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DATING CHARRED REMAINS ON POTTERY AND ANALYZING FOOD HABITS IN 
THE EARLY NEOLITHIC PERIOD IN NORTHEAST ASIA

Dai Kunikita1,2 • Igor Shevkomud3 • Kunio Yoshida4 • Shizuo Onuki1 • Toshiro Yamahara5 • 
Hiroyuki Matsuzaki6

ABSTRACT. This study reconstructs food habits through carbon and nitrogen isotope analysis, and C/N analysis of charred
residues inside pottery from Amur River sites in Russia (Goncharka 1 site, Novotroitskoe 10 site, Kondon 1 site) and in Hok-
kaido, Japan (Taisho 3 site, Yachiyo A site). We obtained dates from 12,330 to 7920 BP for these sites. There are major dif-
ferences in the carbon and nitrogen isotope ratios between the Taisho 3 site (13C: –21.7 to –24.1‰; 15N: 11.9–14.7‰) and
the other sites (13C: –22.0 to –27.1‰; 15N: 7.1–13.1‰), suggesting that the people of the Taisho 3 site made use of anadro-
mous fish such as salmonids and some species of trout, as well as marine resources. The dates from the other sites except
Taisho 3 were assumed to be from a mixture of marine foods, C3 plants and terrestrial animals, and freshwater fish. The food
boiled in the pots also indicated a high dependence on marine resources during the initial stages of the emergence of pottery.

INTRODUCTION

It is known that the region of Northeast Asia was the site of the world’s earliest emergence of pottery
(~15,000 cal BP, as at the Odai Yamamoto 1 site in Japan; Nakamura et al. 2001). The precipitating
factors for the emergence of pottery are believed to be related to ecological changes accompanied by
climatic changes from the end of the Pleistocene to the early Holocene. Many theories have been
proposed regarding the functions and uses of pottery in the early Neolithic in Northeast Asia on the
basis of pottery shapes (capacity and type) and stone artifact composition, changes in the natural
environment, the beginning of river fishing, and the use of nuts. Recent results show that pottery
emerged in 3 regions of East Asia (south China, the Japanese Islands, and the Russian Far East), and
it seems that the combination of environmental changes and the necessity of processing terrestrial
plants and freshwater fish and mollusks resulted in the production of pottery-making in East Asia
(Kuzmin 2010). The emergence of pottery was a groundbreaking event in prehistoric East Asia.
Therefore, examining the process will be extremely valuable for understanding the subsequent years
of the Neolithic period.

Some scholars have conducted various stable carbon and nitrogen isotope analyses of human bone
collagen since the 2000s for reconstruction of food habits in the Neolithic period in Northeast Asia
(Kuzmin et al. 2002). This technique can also apply to charcoal samples as a measurement indicator
for determining the existence of the marine reservoir effect in the 14C dating of charred residues
found on pottery. Some interesting data were reported at the Goly Mys 1 site in Russia with the aim
of reconstructing food habits (Sakamoto 2007). The Goly Mys 1 site (520908N, 1400065E) is
located on the south coast of Lake Udyl’, one of the lakes spreading over the lowlands on the north
side of the Sikhote Alin Mountains, in the northeast lower Amur River basin. The charred remains
on pottery from the Goly Mys 1 site are characterized by 13C of –28 to –25‰ and 15N >10‰.
Judging from the 13C value, they are unlikely to have been affected by the marine reservoir effect;
however, the proposed age gives a date that is several hundred years older. Sakamoto (2007) points
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out the possibility of a freshwater reservoir effect. Sakamoto (2007) also reports dates of the
Okhotsk culture. The Okhotsk culture is characterized as a hunter-gatherer type based on marine
resources from the 5th through the 9th centuries.

To clarify a broad regional chronology of cultures and a transition in subsistence activities of groups
in Northeast Asia, we measured 14C dates from charred remains on pottery from Amur River sites
in Russia (Goncharka 1 site, Novotroitskoe 10 site, Kondon 1 site) and Hokkaido sites in Japan
(Taisho 3 site, Yachiyo A site) and reconstructed food habits of the early Neolithic period in the Rus-
sian Amur River basin and the Japanese island of Hokkaido. This article reports those results.

