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1. Introduction

The purpose of the present article is three fold. First, it
aims to explore adaptive systems of the Upper Palaeolithic
population in Tohoku District (Northeastern Region of
Japan), from a perspective of the Processual archaeology.
More concretely, it aims at hypothetical understanding of
mobility patterns with a theoretical framework, “forager
vs collector dichotomy” in the sense of Binford (1980).

Archaeological records are static facts in the present
world. We need to decode these records in the context of
past dynamics. Actualistic studies are indispensable in
the process of transformation from contemporary static
data to statements of past dynamics. Here is the reason
for the “Middle Range Theory” to exist and necessary for
almost every archaeological endeavor, unless scholars are
content with mere description of statics or generalization
of silent records.

The above mentioned fundamental principle was
originally codified by Binford (e.g., 1983), but the
basic “theorem” of archaeological research is yet fully
understood among Japanese archaeologists. The author
explained and emphasized these theoretical standpoints
repeatedly since 1980s (e.g., Akoshima 1983, 2018).
A generation gap might be existent among Japanese
archaeologists, not to tell its details here. A specialty gap
may also prevail between “prehistoric” versus “historic”
scholars’ communities. The paper deals with adaptation
and systems behavior in the framework of the Middle
Range Research.

Secondly, the paper attempts to introduce the body

of archaeological records of the Palaeolithic in Tohoku

District. Huge amounts of excavation reports are
published in Japan every year. It is the affirmative result
of administrative policies by the government, national
and local, as well as very strong support by the general
public for preservation of cultural heritage of the nation.
The majority of excavation reports are open access to
the public by the system of “Comprehensive Database
of Archaeological Site Report in Japan” by Nabunken
(Nara National Cultural Properties Research Institute).
Case studies cannot but be eclectic and we discuss two
Prefectures, Miyagi and Yamagata for the hypothesis.
The Mogami River Prehistoric Project by Archaeological
Laboratory of Tohoku University to which the author
belonged is explained.

Thirdly and most important, a new hypothesis is
presented that people in Tohoku after ca.26000 years ago
already established a system of adaptation which entails
attributes of “collector” behavioral pattern in the sense of
Binford. Developed blade industries flourished during the
latter part of the Upper Palaeolithic period especially in
eastern Japanese archipelago. They are eminent in Tohoku
with the raw materials of shale, but it is likely that similar
adaptive measures were adopted in much broader areas.
Systematic blade/flake production systems were prevalent

with eminent regional variation in the archipelago.

2. Forager and Collector

The theoretical concepts derived from empirical
of
populations, but they are devised for the purpose of

generalization contemporary  hunter  gatherer

application to actual archaeological records worldwide.
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Forager and Collector mean a dichotomy with continuity
in between. They are dichotomous only with the concept
of “ideal type” in social sciences from the 19th century
with which actual cases are to be understood. This is
the author’s recognition. The scale of measurement is of
multiple standards, because the concept was theorized
by empirical accumulation of ethnographic records.
Variabilities of hunter gather adaptations are synthetically
integrated into the scale with the value of ET (effective
temperature) from the tropical rain forest to the arctic
tundra. Seasonality and entire solar radiation are expressed
in a value (Binford 1980). Real life subsistence and
mobility are so variable, so are technological skills such
as blowgun to crossbow. Aquatic resources and terrestrial
animals, rainy season and dry desert, pack size and herd
mobility, regularity and reliance, band group size, tribal
organization and kinship ties, more and more variables
came in, when considering classification schemes of
essentially different ways of life.

We cannot make a premise that modern analogues
are always found. During the Upper Palaeolihtic period
in Western Europe for example, mosaic-like patchy
environments with abundant solar radiation with extreme
coldness are the pictures we possess. Under such affluent
environments in terms of animal resources, skilled hunters’
adaption was feasible. We never find any analogues in
contemporary world of such adaptive systems. After the
outset of global warming at around 11000 years ago,
people in several regions on the planet took a great stride
of food production and keeping livestock. Needless
to say, we hypothesize law-like propositions under a
circumstance of no analogues. However, the synthesis of
ethnographic records tells us WHY variability exists in the
level of cause and effect propositions, rather than simple
empirical generalizations. The empiricist strikes back or
not, I am not duly aware. The point here is that theoretical
reasoning has logical grounds because it is based on
understanding of PROCESSES, not on SYMPTOMS.

Thus, we apply the forager and collector classificatory
CONTINUUM in considering the Palaeolithic world of
Miyagi Prefecture in northern Japan. Distances in time
and space dimension from ethnographic records are

basically no problems.

3. The Upper Palaeolithic in Miyagi Prefecture

A representative archaeological society for Tohoku
District is “the Forum for Palaeolithic Cultures in Tohoku
Japan” which has a history of more than 30 years and
published a very synthetic volume “The Palaeolithic
Period of Tohoku Japan” (3Rt HARDIHAZ b xRE
5 2018).

Emphasis of the paper is laid on the later part of the
Upper Palaeolithic that is after the fallout of the Aira-
Tanzawa tephra (AT) at around 26 to 29 kys ago, and
lithic industries belonging to layers above the key stratum
of the Black Band (dark color layer). Human adaptive
strategy is considered to have undergone substantial
transformation after that period. Characteristics of lithic
technology exhibit prominent developments of “true blade
techniques” with platform preparation, core rejuvenation,
and other refind methods.

