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1. Introduction

This paper is a continued endeavor from last year in
the same series of Bulletin of Tohoku History Museum
(Akoshima 2023). The purpose of the present article is
thus three fold. First, it aims to explore adaptive systems

adequate as the research is based on the causc-effect
understanding of hunter gatherer cultural variabilities
in the given environment. Supplemental remarks will
be necessary as to the essential logical “leap™ between
time and space. From the onset of ethno-archacological

of the Early Upper Palacolithic (EUP) population in

hes, appl of porary cases to the past

Tohoku District. EUP in Japan denotes time periods prior
to or contemporancous to the fall of AT, that is, Aira-
Tanzawa tephra almost nationwide. Concretely, it aims
| und: ding of prehistori iptati

with the theoretical concept by Binford (1980) that is
“forager vs collector™. The addendum in Japanese is

at hyp

not a summary of the paper, but it explains backgrounds
including the concepts of “forager and collector”.

Secondly, the paper attempts to introduce the body of
archaeological data to foreign audiences about EUP of
Tohoku. Case studies are eclectic from six prefectures
of Tohoku. The Mogami River Prehistoric Project by
Archaeological Laboratory of Tohoku University to
which the author belongs is explained.

Thirdly, a new hypothesis is presented that people in
Tohoku before ca.30,000 years ago adopted a system of
adaptation which resembles “forager™ behavioral pattern
in the sense of Binford. The cultural system then gradually
transformed to “collector” type adaptations later with
developed blade industries.

2. Between Forager and Collector
In the last article (Akoshima 2023), 1 discussed some

ethno-

essential  p
application to archacological cultures. It is considered

world has been questioned. Empirical generalizations
based on large numbers of cases in the “ethnographic
present” have been considered for one answer, that
is, the worldwide tendency of the kind. Here I would
discuss another clue to the question, that is, conceptual
differentiation between time and space.

Forager versus collector should be a sort of “ideal type™
which was a classical methodology in social sciences from
the time of Max Weber. Thus, conceptual understanding of
two inferential vectors might be theorized. They are time
wvector and space vector. The temporal and contemporary
vectors are diachronic and synchronic in other words.
Diachronic axis is considered ireversible in that the
time never goes back, and the phenomena in the axis is
evaluated in terms of evolution, in other words, long term
selective pressure operating on the given cultural system.
A different example of evolutionary stage thinking is the
“mode of production™ by Karl Marx.

On the other hand, the synchronic axis is considered
reversible in that cultural systems may be transformed
within  variability in the same temporal world.
Ethnographic present is in a large scale, an example of
the same temporal location along the time axis. Cultural
variability among hunter gatherers which was discussed
in the forager versus collector dichotomy may be
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d in such a L,

in the ethnographic world are thus evaluated in terms of
environmental constraints such as “over winter crisis”,
“logistical mobility”, “dependence on storage™ for
collector groups, or “group mapping on strategy” of
frequently mobile groups.
Withclear i
stage and adaptive diversity, we will obtain further

iy S
theoretical basis for cthno-archacological application of
the present world toward the past archacological records.
Here again, essential importance of the “middle range
research” is emphasized. Archaeological records are
always “palimpsest”, so we need to evaluate facts at each
site in terms of accumulation from a number of behavioral
episodes. From the evolutionary standpoint, we need to

evaluate patterns at cach in terms of de:

scope of the present paper, Ono (2021), Hong (2021),
Kumagai and Suzuki (2021), and Kanomata (2021) has
brought new p
as well as typology and technological explication.
Akoshima (2005) explains Upper Palaclithic industries

on human

in Sendai City area. The Uenoharayama site in the
western suburb of Sendai yielded two cultural horizons.
The Upper horizon belongs to the typical developed
blade industry of the latter part of the Upper Palaeolithic
(Akoshima 2023). Differentiation between the curated

and the di hnology are d

by exotic high quality shale from Yamagata Prefecture
and locally available lithic raw materials. On the other
hand, the Lower horizon is characteristic of “knife shaped
tools” including the “pen-tip type” (Figure 1) and “base

stages
throughout prehistoric human trajectory.

3. The Early Upper Palaeolithic in Miyagi
Prefecture

The Early Upper Palacolithic of Miyagi Prefecture was
synthesized by Sakuma (2022). The exhaustive review
also made explication of sites in other prefectures in
Tohoku, especially from a chronological viewpoint with
technological factors (techno-typology). The Miyagi
Palacolithic Rescarch Group (E{IH G #R I 22) which
is also a part of The Archacological Society of Miyagi
Prefecture (EHEIL#E 222 has conducted research
activities on sites and lithic artifacts that had been
excavated by the Kami Township in 1990s.

Research results on the Yakuraisan (Mt. Yakurai, $63

1L1) area are notable the Upper P

hed” type. The Lower horizon does not differentiate
exotic versus local raw materials but it mostly utilizes the
latter.

During my examination for the Sendai City Chronicle,
it is revealed that characteristic flake production method
for the EUP existed. Some small flakes have “positive
bulb of percussion” on the dorsal side of them (double
positive flaking scars on one flake). It is a characteristic
of the “Y i” techni in Akita Py 2 It
that depositional problems i site

formation processes such as fallen tree disturbances made

is

it difficult to ascertain the antiquity of the lower horizon
and precise identification between the two horizons.
However, the Uencharayama Lower horizon very probably
belongs to the first phase of the Upper Palaeolithic, with
information of changing adaptive processes.

No.17 site yielded an assemblage with

The group openly publicized their results (The Miyagi

Palacolithic Research Group 2010 for the Yakuraisan

No.17 site, 2017 for the Yakuraisan No.8 site). For the
!

1
[
o Sem
B=1/2)

Figure 1. Knife shaped tool from the Uenoharayama site

“trapezoid tools™ (Figure 2) which was included in broad
nomenclature of “knife shaped tool” industry. Hong
(2018, 2021) discussed the nomenclature which is rather
unique to Japanese archacology, and tried to clarify
the concept to understand actual meaning of secondary
retouch techniques. The notion of “base retouched tool™
is evaluated. The Yakuraisan No.17 site is located close
to the Qou mountain chains and thus important for
behavioral insights concerning changes between EUP and
LUP at around 30,000 years ago.

