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1. Introduction

The purpose of the present article is three fold. First,
it aims at establishment of a new methodology for lithic
microwear analysis. Two major trends of use-wear
analysis have been “the low power school” and “the high
power school”. A new methodology is to combine “the
mid power” approach to them toward a more synthetic
method. Secondly, it aims at further clarification of the
function of tanged points at the Suyanggae site, Locality
VI, Korea. It will be a new addition to so-far published
site reports with the mid power approach. Thirdly, it aims
at further comparative research between Tohoku District
of Japan (HAHI]tHI/7) and the Korean Peninsula on
lithic artifacts from respective regions in terms of the
emergence of modern human population arrivals.

Tohoku History Museum (BRALEE S EY)AH) is a general
historical museum established by Miyagi Prefectural
government. It was founded in 1999, succeeding its
former Prefectural museum of Tohoku Historical Material
Museum (B U/FE S EHEE) which was founded in 1974.
It is located in Tagajo City, neighboring the ancient fort
site of the Tagajo castle (ZEYHPT). The Tagajo castle was
first built in A.D.724 according to the Tagajo Stele (2

BkAE). The castle area and accompanied Temple remains

are designated as special historical relics by the Japanese
government. The Tagajo site has maintained reputation as
one of three distinctive historical relics of Japan, with the
Dazaihu site in Kyushu and the Heijo capital palace site in
Kinki District during the Ritsuryo system period around
8th century A.D. and after.

Tohoku History Museum announces its three missions
in the society. The first mission includes its broad
globally notified recognition of Tohoku District, as the
Northeastern part of Japan. There are two reasons why
this particular article is mainly in English. One is because
of this mission. The other is the historical recognition
by the first author as Director of a history museum, that
the cooperative research results between institutions of
Korea and Japan should be expressed in the common
language, contemplating the 20th century international
history in Asia, not to mention its details here. However,
the general reader in Miyagi Prefecture may refer to the
supplementary chapter in Japanese, which also explains
research backgrounds for the specialized area of lithic
use-wear analysis.

The current research was conducted based on the
institutional agreement of research cooperation between

Tohoku University, Department of Archacology (TU
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hereafter), and the Institute of Korean Prehistory (IKP
hereafter). The agreement was signed on August 4, 2017
by Professor Akoshima and President Lee, both being
co-authors here. Figure 1 shows the scene of agreement
ceremony at IKP. We desire the present article will further
contribute to the mutual academic exchange between two

countries.
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Figure 1. Academic exchange agreement between Tohoku
University and Institute of Korean Prehistory

Figure 3. View of Locality I and Locality VI
(courtesy of IKP)

2. Analytical procedures
(1) The Suyanggae site, Locality VI

The Suyanggae site is located at Aegok-ni and Hajin-ri,
Jeokseong myeon, Danyang County, Chungbuk Province,
Korea. The site is 125m to 132m above sea level (Figure
2, courtesy of IKP). The site has been very famous for a
representative Palaeolithic site in the Korean Peninsula.
Already 13 excavations were conducted at the site,
since 1983 to 2015. From the 1st excavation to the 8th
excavations, the research was conducted by the Chungbuk
National University Museum. From the 9th to the 13th
excavations, the research was conducted by Institute of
Korean Prehistory. There are three different localities
where the Palaeolithic cultural layers are identified,
namely, Locality 1, Locality 3, and Locality 6 (Also writes
Licality I, Locality III, Locality VI, Figure 3, courtesy of
IKP).

The tanged points for the present analysis were excavated
during the 11th campaign (2013), 12th campaign (2014
to 2015), and 13th campaign (2014 to 2015) conducted
by IKP respectively. There are 4 cultural layers of the
Palaeolithic period. There are abundant radiocarbon AMS
data of charcoal samples from the site. The cultural layer
4 at the Suyanggae site, Locality VI was AMS dated to
the period of the first portion of the Upper Palaeolithic
age. Namely, averaged dates with 95.4% probability is,
41874-41254 cal BP (Lee, Yung-jo and Woo, et al. 2018,
Lee, Kyong-woo 2019).

We had cooperative sessions in July, August, and
September 2017, each for one week of analysis at IKP.
The analytical results of these sessions were published
in 2018 for the official site report by IKP (Lee, Yung-jo
and Woo, et al. 2018). During the cooperative sessions,
a total of 96 tanged points were examined for microwear
analysis from Locality I and VI (cultural layers 3 and 4).

For the present paper, as was mentioned before, one
week of cooperative session was conducted at IKP in
September 2019. The tanged points are from Locality VI,

cultural layer 4.
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(2) Use-wear method

Functional interpretation of lithic artifacts has been a
major focus of stone tool analysis ever since the late 19th
century. Microwear analysis developed after 1970s when
Keeley (1980) revealed that different worked materials
produced various micro-polishes. For general reviews,
refer to Akoshima (1989, 2010). There have been two
dominant trends of microwear analysis. One is “the high
power method” which mainly focuses on micro-polish
developments. It is also often called as “Keeley method”
and practiced mostly in Europe. Another is “the low
power method” which mainly focuses on microflaking
developments (Akoshima 1987). It was popular in the
Processual Archaeology in America, as the method is
suitable for relatively large sample sizes.

In Japan, Tohoku University Microwear Research
Team (TUMRT hereafter) was among the first endeavors
in this field of analytical method. The team was led by
the late Professor Chosuke Serizawa and it has kept
actual practices up to the present time with a large scale
experimental reference collection. Application of TUMRT
methodology has recently broadened to many sites around
Tohoku District, Japanese Archipelago, and such foreign
countries as Korea, China, Russia, Mongolia, Honduras
and Guatemala, Ecuador, France, and U.S.A. (e.g.,
Akoshima 1995, Frison and Akoshima 1996, Kanomata
2011, Gunchinsuren and Kanomata et al. 2013, Akoshima
and Kanomata 2015, Aoyama 2021). For recent trends,
refer to Akoshima, ed. (2020). Cooperation with
administrative sectors of cultural properties protection was
widely practiced. For example, with Miyagi Prefecture
Board of Education, Cultural Properties Protection
Section (EWIRAHEZEE LR, IHULMRE
##), several cooperative researches have been practiced
(Kanomata 2014, 2021, Kanomata et al, 2010, 2018) in
the excavation reports including the Kajisawa site, Zao
Township (BRETEMF), the Kitakomatsu site, Osaki
City (Ab/MiERF), and the Nakazawa site, Ishinomaki
City (FPIR3E ) which was for restoration projects after

the Great East Japan Earthquake disaster.

Tohoku University method (TUMRT) has adopted
both high power and low power methods together from
the outset of its activity in 1976. By integrating the two
different systems of analysis, not only reliability of
interpretation increases, but also a wider application to
actual variable situations became feasible. For example,
the integrated method is applicable to situations where
there is great variability in lithic raw materials, variations
in the degree of surface alteration including patination
phenomena.

For the analysis of the Suyanggae site materials in
2017, TUMRT strategy was fully applied as combination
of high power and low power methods. The patination
phenomena on shale materials at the Suyanggae site
restricted full application of the high power method, but
fortunately microflaking scars brought a certain level
of meaningful results. Details of analytical results were
published in the official site report by Institute of Korean
Prehistory (Akoshima and Hong 2018b).

Subsequent to the site report publication, Akoshima
attempted a new method for the same specimens, with the
financial support by the Japanese government research
funding (KAKENHI, grant-in-aid for scientific research).

It is the “mid power method” using a digital microscope.
Mid power means the magnifications around 100 times
in order to focus on edge rounding and striations. By
re-evaluating the original work by Sergei Semenov in
Russia (Semenov 1964 in English), it was considered
that phenomena of edge rounding and striations might be
detected on the tanged points to bring new insights into this
unique type of tools in the Korean Peninsula throughout
the Upper Palaeolithic period. During the analytical
sessions at IKP in 2017, we noticed a remarkable pattern
of microwear around the tang part depression. Heavy to
medium degrees of edge rounding were often observed on
the notched depression parts of the tang area, irrespective
of the functions of working edge parts. However, the
actual method of use as IUZs (independent use zone by
Vaughan 1985) was not necessarily clear for the tang

portion. We postulated that the rounding phenomena along
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the tang may have been related to the hafting behavior by
inhabitants at the site of Suyanggae.

In order to further clarify the hypothesis that the tanged
points were actually hafted, the cooperative session in
September 2019 was devised. A new technique always
requires some trials and errors. TUMRT had integrated
high power and low power methods, but since 1970s we
almost dropped the “Semenov method”, so to speak. We
analyzed 13 specimens as pilot study in 2019 and made
preparations for next cooperative sessions. Then the
Covid-19 pandemic came in and our plans for March 2020
was cancelled, and still opportunities remain disappeared
due to regulations on moving across the border. The
pandemic still continues and we decide to publish the first
results of our new integration of three methods, Low, Mid,
High for the present paper.

A little before the pandemic in December 2019, we
had valuable opportunities in China to explicate our new
method of digital mid power analysis as Japan and Korea
international team, at the 24th Suyanggae International
Symposium “Zhoukoudian and Suyanggae” which
was also held as the 90th anniversary of the first skull
discovery of Beijing man (Akoshima, Woo, Hong, Otani,
Lee, and Lee 2019).

In 2020, we had another opportunity to cooperate for the
Korean Society of Museum Studies (F[E fHY)fE~#73) in
the special issue for Suyanggae research. In the Journal,
techniques and implications of the mid power method for
Asian archaeological studies were explicated (Akoshima,
Hong, Woo, Ahn 2020).

The methodology of TUMRT has been widely published
and reference collections are open access publicized,
domestically and internationally (e.g., Akoshima 1989,
2010, Frison and Akoshima 1996, Akoshima and Hong
2014, 2016, 2017b, 2018a). The reader may refer to the
details there and we refrain from redundant repetition
here.

For the low power analysis, a stereoscopic microscope
of 30X (times) magnification (Vixen Microboy SL-30cs)

was used. For the high power analysis, a metallurgical

microscope (Olympus BH-FM) was used at magnifications
of 50X, 100X, and 200X with incident light attachment.
For the mid power analysis, a portable digital microscope
(“Dino-lite”’) was used at mainly 100X. No pre-treatment

of the tool surface was necessary for either analysis.

