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3 Results 
3.1 Results of U/Th dating in Ishigaki Island 
3.1.1 Reliability of dating accuracy for samples 

 My 230Th dating results, together with the previously reported 14C ages, are shown in Tables 1 and 

2. The δ234Uinitial values are used as an indicator of diagenetic alteration of fossil corals. If the initial 

δ234U values of the samples are similar to those of modern corals and seawater, the samples have 

been kept in the closed system regarding uranium and thorium. In this study, all of our δ234Uinitial 

measurements of Porites corals were similar to δ234U value of modern corals (145.8 ‰) reported by 

Cheng et al. (2000). By using the new 234U decay constant value, the δ234U value of modern corals 

can be calculated to be 144.1 ‰, which value is still close to our δ234Uinitial values. There are some 

other studies. Delanghe et al. (2002) reported 146.6 ‰ for the δ234U value of modern coral, while 

Delanghe et al. (2002) and Robinson et al. (2004) reported that value of modern seawater as 149.6 

and 146.6 ‰, respectively. These are all similar to our δ234Uinitial measurements. Overall, these 

indicate that correction for such alteration is probably not needed. 

 The 230Th ages of two horizons of one modern coral core (Samples 98IY03-L and 98IY03-P) and 

those of three horizons of one Porites boulder core IYT1 (Samples IYT1-6-3, IYT1-11-3 and 

IYT1-16-3) generally agreed well with the ages determined by annual growth band counting (Table 

1; Figure 8). However, in detail, the age differences for two samples 98IY03-L and IYT1-6-3 were 

larger than the estimated error from analytical precision (less than 4 years). Possible cause of the age 

disagreements is probably heterogeneous inclusion of detrital materials into coral skeleton. The 
230Th/232Th ratio of detrital materials may be different from that of dissolved phase in seawater, but 

the difference becomes significant only for young modern samples (Shen et al. 2008). Thus, these 

occasional biases from true age would be insignificant for those coral boulders although replicate 

measurements of coeval samples may be further required to verify the 230Th age accuracy.  



 18 

 



 19 



 20 

 

 

 

 

 

 

 

 

 

 

Figure 8. Positive X-radiograph prints of 6-mm-thick slabs of the Porites boulder core IYT1. 

Alternating bands of high (dark color) and low (light color) skeletal density are visible. A high/low 

density band pair represents one year of growth. The number of years of coral growth correspond to 

that of density band pairs. Skeletal portions used for 230Th dating are outlined by dotted lines. Core 

length is 3.2 m and core diameter is 5.5 cm. 

 

3.1.2 Correlation between dating results and historical documents 

 The “Kyuyo” and “Yaeyama-jima Nenraiki” chronicles describe three inundation disaster events 

on Ishigaki Island: the 1771 Meiwa earthquake tsunami and two other inundation events with 

unspecified causes (1625, 1714). These inundation events could be caused not only by tsunamis but 

also by extreme storms. For these two inundation events, the “Yaeyama-jima Nenraiki” chronicles 

report only that “a large wave came from . . . .”, so that it is difficult to know whether to ascribe 

them to an earthquake tsunami or a severe typhoon. In addition, a tsunami that occurred on 20–21 

October in 1687 as a result of earthquakes off the Peruvian coast (two large earthquakes with 

magnitudes estimated at 8.0 and 8.4, Dorbath et al. 1990) and was recorded in Okinawa Island, 

though not in Ishigaki Island. Although no damage was described in the chronicles, this tsunami 

should have struck Ishigaki Island. Therefore, at least four recognized coastal paleo-inundation 

events affected Ishigaki Island during the 17–19th centuries. Of the six Porites boulders dated by the 
230Th method (Figure 2b-2f), two (samples GPS65 and IYT4-1-2) could be directly related to the 

1771 Meiwa earthquake tsunami within the analytical error (2σ) of approximately 5 years (Table 1). 

The date of another specimen (sample IYT3-1) corresponds to the 1625 event (Table 1). 