The Yakuraisan site group yielded another locality
of interest. Yakuraisan No.8 site (Miyagi Palacolithic
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Figure 2, Base retouched tool from the Yakuraisan No,17 site

Research Group 2017, Kumagai and Suzuki 2021,
Kanomata 2021). Type tools are less eminent but three
lithic concentrations retained behavioral data including
reproduction of flakes from large blades. High quality
exotic shale from Yamagata Prefecture sources were
brought to Yakuraisan area across Oou Mountains.
Kumagai and Suzuki point out that mobility pattems
were back and forth type between two Prefecture arcas.
Consumption of good quality raw material stone and
mobility plans with resource exploitation (such as
game animal) may have led to the phenomena observed
ighbori; i analysis

in

by Kanomata revealed that activities with wood type
worked materials were a part of their behavior. Analyses
for behavioral reeonstruction (TTEIHIRIZIHT) were
there quite intentionally adopted, in addition to general
typology and chronology, indicating future research

devel "

1 would very hyp lly evaluate the
Yakuraisan No.8 site in between typical EUP and later UP
with developed blade techniques in terms of forager vs
collector discussion.

After the year 2000 revelation of “the Palaeolithic forgery

scandal” committed by Mr. Fujimura alone, researchers

made sincere efforts toward recovery of public reliance
upon the field of archacology. One of them was the
activity of the Miyagi Palacolihthic Rescarch Group since
2006 mentioned above. Efforts were also made to clarify
the historical reality of the Early Palacolithic period.

One of them was the excavation of the Sunasaka site
in Kami Town (Kanomata et al. 2017). The site was
discovered by Mr. Fujiwara in 1998, and Ist excavation
was conducted by Tohoku University team led by Drs.
Yanagida and Kanomata, partially supported by the
Graduate GP educational program. Although the Early
Palaeolithic industry was not confirmed, a cultural stratum
belonging to EUP was found. At least 3 artifacts were

Figure 3. Base retouched tool and flakes
from the Sunasaka site

recognized as man-made, including a “trapezoid tool” (or
“base retouched tool”) and flakes (Figure 3). AC-14 date
of 27,340+ 140BP is plausible for EUP chronology. The
question of “psendo-artifacts” (natural phenomena) again
focused problems to be pursued in future research.

4. The Mogami River Prehistoric Project (2)

We proposed paradigm shifts in archacological research
of the Palacolithic sites with concrete methodology.
They include functional inferences by use-wear analysis,
statistical analysis of items distribution, chronology by
dating rather than typological assumption, picce-plotting
with nodule identification, antifacts refit analysis, and so
on.

The “organization of technol

h ical back

™ concept
a d. The research of
our Mogami River Prehistoric Project are based on these
methodology (e.g., Akoshima 198%a, 2009, Akoshima

and Kanomata 2015). Further, theories in the Processual
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Archacology are adopted as the backbone (e.g., Akoshima
1988, 1989b, 2012, 2018, Akoshima and Mizoguchi
2018), in addition to such natural scientific analyses as in
geology, pedology, accuracy dating, objective description
in soil color ete., which were methodologically combined
together in excavations by Dr. Kanomata for some years.
The point here is that integration of techniques, methods,
for further develop

of Palacolithic rescarch. I mean the relative paucity of
theoretical facets in Japanese archacology in general has
been a major detrimental trend in support of inductive
reasoning.

and theories is i

The research report of the Marumori 1 site was
published in 2023 (Suzuki, Denda, Kanomata, eds. 2023).
Excavations were conducted from 2008 to 2010 (Figure
4). Above mentioned analytical techniques are related
to one another, and their synthesis led to an inferential
reconstruction of space use at the site (Figure 5). There
were identified activity areas in TP9 and TP7 (The scale
bar is 2m). A total of 1507 lithic artifacts were found
in TP7 and TP9. Among them, 1399 specimens were
three dimension piece-plotted. A number of refits were
recovered. Denda and Kanomata conducted microwear
analysis of 49 artifacts. Among them, 31 retained some
use-wear traces. The main lithic raw material at Marimori
1 was shale, but the material is not of high quality and
considered locally available. Two C14 dates are obtained
from TP7, 25,490+ 100BP, and 25460 + 90BP. Calibrated
dates are around 30,000 years ago, and chronologically
they belong to EUP. The industry is important in
considering transitional processes from EUP to the latter
period. Technological isti
match the chronology. Blade techniques played an

anid disioal o

important role in the technology.

Figure 4. Excavation of the Marumori 1 site (2009, TP7)

- -
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Figure 5. Spatial distribution at TP7 and TP9 of the
Marumori 1 site
(from Suzuki, Denda, Kanomata, eds. 2023, p.108)

Thespatial activity areas arereconstructed. The south part
(left in Figure 5) is lower in elevation for the EUP horizon.
In the southern area there are two “implicit” hearths in the
sense of Leroi-Gourhan. Debitage concentrate around the
implicit features where manufacture activity is inferred.
Large flakes were gathered for expedient use. Burned
cobbles were compiled alongside. Expedient tools were
utilized on wood materials. In the northern part (TP7N),
curated tools such as endscrapers and burin spalls were
used on animal materials (scraping hide, cutting bone/
antler).

The results of Marumori 1 site research indicate some
“inter-site™ mobility patterns, where the site was a location
for next activities anticipated for fiture. However, the
inferred mobility patterns are different from the latter part
of UP when high quality exotic shale were transported
long distance in pre-planned activities such as logistic
strategy (blade industry collector adaptation hypothesis,
Akoshima 2023). 1 would postulate very hypothetically
the period as transitional between EUP foragers and the
later UP collectors. Further concrete analyses in other
locations are indispensable also from a viewpoint of

ization of technology” combined.