3. Analytical results of tanged Points
(1) Description framework

The results of low power and high power analytical
combination were already fully published in the official
excavation report by IKP (Lee, Yung-jo and Woo, et
al. 2018, a chapter by Akoshima and Hong), and it is
not repeated here. The results of mid power from 13
specimens (9 with micro-photographs) are integrated with
the previous results in the site report. The observation in
2019 concentrated on the tang portion of the tool, and
some specimens were not necessarily analyzed for use
method (for IUZs). Emphasis is laid on the retouched tang
parts for detection of edge rounding and striations.

Somewhat summarized explanations of tool use

interpretation are provided first and then explanations

for the tang portion observation continue for the present

paper.

Right and Left, Ventral and Dorsal

In the description, “right” or “left” denotes each
side edge when the tool is viewed on the dorsal face,
pointed tool tip up on the figure. So, “right lateral side”
denotes left side edge on the ventral photo figure. This
description is because both faces of the specific edge
should be considered at the same time to make use-
wear interpretation. For example, transverse motion will
produce microflaking scars more on one face and less on

the other face (e.g., Akoshima and Hong 2014, 2016).

Independent Use Zone

The concept of Independent Use Zone was devised by
Vaughan (1985). It is abbreviated as “IUZ”. One tool is
often utilized on its various edge portions (pointed end,

proximal base, tip and a side, and so on). Each utilized
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portion is called IUZ. One IUZ includes both ventral
face and dorsal face. IUZ is a unit of analysis for actual
utilization, thus several different IUZs can be existent for a
single tool. Different [UZs may indicate different episodes
of tool use for the same tool piece. In the present method,
microflaking scars, micro-polish surface, striations, and
edge rounding are all observed together for the same TUZ,
using three different microscopic devices. Interpretation

of use is based on all of these traces.

Artifact numbers

The artifact number is the recording number during the
excavation procedure. Actually they mean Suyanggae
Locality VI, CL (Cultural Layer) 4. For example, 33928
means Loc.VI-4-33928. Subsequent three digit numbers
are the one given in the excavation report in 2018. For
tanged points, they are shown in the implement number
table from p.810 to p.821 which also refer to illustrations
and photographs. Tanged points are implement numbered

between 824 and 888. They are in the table at page 820.

(2) Artifact number 33928

Artifact No.33928 (Figure 4 —excavation report figure
2, p.124) is tool list 825 in the final excavation report
published by IKP. The tanged point is made of black shale
with slightly banded texture. The rock type resembles
andesite quality and coarse-grained. There are two [UZs.

Left lateral edge (part A) was used in transverse motion,
with the ventral surface as its leading face. Worked
materials were possibly of soft to medium hardness.
The sharp unretouched lateral side retains microflaking
scars toward the tip of the point. They are intermittent
rectangular or scalar micro types on ventral face, and
continuous scalar micro deep types on dorsal face. Clear
striations are detected perpendicularly to the sharp edge
on ventral face.

Right lateral edge (part B) was used in both transverse
and longitudinal motions. Worked materials for the
dorsally denticulated edge was probably mixed. Edge

rounding is found on ventral face at projections overhang.

Striations are detected both parallel and perpendicular to
the edge with connections of micro-polish patches.

The proximal portion of both lateral edges (part C)
exhibits rounding and crushing on the ventral surface.
Base rounding are seen more on overhang portions than
notched concavities. The base portion is interpreted as
traces of haft related behavior. There is a modern break at

the tip of the point tool.

(3) Artifact number 39356

Artifact N0.39356 (Figure 4 —excavation report figure
9, p-128) is tool list 888 in the final excavation report
published by IKP. This specimen is made of fine-grained
black shale. It can be classified as a backed knife on blade.
It has two [UZs.

Left lateral edge (part A) was used in transverse motions,
the ventral surface of the tool as leading face. The worked
materials probably include bone/antler, inferred from
microwear polish patches of D1 type. Perpendicular
striations are seen at retouched denticulated backing parts
indicating transverse movements. The ventral face shows
slight rounding of edges at retouch scars. Technologically
the side was unifacially, dorsally retouched or notched,
considered as lateral backing.

Right lateral edge (part C) was used in longitudinal
motion, on worked materials of soft to medium hardness.
Polish patches are found on elevated portions, but they are
rough and bright, and difficult to classify by Tohoku Univ.
categories. Microflaking scars of scalar, micro, deep type
are found alternately continuous on both faces.

The base (part B) shows more intense traces of use on
the proximal portion at the end. Technologically the base
retouch was only partial and on alternated sides. There
is rounding of edges on the initiation face of alternate
retouch, especially heavy rounding at projection parts.
But almost no rounding is detected in notch depression
or base line parts. Possible hafting was inferred in the site
report, but with the mid power observation this time, the

tool is rather classified as a knife shaped tool with no haft.
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(4) Artifact number 34144

Artifact No.34144 (Figure 5 —excavation report figure
17, p.132) is tool list 826 in the final excavation report
published by IKP. It is reported in the Museum Studies
in 2020 (figure 4) to show effective merits of the mid
power method. The tanged point is made of fine-grained
banded shale, patinated to whitish grey color. Low power
observation could identify 2 [UZs.

The tip portion (part A) has traces of possible impact
fracture as a projectile. Right lateral tip also shows
microflaking scars of continuous, triangular, small, step
type.

Right lateral unretouched side (part B) was possibly
used in longitudinal motion on relatively soft materials.
Sporadic microflaking scars of scalar, micro, deep type
are seen on both faces partially alternating, suggesting
parallel movements to the edge.

The base portion (part C) exhibits possible wear from
haft related behavior. The base is dorsally notch retouched
along both sides. Rounding is found on ventral overhang
of notches for both sides. With mid power analysis,
edge rounding and striations are more clearly observed.
Striations vertical to the edge are also detected with mid
power, so is heavy rounding. However, a lateral side (part
B) is not found rounded with the same method nor are
striations. Differences between the lateral side (B) and
notched tang (C) is noteworthy for this piece, indicating

effective merits of integrating 3 methods.

(5) Artifact number 34258
Artifact No.34258 (Figure 5 —excavation report figure
19, p.133) is tool list 827 in the final excavation report
published by IKP. The tanged point is made of fine-grained
banded shale, whose surface has been heavily patinated to
grey color. Low power observation detected 3 IUZs. The
tip part exhibits no clear impact traces.
Right lateral side, distal half (part A) is a dorsally
denticulated edge. The part was inferred as utilized edge,
but its motion or worked materials are un-identified.

Some denticulated projections are rounded on ventral face

and side face. Some striations are detected there. Right
lateral, middle portion (part B) was probably used mainly
in longitudinal motion. Microflaking scars are found to be
continuous, mostly of scalar, micro, deep type, and often
distribute alternating between ventral and dorsal faces.
Also, rounding accompanies microflaking edge scars.

Left lateral side (part C) was also probably used mainly
in longitudinal motion. Microflaking scars are found
intermittently on ventral face. Along distal half they are
trapezoidal, micro, step type, and along proximal half they
are scalar, micro, deep type. On dorsal face microfaking
scars are also found intermittently. They are scalar, tiny to
micro, deep and stepped types. When the side is viewed
from lateral direction, scars distribute alternatingly
between two faces, suggesting parallel movement of the
edge.

The base (part D) shows traces from hafting related
behavior. Along the proximal tang depression, medium to
heavy rounding, often with edge crushing, are detected
with vertical (perpendicular to edge) striations. Heavy
rounding is also found at the base tip and a corner with
right lateral side. Namely projections along the tang are
heavily rounded with striations. Here again, mid power
method is an effective measure to identify some sorts of
hafting behavior. This piece was well hafted, used on both
lateral sides as knife, but probably was not projected as

weapon.

(6) Artifact number 34627

Artifact No.34627 (Figure 6 —excavation report figure
22, p.134) is tool list 853 in the final excavation report
published by IKP. It is reported in the Journal of Museum
Studies in 2020 (figure 2) to show effective merits of the
mid power method. The tanged point is made of banded
shale of dark grey color with good surface conditions for
high power observation. The point tip retains no wear
traces of possible use.

Right lateral side is dorsally denticulated. On ventral
face at notched depressions, only slight rounding is seen.

This may have been traces from retouch. The edge is fresh
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sharp and virtually no microflaking is found. This edge
was probably un-used.

Left lateral side shows virtually no wear traces under
magnifications of 100X and 200X, suggesting no use. No
rounding, no striations, no polish patches are detected.

With low power analysis, the base (part A) exhibits
edge rounding, on ventral face (100X) at base retouch
distal portion. However, the other side (right side) of the
base is sharp, and shows no rounding. With mid power
analysis, edge rounding with crushing and striations are
clearly observed along the tanged depression on both
sides, especially on the ventral face. The tanged point was
denticulate retouched, prepared and hafted, but probably

was not put to use.

(7) Artifact number 35602

Artifact No0.35602 (Figure 6 —excavation report figure
24, p.135) is tool list 861 in the final excavation report
published by IKP. The tanged point is made of medium
grained shale. The break at the point tip is of snapped off
type and not clear as DIF (diagnostic impact fracture). The
tool was made from a thin blade as blank and both lateral
sides are not retouched, retaining sharp edges. Low power
observation could reconstruct its usage. There are 2 [UZs.

Right lateral side (part A) was probably used in
longitudinal motion, on relatively soft worked materials.
Microflaking scars are found with slight rounding of
edge. The scars are mainly on ventral face in the middle
portion of part A, while they are mainly on dorsal face
in the distal and proximal portions of part A. Shapes of
scars are variable, scalar, trapezoidal, triangle, both deep
and stepped, micro sized. Their distribution is partially
alternating.

Left lateral side (part B) was probably used in transverse
motion, possibility is on relatively hard (medium to
hard) worked materials. Its moving direction was the
ventral face as its leading aspect. Microflaking scars of
various shapes (trapezoidal, rectangular, scalar) and sizes
(small to middle), some with stepped termination are

found mainly on dorsal face. Striations in perpendicular

direction are also found along part B edge on both faces,
ventral and dorsal (observable at 30X), again suggesting
transverse motion on relatively hard materials. Mid power
observation did not detect edge rounding, but found
perpendicular short striations.