Mobility patterns also exhibit major changes which
are reflected on the long distance transportation of those
“high grade” lithic raw materials of siliceous shale
outcrop/riverbed to sites along the Pacific Ocean side.
Yamagata shale was moved to Miyagi sites. Technological
organizations also matched these raw material transports.
Curated technology and expedient technology (Binford
1983 et al.) became distinctive on the Miyagi side.
Exotic shale and local rocks such as quartz andesite
and chalcedony were integrated in the technological
organizations.

JPRA (Japanese Palacolihtic Research Association
2010) compiled the data base of all known Palaeolithic
sites in the Japanese Archipelago. There are as many as
14542 sites with cultural layer(s) listed in the volume.
In Prefectures around Miyagi (where 76 sites are listed),
substantial numbers of sites are found in Iwate (138),
Akita (87), Yamagata (135), and Fukushima (99). A local
academic group for Miyagi Prefecture has been active in
the research of the Palaeolithic period after the infamous
“Palaeolithic forgery scandal” which was exposed in
November 2000.

The Miyagi Palaeolihtic Research Group was formed
in 2006 and continued regional case studies. The
group especially conducted joint analyses on the site
concentration around the Mount Yakurai (33| 11). There

are Yakuraisan and Yakuraihara site groups. It became a



part of The Archaeological Society of Miyagi Prefecture.
The group edited a volume which is an exhaustive
summary of so far studied Palaeolihtic sites in Miyagi
Prefecture. (BIIEE L7 2018).

In Miyagi Prefecture, there are 82 sites which all belong
to the Upper Palaeolihtic or the Incipient Jomon (also
called as “the Final Palaeolithic” by Serizawa) when
emergence of pottery is widely recognized. Ono (2018)
discusses chronological scheme for Miyagi and postulates
7 groups of industrial phases. In the present paper, his
group 3 and group 4 are considered. The group 3 is the
developed blade based industry mainly with siliceous
quality shale from distant sources in Yamagata Pref. The
group 4 is the developed blade based industry mainly with
local raw material sources.

Their antiquity is estimated after ca.29000 and before
ca.16000 years ago. Ono discussed chronological
sequences among group 3 and 4 individual sites on the
basis of stratigraphy, but here we consider them together
from the viewpoint of human adaptive strategy. Group 3
includes localities such as the Uenoharayama site area
IV (Sendai City), the Nodayaya site (Natori City), the
Yakuraihara No.15 site. Group 4 includes localities such
as the Tomizawa site, the Yamada-uenodai site (Sendai
City), the Kagosawa site (Murata Town). And successive
group 5 is associated with bifacial point tools. The
Kawazoe-higashi site (Sendai City) belongs to the group.

The Tomizawa site is notable for its buried Pleistocene
forest associated with remains of human activities. The
site complex was socially accounted of importance in
1988 and the City decided to preserve the remains leading
to construction of the Tomizawa Site Museum. Figure 1
is the excavation scene of buried forest per se in 1994.
Remarkable preservation conditions of various organic
materials provided paleo-environmental reconstruction.
One of them was the discovery of sika deer feces
dropping, indicating the location as over-winter areas for
deer population.

Lithic artifacts indicate a short term camping activity
around an open fire. Replacement behavior of knife blade
weapon is reconstructed. Core reduction sequences are also
reconstructed from nodules, to splits, to produced flakes.
The use of local raw material sources indicates temporary

supply of hunting and domestic tools. Microwear analysis

Human adaptive strategy in the Upper Palaeolithic of Tohoku District

Figure 2. Excavation of the Yamada-uenodai site (2002)

indicates expedient use of stone tools on meat/hide. A
synthesis of data from Tomizawa suggests a logistical task
group on a hunting trip. I have a hypothesis that the site
was a part of the collector system of adaptations.

The Yamada-uenodai site was originally excavated as
a large Middle Jomon settlement in 1980. Palaeolithic
assemblage was reported for both the Upper Palaeolihtic
and the “Early Palaeolihtic” periods. Later in 2002
after the forgery incident revelation, excavations were
conducted by the Sendai City office for confirmation of
authenticity of the site (Figure 2). It was confirmed that the
Upper Palaeolithic assemblage was authentic, although
“the Early Palaeolithic” part was completely negated.
The Upper Palaolithic tools and flakes conjoined together
between 2002 and 1984 (by the Sendai City Museum),
1980 excavations. There are variations of local materials
among which rhyolite and fine-grained tuff are noted.
Somewhat ab hoc blade and flake production methods
were reconstructed from refit samples.

My hypothesis is that people stayed in the areas for

a prolonged time utilizing local lithics as they exhausted
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exotic shale of good quality from Yamagata. It may not
be necessary to assume they were a local group different
from Yamagata. Generally, different circumstantial
conditions such as using local resources may have led to
using different lithic technology. Situational variabilities
in terms of “technological organizations” (Binford 1983),
would urge the same group to apply different techniques
of reduction.

Similar conditions can be seen in remains of Murata
Town such as the Kagosawa site. Space does not allow to
introduce details here, but abundant raw materials of local
chalcedony brought people to use different core reduction
sequences from sites close to shale sources, as their stays
with residential mobility prolonged there.

