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PRE-BOMB MARINE RESERVOIR AGES IN THE WESTERN PACIFIC

Kunio Yoshida1,2 • Tatsuaki Hara1 • Dai Kunikita1 • Yumiko Miyazaki1 • Takenori Sasaki1 •
Minoru Yoneda3 • Hiroyuki Matsuzaki4

ABSTRACT. In this study, molluscan shells housed at the University Museum, the University of Tokyo, provided a new set
of region-specific correction values (R) for the western Pacific, in particular for the central part of the main islands in the
Japanese Archipelago and the southwest islands of Japan. The values of 40 total samples were calculated from 11 regions.
North of the main islands and in the Ryukyu Islands, the mean R values showed comparatively small values, 5–40 14C yr;
in the central part of the main islands, these values were 60–90 14C yr.

INTRODUCTION

There are many shellmound remains in the Japanese Islands, and although an exact number is not
known, it has been estimated at 2000–3000 (Sanseido Publishing Company 2002), with more than
half from shell middens of the Jomon period. For a hunter-gatherer living near the sea, marine prod-
ucts and resources held an important role. Shell middens from the Incipient stage of the Jomon
period were not found; instead, shell middens appeared in the first half of the Earliest stage, more
than 10,000 yr ago. Radiocarbon dating of the samples excavated from the Natsushima shellmound
in Kanagawa Prefecture was carried out 50 yr ago. It gave a surprisingly old date of >9000 BP
(9450 ± 400 BP for oyster shell and 9240 ± 500 BP for charcoal; Crane and Griffin 1960). Shell-
mounds of this time were small middens. The surface of the sea rose along with global warming
(during the Jomon transgression), with sea levels rising the most in the Early stage of the Jomon
period, before about 7000–6000 yr ago, some 2~3 m higher than the present mean sea level. Sea lev-
els then decreased, and huge circular and horseshoe-shaped middens were formed in the Middle and
Late stages of the Jomon.

The Kasori shellmound in Chiba Prefecture is one of the biggest shell middens in Japan, and 2 cir-
cular middens (160 × 140 m) are connected. Charcoal samples dated to 4790 ± 80 BP for the lower
layer and 3630 ± 90 BP for the upper layer (Kigoshi 1967). Because it is thought that occupation and
residence habits were altered due to environmental changes, a detailed chronological investigation
is necessary. To study the Kasori shellmound site, a large-scale investigating committee was orga-
nized, and charcoal samples were obtained in order to determine the age of remains and archaeolog-
ical features. In addition to pottery and stone implements and other artifacts, shell and bone samples
were collected and dated at the same time. In general, sample ages were estimated based on the chro-
nological order and typology of the earthenware vessels collected. However, pillar materials, char-
coal, and carbonized materials were not collected, and it is rare that they were saved even if col-
lected. Therefore, from the middens excavated in the past, only shells have been preserved, so it is
necessary to date shell samples to determine the age of the midden. Fortunately, when charred mate-
rial adheres to a potsherd, it can be used for dating.

It is necessary to calibrate a conventional 14C age of shell samples by using the marine calibration
curve Marine04 (Hughen et al. 2004). The average of apparent 14C ages in the world oceans was
shown to be 405 14C yr older than the terrestrial products. This value comes from the model ocean
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reservoir age calculated by an ocean-atmosphere box diffusion model. However, depending on the
location, marine reservoir ages can show various regional fluctuations, which are affected by
upwelling of 14C-depleted deep-sea water or the inflow of river water, etc. The difference between
the regional reservoir age and the mixed-layer reservoir age is the region-specific collection value,
R. This value may change depending on the place and time. If the value is not understood, the age
of the shell sample therefore cannot be determined precisely.

Recently, marine reservoir ages around the Japanese Archipelago were reported, especially around
the northern and southern islands. The surface layer of the North Pacific is affected by upwelling
water aged 2000 BP or less (Broecker 2002). In the western part of the region, the mean R for
Sakhalin and Hokkaido was estimated as 393 ± 32 14C yr (Kuzmin et al. 2001; Yoneda et al. 2007).
Faunal remains of terrestrial and marine mammals excavated from 5 shell middens in Hokkaido
Island, with ages ranging from the Jomon period (4900 BP) to the Ainu cultural period (800 BP),
were dated and compared to the apparent ages. The difference in the 14C age of northern fur seal and
Japanese deer is ~800 14C yr with estimated R values of ~380 14C yr (Yoneda et al. 2001). The R
values agreed well with pre-bomb shell results showing that the thermohaline circulation system
does not show a big change after the hypsithermal interval.