Mid power observation found clear striations
perpendicular to the edge along the tang. They are both
long and short. There are also rounded edges on ventral
concavities of tang notches which were retouched
unifacially on both sides. At the tip of the tang, oblique
direction striations are found on edge rounding. The base

exhibits wear traces from hafting behavior.

(8) Artifact number 36801

Artifact No.36801 (Figure 7 —excavation report
figure29, p.138) is tool list 830 in the final excavation
report published by IKP.

The tanged point is made of medium grained shale but
it is patinated. The base tang is pointed by retouch, while
lateral sides of the tool remain sharp with no retouch.
Two IUZs are recognized. Effective merits of mid power
method are emphasized for this specimen.

Left lateral side (part B) was probably used in
longitudinal motion. Along the sharp edge, microflaking
scars of scalar, micro, deep type continuously distribute
on both ventral and dorsal faces alternating. Right lateral
side exhibits no clear use-wear traces with only sporadic
microflaking scars.

The point tip (part C) exhibits possible wear traces as
projectile use. There are 3 small burin-like fractures from
the tip. There are also irregular angular chipping scars near
the tip on the left lateral side (more distal portion than part
B aforementioned). They need closer examination as DIF
(diagnostic impact fracture) by Sano (2012) or not.

With low power method, the base partially shows heavy
rounding on the concavity of base notch retouch (ventral
to side face) at part A. However, with mid power method,
a lot of microwear traces were found all around the tang
portion as are shown in micro-photographs taken at 100X

magnification. Traces are variable and more distinctive
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on the ventral surface. Mostly, there are perpendicular
(sometimes oblique) striations on heavy rounding of edge.
Some accompany edge crushing and/or nibbling. At the
tip of the tang, heavy rounding and randomly running

striations are found.

(9) Artifact number 37499

Artifact No.37499 (Figure 7 —excavation report figure
31, p.139) is tool list 832 in the final excavation report
published by IKP.

The tanged point is made of medium-grained shale of
banded texture, patinated to dark grey color. The point has
2 IUZs.

Left lateral side (part A) was used,. There is a possibility
of varied (mixed) utilization. Microflaking scars are
found on both dorsal and ventral faces. Their distribution
is intermittent, and types are variable, mainly micro to
small, scalar and trapezoidal.

Right lateral side (part B) of denticulated edge was also
used. There is a possibility of relatively hard materials.
On ventral face, varied degrees of rounding are found
along the denticulate especially at projection parts. On
dorsal face, microflaking analysis is difficult due to the
denticulate retouch.

The base (part C) exhibits heavy rounding on ventral face
along both left and right sides. Low power method found
the rounding, but mid power method this time clarified the
characteristics of these traces. They are shown in Figure
7 (bottom). There are perpendicular striations (sometimes
parallel) dominantly on projection parts of tang retouch.
Striations are on the rounded edge, often heavily rounded.
The traces at the base are interpreted as hafting related
behavior. This example again testifies the usefulness of

mid power method.

(10) Artifact number 34087

Artifact No.34087 (Figure 8 —excavation report no
figure) is tool list 847 in the final excavation report
published by IKP.

This specimen is not reported in the use-wear section of

site report (Akoshima and Hong 2018b), but it is introduced
in the Journal of Museum Studies article as Figure 1 for an
example of heavy edge rounding and striations along the
tang portion (Akoshima, Hong, Woo, Ahn 2020, p.228). It
is described here to reveal the efficacy of the “mid power
method”.

On the ventral face along tanged edges (both right
and left), a number of striations are found mainly in
perpendicular direction. Some are deep and long. There
are portions where striations cross in perpendicular and
longitudinal directions (mixed orientation). Striations are
formed on top of heavy (often extremely) rounding of the
edge.

On the other hand, left lateral side of the tool shows
relatively light (or slight) rounding. Striations are
observed in mixed directions along the left lateral. A
photo is shown at the corner of left lateral side and the
end of tang notch (ventral). The sharp contrast of slight
rounding on the lateral side and heavy rounding on the
tang notch depression parts (part B) are notable.

Left lateral side (IUZ, A) exhibits slight rounding
plus striations in various directions indicating mixed
use orientation. Perpendicular striations are found more
numerous than longitudinal ones. Microflaking scars are
tiny and sporadic (at 100X). Worked materials are un-
identified, motion was possibly mixed. Right lateral side
exhibit no traces of use. The edge is naturally denticulated

(not retouched) and remains sharp.

4. Tanged point function
The present analysis revealed some characteristics of the
tanged point. Application of the new method, mid power
analysis, contributed to the findings. As is explained for
the individual specimen, a dominant trend emerged as
to the function of tanged point. The majority of tanged
points retains regular patterns at the base portion.
Heavy edge rounding is often observed along the
depression parts of the tang. In the case of unifacial
tang retouch, ventral surface exhibits heavier rounding.

Rounding is more eminent at the projected portions
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of the secondary retouch platform. The tendency is
eminent when the retouched edge represents somewhat
denticulated form. On the other hand, the depression parts
of the retouch which represent small concavity form in
their shape, generally exhibit less degrees of rounding.
Inside the secondary retouch scars, rounding is less
frequently observed. Some examples show overlapping
of edge rounding and microflaking, where microflaking
scar parts show less degrees of rounding, compared to the
neighboring edge parts.

The tip part of proximal tang also shows rounding
phenomena as well as adjacent tip sides. This indicates
that the very tip of the tang was also an integral part of the
proximal tang rounding. On the other hand, distal portions
apart from the end of the tang part (which are actually
projectile point lateral side edge), are variable on a case
by case basis. In other words, the lateral side edges are
integral parts of a projectile shape and their usage was
very variable. Thus, the functional diversity is represented
in the group of tanged points for the lateral side edges.
The diversity is shown as the individual functional
interpretation of IUZs.

Striations exhibit other distinctive characteristics for
most of analyzed pieces. The directions of striations are
dominantly perpendicular (vertical) to the edge. There are
some obliquely running cases and longitudinally running
cases, but as a whole they are rather exceptional. The
processes of producing perpendicularly running striations
are yet unclear. We actually lack experimental experience
about the hafting behavior of projectile point. However,
the fact is the consistent pattern that perpendicular
striations are abundant on rounded edges. Edge rounding
and striations exist as sets. They are probably the result of
one behavioral pattern of making hafted tool.

The mid power method is also suitable for observation
of minute striations. Both rounding and striations can be
observed better at the magnification of about 100X. The
magnification is just between the examination paucity by
either low power or high power. Here are major merits of

using the mid power method, we would like to emphasize.

Examination of specimens would be more time-consuming
to use the third type equipment. However, the analysis
certainly obtains effects of cross checking the results.

The present analysis revealed sharp contrasts between
the uniformity in the microwear traces on the tang portion,
and the diversity in the microwear traces along the lateral
edges and/or the projectile point tips. In conclusion, the
tang part uniformity is interpreted as the result of uniform
transaction procedures by the inhabitants, irrespective of
individual utilization of the tanged point as a tool.

Our hypothesis was that the microwear traces along and
around the tang portion of points represent some sort of
hafting behavior. The present analysis strengthened the
probability of the hypothesis.

The present analysis even strengthened our original
observation by low power and high power together.
We had some examined cases with mid power analysis,
besides tanged portions. They are explained in the
individual cases, but generally mid power results are very
confirmative to our previous results in 2017.

Lastly, we summarize the results of our analysis for
the official site report here to ascertain the integrity of our
methodology.

1. The results are inferences in terms of four dimensions.
Namely, 1) used, unused or unknown, 2) which part of
the artifact was used (IUZ), 3) for what kind of motions
they were used, longitudinal, transverse, mixed, or un-
identified, 4) on what type of worked materials they
were used, soft, medium, hard, or more specific type
such as bone/antler or wood.

2. Out of 96 tanged points from the Suyanggae site, 47
specimens were analyzed and the majority of them
are suitable for use-wear analysis, irrespective of
their rock type, or the degree of patination. However,
surface conditions from the post depositional surface
modification processes (also termed as PDSM)
prevented from identification of microwear polish
types in many cases.

3. The method of use exhibits diversity. The tanged points

were not necessarily projectile weapons, but they were
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utilized in a variety of tasks, such as cutting/sawing,
scraping/whittling.

. The tips of tanged points do not show traces as point
projectiles in the majority of cases. Rather, lateral sides
were often utilized as tool edges. Both right lateral edges
and left lateral edges were utilized. In many cases, both
sides were utilized, not only along the sharp side, but
also the denticulated side and/or retouch blunting side.
Some denticulated lateral sides were used in transverse
motion of use. Some sharp lateral sides were used in
both longitudinal and transverse motions.

. The base of tanged points exhibits a particular clear
pattern of microwear traces. The tanged points were
hafted. (This point 5 result was strengthened with the
present analysis).

6. Above observations are from about a half of the tanged
points. They were selected as the result of initial
screening process using very low magnifications of
the hand lenses. If all specimens were examined with
high power method, unused tools could possibly be
identified as related to site structural and behavioral
analysis.

(Akoshima and Hong 2018b, p.120-121).

All in all, the three different methods observe the
same phenomena of edge damage in different scales of
magnification and lighting. However, without using three
devices, we are unable to obtain meaningful patterns of

use-wear as a whole.

5. Conclusions

Theoretically, the processes of “Upper Palaeolithization”,
so to speak, have been one of the central themes in
prehistoric archaeology today. The migration of modern
Homo sapiens groups into East Asia is generally
considered to have been the main factor leading to the
transformation from the Middle Palaeolithic to the Upper
Palacolithic industries. Changes in lithic technology and
typological composition have been the integral parts of
the wide ranging cultural revolution which accompanied

deepening of the “planning depth” on the part of the
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modern population. A conclusion of the present analysis
is that the tanged point well represents the deepening
planning depth in lithic technological complex in the
middle part of the Korean Peninsula.

A remarkable finding is that the tanged points were
evidently hafted implements. Methodologically, adoption
of the “mid power approach” testified our original
hypothesis in the official site report in 2018. It is notable
that the hafting behavior was a prerequisite to making and
using this class of tool. Some examples indicate that even
if they were not utilized, the hafting was applied to the
base part.

