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Pottery stored ground stone axes

Yoshiaki Kurishima ' *

There are examples of ground stone axes stored in pottery diverted for use as a vessel in the Jomon Period. Data of
18 examples were compiled nationwide, from Middle to Final Jomon. There wasn’t a specific type of pottery used for
storage, such as deep bowl, gourd-shaped, and spouted pottery. Also, most pottery showed reddening of the surface from
being heated, or had adhered soot, an obvious sign that they were diverted as storage vessels. Ground stone axes stored
inside are so called regularly curved (teikakushiki) stone axes, the number of axes stored ranges from one to ten at the
most. Basically, defective pieces were not stored.

Most of the ground stone axes stored in pottery are finished pieces, and the typical way of storage is placing small
axes at the bottom, medium pieces over them, then larger pieces on the top. A part of data shows that it was further
covered by obsidian and a slab-like stone was placed like a lid.

Through examination of ground stone axe storage and used material stones, the background of storing finished
ground stone axes in pottery was inferred as follows. The ground stone axes manufactured from specific material stone
were valuable, and opportunity of acquiring them such as trade was limited. Therefore, it was assumed that ground stone
axes that were able to be obtained from time to time were stored within or around a settlement and were taken out from
storage to be used as needed. Such storage of ground stone axes in pottery was evaluated as a measurement taken by the

Jomon people to utilize limited resources efficiently and frugally.
Keywords: teikaku style polished adzes, depots, Jomon period, Japan
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PROMERAE NI TE B L ShTwizds, HEE
2> (1992) FAIFIACEH D 55.26 £0.39Ma @ FT 4EAL
EZHEL (Mla), HHEBCAHEIIEZD LD Ew
OB E < 77~ O KIEIGE DAL & T DOIHE 2B
L ZZRIBO OB W ST

3. BFEdtAMORERFEERD D & EIR

WA T 0> LR 5052 Hb 0 53 S0 W3 (1982)
CEDDTE LD SR, ZOBIBUERIZA DL
TR O X AT IS & 5 T B 500 L B
WS OBIG S & b IZHH (1986), BB - Ok (1983),
INH (1995) 12 & 0 PEHLIUIN b Grad 7= H A By 4 Moo 2
WER S 0 A IR Y £ &b b, KB CE LT
B IHCIUNG 3505 2 375 SR BE R 0 531 & WA %
Mla 1R T, %54 BEROIFILIEIZ, (2018),
P - I (2021) 126E9 . ERIIEA (2003) 12Xk % &
Wl I 331 2 KL C 2k S 1 7= A - R - 1
B2 LR 2 BRI (B (3EIE, B,
FO -, 0 i MRS 5. — T
GO (KT, B LR, 3 f B 5 R,
BT OB E UCHET 5 RTEEIEG (FER) 125
W, SRS, MR, Gl LR 2.
S5 IZEMIEA (2003) PRI - JIE (2021) OB
) A S B R & R S (B
FR) B ERTOL S E AN LTS, 0K
ST, &% H o KRB C L 5 7=
WL AR LT B T 2 SRS KO
7o BIZ L oT, S M A B km DL EBERLZ
HHN TSNS S 12 Y RO A o
P R AU 55 LTV ) B o 7L
& 5o BRI O ST B AR M A L 72 ) LT
B. S0 LS MR ATEAL I 0 BT
DO¥HZ LV BEHICLTWBESAA.



G UV AT e 24 2 | 2 FE 5 % A7 BRI B b O IR AT D REIR & ALk

2901-2, 2902-1, -2, 29031, 2904-1, -2, -3). ZI»5H

4. KIFFEDORERERBAEDT T EERK Fi A7 [0N\400m OIS H BT 2 % v » TR OBEHNO
ACH O 1l 5 I PR B A 2SR L2 FEE L 72 ARG A D

AR T WDXRF 2 & % A b0 & it L 72 SRS L, BKIT &0 f B~ A IR
KIS B O FEACE & B O FE O FRIU 21 % [ 2 1R ERABA N DL BT 5. O TlEHEH
T KIFEEAO AR 54 LA - 228 B0 £ 4 HoOWRCE (2925-1, 2926-1, 2929-1, 2931-1) %,
HehE & RS S 7 MO ERA ORI 72 GRER & ZLTEF LY 7 oML (29232, 28561, -2, -3,