Mogami River Prehistoric Project carried out research
at Kamino A, Takakurayama, Hakusan E, Hakusan B sites
(Akoshima 2023). Comparative studies arc only feasible

when research strategy is comparable one another. Miyagi
Palacolihtic Research Group also maintained comparable
research strategy and paradigms, as some members belong
to both. We sincerely wish many administrative sector
archacologists broadly share the same problem oriented
tactics in cases of “record preservation excavations” (it

BRI ).



5. The Early Upper Palaeolithic in Tohoku and
around

The Early Upper Palacolithic period in castern Japan
exhibits remarkable differences from the latter part of UP
in various aspects of archacological symptoms. Techno-
typologically, the period is marked with two

Human adsptive strategy in the Early Upper Palacolithic of Tohoku District

aspects, that is, trapezoid tools and blade based tools, for
these two are termed as two polarized structure of industry
(e.g.. Sato 1992). The first stage of EUP is considered 1o be
assemblages without blade based tools in Tohoku District.
In the Korean Peninsula, from the very beginning of the
Upper Palacolithic, blade based industry was emergent as
is seen in the Suyanggae site, cultural horizon 3 and 4,
in Locality 1 and 6. Abundant tanged points accompany
them. Microwear analysis of the Suyanggae site was
conducted by Akoshima and Hong, with results indi

that the early modern human population there already
established a cultural system with long planning depth.
Tanged points were shaft-hafted for future utilization
(Akoshima and Hong 2018, Akoshima, Hong, Woo, and
Lee 2022).

A fundamental feature of EUP is the pattern of site
structure that ring shaped of
lithic concentrations. The phenomenon of “circular
arrangement of blocks™ (BMK7 0w Z8f) has been a

major focus of di at the

since its early recogniti
Shimofure-ushibuse site in Gumma Prefecture, in Kanto
District.

Agroup of EUPsites in Akita City were analyzed by Kanda
(2021). Among them, the circular blocks of distribution at
the Jizoden site (formerly named as the Jizoden B site)
was analyzed (Kanda ed. 2011), leading to an interesting
behavioral reconstruction. Microwear analysis was
conducted by Kanomata (2011). It was inferred that the
central part concentration (BLA) was the focus of hunting
and/or processing, reflected on base retouched tools with
use-wear traces of projectile weapons. Only limited parts
of site (BL4 and BL7) represent such behavioral features.
It is assumed that the ring shaped blocks at Jizoden were
produced by aggregated group camp with multiple bands.

Kanda (2021) scrutinized the group of EUP sites
from a clear | k of “technological
organizations™ (FZH7H1EE). EUP sites along the Omono
River drainage are chronologically grouped to 2 phases,

Figure 6. Distribution of used lithic artifacts
at the Jizoden site
(from Kanomata 2011, p.190)

with stratigraphical division of AT and the black band.
Jizoden site belongs to the first phase. Two types of
site patterns are recognized, that is, ring shaped lithic
ic aggregation
sites. The site structure is examined in terms of

concentration sites, and large circular i

geomorphological locations and “the Omono River
model” is proposed as a hypothesis.

Space does not allow detailed introduction here, but the
explicit application of the concept by Binford (c.g., 1983)
brings us many fruitful suggestions. (The dissertation
is open access through Tohoku University Library
repository).

Al ive EUP site in Fukushima Prefecture is the
Sasayamahara No.16 site located in the Aizu basin (e.g.,
Hong 2018). The site has been excavated since 2001, by
Prof. Aita and the Koriyama Womens College (Figure 7).

Although final excavation reports are yet in anticipation,
annual reports in its museum curator course of the College

and presentations in conferences reveal site structure and
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Figure 7, Excavation of the Sasayamahara No, 16 site (2023)

" (EfEHS). A notable feature is
diversity of lithic raw materials, in which main sources

of q -

“chains of operati

are d local. P

(Binford 1983) of lithic resource utilizations suggests the
range of group mobility during EUP.

6. Conclusions

Archacological patterns during the Early Upper
Palacolithic in Tohoku District suggest somewhat
different adaptive strategy from that during the latter

part of the Upper P The latter is

during EUP is suggestive of group member aggregation
relative to concentration of resources, for example, a
large game animal which was successfully hunted with
communal hunting activity. The eminent phenomena
of “ring shaped arr of lithic ions™

are suggestive of aggregation of large numbers of band
members who might be otherwise dispersed over a wide
landscape.

Such archacological patterns might lead us to postulate
a hypothesis that EUP populations have not yet developed
“collector type”™ adaptations. With the early arrival of
Homo sapiens to the Japanese Archipelago around 38,000
years ago, the groups may have faced adaptive difficulties
with less favorable insular environments in narrow
archipelago landmass which restricted wide movements,
reducing opportunities of encounters with other local
groups. Wide social networks which were effective in
large continental landmass such as southem France or
northern China for carly sapiens population may have
been difficult to obtain.

Here 1 would propose a hypothesis that EUP population
in Tohoku District led an adaptive strategy of “forager
panm mobility but with relatively large group size. A

is that the adaptive strategy was in response

by developed blade techniques utilizing high quality
siliceous shale from the Japan sea side of Tohoku as raw
materials by highly mobile collector groups.

Some archacological symptoms during the latter
period of Tohoku Palacolihtic are not necessarily visible
or often contrastive in the archacological records of
EUP. For example, predominant lithic raw ial

to the environmental factors where the groups were
dependent on large game animals. The groups might move
for the unit as a whole, the group consisting of multiple
band elements.

During the transition period from EUP to the latter part
of UP probably around 30,000 years ago, the population

are identified as local source rocks such as chalcedony,
rhyolite, siliceous tuff, or not so high quality shale
which can be obtained locally from near riverbeds, etc.
Technological dichotomy between the “curated”™ portion
of “technological organizations” (GIJUTSU SOSHIKI in
Japanese) and “expedient™ portion of them is not so clear
during the EUP.