Different situations are seen in the case of group 3
sites where developed blade techniques were applied to
produce long blade tools of the “Higashiyama” variety
of knife shaped tools, burins and end-scrapers. This
type of sites is represented at the Uenoharayama area IV
and the Nodayama site. My hypothesis is that this type
of sites can be understood as various “logistic activity”
camps from areas of good quality shale. It may be that
embedded strategy of lithic utilization produced the two
different types of sites, depending on stay length and
logistical task group activities. Miyagi and Yamagata can
be two phases of adaptive strategy. Close geography over
the Ouu mountains would not rule out such possibilities.

Ambitious analyses are conducted on Palaeolithic

8 (264)

Kn T35 11 (57)

KnII 8

Figure 3. Lithic artifacts from the Yakuraihara No.15
site (from Yoshida 2021)

systems adaptation including morphological statistics,
“the Elliptic Fourier Analysis” of blade based industries
among Yamagata area and between Miyagi and Yamagata
areas (Kumagai 2018a, 2018b, 2019).

The Yakuraihara No.15 site yielded numerous artifacts
mainly using exotic good quality shale from Yamagata
area (Yoshida 2021). The site is situated on a route
to Yamagata over the mountains. Knife shaped tools
are shown in Figure 3. Exquisite retouched knives are
among 1319 excavated lithic artifacts. Subtype 2 of the
knife shaped tools is rather unique to the site. Blades
were truncated with ca.45 degrees angle to the flake
axis. Similar type of tools is reported in Akita and Iwate
Prefecture, suggesting long distance mobility patterns
by the Palaeolithic groups. Further studies are necessary
upon adaptive strategy in the period, without assuming

narrow and confined territoriality models.

4. The Mogami River Prehistoric Project
The present article explicates data from synthetic
results from the project which has been named as “the
Mogami River Prehistoric Project”, by Tohoku University
Archaeological Laboratory (TUAL). It sheds light on the
adaptive strategies of the Upper Palaeolithlic population
in Tohoku District. The project began in 1984 when the
Kamino A site (Shinjo City, Yamagata Prefecture) was
surface surveyed, leading to continuous investigations
and analyses of a number of Upper Palaeolithic localities.
The present author, Prof. Yanagida, Prof. Kanomata,
Prof. Sano, and associated members of TUAL conducted
the excavation projects on the river drainage. They are,
the Kamino A site (1987, 1991, 2000), the Marumori
1 site, Mamurogawa Town (2008, 2009, 2010), the
Takakurayama site, Funagata Town (2010, 2011, 2012),
the Hakusan E site, Shinjo City (2013, 2014), the Hakusan
B site, also in Shinjo (2015, 2016), and the Kakuniyama
site, Oishida Town (2017, 2018, 2019, 2020). Figure 4
shows the location of excavated sites in the Shinjo Basin.
The Mogami is a major river flowing into the Sakata
City area from the Iide and Asahi mountain chain areas
in southern Yamagata Prefecture. The river is 229km
in length, covering drainage area of 7040 square km.
The third longest river in Tohoku District (next to the

Kitakami River and the Abukuma River), develops



distinguished river terraces along its route and the terrace
surface classification is an important clue to the antiquity
of archaeological sites. The river was historically a
major artery and vein in the sense that it was the focus of
transportation and logistics in historic period, especially
during the Early Modern times (or the Edo Period) when
the safflower (Benibana) trade flourished. TUAL named
the project after the symbolic river. Museums in Yamagata
and Miyagi Prefecture (such as Murata Town museum)
put emphasis upon Benibana trades in their exhibition
gallery. Related to the theme of the present paper, close
ties between Miyagi and Yamagata persisted from the
Palaeolithic to the modern period.

The report series is entitled as Studies of the Late
Palaeolithic Culture in the Mogami River Basin, ( T
BRI OB IAIH A AR S EDIHZED ). 1t is noted here
that the term “Late Palaeolithic” is exactly the synonym
of the “Upper Palaeolihtic” in Japanese archaeological
chronology. The term does NOT refer to the early Post-
Glacial cultures like Western Europe. These sites cover
time periods through the Upper Palaeolihtic of Yamagata,
from ca.30000 years ago to ca.15000 years ago. Meticulous
excavation with piece plotting, typological classification,
technological evaluation, nodule and raw material
research, conjoins and their distributions, fabric analysis
for site formation processes, microwear analysis for tool
function, AMS dating, and comparative interregional
discussion, are all components of our project.

The Kamino A site yielded two distinctive industries
(Denda, Sasaki, Kanomata, Akoshiima, Yanagida 2012).
Group A is characterized with knife shaped tools, notches
and denticulates. Knives are two sides retouched type,
similar to some industries in western Japan. Group B is
characterized with blade based tools of the “Higashiyama
type”. A and B groups exhibit differentiated horizontal
distributions in the same stratigraphic context (Figure
5). Refits are also confined to each group. Considering
dating results of the Takakurayama, possibility of
contemporaneity of two groups at Kamino A exists and
two different human groups may have lived together there.
The Takakurayama site yielded an assemblage of blade
based Higashiyama type industry (Kanomata and Sano
2016). Use-wear analysis by Sano for impact fracture

revealed existence of spear throwers during the period
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Figure 4. Palaeolithic sites of the Mogami River Prehistolic
Project (by Y. Kanomata)
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Figure 5. Distribution of lithic artifacts
at the Kamino A site

(Sano et al. 2013).

The Hakusan E and Hakusan B sites are the first
excavated assemblages for the “Sugikubo” industry
around the Shinjo area (Kanomata and Kumagai 2019). A
backed knife of chalcedony (or heavily silicified shale) is
shown in Figure 6. It is 72 mm in length.