G 7 B]

/

3 XBEBICROSNZ2BEBAERMLER @~e)
(a) MRLOEMEA (LA F A b)) 25 KaOBE. (b) Wit b L2 2 R0 BRA (R LA F A V) 2 &K ORI
(¢) KFEAICHAT BMBCHOEI. HIROPEIIIAE TRIE LT 2 HPIRRATH S, (o) MIFWHA A & BOE
YR & PRIGRFL o f 18 B £7.
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2930-1, 2907-3, 2928-1) ZHRHLL 7-.

SHICF Y T OEAENERDWICEAL 2 ) v
7o — K %300m BEE G L ORI (<L A4
M) 2 G OEIROWALE O D 5 5 5 KO
B SN (M3a), 2245 1 0 BIE % R 72
(2908-1). TOH A7)y ra— RKOKREEFTTHEARE
B IS HI A~ & HERET O & 3 £ & k1T 2000 f0 B~ Ty
RO BB < b FIHAET TR0, ToAE
DREE GLKRENBETE, ZORCEREA (<
LAFA L) ats—54 1 OBFESHATE D,
INSOMETIIFRE I Y 5 HOBRMEA (2941-1, 2942-
1, 29482, 2947-1, 2945-1), KMEOHEHEL D 1 B D
FALE (20461), S—F 4 FOBELY 1 KO RRA
(2944-2) L 2D —F 4 b (2944-1, 2944-3) % HRHL
L7

K- B O T B AR AL 2555 2 HUIAS & B
FDVEELTET EHMBH 5. I 2 TRESERVIC

WONZ/MORBEL (RLAFA M) 2 ELRBEA
BRIRAL L 72 KB e O BB A & 1 sl B 2 JRECL 72
$ 72 2 ORI ORI HAUE P

(2905-1 ; [X3b).

X4

RBRHE (a-b) EMERBE (c-d) OREMETE

HAOABEE L REOBRHBH Y, TIh5 2 0E
WA (2917-1, -2) & 1 Hodsts (2916-1) ZHRIL
72, EHIZZ DR TIIRIES ICH AT 2WMH0E DAk
D—ERAEBEAL L T 2 BIHAHERR S 7z (M3c, d).
OB O BEA (2922-1) LiRACA (29222) & F
NZNL SR L7z, TN SDWROFREH S 4 54
OREA (2906-1, -2, -3, -4) ML 7.

KW=l D HE B (BT - TJ51993) 12k 5 &, K
TR VL RIG - B O L A & B 7 Dl 1 T oA
5 (M2). KRIERECE D530 % eI R 0
B AT (IR T E T, KIGFEBMEMm OB S 4 41
DOKIFFEAE (2910-1, 2911-1, 2912-1, 2914-1) Z R
L7z, Kpiikcs (2911-1) & RERALHFR D F v >~ 73
DOBEN TR L 72 FHRACE (2929-1) o F IS5
LR HE A M4 ~ d IR

R A0 VLR 7 BE 2 2 < B & DI 20 BEDRALAR
THEOFONL (M4a). EEIEEICH T AL D
B S NUBHRE 2R AR (low structure) 25583 L, BE&
ELTHE MEA BENFEGINDE (K4). —
Ji TR IR S W BE Z M5 IR O Wi B S A3 76 L (Y

() EEMB-aITOEREE

&)



Tl UL I s 24 25 2 FE 5 % A BRSO BRI O BEIR & S L2k

4c), FIROWEIIZ 27 RO A (Tridymite)
OELRICI DR SN, FRARPAEIMICHME L
TEHEIENS (M4d).