Site vari;

ility among locations is not as clear as the
latter part of UP, for both the Japan sea side and the Pacific
Ocean side. Reduction strategy toward raw material saving
such as blade core preparation techniques were not fully

with

toward
the “collector type™ with highly mobile logistic strategy. 1
would suspect that situations of the transition period may
be reflected on behavioral episodes in sites such as the
Marumori 1 and the Yakuraisan No.8., for example.

was gi y ping new forms of adap

The proposed hypothesis here and the previous article
is only beginning for a more sophisticated analysis in the
future. Concrete 1 facts from viewpoints of
“behavioral” pursuit (KODORON in Janasese) will bring
further insights into our understanding of the remote past.
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MCOSK-104b A-1456 EIECT] Vi £ Mgt 431 |92 15 45-23
10 | MGOSK-107a A-1123 3 1L Vib | e Amgili43 e | 85 P T | PR 41-14
13 | MGOSK-108a A-36 2 KWILEAEA | Viee | R ] Akgili43 | 26105 | PO 14-24
W
b L, [Mooskiioa| arass IRm | vi| oM [T S X1 948 5 | PO 46
5 MGOSK-110b A-1458 3 XS Vi I3 W ECTH 9410 5 | PR 46
E 15| MGOSK-111 | A-1976 22K Vib | e M KMt 43 | 419 | e 25
16 |MOOSKIiZa| A130 | 2w #i | Via | B [EEE 1T 43 U | 26 14 16 | B 16-
MCOSK-112b A-130 2 EMBLREER | Via 3 GRS Amili 28 B 16 | I 16-
11 | MGOSKIa|  A8S | 2 KANakiss | Via | s P [Jomiba3® 32001 | WIS
MCOSK 114b | A83 | 2 Cbl@iime | Vi | Febk P [ Jibaa| sz | B 181
17 MGOSK:-117a A211 ] vl S e n A 434 | 38 89 10 | PARE 22-17
MGOSK-117b A-211 2 K Vi TEH LT ARl 43 9 | 3814 10 | PAR 22-17

“17-
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AMOBTHRPE B Eo . YoobbLe
AR S —LEER2 A TRE LIS (CM Bl
KX % 30 HMOBHE 2 BT HEot, ROT,
T b T 5 OB TEEPE 2 @B E -
Too CORMET. TP HEERIL EOMANEREX
N LHWTE 5,

M- 7 VA1) - B (AAA @ Acid Alkali Acid) L
HELT, YLy LBBEOEMGOSK-Ta L, L+

MGOSK-3a

MGOSK-4a

MGOSK b

MGOSK-

MGOSK-7a

MGOSK.9a

MGOSK.9b 7 z

MGOSK 130 | L 88 | 4
MGOSK-13b | 9% a1 | a1 |1202[2030%
MGOSK 152 | ¥4 15 | 15 | 388 [2500%
MGOSK-15b | 5 23 | 23 | 49 [650%
MGOSK.101a | &7 62 [Z1.10%
| MooSK-102 | Aw ik | 13 34 [41.10%
[MCOSK104a | 73 | 111 01 [2530%
[MGOSK-104b [t at 01 _[29.10%,
IMCOSK'107a | #-31 | 19 1274 |67.10%|
[MCOSK 108 [ 14 26 | 26 | 394 |1520%
MGOSK-110a | /-5 | 40 | 40 | 2186 [54.70%
MGOSK110b| % -4 | 35 | 35 |21.03|60.10%]
| MGOSK 11 ] 94 | 48 | 162 |3380%
[ MCOSK Ti2a| - 48 | a8 | 1937 [40.40%
[MGOSK-T12b | ¥+ 50 | 50 | 2069 [41.40%
[MCOSK T14a| 3+ 38 | 3B | 1578 [41.50%)
[ MGOSK-T14b 126 | 48 | 1584 [33.00%]

[ MCOSK 1172 43 | 43 | 169 [390%
MGOSK.117b 71| 71 [1413]10.90%

WA 35T MGOSK: 1 5ba [EFIEEA® 6.5% LIPRICEL A, Ch
CEHIIC VR < BTG LC IR Ao feoh Wb, WAANCIIL &
;‘!f‘ﬂﬁltﬂﬂ&ﬂlﬁﬂk‘ﬂéﬂfﬂf’ WL L L

®3 TREEURERNELOMTHRER

a'a

Z.'I

[F[E[E

F

=EE

[Eelse

=
¥

¥

Bli

61.2%
37.8%
REPE . ﬂ#ﬁlﬂﬂ-&ﬂﬂ";ﬂkb‘ﬂ

ﬁi

MGOSK-Ta k221 Tia%td

18-

BEEME LTRSS BFRREL BRSO
= MGOSK-114b, 117ab i& {1 §) AAA 1L BE % i
(Sakamoto et al, 2004) 2L, 80CHIRILTFT,
12N B it & % 1 nEj o n#a% 2 @, IN K
ML b ) AHC X5 1 IFRIOmAE 5 @,
12N HRTEHIC & 5 1 WS ngA% 3 i Dk L,
IREICHIKIC &5 30 T DNBA%E 6 EE DKL,

FOMOBFUET =2 TV TAAM UM ESB T
Trofz, BUBTH. Imol/ ¢ (1IM) D (HCD
ZHWT80CT60 FOMEE 2EBT K- Tz,
TobAh ) METEEEE 0M, 2 B HDEE 1M
kLS kY L (NaOH) ki HLT, &
60 FOUME, FHICHERa’E{ k5T
3EE@HE L. E6ic. IMOER (HCD £/
WT 60 470 % 2 [l T o fz, Ricslikic
XD 30 HOMkiPE 4 EHTEVBRILTHWAT L
ZEEL. BEEEIR L,

X2ICHLBIc B 2R ERT, RIR, 4
TR LERIC S5V B EUTENE mg Hif, FEIRAE
[l /MR TH D

4,EA-IRMS AIERER (& 3)