MATERIALS AND METHODS

Analyses were conducted on materials from 5 sites (Figure 1). Goncharka 1 (481918N,
1345050E) and Novotroitskoe 10 (48°1945N, 134°5146E) are located on a terrace on the right
bank of the Amur River. The relative height of the terrace from the present river is about 16 m. The
Kondon 1 site (511602N, 1363435E) is located in the present-day Kondon village along the
Khuin River, which runs into the Amur River. Although these sites are far from the sea, salmonids
and some species of trout run up the Amur River to spawn. The Taisho 3 site (424845N,
1431150E) and Yachiyo A site (424315N, 1425912E) are located in the southern area of the
Tokachi Plain, Hokkaido, Japan. Taisho 3 is located on top of a terrace overlooking the Tobetsu
River, a branch of the Tokachi River flowing across the plain, about 40 km from the Pacific Ocean.
The Yachiyo A site is located at the southwest edge of the Tokachi Plain, several km from the
Urikari River, which is confluent with the Satsunai River. It is assumed that salmonids and some
species of trout run up these rivers.

Figure 1 Map of Northeast Asia with location of the 5 sites in this study
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Charred remains from the Kondon 1 site were excavated during the 2011 Japanese-Russian collab-
orative research. Those of the Novotroitskoe 10 site were collected during research in 2004, and the
other remains from Goncharka 1, Taisho 3, and Yachiyo A have been stored at the Museum of
Archaeology at the Khabarovsk State Regional Grodekov Museum in Russia and at Obihiro Centen-
nial City Museum in Japan. The analysis included a total of 28 charred remains from pottery sam-
ples: 2 samples from Goncharka 1 (1 inner bottom, 1 outer rim); 2 samples from Novotroitskoe 10
(2 inner); 12 samples from Kondon 1 (7 inner rim, 2 inner body, 2 outer rim, 1 outer body); 6 sam-
ples from Taisho 3 (6 inner); 6 samples from Yachiyo A (6 inner rim) (Table 1).

Sample preparation for 14C dating was done according to Yoshida et al. (2004). The concentration
of the alkali treatment for the charred remains on pottery was kept to a level at which the test sample
did not dissolve completely. The measurements were taken using the Micro Analysis Laboratory,
Tandem accelerator (MALT) of the School of Engineering at the University of Tokyo. The C/N anal-
ysis of the carbon-nitrogen isotope ratio was conducted using an IsoPrimeEA stable isotope ratio
mass spectrometer (Micromass, UK) at the Laboratory for Radiocarbon Dating in the Department of
Research, University Museum, The University of Tokyo.

RESULTS AND DISCUSSION

Radiocarbon Dating

Table 1 presents the 14C dates and carbon and nitrogen isotope ratios of the charred materials. Sam-
ples from the Goncharka 1 and Novotroitskoe 10 sites dated to the Paleolithic to Neolithic transition
period, called the Osipovka culture in Far Eastern Russia, and samples from Taisho 3 were from the
Incipient Jomon culture, which falls under the emergence stage of pottery in Japan. They resulted in
dates of 12,330–11,110 BP. The oldest site from the emergence stage of pottery in Japan is Odai
Yamamoto 1, which was reported to be ~13,500 BP (~15,000 cal BP; Nakamura et al. 2001),
whereas the 14C dates obtained in this study were slightly younger in comparison. The Goncharka 1
site was dated to 12,500–9900 BP (Kuzmin 2006), and those dates are consistent with the dates in
this study. The Kondon 1 samples are from the Early Neolithic, corresponding to the transition stage
from the Osipovka to Kondon culture in Russia, while the Yachiyo A samples of the Initial Jomon
culture in Japan gave ages of 9810–7920 BP. Although some scholars (e.g. Kuzmin 2006, 2012;
Shevkomud and Kuzmin 2009) have undertaken aggregated overviews of 14C dates in the Amur
Basin and Primorye Province in Russia, there were few data from the Early Neolithic period in Rus-
sian areas. In those studies, Early Neolithic cultures are dated to 8585 BP (Suchu site) in the Lower
Amur River Basin, and 8380 BP (Pereval site) in Primorye.