5. 2a{tZE2hE

KI5 0343 0 B A ORI RIEA) £10
MOTRCE (RIGHACE & REIRECE) OB bS5
B GEmait) &BHRFERAEY Y 5 — (B
ILAINT) 7% WDXRF (V% 2 4#t#, ZSX primus
II+) ZHWTER L. 52479 720 O IE
BEE - fafg (2019) (2HEVy, BRRHEAR0.9g 1% LTk
TERY) T AL XY MARTERY T AORAEA] (AL
7 #L# Spectromelt Al2) 45g #{EEHHLE, b
RAELDIZICBLANLZOL, RIERFHEFT (B
o DL SR IR T17) R o0 g A R VA RS i CROURH AL B,
NT-2100) T#EhL, E£35cm B, & 23mm 215
DOMBEIROT T A — FEER L7z, ZOHMES DN
FAE = F&HWTHH - s (2021) OFHEICEIW
7= WDXRF (2 & % & 8507 & F i L 7z.

6. iR

6-1 REOLRNEEO2ELFHERICLIX
5%

B - JIT3E (2021) »% WDXRF 12 X % & &= 45 A7 fl
B L7z T BT O SR & X1b 1SR
R I TEA T (BER5400m fH3E) 20 & 3RS 7z 3l Rt
(¥4 21 (5211, 736-1, 723-1, 517-1) T, DI b1
M52 ABESL LM S NI-ABTH L. 72
JE: LU TR A © B 5 Tk A 30 A2 A7 189 % WIEE 7 3t BRAR 2%
BIELN—F 4 POBREFORIEL (VAT A
b)) 2520 (525-1£526-1) RS, ZIHh LK
J72600m FEEEBEN 7= W s D KRG S 1 o BIg
fi (524-1) 7%, & HITF 5 TN 4km FE
MNZZBEZINLEO N —F 4 FOBEBOREL (%
LA F AN 555 1 moaE (529-1) RIS Hh

7o, W ERIRAIMEILTED S 2O IEIC#ET L5 O
ZIARE L, TS OA LRSI IE I E TR -
JIE (2021) 1% KD-1 (Koshidake-1) & w9 {k&: 27 )L —
THTXI L7 AT X % KD o R4 o
S AL (BRI I322003 5 BIH1E422016 5 7134
2016 ; BBHI - JI5#E2021) OAFEMERIICFLDD. &
DAZREH - JIE (2021) S LA © BE2 L
I T, KD-1& D & Sr o&H RS HTRGEREES (K
1b: #1:524-1L529-1) &M L7z, oo RN
FEEZINLEOFE (529-1) TIE/ =4 Mozl
AFA MELTEL, EHEIEKD1EETENID
T, Z0720, TNO I EREA ORI D
D & ENKD-2 (Koshidake-2) &WH{LHEZ IV — T4 T
KpERTwd (#1).

AT 58 C 58 BT & AT o 723405 0 K P 1 o SR 1
D9 B3RO BTG EREA (KD-1) 2E0%
AL R ER R VD, S EOEERA%E 20)
A D10% VN T, HEEWEEEEZF > Tw
% (£2). INSIAEEEERBOOERTH A
78 Tid OP-1 (Osaki Peninsula-1) & W9 fb2 27 0 —
THTRXG L7 (£2). RWI% L LAT0%e (RRiZ
2003 ; 213 A2016) 12 & B OP-14124 o BRI 0 4o
AR Z £ 210 F LoD, KIEF1: 5 i B ORI
Wxdos LT, EiZA (2003) (& KD-14:4 0> g
A% 1 AR B RO THE L TWw 5758, AifsE
TRENZHRT LI LIETER o7 F2ARWET
13 OP-1D AL L IZH O MR o721 R
M (29012 ; £2) Of% KiEgFEILEHBOERRO
DSR2 (02). 2 OB & B RIEG O
LA R T A & (K1), T OREHIME#E
BIRA ORI TH 5 KD20 & (L ERKICE LT %
728, KBfFETIRKD-2& WL 7 v — T4 TR L7z,