2023 1 5 HIC IR AT R MMM TRlE L
foo MBI URROBRITHBL I TLERK
HeoiiEid, Elementar #80% 5 F (i fkL FU& 55
Hi o A7 L GeovislON 12 &k D #MEL 7. GeovisION
&, BARE - BRSTRRCIE ARG vario PYRO cube &
LR R L B BT R isoprime visION DD
oM ENS,

LEFEMALLOBREECIE, Bk, BROPTTTR
T, 30~ 200ug DHFEH]Y 5, EA SHTHIOBR
ayFFTAALZREE, FIE He 1 R T
WX, GoevisION DB RIE .~ RATRIFIC
teJE, ARSI 8" Cop 8Ny, ~
OHIE, BT, MEIEORINE, A LFEIC
WL A T ARBUT I/ AR H—E,
L-Alanine, L-Histidine, Glycine DIaMfiifktE, 5T,
ZheEERCE LT,

AC L. MEOHMMEOH &R, 25~
2T%OMOEMERT T LARISh TS, Th
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FETORERATE, 87°C A -23.9%~ -20%D il
ERE BRI, BEXhAER (EEh
2L BRAOERPIMNET B RIEMEE) X0
BEHVMETRTHENE L, WY F—ri—%
ROWEIC L O < &> TV BRI L L1
ABNB (hbk- 1A 2015), SEOHKERERS
L. PCAMELY (MERHEANE V) LR L
LT, MGOSK-da BT & 5, 727 L. 8°N il
AMEC . C/N HeA R © LS Wi sk o
AIRIEFEDSH < | IO AR E LidnR e, i,
MGOSK-7a i 8'°C 14" -30% & #EL (Rt A
EW) M TOREHE YV CERCRIM L 82
ENBEHELROBENTOT L BIT, &
WMLEEY LBl #A BN 5B, Yhvidch
ETOMEN T -30%RED 8 C li%RLTED,
FIf LiEv,

5. REMMELUTZ 774 Me (a)

MEE, Bh oy TICHR L, elementar #: B
vario ISOTOPE SELECT se#5rHatic A Lz, #4
HEth, BB N TMEIREERENF AT A VIS
AL, S5 CHHMIEY 2mg ZHRLEZO Y
4 ERISTCRHEAT A (BERE VIO 2.2 1)
LEBICHALT, 650°CT 6 B IIMEL THIEL
= (Omori et al., 2017),

Y57 74 MED TEIRES febFl—DIEHET
T ERVD, BRSNS S, AVviatEic
HLTHENIYFT 74 FEROLEEIRSR L
Rid k., ThETORRTE, MuEnoRAn
IREA 10% AMOMRHE, FREVRESLEE
r—AnEL, HRAERELEATLEWE Yo
MEAELEE X W3, SEORBLEICDWTHS
L, BMEICNLTYS 7 74 MeE hizl#ERT,
MGOSK-3a, 4b ORRIRFIC 513 5 BB RV IED
BRI ETHBC LS, LRMERLLTE
Brda eI R BERE T &l L L .

6. AMS RIERER (%5
Y5774 MELTRHRMEHC B0 5 gt e
[t AR OB I, SRR B A

£4 U774 LR

PR

7015?
0.099

102mg

0,69 mg 203 mg| 0.34

427 0.037]
199 0.583
404 0.025

204 mg| 0.

0.94 mg | 1.95 mg [0.475]
" 0,66 mg | 204 mg|0.324
MCGOSK-13a [GR 17001 |0.384 mg| NA

MGOSK-101a
MGOSK-102

MCOSK-104b.

MGOSK-104a

MGOSK 13b [GR17002[2.144 mg|84.1% | 0.96 mg [ 199 mg|
MGOSK-15a 68.0%| 0.35 mg | 202 mg)
MGOSK-15b 1

MGOSK-107a |GR-17265|2.117 mg| 89.9% | 0.97 mg |2.05 mg
MGOSK-108a |GR- 17009 1 882 mg| 02 0% | 0.67 mg | 196 mg
MCOSK.110a |GR- 170102518 mg[84.8% | 1.03 mg [200 mg
MGOSK.110b| g | 1.09 mg [2.17 mg
MGOSK-111 07 mg [ 191 mg]
MCOSK112a Bl mg [198 mg
MGOSK-1120 | 100 mg [2.15 mg
MGOSK-114a 05 mg [2.04 mg
MGOSK-114b 24mg [192 mg
MGOSK-117a |0.31 mg [ 198 mg
MGOSK-117b, 06 mg [2.15 mg|
MGOSK-13a I DU T it BN ROREC HE & L= BRI AMS B
-mmr R er-;r-f-n PEMFMEE WL,
1M.o|.\ B OB BT P
4 - 12 f2. FROBBAZHEL BB RO T
a .m {kﬁllb’ ZU}?) T A A MEERL, Wi

Fe. FEOFST A FPRAICIEE A

BRMEORC BNS S RRRER L.

-19-

AMS
2 FEREORRETIEE .

&5 BHEREFNEOBR

2420 + 19BP | -
2417 + 20 BP

BEREEe
]

seis;'

2Ele

MGUSKIIZa TRA-27314 | 2553 + 21

| MGOSK-112b | TKA 27315 | 2553 + 21

MCOSK-114a | TKA-27316 | 2341

| MGOSK-114b | TRA-27317 | 2376

| MGOSK. a | TKA-27318 | 2509

MGOSK-117b | TKA-27319 | 2466

Ll . ool o ol 8 . o OO L L8

SCERORRE | WPREERT,
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45 A R R (AMS) & THkE
Uiz 1 C R BP FR) ZRHT Bizhic,
Ttk b 53 SO HHIE I Fl B 8'°C fillld AMS i< T
[l L 7 fli%2 AV TW % (Stuiver and Polach,
1977),

7.BEENX (£5-6, M6~8)