Chronological scheme is devised from the Mogami
River Project. Figure 7 is a chart by Kanomata (Akoshima
and Kanomata 2017). The earliest is the Marumori 1

site (25500 yrBP) with wedge shaped tool and relatively
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Marumori 1
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Figure 7. Chronology of the Mogami River project
(by Y. Kanomata)

expedient reduction method. The Kamino A site, group A
is dated to about 23000 yrBP. for the assemblage of two
sides retouched knife, notch and denticulate, endscraper.
The Takakurayama site is dated to about 23000 yrBP. for
the assemblage of the Higashiyama blade industry. The
Kamino A site, group B belongs to the same blade based
industry. The Hakusan E and the Hakusan B site belong to
the Sugikubo industry. They are dated between 20000 and
18000 yrBP. (Kanomata and Kumagai 2019, et al.).

The sites are located in shale abundant region of

Yamagata. The outcrops of good quality siliceous shale

are not necessarily close to sites (e.g., 40km), but the
majority of lithic artifacts are made from quality shale.
There are other shale crop locality sites such as the
Onakamabayashi, Nishikawa Town, and the Takaseyama
site, Sagae City. Relationship of lithic technology and
rock outcrop locations have been studied.

Characteristics of the Mogami River Project sites were
discussed in terms of settlement mobility and subsistence
activity, but still conclusions of adaptive strategy remain
to be fully answered. Seasonal camps, temporary camps,
resource exploitation localities, and combination of
these functional localities are among hypothetical
scenarios. For example, there are strong probabilities of
Takakurayama as hunting activity camp, Hakusan E as
hunting/processing station, Hakusan B as preparatory
camp of hunting, making tools, Kamino A as seasonal(?)
stay of two groups. We are in the stage of model building
to be tested. At least, sites in Yamagata and Miyagi can be
analyzed within a unified hypothesis of dynamic systems
covering these wider areas for human activities. Further
research into adaptive strategy in anthropological science

is in progress, and farewell to normative paradigms.

5. Conclusions

It is probable that the Upper Palaeolithic population
in eastern Japan already established an adaptive strategy
which includes mobility and settlement patterns of
“collector” system. Because of almost entire paucity of
faunal and floral database during the Palaeolithic period
of the Japanese archipelago except the Ryukyu Islands,
Tohoku area environments are not well reconstructed. The
big game species to middle sized animals are still vaguely
assumed for the Tohoku regions during the blade based
industry phases. The timing of extinction of Naumann’s
elephants is not determined yet. Assemblage of deer
(moose, elk, sika deer) is also yet determined during lithic
industrial phases. Bison and large deer are among retrieved
samples at localities in Iwate Prefecture (Hanaizumi fossil
beds) but only very limited sites yield faunal specimens.
Aquatic resources such as anadromous fish are retrieved
in sites such as the Maedakochi (western Tokyo) toward
the end of the Pleistocene during the Incipient Jomon. Site
distributions of microblade industries are suggestive of

river resource utilizations such as the Araya site in Niigata



Prefecture. The sites of microblade industries have
tendency to locate along large rivers on their terraces.

With paucity of environmental databases, we need to
reconstruct mobility patterns and human adaptations
on the basis of lithic databases, including raw material
characterization with the notion of “embedded strategies”
(Binford 1983). The set of phenomena includes site types,
transports of lithic materials, behavioral reconstruction at
each locality, technological variability as related to lithic
sources, differentiation between curated versus expedient
lithic technology. Geographical characteristics along the
east west axis (that is, Miyagi and Yamagata) with rugged
high Ouu mountain chains in between, and the north south
axis along flat river plains in both the Japan Sea side and
the Pacific Ocean side, suggest the hypothesis that they
were logistically organized hunters of “collector” type.

Hypothetically, they moved between Miyagi and
Yamagata possibly with seasonal mobility as their
norm. Local lithic resources were intensively utilized
for episodes of prolonged stay (such as stay episodes in
Murata township area with local source of chalcedony, or
stay in Natori River terraces like Yamada-uenodai with
local rhyolite and course rock types). Small amounts of
long distance, good quality materials suggest that regional
extraction areas cover both Yamagata and Miyagi annually.
Logistical mobility patterns produced small hunting sites
such as Tomizawa for small groups of hunters in an area
of over-winter area for sika deer as is evidenced in feces
dropping remains.

Geographical flat basins prevail along the north south
axis in both sides of the mountains, as river basins such
as the Mogami, the Kitakami, the Abukuma rivers with
tributary narrow lands. Seasonal mobility for example
of the bison population along the N-S axis led to human
movements for major resources. Probably, territorial
circumscription of land was not rigid for the time period,
and close encounters between population groups occurred,
resulting mating networks among groups which brought
benefits both for genetic diversity and social networks in
case of famine periods.