KW B V2§ 2 RIG TR & ARG IRCE D4 b
K2 R 3BT 5. BIRAIINTHRCEHO 40
AL2ENY 20 3B AR N 25, KIG TR O 7 DS G TR
X0y 28 Eo T-Fe,0,, MgO, Sr, Zr D&H =D
HYMEOFHBEIRESELRLBDTHL. EHIC
WIGETACA X ST OEA RISV T 2OD 7 V=TI
X345 ENTE, SrOSAED3ppm UL TDH D
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x1 EREEEALEHEREBEALEThIEERERAOLELFER

Group KD-1 KD-2
District Koshidake Muta Koshidake Muta
RO SRk ar;(ziol(zaljlamichi Nagaoka et al. (2003) Kamei et al. (2016) A:ta:lhi *Koshic'iake- Sk ar;gol(zal\;famichi *Matsura-
Sample average | 20(n=6) |981223-3B|981223-3D| 981223-4 | average | 20 (n=22) (201(;) ~ 524-1 529-1 M
SiO; 75.47 0.25 76.44 76.51 76.34 75.40 0.50 75.33 75.58 75.55 75.62 75.82
TiO, 0.04 0.00 0.03 0.02 0.04 0.04 0.00 0.04 0.04 0.03 0.03 0.03
Al,03 13.10 0.07 13.36 13.28 13.25 12.77 0.28 13.15 13.08 13.07 13.06 13.05
T-Fe;03 1.08 0.01 1.08 1.10 1.08 1.08 0.01 1.11 1.08 1.03 1.05 1.03
MnO 0.05 0.00 0.05 0.05 0.05 0.04 0.00 0.05 0.05 0.05 0.05 0.05
MgO 0.07 0.01 0.00 0.00 0.00 0.16 0.01 0.08 0.06 0.06 0.06 0.05
Ca0 0.64 0.01 0.64 0.63 0.64 0.60 0.01 0.64 0.64 0.60 0.61 0.60
Na,O 3.87 0.13 3.66 3.80 3.97 3.82 0.10 3.99 3.93 3.87 3.89 3.85
K;0 4.70 0.13 4.84 4,70 4.75 4.54 0.07 4,79 4.66 4,73 4.73 4.80
P,0s5 0.02 0.00 0.01 0.02 0.01 0.02 0.00 0.02 0.02 0.02 0.02 0.02
total 99.03 100.11 98.47 99.20 99.14 99.01 99.12 99.30
Zn 41.5 0.4 37.0 33.0 38.0 40.5 42.3 40.8 41.3 41.7
Rb 191 3 177 172 178 184 2 194 193 195 194 199
Sr 44.1 0.8 42.0 41.0 42.0 42.2 0.7 44.0 44.4 37.1 394 36.5
Y 26.4 1.0 29.0 32.0 31.0 25.0 1.1 24.7 26.1 26.8 27.0 26.7
Zr 71.0 1.2 69.0 66.0 67.0 61.9 0.6 50.4 71.8 68.4 68.1 68.2
Nb 17.7 0.6 17.4 19.2 18.3 18.0 0.0 16.9 17.4 17.8 17.7 17.6
Th 12.0 1.1 25.0 4.3 17.8 12.7 12.6 12.8 13.2

Major elements by oxides in wt.%; Trace elements in ppm; T-Fe,0z: Fe as total Fe,03; : after Suda and Kawamichi (2021)

x2 RNBFFEEREAOSE{LFHER

Group OP-1 KD-2
Reference Present study Nagaoka et al. (2003) Adachi et al. |Present study
Sample average 20 (n=33) 981222-1 981222-2B (2016) 2901-2

Si02 75.59 0.39 76.57 76.61 75.90 75.62
TiO2 0.07 0.00 0.06 0.06 0.07 0.03
Al203 12.66 0.09 13.00 12.90 12.77 13.03
T-Fe203 1.12 0.01 1.12 1.13 1.16 1.02
MnO 0.04 0.00 0.04 0.04 0.04 0.05
MgO 0.06 0.00 0.00 0.00 0.07 0.06
CaO 0.57 0.02 0.58 0.58 0.57 0.58
Na20 3.82 0.20 3.78 3.73 3.99 3.81
K20 4.99 0.30 4.96 5.05 5.08 4.83
P20s 0.01 0.00 0.00 0.01 0.01 0.02
total 98.93 100.11 99.66 99.05
Zn 42.4 1.8 34.0 35.0 41.8 41.9
Rb 176 3 155 149 180 198
Sr 28.3 1.6 27.0 25.0 27.9 33.5