Also, their utilization episodes were quite variable,
probably depending on the actual situations at various
locations on the landscape. As is shown in the site report
(2018) and additional mid power analysis here, lateral
sides of tanged points were rather major working parts of
the tool. The class of tool has been called “points”, and
general assumption is that their major function was that
of the projectile weapon. Our analysis provides a different
interpretation for utilization.

Modern human population at the Suyanggae site during
the years between 41874 and 41252 calBP, produced
tanged points in anticipation of future use as the composite
tool. They were produced as composite tools with stone
tip and haft shafts. The length of shafts or the raw material
of them is yet unknown, but the composite tools were
around their daily activities of various kinds including
domestic activities in the migrating camp locations. It is
possible that seasonal patterns of migration and planned
subsistence activities were already established as modern
hunter gatherers.

The overall lithic technology was basically relied on
emergent blade or elongated flake techniques. At the
Suyanggae site, Cultural Layer 4 which is the target of
our present analysis, is dominated with the tanged point
assemblage. It is also reasonable here to postulate that
tanged “points” were in wide use for their daily life. The
assemblage and technology transformed from Cultural

Layer 4, to Cultural Layer 3, 2, and 1. The assemblage
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composition became more variable toward the top of the
strata.

Here it may be pointed out that the function of
tanged points also underwent a considerable degrees of
transformation toward the Middle and Late parts of the
Upper Palaeolithic period. Future analysis of the tanged
points belonging to the later time periods will shed light
on this problem. Already previous results are known from
the use-wear analysis by Sano indicating the projectile
usage of tanged points at the Jingeuneul site, Jinan-gun,
along the Geum River. They point out a strong possibility
of mechanically propelled weaponry (Lee, Gikil and Sano
2019).

Comparatively, implications of the present analysis
to the archaeology of Tohoku District include also the
emergence of modern human population into the Tohoku
landscape. The time period is close to the Suyanggae
CL4, as between 30000 and 38000 years ago, a number
of sites are found and some were meticulously excavated.
They include the Sasayamahara (i#11J51) No.16 site in
Fukushima Prefecture (e.g., Hong 2018), Jizoden(B) (
Hhjg{H) site in Akita Prefecture (e.g., Kanda 2021,
Kanomata 2011), and the Yakurai-san (33K[11) No.17
site in Miyagi Prefecture (e.g., Hong 2021).

Lithic technology and assemblage composition are quite
different from those in the Korean Peninsula. However,
the research themes belong to the same category of
prehistoric pursuit. Namely, the arrival of early modern
human population and thereof emergence of revolutionary
behavioral transformation from the pre-existent Middle
Palaeolithic populations in the Japanese Archipelago
(e.g., Yanagida and Akoshima 2015), need to be pursued.
Generally, the period in Tohoku District belongs to the
age division system of the Early Upper Palaeolithic. The
period precedes the fall of the Aira Tanzawa pumice
(AT) layer which is a wide-spread tephra throughout the
Japanese Archipelago. Yanagida found a key stratum
of “dark soil band layer” below the AT and established
a chronological scheme in Tohoku District (Yanagida

2013).
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During the EUP of Tohoku, distinctive blank production
method of the Yonegamori technique (K7 #xHii%)
which consecutively makes relatively round flakes
with a positive scar on dorsal face. Elongated blanks to
emergent blades were also produced. Trapeze artifacts (55
JE125) and trapezoidal artifacts (B Ak f125) are main
typological components for the period, as well as knife
shaped tools (77 7fZf1#k). An important research
domain should be the functional interpretation of thus
classified tools. One viewpoint should be the question
of hafting behavior and projectile utilization. Hand held
tools or hafted tools are a fundamental division. There is
also a related question about the meaning of secondary
retouch. It is a question between secondary retouch to
produce working edges, or secondary retouch to make
tools more usable such as making back edges to hold. All
these research topics necessitate the field of traceological
analyses. Further in-depth functional studies in Tohoku
District for the same time period as the present article
would shed important light on the nature of the Early
Upper Palaeolithic. Comparative studies on the period
is urgently necessary for insights into the modern human
behavior which presupposes much deeper planning depth
than before.

Methodologically, it is demonstrated that the new
technique of “mid power analysis” is an important addition
to the “low power” and ‘“high power” analyses. By
combining three different techniques, much more reliable
functional inferences become feasible. The combination
also has strength for dealing with variations in samples,
such as surface alteration, raw material diversity, site
structure, and dichotomy of “curated” versus “expedient”
type of tools.

Typologically, the type tool “tanged point” in Korean
Peninsula has been related to the “flake point” (] P 956
#m) tools especially in the Kyushu island. The assumption
is based on geographical closeness and typological
similarity. Temporally, there were abrupt influx of the
almost identical tools after the eruption of the Aira caldera

in Kagoshima Prefecture. The evidence supports the direct



HCRE AR A RO 23 (2022. 3)

contact hypothesis.

However, we would like to point out that typologically
similar artifacts are also existent in other regions including
Tohoku District. Lee examined the “knife shaped tools”
in Tohoku District and compared some specimens to
Korean tanged points. His investigation revealed that
some “knife shaped tools” can well be included in the
category of “tanged points in Korea”, although there are
some differences such as the size of the blank blade (Lee,
G. 2014).

In conclusion, the prehistory of Tohoku District must
be interpreted in an explicitly comparative framework
with the Asian continent, especially with adjacent regions
such as the Korean Peninsula, the Chinese Northeastern
provinces, the Sakhalin island, and the Russian Maritime
region. Tohoku is not just Tohoku on its own isolation
ever since the first inhabitants came in. The present paper

in English takes a new perspective in Miyagi Prefecture

archaeology (HIIRE 22D ).
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2020 4 7 A 10 HiC. AMS R 14 FAH1E H
ARl E U TERBAE T LRI BN T, /b
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X% 30 DOINEVE 6 [mliED IR Lz,

ZDMOFARNCDOWTIX, =27 )V T - 7
A1V -FRAEE 7 35 T 75 o Tz BEALEELE . 1mol/ £ (1M)
DR (HCD % Fv T 80 & T 60 7 DL 7% 2
MBI EoTze 7V VALEE 1 BIHIE 0.01IM O
IKEE(EF bV L (NaOH) /KiAH = HIW, 2 [ H
13 0.1M., 3 [EHLEEE 1M % W T4 60 75 DAL
HZEHBIEW, BRICEONZIEERSAZDET3
MEEOR LIz, 51, IMOERE (HCD ZHHw
T 60 TOUEZ 2 [MFB T x> Tz, RBICHIKIC K
D 30 DY HEE 4 HEBTHENPRILTWS T L
MERR L. HZIE B TRl 2 BN Uz, RTALEEOD [E1UY
ek 21RT,

DLEO#EET, RO I 2T T B R R ZE
ENTLHIWTE S, ER OB ORERIFE
2DEBOTHB,
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4 EA-IRMS AIFERER G&3)
REBIUCEZOERTHRB X TLEMN
REEDRE . BER R FZERAE RIS T,
Thermo Fisher Scientifics #1#0 Flash2000 st
Mr7z i lligEiE & LT, ConFlo IV A 2 —7 12—
A7z LT, Delta V & RN AL E & 57 B i
THIES %, EAIRMS HEZ W TH T &> Tz,
% 0.5mg ORGHEAR 2 i HHD . HIE I
UTzo MEFRAE. RINARLMEMN T EN TS =
TREREYNE (75 =2%) Z2adkl L RIRFICHES %
T & CHEEMERERFIE U, @ ORE T, §°C
DWEAEE 0.2%0. 5'°N DFEAEL 0.2%0 Th %o

5. REBEERUIZ7740 M KD
AORHE. By TICHFEE L, elementar # 5
vario ISOTOPE SELECT jtZ= A Hratici A L, #AbE
. BRI N ZBURERZBET T AT A N8
AU, H50 CHEKMBR 2mg ZFFELIzay 7

&2 BINEDRR

EVaga RN mg | L8 mg | [ mg | BIUCE %
MGMBKK-3 18 18 2.77 15.4%
MGMBKK-5 64 64 23.86 37.3%
MGMBKK-6 45 45 22.05 49.0%

MGMBKK-16 31 31 4.83 15.6%
MGMBKK-18a 78 37 16.77 45.3%
MGMBKK-18b 9 9 1.1 12.2%
MGMBKK-20a 170 44 23.36 53.1%
MGMBKK-22 70 70 7.53 10.8%
MGMBKK-29 49 49 8.45 17.2%
MGKK-18a 17 17 1.79 10.5%
MGKK-18b 34 34 11.34 33.4%
MGKK-38a 19 19 2.34 12.3%
MGKK-38b 40 40 11.61 29.0%
MGKK-39a 34 34 2.3 6.8%
MGKK-39b 39 39 5.38 13.8%
MGKK-52 32 32 13.14 41.1%
MGKK-56 37 37 11.52 31.1%

#*3 TEBLURERMMFLEDODTHIER

i MWEID | 8°C | "N |BesRiltis| 43Rt | C/N Lt
MGMBKK-5 |YL43266|-26.5%0| 9.7% | 63.5% 27% | 27.5
MGMBKK-6 |YL43267|-26.1%0| 9.0% | 56.7% 8.2% 8.1

MGMBKK-18a | YL43271|-26.9%0 | 4.6%0 | 65.7% 4.6% 16.6
MGMBKK-20a | YL43272|-26.2%0 | 8.7% | 64.1% 5.3% 14.1
MGMBKK-22 |YL43268|-25.3%0| 3.8%0 | 56.0% 3.9% 16.7
MGMBKK-29 |YL43270|-26.5%0| 4.8%0 | 60.6% 5.2% 13.5
MGKK-18a | YL44151(-27.7%0 6.3% 0.4% 17.5
MGKK-18b  [YL44152|-26.3%0| 8.9%0 | 64.7% 32% | 23.7
MGKK-38a | YL44153[-25.3%0|10.0%0| 48.7% 4.7% 12.2
MGKK-39a  |YL44155(-27.2%0| 5.0% | 55.4% 4.3% 14.9
MGKK-39b  |YL44156|-26.4%0| 5.8%0 | 58.2% 4.3% 15.7
MGKK-52  [YL44159|-24.7%0| 4.8%0 | 61.2% 5.4% 13.3
MGKK-56 | YL44160{-25.7%0| 8.0%0 | 58.8% 5.3% 13.0