Collector type adaptive strategy produced the
variation of sites in terms of site size, higher degrees
of accumulation of residential episodes which result in

seemingly large archaeological remains, a high variety

Human adaptive strategy in the Upper Palaeolithic of Tohoku District

of lithic resource differentiation between local and exotic
materials with concomitant technological dichotomy
in conjoined reduction sequence such as in Yamada-
uenodai, Yakuraisan sites. Residential mobility and
logistical mobility are two different types of human group
disposition patterns on the landscape (Binford 1980).
Very complex patterns of human group movements
accompany splits and mergers of band groups with ad
hoc small task groups for specialized hunting mission. We
assume very complex and combined patterns of mobility,
and the mobility also accompanied lithic technological
diversity. Each excavated site is in this sense, very unique
behavioral episodic phenomenon. We should not postulate
any simplified models of Palaeolithic adaptation. All the
variability observed for sites in Tohoku District brings
important clues. We should not attempt to summarize
archaeological patterns, but to focus on variabilities.
Thus, further research into past systems dynamics is
necessary and several important case studies have already
been proposed, such as Denda et al. (2012), Kanomata and
Sano (2016), Kanomata and Kumagai (2019), Kumagai
(2018a, 2018b, 2019), and Ono (2021). Paradigmatic
transformation in the Japanese archaeological scene is

now in progress, | believe.
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ET 2 FEHR A B3ty %= 1Tz 312415 s 1]z it fii #
iR 1974-75 | hyi, EMUEE ++ B 694 [BaLHX
HESIL 2009 |&L + | o+ 424 |RtuAHIC LD
IINBPRE) R . N
RIS 2010 |EYraEiE + i 434
pElong i 2010 |EYazE + i 434
N+ INBPR N N
ONGEED 2010 |EPrasE +? + + i 43 4
W IR 2010, 18 | tasbE36EM, tHl, Emas + |+ + | |+ i 434
Fi 2007 | byr Q0. EvasE | |+ VL2234 |6 1 gt
EA 2007 |BoRER. BT (00, Emas)E + + | A | A | |+ + UL 2234 |1 2 ~ 5 Hipl
i 2007 |[EMIAEE + | o+ UL 2234 |16 - 7 Hi
J/ v 2008-10 g%ig@iﬁ%%gﬁ: %ﬁ\u‘j:i‘?%%@iﬁf%g\ Rl I e e el el Bl el B P 3% .2556 4 ® H1~ 12 g
CiEgILL] 2010-11 |%&L + + 2484 |H24-25K
BTl 2010 |&L + | o+ 1354 | HHOH
SEA i 2010-11 |EYaEE A e [ | 414
wimm ae) 7008 0% ama e . el e e | e | e | wasse [RMRAION
AR 2008-10 |EYyal e + R i 33 4%
Bl 2006 |EYIAEE + + + ++ | o+ i 24
Bl¥NGS 2006 |%zL + + 24 4
SRR 2006 |%&L + i 24 %
K1 KIGFEFIFBOBSEHOEIEE Y 015 2022 %K)
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R e UCEBIREE T UL I BN T, /)
MOV NS & & I TaRPEYIDN SERILL 72, b
IZDWTCIE, MGMBKK- ifEHES & LTH YN >
7' UTzo ZD1% 2020 4 8 A 25 HICHEE D HTH D
BRZY T T UTeh, FOBERICHBWTHE
YihS kR & NN DWW T MBKK- iRIES & L
THBRICERIN U 7z, #RE 53 L No. TH D, a
WFHSNEEY. b 3 EERNEREYTH B,

2020 FEEICERAL L 7230k D 5 B 37 iU 9 T
HWEZA, ZTNEDRRICDOVTIZ I TICHM
PRGBSI L TV UMRIES 2021,
INBR - ANEF S 2022), S EIET T2 IS, 2020 4 R ER
BRI D 5 BRI 2 1C/RT 3 IOV T, AMS B
14T - ZERMKILLOREEB x> 7C
ENS. ARICEWTZEORIEIRI & ek Rz
WETZEDTH S5, MGMBKK-1 13 M 1% HE K
Hl4-g% (1-#8% 5 10Po3780) D[N &Y
T AW O E RSSOV, DI
W7 O#lE JAAA-171659) I KD 2417 + 23
“CyrBP OHIEEARE TN TV D (IS
Z¢if 2021), MGMBKK-21 &, [A] U < Wl 5
ORI T2R (10P02004) DN EYITH %,
MGMKBB-24 1 Kili C2- A K#FIF 1-8% (10P02130)
DIREBANEA %Y (MGMBKK-24a) & 4\ ilif59)
(MGMBKK-24b) T® %, F7z. MGMBKK-2 & L
THHAREEH R 123 (10P03759) DA mf+f 5
W7 BRI U 72 hS, #8380 & 5 12 AAA WLFH 0D B
TR ERBDEINTE RN > 772 AMS B X
U IRMS fIEIE TE R > Tz,

BRI IMEB H 1 T 3R DR

AR O RTLIRIE ., EIN7 RS AT R AR =
T 2022 4F 8 HI/IMAD LA FOFIRTEH T 75> 7z,

TN URTS pMOBEREREB ko7
B, 7 RIVLEAR ) —)V2RwE 2N 1 TR
G LI (CMIER) 1K 30 nHEO&ERE 2
FBTHRoTe RNT, 7 bHT5HOE
kG 2B ko, TORET. DR
AR EOWRAMBRES NI LHIKTE %,

- 77 )V - B (AAA: Acid Alkali Acid) 2P,
N a7 )V TE Ao T, HUEHEIE, 1mol/ £ (1IM)
D (HCD 7Z MW T 80 ¥ T 60 7 DULEEZ 2
BB Eolz, 7V AVAEIZE 1 BIHIE 0.0IM D
KEE{EF RV L (NaOH) /KigE% v, 2 [ H
1 0.1M, 3 [aHLAEE 1M Z VT2 60 57 DAL
HZEBIHEWV, BRICEONZIEESKRDZET3I
MR LIz, &5, IMOERE (HCD ZHwv
T 60 7 OUEEZ 2 [ T 75> Tz, IRICHIKIC X
D 30 P DYEHEE 4 HBTHRNFRILTWS T L x
MR L. VRS CGARIZ AN U 7z, LR D [E]IY
REE1ITRT,