Y 28.7 1.0 31.0 33.0 26.9 26.7

Zr 109 3 106 107 90.6 63.7
Nb 16.3 0.8 16.7 16.1 15.1 17.6
Th 14.8 1.0 20.1 12.4

Major elements by oxides in wt.%; Trace elements in ppm; T-Fe203: Fe as total Fe203

EIRHIACE A & L, —) T Sr ®& A & H40ppm L

LoboERERMAEB & L.
6-2 ZE{LFHEBEDILE

Kim D a bR # 2 KR 5 FEELT,

MG ET DK EE H IR XA (N-MORB) @

G b MU O ACEAE (AEM) THAMEML (F D

$5) L, N-MORBIZX ¥ % &L H O & H & & JF i
777 TETEN) FENDH S (Normalized multi-
element diagram : Rollinson 1993 : pp.142-150). = 1
(& N-MORB 12X} % & % KB a DAL AR 2 R
WZHIB ZEDTE B2 Th L, Wb OTCRAAESE (2
T=R) CIHEXEROEHROEAENS LI
T, &5 KA LD EALARR 2 AR 2 T Tl
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K3 ABFEOFHRER MERLE - KBREE) O2E{LFHEK

Lithology Matsudake rhyolite A Matsudake rhyolite B Osaki rhyolite
Sample 2931-1 2946-1 2929-1 2916-1 2925-1 2926-1 2911-1 2912-1 2914-1 2910-1
Occur. lava breccia lava breccia lava lava lava lava lava lava
SiO2 75.26 73.60 75.45 72.57 74.30 74.98 71.09 72.61 70.86 72.20
TiO2 0.07 0.07 0.08 0.07 0.09 0.09 0.23 0.23 0.22 0.24
Al203 12.82 12.34 12.89 12.97 13.77 13.12 13.60 13.82 13.75 14.22
T-Fe203 1.14 1.10 1.16 1.15 1.30 0.89 2.10 2.02 1.97 2.05
MnO 0.01 0.04 0.02 0.03 0.03 0.02 0.04 0.06 0.04 0.04
MgOo 0.08 0.06 0.08 0.08 0.09 0.10 0.32 0.29 0.30 0.29
Ca0O 0.47 0.56 0.46 0.56 0.43 0.55 1.36 1.28 1.35 1.38
Na20 3.64 3.37 3.54 3.30 3.24 3.67 3.64 4.25 3.96 4.20
K20 5.04 5.32 5.08 5.03 5.07 5.04 4.73 4.29 4.47 4.32
P20s 0.01 0.01 0.01 0.01 0.01 0.01 0.06 0.05 0.06 0.05
total 98.54 96.47 98.77 95.77 98.33 98.47 97.17 98.90 96.98 98.99
Zn 38.2 44.3 37.5 435 35.4 47.8 49.8 53.4 48.2 43.6
Rb 179 175 181 170 181 176 148 175 147 146
Sr 28.0 28.4 29.6 30.8 42.9 46.3 125 126 128 134
\ 21.4 28.9 34.7 28.0 31.5 23.2 40.3 66.6 52.3 78.0
Zr 110 106 112 111 122 129 177 166 175 173
Nb 16.7 155 16.9 16.7 17.2 16.1 16.2 17.4 16.0 18.0
Th 16.6 15.0 16.7 19.3 17.9 15.6 13.4 14.0 16.4 13.0

Major elements by oxides in wt.%; Trace elements in ppm; T-Fe20s: Fe as total Fe20s