On the other hand, in the Ryukyu Islands, the R values are smaller. Typical R values for water
belonging to the Kuroshio Current in the south (northern Taiwan and Ishigaki Island) have a mean
R value of 73 ± 17 14C yr (n = 14) (Hideshima et al. 2001; Yoneda et al. 2007). For the Okinawa

Figure 1 Location of sample collection and oceanographic conditions in the western
Pacific. Letters in circles indicate the region where shells were collected. Arrows show
currents: dark lines = cold currents; light lines = warm currents.
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and Amami regions, the mean R value of 29 ± 18 14C yr (n = 5) is slightly smaller (Yoneda et al.
2007).

There are few data for the central part of the main islands in the Japanese Archipelago. The R val-
ues at Miura Peninsula (region h in Figure 3) were estimated at 82 ± 33 and 77 ± 32 14C yr from
marine shells uplifted by earthquakes (Shishikura et al. 2007). In addition, 3 values are reported: 109
14C yr for Shimoda (region i in Figure 3), 393 14C yr for Kashima-nada (near region c in Figure 2),
and –7 14C yr for the Kii Peninsula (Yoneda et al. 2000). The local reservoir collections are esti-
mated by paired shell and charcoal samples excavated in shellmounds in Aichi Prefecture, –11 ± 23
14C yr (n = 4) for the Yoshigo shellmound (2910~2800 BP) and 206 ± 30 14C yr (n = 2) for the
Kusubasama shellmound (6810~6730 BP) (Nakamura et al. 2007).

The Kuroshio Current flows east of the Japanese Islands from the south, and the Oyashio Current of
the cold current flows from the north. With warming, the subtropical Kuroshio front advanced
northward and reached Kashima in central Japan (36N) about 7000 yr ago, and around 5500 yr ago
it retreated to the south (Chinzei et al. 1987). Also, from analysis of a piston core collected in the
northwestern part of the Pacific Ocean in central Japan, it is presumed there was a big change in the
marine environment not seen after the Early stage of the Jomon period (Niimura et al. 2006).

In this study, the apparent 14C ages of shell samples collected from the 1880s to 1920s are measured
to obtain the local reservoir collection values. There were 40 samples collected from 11 areas.
Among those, 19 samples were collected in the Kanto District. Since many shellmounds exist in the
Kanto area, the data of this area are important.

Figure 2. Location of sample collection in the Tohoku region and the mean R values
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MATERIALS AND METHODS

As in Yoneda et al. (2007), the shell materials used in this study have been stored at the Department
of Paleontology of the University Museum, the University of Tokyo. The 2 sets of materials are
grouped together in the same collection. The specimens were collected before World War II and
have labels recording the collected localities and year as well as the collector’s name. In this
research, 14C dating was performed on the samples collected on the main islands of Japan, especially
the Kanto region (Figure 3) as well as the Izu Islands and the Ryukyu Islands. Most of the samples
had evidence of live collection. Articulated bivalves and shells with organic tissues of ligament and
other regions on their surface were selected.

The surface of the outer growing edge of the shell was manually cleaned, and a small piece of about
100 mg was cut with a metal drill. The sample was then leached by 1M HCl to remove secondarily
recrystallized carbonate until ~30% of the weight decreased. Each sample was reacted with 85%
phosphoric acid within an evacuated glass vessel, and the carbon dioxide produced was purified
cryogenically. Graphite samples of 1 mg were reduced by hydrogen gas under iron powder catalyst
at 650 C (Yoshida et al. 2004). The 14C/12C ratio was measured by accelerator mass spectrometry
(AMS) at the MALT facility, School of Engineering, the University of Tokyo (Yoshida and
Miyazaki 2001).