MGKK-18a IZZEHRED, s N HIEHE TEd
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x4 TIT77140 MEDIER x5 BEERERFLATEDHER
B EaET = 3 14 > 13
s ¥ 57744 D ;ﬁﬂ$§7 77‘7:”7 77;“ Fe Fibt C/Fe AR $4 HI5E ID C 4EfR #ililEA 8'°C
fesg | dh t MGMBKK-3 | TKA-23937 | 2543 + 20 BP | -26.8 + 0.3 %o
MGMBKK-3 |GR-12452|2.11 mg| 73.3% |0.91 mg|2.09 mg|0.435 MGMBKK-5 | TKA-23938 | 2540+ 21 BP | -27.1 + 0.3 %o
MGMBKK-5 |GR-12453|2.54 mg|100.6%|1.25 mg|1.93 mg|0.648 MGMBKK-6 | TKA-23939 | 2687 + 21 BP | -26.3 + 0.3 %o
MGMBKK-6 |GR-12454|2.43 mg| 92.8% |1.32 mg|1.96 mg|0.673 MGMBKK-16 | TKA-23940 | 2609 + 21 BP | -29.7 + 0.2 %o
MGMBKK-16 |GR-12455[2.04 mg| 98.0% [0.55 mg|1.91 mg|0.288 MGMBKK-18b | TKA-23870 | 2888 + 25 BP | -23.5 + 0.3 %o
MGMBKK-22 |GR-12456|2.47 mg| 87.9% |1.27 mg|2.09 mg|0.608 MGMBKK-22 | TKA-23941 | 2563 + 20 BP | -25.3 + 0.2 %o
MGMBKK-29 |GR-12457[2.52mg| 91.0% [1.10 mg|1.92 mg|0.573 MGMBKK-29 | TKA-23942 | 2557 + 23 BP | -25.0 + 0.4 %o
MGMBKK-18b |GR-12458|0.70 mg | 95.6% |0.18 mg[3.85 mg|0.048 MGKK-18b | TKA-24191 | 2464 + 22 BP | -28.9 + 0.7 %o
MGKK-18b |GR-12937|2.40 mg| 88.3% |1.03mg|2.17 mg|0.475 MGCKK-38b | TKA-24192 | 2487 + 22 BP | -29.6 + 0.8 %o
MGKK-38b |GR-12938|2.39 mg| 91.0% |1.13mg|2.14 mg|0.528 MGKK-39b TKA-24193 | 2436 + 22 BP | -26.5 + 0.8 %o
MGKK-39b  |GR-12939|2.29 mg| 89.1% |1.22 mg|1.95 mg|0.626 MCKK-52 TKA-24194 | 2444 + 21 BP | -22.8 + 0.7 %o
MGKK-52  |GR-12940|2.43 mg| 90.4% |1.04 mg|2.01 mg|0.517 MGKK-56 TKA-24195 | 2521 + 22 BP | -26.5 + 0.8 %o
MGKK-56 GR-12941 228 mg 706% 095 mg 196 mg 0485 14C Eﬁ@éﬁ%bi 1 *ﬁ%@{ﬁ%%ﬂ?@'o
MGMﬁBKK—le IO % Ld:%) BRBE%. iﬁi’%ﬁ@@ﬁ?&z:ﬁ@;ﬁé n
ToIRFE R 400ug AN TH > Jzizod, [AF R OEUESR 2 C L= =
BL. MEREEHO 7O h L (KD 2017) 1K TRAY &6 HETNDBIEFNEIER (cal BP X5D)
4o MR L, AMS JliE RS0 oo KDY 5771 it
ficid A /Z{gigﬂé@ﬂ‘iﬂﬁ'ﬂi*& <L IREREROBRIC R4 WREAEIR (15D) WREAR (2SD)
RAgs shizikERZi Uiz, o
) 2743 cal BP (59.0%) 2698 cal BP
2737 cal BP (51.7%) 2705 cal BP| 52 21 b (13 900 5615 cal BP
— » N Y ~ 0, .
M ERISEICKEN A (RETIVED 2.2 f | MOMBKKS | 2629 cal BP (9.1%) 2620 cal B 505 ©) Bp (21.0%) 2537 cal BP
2555 cal BP (7.4%) 2546 cal BP | 250" 1 pp (1.5%) 2520 cal BP
X)) & EBICE AL T, 650°CT 6 M 2735 cal BP (46.7%) 2705 cal BP | 2742 cal BP (50.6%) 2697 cal BP
) MGMBKK-5 | 2629 cal BP (11.3%) 2619 cal BP| 2635 cal BP (15.4%) 2614 cal BP
B CHEfE L7z (Omori et al. 2017), 2556 cal BP (10.2%) 2545 cal BP | 2589 cal BP (29.4%) 2518 cal BP
MGMBKK.G | 2838 cal BP (6.6%) 2833 cal BP | 2848 cal B (24.4%) 2813 cal BP
2783 cal BP (61.6%) 2757 cal BP| 2795 cal BP (71.0%) 2752 cal BP
. MGMBKK-16 | 2753 cal BP (68.2%) 2738 cal BP | 2757 cal BP (95.4%) 2729 cal BP
N:M==2%= . 5 .
6. AMS BIERER GE5-6. XI5-6) ) 3140 cal BP ( 1.7%) 3127 cal BP
o e o MGMBKK- 18b | 3000 € B ﬁgg;g B3 cal b1 3107 cal BP ( 1.8%) 3095 cal BP
75774 MELUKRREZEARICEBT 5 8% €al B8 3077 cal BP (91.9%) 2952 cal BP
. . e 2750 cal BP (91.3%) 2705 cal BP
SRR ZRINAKEE O RIE X, HEURZZFET | MOMBKK-22 | 2740 cal BP (68.2%) 2721 cal BP| 2629 cal BP ( 2.4%) 2619 cal BP
. R . 2555 cal BP ( 1.7%) 2546 cal BP
WEE YBT3 2 I 2n B o Hr e i 2750 cal BP (77.1%) 2700 cal BP
. MGMBKK-29 |2743 cal BP (68.2%) 2711 cal BP | 2634 cal BP (7.7%) 2616 cal BP
3 I 4 !
(AMS) % W THlllE Uiz, 18/ "C 44 (BP 2584 cal BP (10.7%) 2539 cal BP
. - L . 2698 cal BP (35.5%) 2635 cal BP
£ ZEHT B oI, FBINMRE B O 2616 cal BP (13.5%) 2588 cal BP | 2/ 0> ¢al BP (37.4%) 2628 cal BP
! 2620 cal BP (21.0%) 2555 cal BP
B 3 . MGKK-18b | 2536 cal BP ( 1.2%) 2532 cal BP |52 ) b (35'000) 2420 cal B
EICHW 8"°C fEIZ AMS I CIRFERIIE LTz 2519 cal BP (14.7%) 2487 cal BP| 520 % 10 P00 220 o8P
2478 cal BP (3.3%) 2469 cal BP :
filiZe FH T2 (Stuiver and Polach 1977), 2705 cal BP (9.8%) 2685 cal BP
2644 cal BP (7.5%) 2629 cal BP
MGKK-38b | 2619 cal BP ( 2.8%) 2613 cal BP | 2718 cal BP (95.4%) 2490 cal BP
2598 cal BP (21.7%) 2556 cal BP
7. BEREER I ICDOWNT 2545 cal BP (26.5%) 2495 cal BP
2668 cal BP (5.8%) 2658 cal BP
. . N - 2694 cal BP (18.0%) 2639 cal BP
\ R L~ L > > [
AUMRBE 2 ST 4 - BTl TET MGKK-39b 22553551]1335 ((4‘;‘(1)@3) 22‘:’10121 Ccf]%l; 2615 cal BP (7.6%) 2594 cal BP
. " - : 2 1 BP (69.8%) 2 1 BP
12 176 £ GHFEED 12D\ T AMS 4EACHIE 2387 cal BP (9.0%) 2370 cal BP | 2200 cal BP (69.8%) 2359 ca
2683 cal BP (20.0%) 2645 cal BP
- _ 2698 cal BP (25.4%) 2636 cal BP
SR 1 A N P erany
2L, FEHH AR ICB W THE LT MGKK-52 szég 52111?115 (%;‘83(;"2) 225192%‘211%% 2615 cal BP (10.0%) 2591 cal BP
N 0y
7 UMRKIEA 2021, DiEER AT IFSE AT 2380 cal BP (2.1%) 2375 cal Bp | 2217 cal BP (60.0%) 2362 cal BP
2724 cal BP (21.8%) 2700 cal BP | 2729 cal BP (25.5%) 2692 cal BP
2021 & & z RN S S e ) - MGKK-56  |2634 cal BP (14.9%) 2616 cal BP | 2640 cal BP (18.4%) 2612 cal BP
EXDE NHED5 5, ARiTHTI 2584 cal BP (31.5%) 2538 cal BP | 2595 cal BP (51.5%) 2498 cal BP

MG Lzl e M UCHIX (FX, B8~ 11
HE) Mot LEEOOWREIE 121 #lE

BIEAFER DR HICIE. OxCAL4.4 (Bronk Ramsey 2009) ZflifH L. #£iFE7— 2
IntCal20 (Reimer et al. 2020) 7z 7z,
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MGMBKK-3 R_Date(2543,20)
68.3% probability
737 (49.3%) 2705calBP
2629 (9.5%) 2620calBP
2556 (9.5%) 2545calBP
95.4% probability
2744 (52.2%) 2697 calBP
2636 (13.7%) 2615¢alBP
2590 {29.5%) 2516calBP
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T

2800 ~

E
g
i
E
5
2
S
3
ES

2500 —

2700 =

2600 (=

MGMBKK-6 R_Date(2687,21)
68.3% probability
2840 (12.2%) 2830calBP
2783 (56.1%) 2757 calBP
95.4% probability
2849 (31.0%) 2807 calBP
2797 (64.5%) 2753calBP