. LEEMALD 57C i -23.6% L HFEY
F—R—WROEHONTERT Z22ENH S
MGOSK-4a Ifi{t ETHBH, did Lk I
BN liH 24% LE <, 2D C/N L (mol H) #
239 L@WLWT &, PR LAY R Ed
ek ki3 # R W, 87C i -236% TH BT
Eb, WHEY P —ROEE L EESEI T
% -239 ~ -20%0Eh TR ELREEZ TS
24% & D BWBISIEV L AT X . EEEOHY
RO TEEMA B, FRIERS L, 2417«
20 BP THAEMHHTIIRDER L LTFEIE TN,
7. MGOSK-4 IxPI¥hili 2 fRINL T B A, Shili
1359 MGOSK-4b D4 fLREAT 3000 = 34 BP &

HESHICHOAMMTSH D, FTOREFFOLT
AR E DTS2, FEIERILA 6 i
fili & LT MGOSK-4 (£ DW\WTIHER DMl i 5 —i
fiLTH{ T EELEy,

o, WO EMERRLTW2REL L
T, UTOLENS 5. MBI 53N
WA (ke & A AT B R AR T, ik
@ MGOSK-4 % [>T, MGOSK-3, 9, 15, #i5C
WA M E MOV E DR ATRES T & MGOSK-104,
108, 110, 112, 114, 117 D &dl 10 DB 5. @i
O MGOSK-4 B &, LA YOMB TR
A 0 S (R B AR L D R i FeFE L
MGOSK-117 (& P3ified a #* 2509 = 21 BP, bl
b %1 2466 + 21 BP & | Bl (E MO LD
#EE - THBH PP HEOHTES. Wi
> MGOSK- 117 DEE ALk « C/N i
WA e fedh, WiEE) F— 1~ ROEEOH
HECHLLERNT ST LT ERVD,. ATRETEAS
WiV BV A L, MGOSK-15 & Mo a A% 2444
= 21 BP, #hifiiod b7t 2405 = 21 BP & Aifiif+is4

HRRHOBL, T OHITIE 1 B EED

A R

#5 REThIBEFELTR (cal BP #id)

T

MGOSK-3a

2465 cal BP (68.3%) 2365 cal BP

2613 cal BP ( 3.5%) 2600 cal BP
2495 cal BP (86.5%) 2355 cal BP

MGOSK-4a

2464 cal BP (68.3%) 2363 cal BP

2674 cal BP ( 4.5%) 2654 cal BP
2613 cal BP ( 3.1%) 2600 cal BP
2495 cal BP (B7.9%) 2354 cal BP

MGOSK-4b

3316 cal BP ( 2.5%) 3309 cal BP
3238 cal BP (57.7%) 3147 cal BP
3121 cal BP (3.4%) 3113 cal BP
3091 cal BP ( 4.7%) 3080 cal BP

3334 cal BP (11.1%) 3289 cal BP
3262 cal BP (84.3%) 3071 cal BP

MCOSK-5

2605 cal BP (20.6%) 2639 cal BP
2614 cal BP (10.5%) 2593 cal BP
2500 cal BP (28.2% 2430 cal BP

2700 cal BP (31.8%) 2633 cal BP
2618 cal BP (13.2%) 2583 cal BP
2571 cal BP ( 1.3%) 2562 cal BP
2540 cal BP (43.0%) 2402 cal BP
2306 cal BP ( 6.2%) 2365 cal BP

MGOSK-Ta

2417 cal BP (31.3%) 2384 cal BP
2372 cal BP (37.0%) 2347 cal BP

MGOSK-9a

2466 cal BP (95.4%) 2345 cal BP

2464 cal BP (68.3%) 2361 cal BP

2674 cal BP ( 4.0%) 2655 cal BP
2613 cal BP ( 2.9%) 2600 cal BP
2495 cal BP (BB.5%) 2352 cal BP

MGOSK-9b

2464 cal BP (11.8%) 2445 cal BP
2439 cal BP (56.5%) 2360 cal BP

2673 cal BP ( 3.7%) 2655 cal BP
2613 cal BP ( 2.8%) 2600 cal BP

MGOSK-13a

NA

2494 cal BP (B9.0%) 2352 cal BP
NA.

MGOSK-13b

2346 cal BP (68.3%) 2315 cal BP

2350 cal BP (74.8%) 2305 cal BP
2230 cal BP (20.7%) 2181 cal BP

MGOSK-15a

2685 cal BP (19.8%) 2644 cal BP
2612 cal BP ( 7.4%) 2508 cal BP
2495 cal BP (36.9%) 2420 cal BP
2383 cal BP (4.1%) 2373 cal BP

2699 cal BP (25.1%) 2635 cal BP
2616 cal BP (10.2%) 2588 cal BP
2537 cal BP ( 0.8%) 2529 cal BP
2520 cal BP (50.3%) 2361 cal BP

MCGOSK-15b

2462 cal BP ( 7.4%) 2451 cal BP
2434 cal BP (60.9%) 2357 cal BP

2664 cal BP ( 0.9%) 2660 cal BP
2607 cal BP ( 0.7%) 2604 cal BP
2491 cal BP (93.9%) 2352 cal BP

H'E‘Tf'ﬂﬂ'llhtli OxCAL4.4.4 (Bronk Ramsey, 2009) £ L, RIETF— X2

120 (Reimer et al. 2020)

I,

-20-

MERMTHS =21 ORMATEE S8,

AENBDLRVATY, BEXD, Kl
ORI ASED 5 3 E RO R GE
EE Lo LB i T, o s
BRSOV SRR SO,
IR CAvbk - 4885 2022 - 2023) I2k1F
BN L 1 LR LTS, Y
TR AR O -+ BRI REM R i
BB ohizne LTy,

Ric, BEERLLTORMNEBCE
Do BECHOWIABED T 2R B0 E D i
WMEFTE, EEALOMBIZ. VWb
% (2400 EMIME ) LHFENDIHE 14 E
B ORI DIz 5 R & - TIERD
B0 ARIC W 2700 ~ 2380cal BP O
WEOFERIZEENSH. MCOSK-114 &
L7V a M- iEskid. AstmitEme
# 2365 ~ 2345cal BP i<t & #LHERE
AL, Mo -85 & oo LWERIC