DLEO#EAET, R T2 TG R R
ENTLHWTTE S, HEGRIORTLEDRSRIZZR
1DEBHTHS,

4. EA-RMS AIERER GE2)

R#\B XUCBROERTHRL X CLERMAKL
DORE I, 2022 4 10 HICHE K HR G2 Y
BRI ¢ B AEARIIE ]IS BT, Thermo Fisher
Scientifi cs ##10) Flash2000 7t 774t 7% R ALEH %S

: et MGMBKK-21
e ,.;35 1 (254-116-5)
= 254-109-2
MGMBKK-1 0 . 10em ( )
(254-266-28) 5=1/3)
&S k4 YRR X JEHE JEE | | Lesmk S B
1 MGMBKK-1 10P03780 F-70 X SX151 IRk F # | HERE L | O 254 4 266 [X 28
2 MGMBKK-21 | 10P02004 |F-23XEb %V Ik VI c4-6 | 1M 254 % 116 X 5
3 MGMBKK-24 | 10P02130 |F-23XEb# U Ik VIc7 | WA | Kil C2-A| 254 4 109 X 2

2 2022 FEAIEE
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BE LT, ConFlolV A V& —7 2 —AZHEHL T,
Delta V 2¢7€ RN AL E R HisiE TRIES 5. EA-
IRMS &% W TH T &> T,

%7 0.5mg DR BER 2 B IC el AL D . JIEIC
U7z, WIERRAEE, FNHALEDMEN T SN TS
TS (75 %) ekl & FIRRCHE
T 5 L CEMERAZERE Uiz, @ OHIE Tl
8"°C OWPEFFAEE 0.2%0. 8'°N DFEFEE 0.2% TH
%,

MGMBKK-24ab 12 D W TIE | & N 7z B
b7z < IRMS T O [a i {4 bl & 1 W& U 7z
MGMNKK-1 BEL T 21 DFFRICDONWTHB &, W
RIS U 7o GBI T 88 HE Y (v -
NP 2022) DEL LHGEL, -25 ~ -26%D §'°C
fill & FEE D C3 RN ZWNEZE R L, 8N B 7% &
— e THERME <. C/N EE (mol L) A 15
DLEERENT LD SHEYE RO TEEMED EN E
RabN53, 1-21 L8 IHELRONTEY

THH MVTEEROR a7 ICHRT % LTS %,

5. REBEBKIUIZ774 Me &3

REMHUB XTI T 7 74 MEiE, HETRERS
WL Y BE O PR R AEE R IC BV T, skl
WCDOWTHRA w FICH&E L, elementar £ vario
ISOTOPE SELECT je&#ratic EA L. BABERR. #4
BENT LR EZ AN T AT A VITHAL,
B 5 C AR 2mg ZE LTIz ay 7 &K
JNEICKFEHN R RETIVED 22 f5/HY) L&
ELICH AL T, 650°CT 6 REIMEAL THML 72
(Omori et al. 2017),

6. AMS BIFEFER (£4-5. K3)

757 7 A MEUTREARNC U % U PR
FINARLLDRIE L, HUR AR T ZE YA DS A
T2 hE AR R HTERE (AMS) & W CHllE Lz,
A “CHEMR BPEMR) ZRHT Z7HIc, [

x£1 FLEORR £ 2 TERBLULERNMELLDODIHER
stk FRHL mg | AAA mg | [ mg |[F1E %|AMS H] mg| KR kA HEID | 5C | 8"°N |FR2ims | 2508 C/N
MGMBKK-1 81.0 81.0 18.04 22.3% 6.04 B MGMBKK-1 [YL49142|-25.6%0| 7.3%0 | 63.7% 3.5% 21.1
MGMBKK-2 13.0 13.0 1.15 8.8% — RE MGMBKK-21 [YL49143|-26.0%0| 7.6%0 | 63.5% 4.7% 15.7
MGMBKK-21 63.0 63.0 28.32 45.0% 9.56 B MGMBKK-24a N.A.
MGMBKK-24a| 23.0 23.0 6.25 27.2% 6.25 wads MGMBKK-24b N.A.
MGMBKK-24b | 14.0 14.0 3.45 24.6% 3.45 waEts
r3 5774 MEOER
i, w7 IANT 7T AR — [C/Fe
FY ST " 5774+ ID | Ak (b Tt Fe fift I
MGMBKK-1 |GR-16039|2.40 mg| 84.3% | 0.97 mg | 1.90 mg|0.511
MGMBKK-21 |GR-16040|2.48 mg| 80.9% | 1.00 mg | 1.95mg|0.513
MGMBKK-24a |GR-16041]4.33 mg| 95.2% |0.173 mg|4.02 mg|0.043
MGMBKK-24b |GR-16042|2.85 mg| N.A.