Calibrated date (calgP)
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MGMBKK-18b R_Date(2888,25)
68.3% probability
3062 (53.8%) 2992calBP
2984 (14.5%) 2965cal8P
95.4% probability
3146 (4.0%) 3121 calBP
3111 (3.1%) 3092calBP
3079 (88.4%) 2035calBP
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MGMBKK-29 R_Date(2557,23)
68.3% probability
2744 (65.6%) 2708calBP
2627 (2.7%) 2623calBP
95.4% probability
2750 (70.3%) 2699¢alBP
2635 (8.5%) 2616calBP
2585 (14.9%) 2536¢alBP
530 (1.796) 2519¢alBP
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Calibrated date (calBP)
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E MGMBKK-5 R_Date(2540,21)
2700 |- 68.3% probability
F 2737 (42.9%) 2703 calBp
2631 (11.9%) 261Bealap
2559 (13.5%) 2543calBP
2600 95.4% probability
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Calibrated date (calBP)
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Calibrated date (calBP)
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E MGMBKK-22 R_Date(2563,20)
E 68.3% probability
F 2741 (68.3%) 2720calBp
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Calibrated date (calBP)
k- MGKK-18b R_Date(2464,22)
66.3% probability
F 2699 (32.6%) 2634cal3P
2616 (13.5%) 2585calap
2538 (33%) 2527calBP
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& 95 4% probability
§ F 2706 (34.9%) 2628¢alBP
£ (21.2%) 2553calap
g b g %) 2413cal3p
£ F 23802A%T 2370T
g 2400
k-
c L
g F
£
g
E
E
200
) | 1 iyl
Py &0 S0 g 3

Calibrated date (calBP)
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K6 HEFERHERSHEZEE (IntCal20, Oxcal4.4)

FERZMETT 2B, T8N ZRIE LTV 56T
&, U= N—ZROEEN LTI WA EY
ERETE2EMNEY FF5 b Ok DR
14 FEREZE EICHNS
(1) RERMALL « ON Ll & B EEME DK
ZE FNALL « RREERILITDOWT, /IMRiEH,
IC X BRERIE D 16 3B X OSEHIED 13 551,
AIEARIHTHIEZEATIC & 2 HIE S 7% 31T 65 HIE
HIBTHEOTVD, TNEHB L, 3°CHEH -25
~ 28% B TH D . RHEZEHRIL (C/N ) HmE/h
IUVMEN 82 THRBEKZWVEDIF 104.1 LWV S5
BEBHINHZH, FEAEN 1280 E30 L FD
Bz "9, 8N & ekl 11.8 (MGKK-12, 7z
ZUSEE) T 12 & KEVEIEE RS iz

T EMBE EIET N TREM ORI E IR DY EIC i
K9 BAReMED A, DR L B ilgEYE E O

P = N=RDEED NS NI A S NI o Tz,
MRSV SRR D A A D RIFEMEDN GO N
HAPEY) 34 Bl DV TIEREE ORI E BRI OX 2
TTHBHARMEDENEEZ S,
¥, LAREEYIC OV T, [A—EADONE (a) -
S (b) FNZNUSDWTHERME X 723 RN AL

_28 -
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(2) ERMNMIERT

Kil C1 R k@ &3 1AAA-191324 (2880 +
25) XHZIEAERT 3080 ~ 2925cal BP, MGMBKK-
15b (2820 + 20) 3L EAFEART 2965 cal BP (95.4%)
2865¢cal BP &, Kifl C1 sicxflb T M 2 4ER U
FK 2019) & LTHFENRV, Kil C2 U tbE
% MGMBKK-18b (2890 + 25) IZDW\TId, K
EAEART 3075¢al BP (89.8%) 2925cal BP Ic & N

ZAREMED RS K E < FERMED B 513K Cl
D TAAA-191324 (2880 + 25) EEVMEERT

|- #c ® MGMBKK-18b 7 & < kil €2 2 ke
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&7 AUMOERS (P22 FERDE) HELHAEMOFRAES L UREBMFLEDHIER