L UURLE L

I BAEME R RS (F7E AT EITTIE 2415 ~
2385cal BP K FENBHHE DHOEHERT), ¥
12 MGOSK-112 & L 7= VI a Wi i L #kiE. PaohTt {2
& & 2740 ~ 2705cal BP (I & U RESET L,
RREHOIHRICRRT 5 TREIERTRT (REL, ¥
12T # T 2600 4EUA 5 2535cal BP IS HE
NBHMHREPEVENETT). ThLO R
2700 #0 5 2500cal BP OFERICHE N5 — MK
&, 0P 2600 FR0 5 2500 ERBEETICE
FB AIREEANHL MGOSK-101, 104, 108, hiiF

g R 14 R BLT 54

S, BESCRINEHEAR R A SHERD 5
FRAENMAORRAETH QUEN EERD A%
14 & % A PR L B AT O W R B
MGOSK-13 i 2350 ~ 2305¢cal BP ic % 2 AlHE
HAREH S, —~RORBONTEHE SHITR
EHLVERZETT, T MGOSK-7 & 2465 ~
2345cal BPIZ HENAH LN T 2415cal BP £ D
B LW afBEMEATH <. MGOSK-13 L ) ) #
BPFNRACHLVRETHA T LERT, Th
SOERIE (Wb D EgHE L O MGOSK-114 &

7% 2500 SFEACRIEMN S 2500cal BP & A4
RS TTREMEASH £ £ A 5 MGOSK-111,

[ERe ]
117 (=L, Wil 117alEh A0y 2
M—FIE) b, BRHLL 2500 |
A5 2400 FERIC T E N B ATREEAEL
MGOSK-102, 107, 110 ke a &k Sic [ Meosk102
ERAB, Thbb, B{ETRERMNS
DHFENEEES BV & WIIEESE | woosk10s
NBDITIRALAS, MGOSK-112 = 101,
104, 108 ( = 111, 117) — 102, 107, | ucosk 1040
1102114 LYRBTELTED,

v D EREE O FRE, W - MO
Biic &0 2 KL 3R FRMAKAA RS | wcosk10
FURE, 3ICERIR K A AR LKL [
TW3 U 2022), SEBGEL % 15
EIHERSRIC BT S . gLy [N
=7 (102, 107, 110) 3FXT3IKE
BREOMEERD, Chuc2Kiito | Moskin
LORFENENT LG, R X
DFIRT A—ACHDNBRREE ST | yoosrize

L LEAS, SEICHTEYF—/ —%)
REEHEOEVE LD, FOMETE | yoomizn
AU, KIS Y F— iR & 7 5
TSI ROKIRE EHMGT R | MO0k
fE, ATIETOS MM b T | MOk
WA EEND C Lic ko THUVERIC | Moosk117s
L7 FLTUOBARERE ¥, SRR
PEALNBI LG, FROERMHE | Mo
5, SO BBORIR S IR &

BHEBEVWELEAS,

6 BEENIMEFRLER (cal BPED) L VEEDA

2725 cal BP (24.1%) 2700 cal BP

633 cal BP (14.8%) 2617 cal BP
2584 cal BP ( 9.5%) 2560 cal BP
2564 cal BP (19.8%) 2539 cal BP

2732 cal BP (28.2%) 2693 cal BP
2640 cal BP (18.1%) 2612 cal BP
2595 cal BP (49.2%) 2498 cal BP

2696 cal BP (31.3%) 2638 cal BP
2614 cal BP (11.1%) 2592 cal BP
2514 cal BP (21.0%) 2462 cal BP
2450 cal BP ( 4.9%) 2435 cal BP

2702 cal BP (33.7%) 2631 cal BP
2618 cal BP (14,1%) 2580 cal BP
2574 cal BP ( 2.2%) 255 cal BP
2542 cal BP (40.8%) 2405 cal BP
2393 cal BP (4.7%) 2366 cal BP

2705 cal BP (10.7%) 2682 cal BP
2645 cal BP ( 8.0%) 2629 cal BP
2619 cal BP ( 3.0%) 2613 cal BP
2599 cal BP (21.0%) 2556 cal BP
2545 cal BP (25.5%) 2495 cal BP

2719 cal BP (95.4%) 2489 cal BP

2711 cal BP ( 8.5%) 2697 cal BP
2637 cal BP (13.3%) 2615 cal BP
2591 cal BP (46.4%) 2516 cal BP

2490 cal BP (54.2%) 2407 cal BP
2390 cal BP (14.1%) 2368 cal BP

2711 cal BP ( B.7%) 2697 cal BP
37

2637 cal BP (13.5%) 2615 cal BP | 2654

2591 cal BP (46.0%) 2516 cal BP

2461 cal BP ( 6.1%) 2452 cal BP
2433 cal BP (62.2%) 2356 cal BP

2464 cal BP (68.3%) 2362 cal BP

2722 cal BP (18.8%) 2675 cal BP
2651 cal BP (18.4%) 2611 cal BP
2600 cal BP (58.3%) 2493 cal BP
2688 cal BP (13.3%) 2642 cal BP
2614 cal BP ( 6.0%) 2597 cal BP
2498 cal BP (76.2%) 2358 cal BP
2722 cal BP (19.1%) 2674 cal BP
cal BP (18.8%) 2611 cal BP
2600 cal BP (57.6%) 2493 cal BF
2607 cal BP ( 0.6%) 2604 cal BP
2491 cal BP (94.9%) 2351 cal BP
2674 cal BP ( 4.7%) 2653 cal BP
2613 cal BP ( 3.1%) 2600 cal BP
2495 cal BP (87 6%) 2353 cal BF

