estimated formative ages using reliable and 

radiometric data. The estimated average rates of uplift 

during the Holocene at Amami-Oshima Island, Tokuno 

Island, Okinoerabu Island and Yoron Island were 0.5 m/

ka, 1.1 m/ka, 0.2 m/ka and larger than 0 m/ka respective-         

ly. Elevations of beach rocks also believed that they 

indicate past sea-level. Therefore it is possible to recon

struct the past sea-level change by using the elevations 

Fig. 3　Correlations of 14C ages of beach rocks collected from Amami Islands. The islands expressed with 
figures from 1 to 4 indicate Amami-Ohshima Island, Tokuno Island, Okinoerabu Island and Yoron Island, 
respectively. Data were compiled from Omoto (2005a)
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and 14C ages of beach rocks.

 Takahashi and Koba (1975) investigated the southern 

part of Tokuno Island and concluded that the sea-level 

which formed beach rocks and notches could have been 

2-3 m higher than the present sea-level, although beach 

rocks were collected from mean high tide level (TH-084) 

and slightly higher than mean high tide level (TH-101). 

The raw 14C ages showed 1,440±115 yrs BP and 1,655 

±115 yrs BP respectively (Omoto 1976). Unfortunately 

no radio- metric ages have obtained directly from notches 

which marked obviously higher elevations than the pre

sent sea- level. The late Holocene sea-level is assumed to 

have been nearly the same level as to the present sea-level. 

The above facts indicate that the island has slightly 

uplifted, unless beach rocks were formed in a different 

environment. The cause of the difference is that beach 

materials were influenced by meteoric water whose 

calcium carbonate cemented the soft beach materials and 

then formed beach rock (Omoto 2004, 2005b). Accordingly 

the higher sea- level at 1,440~1,655 yrs BP proposed by 

Takahashi and Koba (1975) should be reduced smaller 

value than 1 m.

Koba et al. (1980) reported a high sea-level at 2,000 yrs 

BP on Okinoerabu Island. The evidence of the high sea-

level was based on two 14C ages of coral samples and 

topography. There develop stacks and notches consisted 

of Ryukyu Limestone Group on the island. One of coral 

samples was embedded in beach rock however other was 

taken from a top of pedestal (1.5 m a.s.l.). The latter  

sample consists of in situ corals limestone which remained 

on the bench. Authors considered that the pedestal should 

have been formed at Holocene high sea-level and they 

estimated high sea-level at 2.4 m, 1.8 m and 1.1 m a.s.l. 

respectively with the highest age of 3,000~2,000 yrs BP 

(raw 14C age). They also pointed out that sea-level had 

dropped around 1,300 yrs BP. The above evidence in

dicates that the island has uplifted intermittently.

Late Pleistocene and Holocene marine terraces develop 

at several levels on the Amami Islands. These evidences 

proof that the islands have uplifted intermittently. Kikai 

Island, east of Amami-Oshima Island is characterized 

with uplifted coral reefs at several levels whose highest 

surface is named Hyakunodai (224 m a.s.l.). 230Th/234U age 

of Ryukyu limestone collected from Hyakunodai was 

measured and and correlated with MIS-5e (Konishi et al. 

1974). The island locates at the nearest distance to the 

plate boundary where Ryukyu trench divides Eurasian 

Plate and Philippine Sea Plate. Depart from the plate 

boundary elevations of uplifted marine terraces decrease 

gradually to the westward. Considering these geomorphic 

evidences the islands have probably uplifted and tilted 

since MIS-5e by huge earth- quakes occurred along the 

subduction zone of Eurasian Plate. Geo-history and or 

tendency of upheavals and tiltings of the islands may have 

continued throughout the Holocene period.

Figure 4 shows relationship between whole 14C ages of 

beach rock samples and their elevations of sampling sites. 

The sea-level seems higher than present so far as we see 

Fig. 4　14C ages vs. elevations of beach rock samples collected from Amami Islands. Local tide range is ±0.8 m. 
Data were compiled from Omoto (2005a)
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Fig. 3, but we must consider the amount of tide change 

reaching up to ca. 1 m. Beach rocks whose elevations 

below mean sea-level are usually covered with sea algae 

that make it difficult to find materials for 14C datings. 

Therefore sample materials for 14C datings have often 

been collected above mean sea-level and from the land

ward (higher) slabs. As a result, elevations of almost all of 

the beach rocks drawn in Fig. 4 indicate rather higher 

locations. Most beach rocks continue more than 1m below 

present sea-level. Almost the entire beach rocks observed 

in the surveyed area was situated within a range cor

responding to the present inter-tidal zone (ca. ±1 m). The 

evidence indicates that the sea-level has never changed 

dramatically during the late Holocene.

Based on these pieces of evidence, the past relative sea-

level existed at a slightly higher level in the uplifted coasts 

of Okinoerabu and Yoron Island where developed lower 

marine terrace and emerged notches. These geomorphic 

characteristics suggest new upheavals occurred during the 

late Holocene. However it stood at a level similar to the 

present one on the stable coasts, that is, it has maintained 

nearly the same level as the present one since at least 

4,000 yrs cal BP.

Conclusions

A total of 87 beach rock samples were collected from 

37 sites among 4 of the Amami Islands. 14C ages were 

corrected for δ13C then they were calibrated by IntCal 04 

program (Stuiver et al. 2005). Based on the calibrated 

ages, formative periods of beach rocks and sea-level 

change during the late Holocene were discussed. Their 

results are summarized as follows:

1.  Within the Amami Islands, beach rocks began to 

form at 5,720 yrs cal BP at Yoron Island at first, and con

tinued between 4,050 yrs cal BP and 380 yrs cal BP with

in the range of the inter-tidal zone. Formative periods of 

beach rocks differ among four islands.

2.  In the tectonically stable islands, sea-level has re

mained similar to the present one for at least the past 4,000 

years however relative sea-levels of Okinoerabu Island 

and Yoron Island were slightly higher than that of the 

present one. This fact generally may be accepted as it 

reflects crustal movements probably triggered by huge 

earthquakes, occurring at a subduction zone along the 

Eurasian Plate.
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