IRMS PEE+3 i §
i, | | kmeR | wED e SRl P | [onvse| o5 H0 | st e/ i
(%) %) | (%) ke -
MGMBKK-1b | 8% JAg | KiE A? H18 [ IAAA-171659| 2417 £ 23 BP | -24.42 +0.23 % | -25.9| 8.65 |63.7] 3.7 | 20.1 |266[X28 | 11 /F-70 i / SX151F « Hif{ 1| 10Po3780
MGMBKK-3 | 3% | LN Kl A TKA-23937 | 2543+20BP | -26.8+0.3 % 231 %11 $110/F23 b / VId 10P03260
MGMBKK-4a | Lafd#&% | LN Kl A TKA-22887 | 2620 +20BP | 26.1+£02% |-25.7| 6.6 |53.1| 54| 114 -/F-80/ VI 10P03697
MGMBKK-4b | t#f3# | st K A TKA-22888 | 2523+ 21BP | -27.5+0.3 % 283K 1 -/F-80/ VI 10P03697
MGMBKK-5 | +#f#¥ | W Lot Kl A TKA-23938 | 2540+ 21BP | 27.1+03% |-265| 97 [635| 27| 275 | 33X 14 #18/F35/Vla 10P03619
MGMBKK-6 LEEY | O Kl A TKA-23939 | 2687 +21 BP | -26.3+0.3 % 2311418 #10/F-23 /i / VId 10P03381
MGMBKK-7a | h##¥ | WA HHs TKA-22889 | 2573+21BP | 27.7+05% |-28.1| 53 [50.2| 33| 179 | 237X 9 310/ F-23 fi= / Vi d 10P03109
MGMBKK-7b | ta#fhaty | st FHs TKA-22890 | 2520+ 21BP | 26.9+0.4% |-269| 7.0 [475| 25| 220 | 237149 310/ F-23 fi= / Vi d 10P03109
MGMBKK-8a % 1 Ki A" |TAAA-171657 | 2409 + 26 BP | -25.40 +0.28 %o | -26.8 | 3.58 [50.2| 1.8 | 33.5 | 33X 10 $8/F30/Vic 10P03561
MGMBKK-8b | -a#fha# | Lotk Kl A' TKA-22891 | 2466+ 20BP | -262+04% |-27.2| 104 [62.7| 1.8 | 406 | 33X 10 #8/F30/Vic 10P03561
MGMBKK-9 FasHE | ARsE | K A KS [TAAA-171655| 2473 +25BP | -26.79+0.23 %0 | -27.4| 6.09 |73.0| 0.8 | 104.1 | 236X 5 S 10/F23 /0 + /i /VId | 10Po3338
MGMBKK-10 | L-d#fhady | Mgk Kil A" |TAAA-191330| 2533 +24 BP | -27.60+0.28 %0 | -26.9| 8.6 |54.8| 2.3 | 278 10/ F-23 1 / VId 10P03380
MGMBKK-11 | L-a#fha# | rifi Kil A |TAAA-171654| 2536 + 23 BP | -25.66 + 0.30 % | -26.2 | 6.03 |67.8| 59 | 134 $10/F-23 /b / ViId 10P03238
MGMBKK-12a | L-difhadn | mifki Kl A TKA-22892 | 2563+22BP | 27.3+0.5% |-265] 54 [56.3|55 | 12.1 #10/F-23 min / Vid 10P03040
MGMBKK-12b | #(+a | rkst KA |IAAA-171653| 2516+ 24 BP | -25.53+0.28 % | -26.3 | 8.87 |62.2] 3.5 | 206 10 /F23 /0 / Vid 10P03040
MGMBKK-13b | +88fh#% | rist | 7ikni~rh |IAAA-171651| 2252+ 23 BP | -26.09 +0.29 % | -27.4| 8.17 [72.0| 1.3 | 66.3 | 23517 | #i10/F23®o +# /VId | 10Po2912
MGMBKK-14 | +##fha% | miN | Adi C2-A |TAAA-191325| 2790+ 25BP |-25.579+0.25 % | -25.5| 9.87 [63.0| 5.6 | 13.1 [239K 11 #10/F2375/VIb-d 10P02821
MGMBKK-15a | b-d#ftaidy | WA KiCl  |IAAA-171649| 2801 +25BP | -28.39+0.29 % | -27.4| 8.13 [60.5| 86 | 82 | 89X 12 9 /F-23Ch/ VIe3 10P02558
MGMBKK-15b | -difstasdy | Mgk KA Cl | TKA-22893 | 2819+21BP | -27.440.3 % 89X 12 9 /F23Ch/ Vle3 10P02558
MGMBKK-16 | L@zt | rigst Kl A TKA-23940 | 2609+ 21 BP | -29.7+0.2 % 231 K9 | 5110/ F23 %A + i/ VIdl - 2 | 10P02982
MGMBKK-18a | +-#&ftisdn | WA Kl €2 [IAAA-171645| 2946+ 24 BP | -27.47 +0.25% | -26.9| 4.6 [65.7]| 46 | 166 | 99X 8 9 /F-23Da/ Vid 10P02328
MGMBKK-18b | 2§54 | st Kifi €2 TKA-23870 | 2888 +25BP | -23.5+0.3 % 99X 8 419 /F-23Da/ VId 10P02328
MGMBKK-20a | T-difti#n | cifgi Kl €2 [IAAA-171638| 2589 + 25 BP | -24.45+0.30 % |-26.2| 87 |64.1] 53| 14.1 |124[% 13 419 /F-23Fa/ VI c3 10P01739
MGMBKK-22 | #8431 (IR Kl A TKA-23941 | 2563+20BP | 253+02% |-253| 3.8 [56.0/3.9| 167 |108X 11 419 /F-23Eb/ VI c7 10P02140
MGMBKK-23 | +#8(4#% [l KA |IAAA-171644| 2534+ 23 BP | -27.38 +0.31 % | -26.6 | 5.87 |70.1| 4.6 | 17.9 39 / F-23Eb+E+Fa / VI c7 10P02131
MGMBKK-25 | #4451 | LA Kl A |IAAA-171641| 2612+25BP | -26.31+0.23 % |-26.4 | 7.75 |58.6| 6.4 | 10.7 #19/F-23Fa/ VI c4-6 10P01917
MGMBKK-27a | 8§34 A Kl A 27.4| 49 |66.8] 3.0 | 257 | 14942 %19/ F-23Fb / VI bl 10P0524
MGMBKK-27b | +@§fhaidy | Mgk Kl A TKA-22895 | 2470+ 20BP | 26.4+02% |-264| 97 [486] 2.6 | 220 | 149K 2 39 /F-23Fb / VI bl 10P0524
MGMBKK-28a | HE8f1#% | AW | K AMS | TKA-22896 | 2526+ 22BP | 27.5+0.5% |-284| 59 [61.7] 59| 12.1 [157 K20 #9/F23F/ Vla 10P0105
MGMBKK-28b | @it | WS | Kl A MY [IAAA-171630| 2515+ 25BP | -28.25+0.28 % |-27.1 | 7.95 |63.5] 49 | 15.1 [157 X 20 #19/F-23F/ Vla 10Po105
MGMBKK-29 | tafha | Lign KiH A TKA-23942 | 2557 +23BP | 250+0.4% |-265| 48 [606] 52| 135 | 1611x4 #9/F-23/ kit 10Po154
MGMBKK-30a | 8§ | WA Y 26.7| 57 [623]32| 225 | 1584 #9 /F-23Fb+F / Vi a 10P0207
MGMBKK-30b | L#sfda | Mgt Y IAAA-171631| 2454 +25BP | -27.43+0.21 % |[-26.7| 11.0 |69.5| 1.9 | 42.3 | 158X 4 #19 /F-23Fb+F / VI a 10P0207
MGMBKK-31a | F-##fta¥ | A Kili A |TAAA-171633| 2476 +25BP | -26.31£0.22 %0 | -26.7 | 443 |62.3| 6.5 | 11.1 | 149X 14 59 /F-23Fb/ Vbl 10P0547
MGMBKK-31b | Lasfdaity | Mgt Kl A' TKA-22897 | 2502+21BP | 269+02% |-268| 7.3 |51.8| 2.0 | 30.2 |149 59 /F-23Fb/ Vbl 10P0547
MGMBKK-32a | a8 | Cifki Ki A |TAAA-191322| 2661 +24 BP | -28.62+£0.24 % |-27.4| 80 |625| 89| 82 |149 %9 /F-23Fb / VIbl 10P0555
MGMBKK-32b | F#sfdaiy | kst Kl A' TKA-22894 | 2489+20BP | -27.4+04% |-27.2| 7.3 |452]| 39| 134 [149 %9 /F-23Fb / VI bl 10P0555
MGKK-12a | t#afdaim | WA Kl A-A" | TKA-22826 | 2429+ 30BP | -26.4+0.7 % H9/F23FG/ VIAHY -
MGKK-12b | Laafhaitn | Mgk K A-A 265|118 |66.7| 22 | 350 #9/F23FG/ VIt hY
MGKK-18a | Lasfdaty | M K A 277 63|04 175 $10/F23 /= /V
MGKK-18b | 3t | mast Kilil A TKA-24191 | 2464+22BP | -289+0.7% |-26.3|893|64.7| 32| 23.7 H10/F23@=/V
MGKK-38a | +afdaity | MK KR A 253|100 |48.7] 47 | 122 $10/F-2379/Vib-d
MGKK-38b | Léffaitn | Mgk Kl A TKA-24192 | 2487 +22BP | 296+08% |-268| 731 |67.3| 2.6 | 30.7 $10/F-23795/VIb-d
MGKK-39a | L8842 | II#N | Kl AN 272 4.97 |55.4| 4.3 | 149 H9/F-23A- AL/ LAY
MGKK-39b | +@sfha5¥ | s | KiAAA | TKA-24193 | 2436+22BP | -265+0.8% |-26.4| 584 |58.2| 43| 157 H9/F-23A- AL/ I H Y
MGKK-52 LR | O Kili A' TKA-24194 | 2444 +21BP | 228+0.7% |-24.7|4.75|61.2| 54 | 133 419 /F-23Fa/Vla
MGKK-56 LRI | A Kl A TKA-24195 | 2521+22BP | 265+08% |-257| 80 |588| 53| 130 419/ F-23Ga/ Vlcl-2
MGKK-61a | +8¥{#1 | A Kl A 268| 4.0 |67.7]| 34| 233 419 /F-23Eb/ VIb2
MGKK-61b | 3% | Cigst Kl A 266| 6.4 |70.2] 32| 259 #19/F-23Eb/ VI b2
MGKK-62a FaHEY | DN | KA AA' | TKA-22827 | 2435+29BP | -27.5+06% |-26.8| 6.0 |61.9] 4.6 | 157 #19/F-23Ga/ VI b2
MGKK-62b | L3R4 | 115 | Kl A-AY 255| 69 [656] 45| 172 - 3419 /F-23Ga / VI b2 -
IAAA#8813-3 | 7R 77N | BN L] IAAA-171632 (26326 + 103 BP| -21.86 + 0.23 %0 1502 10 #19/F-23Ga/ Vbl 10P0442
IAAA#8813-5 | 7 A7 7 )V b |IA~ERN | KA [IAAA-171634(28992 £ 119 BP| -22.51 + 0.30 %o 13914 15 #19 /F-23Eb/ VIb2 10P0763
IAAA#8813-6 | iYW | 1IgS | K C2-A |IAAA-171635| 2498 +25BP | -25.83+0.26 %0 | -25.3 | 7.74 |[51.3| 46 | 129 | 1402 319 /F-23Ea / VI b2 10P0954
IAAA#8813-7 | Lasflasth | sk | Kl A-A" |TAAA-171636| 2453 + 23 BP | -26.73£0.24 %0 | -26.7 | 6.44 |63.0| 3.7 | 20.0 | 134 ¥ 21 59 /F-23Ga/ Vicl 10P01480
IAAA#8813-8 | Lasflaith | Ligyk | K C2  |TAAA-171637| 2485+ 24 BP | -27.60+0.28 %0 | -26.7 | 8.57 |65.1| 2.7 | 27.8 | 128 X 12 59 /F-23Fa / VI c2 10Po1618
IAAA#8813-10| Lasfl#¥ | LI | Ai C2-A |TAAA-171639| 2553 + 25 BP | -25.47 +0.28 %0 | -25.5| 4.68 |41.5| 42 | 11.7 | 126X 1 #19 /F-23Eb / VI c3 10Po1776
IAAA#8813-11 % kN A IAAA-171640| 2466 + 26 BP | -32.24  0.28 %0 59 /F-23Fa/ Vlcd-6 10P01888
IAAA#8813-13 % JIAA KA |IAAA-171642| 2454 £ 24 BP | -30.96 + 0.27 %o 59 /F-23Eb / VI c4-6 10P02077
IAAA#8813-14| L35t | AP | A C2-A |TAAA-171643| 2542 + 28 BP | -26.30 +0.36 %o | -25.5 | 6.39 [59.5| 6.3 | 11.0 9 / F-23Eb+Fa / VI c7 10P02128
IAAA#8813-17 | iS5t | gyt | K C2  |TAAA-171646| 2777 +25BP | -28.04+0.21 %0 | -28.7 | 7.64 |64.4| 5.0 | 15.0 %9 /F-23Cb/ Vid 10P02383
IAAA#8813-18| Ldafhaitn | WSk Ki C2  |IAAA-171647| 2517 +26 BP | -25.32+0.26 % | -25.8 | 5.41 [45.7| 50 | 10.7 | 947 49 /F-23Db/ Vel 10P02482
IAAA#8813-19| -LBsfIa | Mk | K C2  |IAAA-171648| 2772+ 24 BP | -27.68+0.29 % |-27.9| 7.4 |64.7| 6.1 | 123 | 92X 8 #9/F-23Db/ VI e2 10P02506
IAAA#8813-21| +asfta¥ | MAN | KiAC2-A [IAAA-171650| 2658 £24 BP | -24.33+0.27 % | -25.5| 8.91 |56.6] 6.1 | 109 |239 K 10 #10/F2375/Vib-d 10P02845
IAAA#8813-23| LB | iyt | KA C2-A |TAAA-171652| 2548 +25BP | -24.04+0.23% |-252| 8.3 |56.2| 5.1 | 13.0 | 2247 10/ F23 /i1 / VId2 10P03022
IAAA#8813-27 | Ldifhaitn | Mgk Kili €2 [IAAA-171656| 2757 + 24 BP | -25.56 + 0.32 % | -26.9| 7.45 |62.6] 1.6 | 47.1 | 35X 3 $8/F29/VI 10P03435
IAAA#8813-29| Ldifhistn | mifkst R IAAA-171658| 2264 + 23 BP | -24.92+0.27 % |-25.8 | 8.78 |63.3] 3.7 | 19.8 | 236 [ 3 #1110/ F-23 §i/N / Vi d 10P03068
IAAA#9910-1 | 33457 | IR Ki A |T1AAA-191320| 2633+ 24 BP | -26.67 +0.23 % |-26.1| 6.67 [60.1| 4.9 | 14.3 [157 K 11 #9/F-23F/Via 10P0138
1AAA#9910-2 | Ldifhaitn | DN KA |[TIAAA-191321| 2598+ 25BP | -29.76 +0.25 % |-27.8| 6.45 [62.1| 7.3 | 100 | 156 ¥ 16 #19/F-23G/Via 10P0253
IAAA#9910-4 | H#HEY | DA KA [IAAA-191323| 2653+ 25BP | -27.81+0.30 % |-26.4| 7.12 [61.7] 6.4 | 11.3 | 129K 1 #9/F-23Fa/Vic2 3 10P01826
IAAA#9910-5 | HasfJEY | Lot Kil C1 - |IAAA-191324| 2879+ 26 BP | -26.12+0.27 %0 | -26.7 | 6.83 |51.4| 2.7 | 220 | 114118 419 /F-23Fa/ Vlc4-6 10P01902
1AAA#9910-7 | HafH&Y | LN | Kil C2-A |IAAA-191326| 2620 + 24 BP | 26.36 £ 0.32 %0 | -25.9| 6.22 |51.8| 52 | 11.7 #19/F-23Eb/ VI c4-6 10P02044
1AAA#9910-8 | Lasfa% | LI Kl A [IAAA-191327| 2635+ 24 BP | -26.01 £0.29 % | -26.6| 9.92 |51.1| 3.1 | 194 | 11713 #19/F-23Eb/ VI c4-6 10P02057
1AAA#9910-9 | T8I | DM | A C2-A [1AAA-191328| 2748 + 24 BP | -26.30+0.26 % | -26.4 | 6.87 [66.7] 59 | 13.1 [107[X 13 #19/F-23Eb/ VI c7 10P02104
IAAA#9910-10| Hi#EY | Digst KiH A |[TAAA-191329| 2671+ 24 BP | -28.22+0.23 % |-27.3| 6.85 [63.6] 6.4 | 11.7 | 224 X8 | S 10/F-23F1 +11/VId2 | 10P0o3012
IAAA#9910-12| L&Y | g i A  |[TAAA-191331| 2613+ 25BP | -2552+0.28 % |-26.1| 898 [62.9] 50 | 14.7 | 117146 59 / F-23Eb+Fa / VI c4 10P03922
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OxCal v4 4.4 Bronk Ramsey (2021): -5 Atmospheric data from Reimer et al (2020)
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OxCalv44.4 Bropk Ramsey (20211: r:5 Atmosphearic data from Reimer et al (2020)
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AT 7 VT IVa—)b (SA) I EFHlRERN & Uz,
KIIRAE, Matkdis, HEEMI OB RN 51,