There are several problems with conducting research related to dating of artifacts in Northeast Asia.
The first is that multiple cultural strata often exist at a site, and so there is no clear context for dating
excavated charcoal. Another problem is that charred residues found on pottery within a clear context
tend to be older than the true ages, due to marine and freshwater reservoir effects. The age gap
between charred remains on pottery and wood charcoal was ~400 yr at the Ustinovka 8 site in Pri-
morye Province (Kunikita et al. 2007), 310–575 BP at the Malaya Gavan site (524322N,
1400604E) in the Amur River Basin (Kunikita et al. 2011), and 300–800 BP at the Chashikotsum-
isakishita B site in Hokkadio (Kunikita et al. 2006), suggesting marine and freshwater reservoir
effects on the charred remains. The reporting of reservoir age, which reflects the past intensity of
upwelling in these areas, has been inconsistent (Yoneda et al. 2001; Kuzmin et al. 2001). However,
the carbon and nitrogen isotope ratios of charred residues found on pottery can be used to refine the
archaeological chronology. In particular, charred residues on pottery with high values of both 13C
and 15N and a low C/N ratio (Kunikita et al. 2007, 2011) could show older dates. However, the rela-
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tionships between 13C, 15N, and 14C dates of charred residues in these areas vary widely (300–800
BP), so it is difficult to accurately recalibrate the 14C dates using 13C and 15N values of charred
residues. We assume that the charred remains are derived exclusively from marine resources, mostly
salmon and trout moving upstream. Therefore, samples from the Taisho 3 site and part of the
Yachiyo A site (MTC-16158), which had a high distribution of both 13C and 15N, could be several
hundred years older than the true ages. 

Food Habits Based on Isotope Analysis

Figure 2 presents carbon and nitrogen isotope ratios and C/N values of the charcoal found on the
inner surfaces of pottery from the Goncharka 1, Novotroitskoe 10, Kondon 1, Taisho 3, and Yachiyo
A sites, compared with the preceding data of the Middle to Late/Final Jomon and Okhotsk culture
(Kudo et al. 2007; Kunikita et al. 2006; Kunikita and Yoshida 2011; Sakamoto 2007). In central
Japan (Honshu Island), samples from the Shimoyakebe site in the Late to Final Jomon (Kudo et al.
2007, 13C: –22.6 to 26.5‰; 15N: 2.7–8.4‰) were found to be a mixture of marine and terrestrial
animals, as well as fruits of terrestrial plants, whereas those at the Doudaira site in the Middle Jomon
(Kunikita and Yoshida 2011, 13C –23.3 to –25.0‰; 15N: 0.5–6.4‰) were primarily terrestrial
plants. In the Okhotsk Sea coast (Hokkaido Island), the Menashidomari site (Sakamoto 2007, 13C:
–21.8 to 23.6‰, 15N 12.2–17.6‰) and the Chashikotsumisakishita B site (Kunikita et al. 2006,
13C: –22.0 to –24.0‰, 15N 10.9–12.0‰) of the Okhotsk culture were primarily marine food. The
Menashidomari (450230N, 1423020E) and Chashikotsumisakishita B sites (435336N,
1433533E) are located on the low terrace front on the sea (Figure 1). 