2700 cal BP (17.2%) 2668 cal BP

2658 cal BP (12.9%) 2633 cal BP

2517 cal BP (28%) 2610 cal BP
2603 cal BP (9.7%) 2583 cal

25'IDGIIBP(ZE%] Z563:iIBP
2540 cal BP (22.9%) 2492 cal BP

2742 cal BP (64.8%) 2708 cal BP
2627 cal BP ( 3.5%) 2623 cal BP

2712 cal BP (94.0%) 2463 cal BP
2449 cal BP ( 1.4%) 2435 cal BP

2748 cal BP (68.1%) 2699 cal BP
2635 cal BP ( 34%) 2616 cal BP
2585 cal BP (16.2%) 2536 cal BP
2530 cal BP ( 1.7%) 2519 cal BP

2742 cal BP (64.8%) 2708 cal BP
2627 cal BP { 3.5% 2623 cal BP

2748 cal BP (68.1%) 2699 cal BP

2635 cal BP ( 94%) ZﬂlEl:al IF

2585: I BP (16.2%) 2!
!Dn!l!l’(l'l%]zilgﬁ.lﬂl’

2356 cal BP (68.3%) 2341 cal BP

2408 cal BP ( 2.5%) 2391 cal BP
2368 cal BP (93.0%) 2330 cal BP

2415 cal BP (27.6%) 2384 cal BP
2372 cal BP (40.7%) 2346 cal BP

2465 cal BP (95.4%) 2343 cal BP

2718 cal BP (13.0%) 2698 cal BP
2635 cal BP (13.2%) 2615 cal BP

2699 cal BP (34.1%) 2634 cal BP
2616 cal BP (13.9%) 2586 cal BP
2537 cal BP ( 3.3%) 2528 cal BP
2521 cal BP (14.8%) 2488 cal BP

2589 cal BP (42.1%) 2518 cal 2600 cal BP (56.6%) 2493 cal BP

2725 cal BP (20.3%) 2679 cal BP
2649 cal BP (18.5%) 261 1 cal BP

2707 cal BP (36.0%) 2627 cal BP
2621 cal BP (58.2%) 2420 cal BP
2383 cal BP ( 1.2%) 2372 cal BP

2476 cal BP ( 2.2%) 2470 cal BP

WEFROMIBICIE, OxCAL44.4 (Bﬂ:nk Ramsey, 2000) EM#AIL,

Int€al20 (Reimer et al. 2020) AL

HP1s

WETF— 421
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MGOSK-101a R_Date(2525,20)
Cry

2125 [74.1%) Z0CABR
7633 (1) 2617w
2504 (3.5%) 24escaibP
3504 (1R.%) 25Tcae

o] Eo oo o

()

o [E——

Cantramon o (o)

MGOSK-107a R_Date(2430,20)
BRI oy

2400 54.2%) 240TcalBP
2900 (14.1) Z08caBH
Fam

[133%) 264 1ea
255)

g o

G s ()

w5 T e

e
MGOSK-110a R_Date(2403,21)
BT protaery

2200 061 150 2462came
i 2435 (82.2%) 2356cB
i rcentaty
B % ) (.6 2e0cass
Jcamr
E ?‘m> \
E 2|
2200
! Ak =
200 .
i ‘He sk S i
r——
s
o MGOSK111 R_Danei2474.20)
e
20
o

i

Fiasbocamon astormnmn (5]
4

210

2

= T E

Colfatet it (P}

6 WEFHEMBSHERE (ntCal20, Oxcaldd) (1)

Radiacaten detsrmingtion (BP) Ritocaston detesrartion (87)

Rnbocaiton deteingsion (36

22—

MGOSK-102 R_Dale(2456.20]
5%

MGOSK-104b R_Date(2501,20)
s23%
771 (3.5%) 2607ca0P

2017 (13.5%) 281 Gcame
e —

WGGSK-1080 R_D«m.izsm 21}
Fectabaty
zm(a 1) o

MGOSK-1100 RJ)arelanzn
«ma ) AN

4 pabitly

-,

(633 (3 1) 2600c8p
2

F — sy 7

Cablasted cate (cHBF)

MGOSK-1128 R_Date(2563.21)
w.

3% probabily

2742 (54 408) TN
2627 (1.5%) A2l
4%

v
2000 25t

2035 (9.4%) 201 icaBP

508 (14 7%) PKMNAR
200" Zerscate
a0
2300 A A

= St ey ey i

Cabtaited sote (cARR)



w2

Radicarten descrmindten (BF)

Fuboratoen astermenon (85)
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MGOSK-112b R_Date(2653.21)
8. prostinry

b R_Nate(2376.71)

a7 protataty
A3 (24 ) Zocais
2373 (40.T%) 2B
%

ceseery
(95 45%) ZHcass

i TS ey i

it e (CalF]

. PP
MGOSK-48 R_Date{2417,20)
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BHE 2 F—YUr 737 oEHUERCE S aERELE
1: Stephanodiscus alpinus, 9-1¢ 2: Lindavia affis, 9-1a 3; Cacconels placenrula var. ineata, 9-1¢ 4.6: Aulocosehra subarctica, 4: 9-1c. 5.6:9-1a

7: Pinnularia borealls, 10-1a 8; Epithemia norgida, 9.2t 9: Humtzychia amphiaxys, 9-2b 10; Cymbopienra cuspidata, 9.2a, 11: Neldhum amplianm, 9-1c
12: Pinnularia acrosphacria, 9-2a 13: Actinella punctata, 10-1a 14: 32 IRRHAREIRS , 9

20 R EPHERRIN . 9-2b
16: £ RAIRIRHINS . 10-1a 17-18: 345 BRGARHIN, 17; 12 12, 18, 0.2¢ 10: 27 EFHEARRIN ., 9-2b
20-21: 3 MEEREIE, 20,922 21: 10-1a 22-24: EFHPEIE, 22-23; 10-1a, 24; 10-1b 25; BEEHEE ., 10-12
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6 SR/ HBR L 10-1a (AFR MY3504)  7: %/, 9.2b (AFR MY3503) 8 ¥ "R, 9-2a (AFRMY3498)
9: 71 ,9-1c (AFR MY3502) 10: 74, 10-1a (AFR MY3496) 11 74 - A3+ 2R (FH9) 926 (AFR. MY3495) A% —A =10um
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