SR OFAEP TR Y TF L > 5 a—)L (PEG)
LIEKFRT 7V IVEE (B72) AL T3 &l
TNz,

32 RROBREHE

RO BEREFMiAG R 22 4 ISR U7z,

BSHREIE, EE M ORENCIE L TOERER
BROMRTH B, /3% T =1 & 0 LRI O30 E
R L T AEE RO NI, FEETIEIE
IKFRT 7 VIVEIE (B72) MmE/NE oz,

2HFEI/NE o DI IFNERTZ > T2, T
% KR O TR Ti50C K 0 3 B ARE D NS
BGEhH BT EMRENT,

RS BLREN K E N > T2DIZIKRT 7 VU VEHE
(B17) oz, Wi ? T, WYk ZER5T 3
&, RAERENRE O RAEL 2T 556055
&, EHICHEBRIEMN AR/ ax N5 T 4 —
IC X BRI T, IR OERIC I E 1
T e 7 2> — )V RBEARDF ISR E N, K
SO & O R U TSULIAME
KBRS Z 2MEOBRDEINT 2550 H5T &
ZEERE L2, SR FRMOBIZNEE S > TV 3R]
BEEMEHOBEELIEVEEZ TV,

RSB ORER A Z T 2 &0 IFKRK DK
ROFTHRE L, IKRIZEZ DM AT K E K
FLTWA T EAWRBENT, THUFRKDFEKIC
HORL TWAAREE H O I HICHET LIz e E 2
TW3,

RS & & EICRE L BIEEOPUENE - #BE
DB B 52 2 BHETH 5, BORME.
AT & O Z AR T ORI EZZ T TV
LAEEEDNH O, &SIV OIF TR DFEER
P> TEREIND T ENZNT ESNE
HREV, FRFACRKTEREDO NI DR -
RRDWHET 5 T & BIRISN TV 5,

AAETH, SR T—IC K> TREBE R R LKL
BINHT—ERNREK L B80T =Nz, K
FHEDORERE THNIPRYORLInT LE SR
B TR 2T DI TlEEho7, LA,
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—fICAREENS [E5]), TAE L TR &2,
WINOUIRTE 1 ~ 2% EHLTVWE T &
M, MPRO B2 BAE O « AMEOBIRTRHE
id s &ETE AN,

KR DIGNE TR B A D BAUC A ki fiE s
RO ELH B ENRGQERE (Tawkk), 5
aokkl. THEFEMED ] 75 &) MERME NI, Thid
RSEREICE B EEZ TVWEHEEZ BN,

RADOERAMGOBATE . 2RIOFHE DRI T
E. IKRT 7 UIVEE (B72) M9 5 &fFrE
Nniz,

4. BHYIC

PEEYIDER « ARAFIC I B ERE O 5 KRR
BMORS I KORMIRRE, Wtk fEHbrEAx e
ICEH LU, BIENEIC X5 HiEE G Uiz,

Sl OFAEHIP Tl IFKFRT 7 U IVEIE (B72)
MO ENEMmE Nz, FREFHM IZ & E T TalR
K EDLDTEBLIZIKEETOMETH D, FRD2ze
BTN ZRDEMENS EBDNEH, ZNTER
0 FREKOWMFEN D TR RVEEZ TV,
THIc, CollE B72) B HeERE R E DR
FAEETIE—NTH 2D, MEMITIEHE O HV
ENTEDS TTANARIERIITET 5, TOkD, &
RORENZIRE IR 5 BRI ZHHTE 5.
X O RRNIZIPSE OGN ETH %,

FRKOBR L NS, LM EANDRZED
DS OFHIN AR TH B, 5%, TOBRND
FER T OMEE BIC DWW THETT 32 T ETH 5,

REGFHHIC BT, RE=FEF NVIHEFET
i 3E /NN Ay U e SNV NG 587 pal) i N O < ¢ S
AR = NIHRZEFD I LTz,

AWIFED —ERII R AR E A2 R A) [FR
E# = 20H00021] I X birbnic,



(5]

1) Ok, RN F5E TRAAREK OB
IZDWT - ISR - (A« JRAROBUIR -1 LR )
FERIZEREE 200 (2019) p.73. 75 &

2) BN BRAR TS O RAFILER - fRi (5 7 55
WL DG & 2 OFEFERR T\ D R - TR L
ifEpgesd sl 220 (2021) p51.72 &

3) w1 IEREHEERERZEDT %] Nckw -
D BREFEAE 44) (2013) p.363

®1 WNRANOHE

BB DRI & 2 He S5 D RAIHRE DRRES

BHES 1 (2156 2 (215@) 3 (Jz1-5@)

4 (1-5®)

5 {(z1-5@) 6 (F721-5@) 7 (#21-50) 8 (fz1-51)

T (g 60.9 46.7 54.4 48.0 57.3 57.5 59.7 54.2

1 R EARKEESE TR U7 TR I SR 12 R T 5 O
&2 WNERR (G OBIE S IEE

Ll sl
E4ri) W= R ik & (g)
RVZFL VTV a—) o o g e

(PEG4000) PEG 7K 20 % 7KVAHK 2 Va7 LR 47.5
77 VIVIRIVY a URifE 0 R T e

O o Nl D) B17 7K 5 % KiAiZE 7R 36.5
AF k)b m—2 MC 7K 3% AKIAZ AL 31.8
A7 7 VIVT VA=) SA  JEIK 5% TR —)VIAHR e AT AL 80.2
RIVEZIVTFIT—)b - . _ RN
(T AL C) AG  JEK TINEAYGCOIZ =)V 1 1 ISR RAILER 43.8
T4 FYFT FIX bk Hi (BRRIIEO T &/ — VA, FRDEFEIA 76.4
(0630, FILRA ) 7% D F F '
77 U IVEil B72 3K 5% 7 b TR AL 65.5

SZ 1A K B72)
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&3 ALEROIRE

BHERES 1 (2150) 2 (72150) 3 (7z1-5@) 40150) 5 (z15@) 6 (721-5@) 7 (721-50) 8 (J=1-5@)

PR = JE PEG B17 MC SA AG FIX B72

ESTIRN S X (A R E X275 FEAINT IS & B8y B RBEAR SEAIAT e & RE a2 b REAZELE RELZELE

L DERTIIC HOLRZR S D EfklicHO L TV L
bz 295 ftz59 % < bz B
ERE
etk &kl Pk = PRk = bEMlicdE KERLE I
L
HFEMLE Z2xl PR (o3 PR S KREHEZLE DIMCRE  DVE
L L

*1 RHIRAWTH U 7o Fe Rl 544

x4 NERORIDERETH

RS 1(7215®) 2(721-50@) 3(1-5@) 4 (1-5®) 5(z1-5@) 6 (Jz1-5®) 7 (721-51) 8 (7= 1-51)
yIBLERESS JEmLP PEG B17 MC SA AG FIX B72
REuE " "% T—1 1 2.5 3 1 2 2 2.5 2.5
ISHT—2 2.5 2.5 35 35 3.5 4 2.5 2.5
8325 —3 2.5 3 4 3 2 2.5 2 1
ISR T—4 2 2 2 2 2 2 2.5 2
IS T—5 3 4 4 3 3 3 3 2
8% T—6 2 3 3 25 2 3 35 2
IRRT—T 1 15 2 1.5 1.5 2 2 0.5
Ty 2.0 2.6 3.1 2.4 2.3 2.6 2.6 1.8
RAEIE 2 5 8 4 3 5 5 1
FEHE R 72 0.71 0.74 0.78 0.83 0.65 0.69 0.49 0.70

REEEH " 3 T— 1 BIEE () »Zkk TN KR FrXURE SR F/ akk kR TRk
NRET—2 E—FUkk bonRfikk SUBEEEE SUBEEEE SUHESER HiIRMEO SUBEXEE E—FUkk
N3 T—3 PEEAE E 5k TREAIRR E5kk TREAIRR IR ek kg
NAT—4  ERER T U Hkk Btk T U HikR ERLP T U Hkk k% T+ U Hikk

KxT—5 b +4% 1 YT VA O kg W U R
KET—6 Wk IR Wk MR SRR RUvER bR IR
KxT—7 LR b 4% +4% o Ak RO bR

*1 RATREZ SR T — DRI 6 BRFERAREZRE (0 =5, 1 =9 ERHITE 250D, 2 =MOR0Hhbh 2550, 3 =2RIEAITE %R,

4 =FRVELY, 5 =HRAGEW) 1KLL TR

*2 FEEICEED & RO GO NI NENI A 1) 2 35 T a5 72,

*3 BAERBUIS GSsE T MR L ARG RERET 5 ) NchL - hBOEFIERGEE 44) (2013) p.363) DFE -3 NCHBLOEDFHIIC V7=
R O SIREIEVE DZERL TRLT,
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