 

3.1.3 Calculation of local marine reservoir correction values 

 I plotted the marine reservoir ages and ΔR values calculated from pairs of 230Th and 14C ages 

obtained from the same coral samples as a function of age (Figure 9). I calculated mean ΔR values 
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for three time windows: 10 ± 37 years for 1600–1780; –8 ± 20 years for 1600–1630; and 28 ± 42 

years for 1770–1780. The revised conversions of the 14C ages to calendar ages based on the newly 

determined ΔR values are shown in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Temporal variations of (a) radiocarbon reservoir ages and (b) ΔR in the Kuroshio region. 

Symbols: closed circles, this study; open circles, Hideshima et al. (2001); open triangles, Yoneda et 

al. (2007). The gray curve in panel (a) shows the mean global average of marine reservoir ages 

(MARINE04; Hughen et al. 2004). The horizontal bars in panel (b) indicate the mean ΔR values of 

each study: this study, 10 ± 37 years (n = 6); Hideshima et al. (2001), 49 ± 41 years (n = 5); Yoneda 

et al. (2007), 73 ± 17 years (n = 14). 

 

3.2 Results of Radiocarbon darting in Southern Ryukyu Islands 
3.2.1 Reliability of dating accuracy for samples 

 To check the accuracy of radiocarbon dating, we measured 14C ages of different surfaces of one 

colony (sample MH11; Figure 6) and the results were well agreed within the dating error (Table 3). 

Therefore, if the youngest parts of the boulders were collected exactly, accurate sample ages would 

be obtained by 14C dating. Reproducibility of calibrated 14C ages was also evaluated by measuring 

same sample (sample MH11-1; Figure 7) for several times (Table 4). 

 I measured 14C ages of boulders found at Miyako (sample MH5 and MH10; Figure 10) and 

Ishigaki Islands (sample H1), which have different growth axes in the process of growing (Table 5). 

If the growth rate of the coral are assumed as 1 centimeter per a year in Ryukyu region, difference of 

the ages were consistent, indicating that these boulders have a potential for recording the tsunami 

events twice (Table 5). 
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Table 3. The 14C ages of the surface parts of massive Porites boulder (MH11). 

 

 

 

 

 

Table 4. Reproducibility of calibrated 14C ages by dating same sample (MH11-1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Photographs of Porites boulders having different growth axes at Miyako Island.  

 

Table 5. The 14C ages of the surfaces of massive Porites boulders having different growth axes. 
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 As ΔR values are generally not constant over time, strictly it may not be appropriate to apply one 

estimated ΔR value for 1600-1780 to samples of different ages. However, although no data exist in 

Ryukyu region except for Hideshima et al. (2001), Yoneda et al. (2000, 2007) and this study. 

Yamaguchi et al. (2004) and Yu et al. (2010) reported local ΔR values around Taiwan and South 

China Sea near Southern Ryukyus, respectively, and suggested that the variation of ΔR values were 

not substantial since middle Holocene. Therefore, in this study I applied my estimated ΔR value to 

convert 14C ages of all samples into calendar ages. 

 

3.2.2 Calibrated 14C ages of Porites coral boulders 

 I measured the age of 125 samples from 77 boulders (Table 6). The locations of 14C-dated 

boulders were shown together with own dates in Figure 11. The results of 14C measurements also 

showed various ages from more than 2500 years ago to nearly present (Figure 12), which could be 

attributed to various paleo-tsunamis other than the 1771 Meiwa tsunami. In Miyako and Kurima 

Islands, many boulders were attributed to tsunamis older than the Meiwa tsunami (Figure 11). Some 

Porites boulders showed much older ages, which were about 3900, 4600, and 5800 years ago. 

According to these results, past tsunami disasters were likely happened in this region constantly 

during this period. 
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Table 6. The 14C ages of 77 Porites coral boulders at Southern Ryukyu Islands. 
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Table 6. The 14C ages of 77 Porites coral boulders at Southern Ryukyu Islands. 
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Figure 11. Distribution of the 14C-dated Porites boulders. Color variation shows separating each date 

with 100 year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Calibrated 14C ages of the Porites boulders and its age distributions. Some Porites 

boulders showed much older ages, which were not shown in this Figure. 
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