MGMBKK-24a 12 DWW\ TCld, b, DR OBRICHERR S Nichcia
M A00ug IR TH - Feleth, ASEOMEHERRZ HE L, MEREND
T k)l CRFED 2017) ICTEAVZAL R EER L, AMS HlES
1ot BHDT ST 74 FEMICIEE AV ZA MERBOFRETII A
. RERHOBIC RS SN RERZT Lz,

MGMBKK-24b I DWW Tk, BABEL, RFRBOBRKICHERE S NizER
7Y AMS JIE ORI B 8 B I T 75 70 o T Fe b, E RO AR 22 T

seh Co

£4 HEMEREERAEDER £5 EESNBHEERETR (cl BP X5

s Ea) HI%E ID MG AEMR HRIEH 8'°C R £4 HRIEAEAK (1SD) EAEAR (2SD)
MGMBKK-1a | TKA-26394 | 2447 + 21 BP|-24.8 + 0.3 %0 2689 cal BP (23.3%) 2642 cal BP | yo00' 1 b (27.3% 2634 cal BP
MGMBKK-21 | TKA-26395 | 2581 + 21 BP|-25.2 = 0.3 %0 MCMBKK-1a | 2613 cal BP (8.4%) 2597 cal BP |5y 01 pp (11 29) 2586 cal BP
MGMBKK-24a | TKA-26432 | 2619 £ 33 BP|-27.5 £ 0.9 %0 2497 cal BP (33.9%) 2424 cal BP |, Jag 1 pp (57.0%) 2362 cal BP

MOMBKK 2461 NA 2382 cal BP ( 2.7%) 2374 cal BP
Ty W@ﬁf{ﬁ MGMBKK-21 | 2745 cal BP (68.3%) 2725 cal BP | 2755 cal BP (95.4%) 2715 cal BP
KO ES ZNER 0
MGMBKK-24a | 2759 cal BP (68.3%) 2732 cal BP ZZ%SCC;‘IIBBFI,D ((911'%2) 22%311721111332
MGMBKK-24b NA.

BOEAER OB HICIE. OxCAL4.4.4 (Bronk Ramsey 2009) Zflif L. $IET— &I
IntCal20 (Reimer et al. 2020) &\ 7z,

_24 _




R RIDOHEIC WS §"°C fitild AMS 12 T [RIBF
E LTz W T W3 (Stuiver and Polach 1977),

7. FRAMER

J BRI T, ARG THi 7z UzilRl & A
UHIX (FIX, 8~ 11 M5, HIKRAGTESR
2 2021a) MHHE LB EICOWVT, K
F 14 FEAUE K 7R ZOERAR L2 TIE U 72 hBili3 .
CNETICT6 WETHO UMk /N 2022),
SRl OIS 3HEEMZ S & T9RMEEEZ B,
[l — Al A - 2R D NSV 2 IE U T2 BN 17 ik &
LWz, SEHE L7z MGMBKK-1 &, 9 TIc
IEARE m MR ZEATNHIE - W Uz haRdhmft
EVTH B IAAA-171659 D5 LTz gD N
HIC M7z 25K TH 50T P IRIERRD 18
k&%, XoT, ThETICHIE L LEEA
ELTIEONGL ks T Eidks,

AEREE LT, SEIERICOVT, K31
IntCal20 IC K B BIEAFACHER B LM 72T, B
AR EE DM L3R O N1 &) O MGMBKK-1 1.
2447 + 21 ""CyrBP OHIEMH, #iEd % & 2538 cal
BP (57.0%) 2362 cal BP ORI EENZERNRD
ATREPEADY R, A U < WA BEAH S T 3R N & oD
MGMBKK-21 &, 2581 + 21 "“CyrBP T, #1Ed %
L 2755 cal BP (95.4%) 2715 cal BP ORJICEEN
2 A[REMED R E FWVER T, BIE ISP K
HARICHEINZERTH S, KEEDDEL,
MR E TN AT &Y D MGMBKK-24a 0 & A3l
EENTKR C2- A X HERONMEYZ. 2619 + 33
“CyrBP OfEiT, #£1E9 % & 2782 cal BP (94.5%)
2717 cal BP DI A AJREME IR & @ <. Aild
@ MBMGKK-21 L E7%% K5 ZFERTH S, DAL,
RIEIORIE & KEWEFELEWVERTHD . JUh
FEBROERMINIE DT, 8 XTI 258 Y
WOERWMES T & LTHEAZRAERS C &
MTEREFTMTE S, Ko, mifa Chk - NE
2022) THHEL 2. WHATEY ORI AL D
B O W B AT AR T EYIC DV T,
Pl L& LRTENT 2L TOMAIE. bF
DITONTWIED S TR[EEED R E > 7Tc L VWX B,

- 25 -

BRI IMEB H 1 T 3R DR
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OxCal v4.4.4 Bronk Ramsey (2021); r:5 Atmospheric data from Reimer et al (2020)
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Radiocarbon determination (BP)
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NBAREMEDNREBVWEREA S LETE S, 2
L. HBLETHED L TROABEB X EWVWS T
TH-> T, WICIENL < WEHFEZ % 75 5 Xl E D
H75% 2680 ~ 2360 cal BP DWINHDENRTH
ZA[REMENSD B T LI B0 TATHBEHIE,
CNETOEZOFERBTVS &, KA X4
REHEE LTV 2460 ~ 2385 cal BP Icigd & <
HZHM, XOHOVKAAXDERICE, KO
LWIREHOERE T EN, ERED E720 T
AR DAL T LI LV, 2RI o258 E e
ZRIE L. TN ENOERBEOHIEME E et
NEETIVTHERREE 2> T & e dic, HfE
T EEMERBRN R EZRNZLT, KO EHEED
FREBTOIEIDRELEA S,