The stable isotopic ratios of carbon and oxygen (13C and 18O) were measured using a Finnigan
MAT 252 isotopic ratio mass spectrometer attached to an automated carbonate device at the Depart-
ment of Earth and Planetary Science, the University of Tokyo.

Figure 3 Location of sample collection in the Kanto region and the mean R values
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14C reservoir ages were calculated as the difference between the conventional 14C age (apparent
shell 14C age) and the 14C age of atmospheric CO2 at the year of collection (Stuiver and Braziunas
1993). The model 14C ages in the atmosphere are based on the IntCal04 data set (Reimer et al. 2004).
The regional correction value, R, was estimated by the same procedure between the apparent shell
14C age and surface ocean 14C age at the year of collection using the marine model 14C ages in the
Marine04 data set (Hughen et al. 2004). Uncertainties for regional R values are estimated by the
standard error of the mean (see Table 1).

RESULTS AND DISCUSSION

Table 1 lists the results on sample isotopic values and ages. Stable isotopic data show reasonable
values for marine carbonate, suggesting samples did not grow in estuarine conditions. The regions,
from the Tohoku District through the Kanto region to the southwest, are affected by the Kuroshio
Current and/or the Oyashio Current (and/or the Tsugaru Warm Current).

Northeast Region of the Main Islands

The R value is large, 393 ± 32 14C yr, at the northeast shore in Hokkaido Island, as previously men-
tioned. On the other hand, in Hakodate, southwestern Hokkaido Island, the value of R was much
smaller (34 ± 42 14C yr) due to the influence of the Tsugaru Warm Current originating from the
Tsushima Warm Current in the Sea of Japan (Yoneda et al. 2007). Two samples from Hachinohe (a
in Figure 2) in Aomori Prefecture, northern end of the main islands, show similar reservoir ages
(12 ± 24 14C yr) to previous values for Hakodate, located on the opposite shore across the Tsugaru
Strait on Hokkaido Island. Furthermore, the value is 18 ± 35 14C yr in Shiogama (b in Figure 2)
located ~300 km south. A similar R value of 44 ± 24 14C yr (n = 2; Kuzmin et al. 2001) for the
North Korean Current strongly suggests the Tsushima Warm Current has higher 14C content, and it
is estimated that the area containing “a” and “b” in Figure 2 is affected by these water masses.

In contrast, much higher R values of 124 ± 36 14C yr for Soma, Fukushima Prefecture (c in Figure
2), and 164 ± 35 14C yr for Oharai, Ibaraki Prefecture (d in Figure 3), were obtained. The location of
the latter is near Kashima-nada, where a large R value of 393 14C yr is reported (Yoneda et al.
2000). It appears that the area is under the influence of the Kuroshio Warm Current, but the reason
for these high values is unclear. Since there are only a few data for this area, it will be necessary to
increase the number of samples and to further examine the issue in the future.

Kanto and Chubu Regions

Mean values for the central Kanto District range from 60 to 90 14C yr (Figure 3). Samples of region
e (Figure 3; Boso Peninsula, Chiba) show a big distribution of R values from –38 ± 36 to 219 ± 46
14C yr (n = 7). Two samples were collected on the open sea coast (in Kujukuri and Kominato) and 5
samples in the Bay of Tokyo (Uraga Channel). Four of these samples collected in Heigun, Chiba
(Table 1), show the same distribution though collected in the same place on the same day. The aver-
age of the R values is 38 ± 20 14C yr (n = 4), and the standard deviation is 86 14C yr. The mean R
value of the Boso Peninsula (region e in Figure 3) is 81 ± 15 14C yr (n = 7). Furthermore, in the inner
part of Tokyo Bay (region g in Figure 3), the mean R value is 61 ± 22 14C yr (n = 3). There is a sub-
stantial input of terrestrial runoff to this area, which might cause contributions from both the hard-
water effect or the effect of precipitation. Since the flux of a river is 1/7 or less of the capacity of
62,100 million tons of Tokyo Bay (River Bureau 2004), judging from recent averages, it is presumed
that the influence is small. Another problem is that the R values estimated by archaeological sam-
ples in the coast of Tokyo Bay changed depending on the type of shellfish (Yoshida et al. 2008). For
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clams from 5500~3200 BP, the mean R value is –65 ± 20 14C yr (n = 3), and another species from
the same family (Cyclina orlentalis Sowerby) from 7350~3200 BP shows 121 ± 33 14C yr (n = 2).
Furthermore, 2 samples collected at Yokohama (samples 169 and 174 in Table 1) in region g, which
are the same species (plankton feeder) and collected at the same time, show values of 0 ± 37 and
118 ± 36 14C yr, respectively.