In the Hokkaido sites, the marine reservoir effect on the charred residues is clearly observed at each
site. In the figure, the ovals mark the typical distribution of native food sources collected in the Jap-
anese Archipelago and North Pacific (Yoshida and Nishida 2009). Samples from the outer surfaces
of pottery and low carbon content <30% were not measured for carbon and nitrogen isotope ratios.
Such outer surface samples are not generally suitable for analyzing food habits because of soot
caused by fuel and low carbon content that could be influenced by an impure ingredient in the pot-
tery (i.e. clay and sediments). As shown in Figure 2, the carbon and nitrogen isotope ratios of the
charred remains from all sites had a bit higher nitrogen distribution than that of the region covering
C3 terrestrial animals. In particular, the results of the Taisho 3 site indicated high distribution of both
13C and 15N, which was quite different from the values from other sites. The C/N values from the
Taisho 3 site were lower than 15 values except for a single high value (MTC-16147). Since this sam-
ple had lower 15N than the rest, it may have had the influence of a mixture. There are no remarkable
differences between the sites except Taisho 3. The Okhotsk culture (5th–9th centuries) came from
more northerly regions of Japan, and this culture had a high dependence on marine resources.
Because of the analogy between the Taisho 3 site and the Okhotsk culture in Figure 2, food habits
of this site are assumed to have had a higher dependency on marine resources, anadromous fish such
as salmonids, and some species of trout. Meanwhile, the other sites except Taisho 3 site showed a bit
higher nitrogen distribution than that of the region covering C3 terrestrial animals when compared
with the Middle to Late/Final Jomon in Japan. Samples from the site are assumed to have a mixture
of marine foods and C3 plants and terrestrial animals, and the dependence on marine foods was high
compared to the Middle to Late/Final Jomon culture in Honshu Island. The 14C dates of charred res-
idues and wood charcoal in the Goly Mys 1 site in the Neolithic/Paleometal period (Koppi culture)
were compared. The chronological age gap was around 400–540 BP, with 13C: –24.9 to –28.6‰
and 15N: 9.2–12.7‰ (Sakamoto 2007). Since the 13C values tended to be primarily lower, this data
may point to the possible use of some species of trout, resulting in a freshwater effect. The dates
(13C –24.3 to 27.0‰; 15N: 7.0–12.5‰) from the Kondon 1 site were similar to those from the
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Goly Mys 1 site, and it may be possible that there was a higher dependency on freshwater fish rather
than terrestrial mammals and plants. The dates from Goncharka 1, Novotroitskoe 10, and Kondon 1
sites were comparable to the results obtained from the previous research into the Middle to Late
Neolithic period (Kunikita et al. 2011). Thus, it is believed that in the initial stages of the emergence
of pottery in the Amur River basin, the food boiled in the pots was likely from the Early to Late
Neolithic period.

CONCLUSION

Charred remains inside pottery from Amur River sites in Russia (Goncharka 1, Novotroitskoe 10,
Kondon 1) and sites in Hokkaido, Japan (Taisho 3, Yachiyo A) were 14C dated to 12,330–7920 BP.
The dates of 12,330–11,110 BP for Goncharka 1, Novotroitskoe 10, and Taisho 3 correspond to the
initial stages of the emergence of pottery. The dates of 9810–7920 BP for Kondon 1 and Yachiyo A
correspond to the Early Neolithic and Initial Jomon periods. 

There are major differences in the carbon and nitrogen isotope ratios and the C/N ratios between the
Taisho 3 site and the other sites, and the nitrogen ratio tends to be somewhat higher than that in
domains with C3 plants and terrestrial animals. The charred samples from the Taisho 3 site tended to
have a higher carbon isotope ratio, suggesting that the people ate anadromous fish such as salmonids
and some species of trout, and marine resources. In the other sites, the tendency for a higher nitrogen
ratio was observed (although lower than the dates of Taisho 3). These dates were assumed to result
from a mixture of marine foods and C3 plants and terrestrial animals. According to previous research
on the Goly Mys 1 site (Sakamoto 2007), the dates from Goncharka 1, Novotroitskoe 10, and Kon-
don 1 in the Amur River basin, which have a tendency toward slightly lower 13C values, might
record the possibility of freshwater fish with a freshwater effect rather than terrestrial mammals and
plants. The food boiled in the pots also came mostly from marine foods and anadromous fish such
as salmonids and some species of trout in the initial stages of the emergence of pottery, as at the
Taisho 3 site. It is necessary to examine more sites in the future.

Figure 2 Carbon and nitrogen isotope ratios and C/N values of the charcoal found on the inner surfaces of pottery from the
sites in this study, compared with the data of preceding studies.
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