AR, 2020-2024 4EFEAINA HREEZE (A)
[H2R2iE 5 @ 22 ARt R 2 OREER & 1l 52
Pl O E LT HifiBrRsalnge ) (& NMlsh.
TS 20A102) FHMififZE BO2 I+ gl & ik
BEREY) D R IS AR TRIEER . 2022-2026 F2[E k5
WA (—) TEREFRAERRICKZET T
B aige s LR — M b o pRAT & AH H R R — ) (i
FRZ D) DR TH S, AR [ 75
I AR AR E SR E O 1. MEIEHETR
FHREA WISV P R AEAE % & DL [
2 CH O . ENTEL RAG IR B R B,
RUAKKH . BeRE, K& 2O )17215
TV,

(1]

1) ARTIE TR OERCTHR—9 %,

2) dIMRiEEh & Z OJELER» S At Uz B as oKX
PRSI &, BRI 350 2 et T4l
T 2 HEE L EFBPNC I 2 A RE (FE - H
B 1985) BXU, INZzd LICERES NI kR
IC K BZE% CHE 1983 - 1996) #25#& L LT,

(51 ABE XA

RS - 8% B 1985 [LEPREM AN =
WIR—aiTAERE R

RAREZ « gL« HESERAT « O K - BRRE -
KH RE 2017 AR ks U PR AR
HIFE S 25 20 [ AMS & 2RI T L

NEFEEREE 2022 TRIRFB5 LR O HE S Wl o 58

P MEREA R E CTHAO NSO EL 3 Hr
richhho o | B oMY BRRE AR
pp. 43-52

(B MHERHTOFZEAT 2021 T IMWGEBRC B0 2 5%
BIERERAER (AMS HIE) B XU - EREE
FERAREE ) (1) (2) TIIMRERR 25 2 2oy
M EIRSE AR 5 254 4R IR
HEZEZ pp. 181-219

IRE— 2019 TR O IR R Rkt

/IR — - /NEFRERER 2022 et AR BRHE
TERDOFEREZEE  — LIEY D AMS REEFER
HIE B K CLOE FNREL AT — | TR RS 1 i
WHehdEL) 23 pp. 21-36

ARG« BREORSERR BT I RH I TR SR AR ACHNE
= 2021 MMREBFH -8 EY DR 14
FEAGNE « RINIAARLE] TI0MRERS) 265 2 0ot
M IR A A R A 254 TR EIRIREA
BREZ pp. 229-238

JEiE B 1983 THbHs oWy A 38 — 1L F X
—1 I PHEEE) 68-3 pp. 1-53

JHRE B 1996 [ WSbDFE R & ittt ) THAS
{EwtsepT s i i) 33 B HASLAT
7 pp. 93-132

HWRAERES 2021a H/IMRERR SRS
AR 254 4R

HWRABERES 20210 MUMGEBRNE A SRR
LA S 5 255 2k

Bronk Ramsey, C. 2009. Bayesian analysis of radiocarbon
dates. Radiocarbon 51 (4), 337-360.

Omori, T., Yamazaki, K., Itahashi, Y., Ozaki, H., Yoneda, M.
2017. Development of a simple automated graphitization
system for radiocarbon dating at the University of Tokyo.
The 14th International Conference on Accelerator Mass
Spectrometry.

Reimer, P. J., Austin, W. E. N., Bard, E., Bayliss, A,
Blackwell, P. G., Bronk Ramsey, C., Butzin, M., Cheng,
H., Edwards, R. L., Friedrich, M., Grootes, P. M.,
Guilderson, T. P., Hajdas, 1., J Heaton, T., Hogg, A. G.,
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Friedrich, R., Kohler, P., Kudsk, S., Miyake, F., Olsen, J.,
Reinig, F., Sakamoto, M., Sookdeo, A., Talamo, S. 2020.
The IntCal20 Northern hemisphere radiocarbon age
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1.1Zt®IC 4 FER LB

2. B O & BAYIE O 5 %%

3.0

1.1ZCoIC DEMTH B, A K CEEOZSEY. 3

SRR O g A ac REaEMFE L TVv 3
BBV, TOROOMNEMEZ. B TAT7
WIRBELICEET AT 7IVEDIREOD G- D
D3DDRATWCHnhNBT EnbhoTNS (H
RiEH 2009, EFEEH, 2011, @FE 2015),
T TR, EEILMGERR R O LT aes (A
B, &&= 1051105, K1) B LTV AR
DI % BT 35> ISR ARG T %,

¥, AR 13-4 %EmE - e - WIH, 2
ZZ/NE 5 LI ED 4 BIHEL Tz,

2. BHOHIE & REME DD

(1) BEPFOBIE

W IREBRE . E BRI oD Al - A I Ao
& URIRTTHGUMRICATES %, fSCRH B 0k

X1

AOEER, EEEPE S 4 86, 2007 EEH S
2010 FEICEIMIRAG Z AR X D FMIRE N T
bhlc (EWREEEER 2021),

FIAAEOR R, Fid 4 @B 2 R
R DARHERIC T T, RS 2 Ak L35
EEEY U EEEZ O TRIBL., ARE
OEYINH T Uz, T BIMEHEEZ TS K 5 ICE
FLE N, GEFEEY) TS E 2 iR L e 458
BFC 19 #ifIc 1% (K 2), YEiE, Kt THh
ZiiBE AT & 5 ICEBOEENEEN TV LD
CHEEEI NG, BT, HANCHIE T B I
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