In region h (Figure 3), the average R value is estimated as 89 ± 22 14C yr (n = 5), which is
extremely close to the previously reported values of 77 ± 32 14C yr (n = 4) for AD 1703 and 82 ± 33
14C yr (n = 5) for AD 1923 in the Miura Peninsula (Shishikura et al. 2007). Misaki (see Table 1) is
located near the same site where Shishikura extracted the samples. Sagami Bay, which faces Misaki,
suddenly becomes deep, with water depths exceeding 1500 m in the central part of the bay, but
Tokyo Bay is not as deep. Since the mean values of R of this region (e, g, and h) appear similar, it
is estimated that the influence by upwelling old water is minor. In the meantime, for the Izu Penin-
sula and Suruga Bay (region h in Figure 3), the mean value of R is –36 ± 24 14C yr (n = 3), which
is quite different from the reported value of 109 14C yr for Shimoda (Yoneda et al. 2000). The dis-
crepancy between this result and the previous study is now under consideration. Because many shell
midden ruins exist especially in the Kanto region, the local reservoir correction values acquired in
this study are very helpful in refining the archaeological chronology.

Western Subtropical Pacific

Niijima Island in the Izu Islands is 160 km south of Tokyo (region f in Figure 1). It is washed by the
Kuroshio Warm Current, and the mean R value is a similar to those of the southwest islands of
Japan, with a value of 21 ± 21 14C yr (n = 3). In the case of the Ryukyu Islands, 3 shell samples for
Amami Island (region j in Figure 1 and Table 1) and 11 shell samples for Okinawa Island (region k)
were analyzed. A mean R of –25 ± 20 14C yr (n = 3) for the Amami region and 42 ± 11 14C yr (n =
11) for the Okinawa region were calculated. The estimated values for the Okinawa region showed
good agreement to the mean R of 29 ± 18 14C yr for Amami Island and the Okinawa region
(Yoneda et al. 2007). On the other hand, the value for the Amami region seems to be smaller. The
mean values of R were estimated for the Amami region as 5 ± 15 14C yr (n = 6; 3 from this work
and 3 from Yoneda et al. 2007), and for the Okinawa region as 38 ± 10 14C yr (n = 13; 11 from this
work and 2 from Yoneda et al. 2007). The mean value for the Okinawa region is larger than that for
the Amami region, but the value calculated only for Bivalvia shells was 4 ± 13 14C yr (n = 7) for the
Okinawa region. The discrepancy between the R values for the Amami region and those for the
Okinawa region is now under consideration.

CONCLUSION

Local correction values for a total of 40 shell samples were calculated for 11 regions (Figure 4). In
the region north of the main islands, the values were 12 ± 24 14C yr for point “a” and 18 ± 35 14C yr
for point “b” in Figure 2, and it is estimated that the area containing “a” and “b” is affected by water
masses of the Tsugaru Warm Current. Similarly, in the Ryukyu Islands and the Izu Islands where the
Kuroshio Warm Current is an influence, the mean values of R were comparatively small: 21 ± 21
14C yr (n = 3) for the Izu Islands; 5 ± 15 14C yr (n = 6) for the Amami region; and 38 ± 10 14C yr (n
= 13) for the Okinawa region. On the other hand, in the central part of the main islands, the values
were rather high. The mean R values for Chiba Prefecture (region e in Figure 3) were estimated at
81 ± 15 14C yr (n = 7), and those for Tokyo Bay (region g in Figure 3) were 61 ± 22 14C yr (n = 3),
and those for the Miura Peninsula and Sagami Bay (region h in Figure 3) were 89 ± 22 14C yr (n =
54). Since many shellmounds are distributed throughout the Kanto District, this value is very useful
for correctly determining archaeological ages.
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The reservoir ages in the Pacific coast of the Japanese Archipelago were clarified in detail for the
first time.
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