BIHIENTEL., AFRETEIZOTEZICHL, B
WEAT & RACE T O AL R & IR % 72D | 3%
WWEFERT (AIST) 233479 45 JHAN e E g4 T2
ONTAAEERECTH B JR1DHESAE (Imai et al.
1995) TETOERSHHEEZBIELL, HBHLETS
2O DB O EFACFEME O B % M5 L 72 (M52
~d). ZOXTREy=xDOERLICLEVZLLLDILEIRT
Ty bInAUTENSIEE, HilhE IR 2 00
BOEAFEHIRIE R L TWD I E2RT. #HIZED
EAEEICT Ty FENDLEPIDRVITE, FRERD
LEVENTTE Y PENLILHEILWVIETE, 200
BOEAFEHIRIE R LTV ARnI E2RT. 51
COEMED B FICTE Y b SN IFE MO
HBZLL, SIHEHBEED S Ric7ay F3haaHix
HEw OB DI AEL I L 2IRT

JB e B O E Ak (KD-1) & KIG 5 i B A o
FAk (OP1) 2T 2L, OP1OFHSricZz L <
TiO& Zr iZ&E T (Kba). T 74bbmiE dFE UKD
A HFRRCAEDO KGN L > TR ENZ2bDTH -
THZENEFNOHIETIEW L7z~ 7'~ DLFAEIEH S
PR 5 T Z L 2RT. FMEEEREN O K
(KD-1) & KI5 5 o TR AT & AT o TN Ay D Bl B 43
(KD-2) %Migd %L, KD20J5%% Sr, T-Fe,0;,

Ca0, Zr, TiO,2Z L\ (K5b). 7272 L KD-20> 53 #7
BB DTS 3 e vizd, MEMFHNICE B WS
DX 5% 4T 720121% KD-2D 4341 i 0B il % ¢
H5b.

KW s e B 0 E4k (OP-1) & BHERACE A %
H$ 5 &, OP-LIREIACE A O A bARk & 3R
# 20) OHPMHNT—3T S (H5c). FRFEE
PURNIC AL § 2 WRACE B IR OB LTS B AL L Tw
%I (H3c - d) 2T 2GRS A MY OTHCE
(2922-2) & OP-1MI4 o BHEA (2922-1) %ILEk§ % &
(Fda), WHDOEAALFHBIIAAEOHPHN TITIT 3K
T2, INHDT ED S KGR O F 4 (OP-1)
R IACE A &) CALFHR % R o 72 iiAUE B~ 7
THSERENTZ ED) PARB.

Ry 2 55 i M O FAK (OP-1) &AM EHRALS B %
W5 % &, MEHEIRACA B OB A3 Sr, Zr, TiO, P,0;
DEHEEIZEAME ORFALFHBIZ B L T i n
(B5d). Kl EAL W OEN (HM3e) ToRIEHOH
TEiL, kb L7 BALTH CHRECO U & N A RIHRACE A
OFFDEP L, Fgho ULHE CHES T b
MG TACHE B OBHEEATEIMmICA R b e h
5, KIFEEEREALOEMAR (OP-1) 1, BEIEK
FB Tl BEHTACA A O KBHENC B L CARK
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(a) ¢
[BEERER (KD-1) 7n
D VS.
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E M ReaEERE (0P-1) i
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= o
g 12 K
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E o Na3) Nb
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C os G
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S| *Th ¢ Rb
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Koshidake Obsidian (KD-1) / JR-1
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M Fe
— K
o 12t
Iy Sr Zn
f.) 1.0}
= Nb
S Ti Alsi
> 08 | Mg
k= Na
(5]
= o6 | Mn Rb Ca
=
17 Th
g 04 | Y
K+ SE REHR (OP-1)
0.2 vs.
MERBE A (RBE+S)
OVOOAZ 0.4 0.6 0.8 1.0 1.2 1.4

Osaki Peninsula Obsidian (OP-1) / JR-1

1.6

il
(b) 16
IEEERIBR (KD-1)
; 1.4 Ve
= | BE - XKGFEERER (KD-2) e
a Nb ~ Zn &
Q' 1.2 ~
~ 2k #
et : e Sr
S 10 Na 5 Al
= P
=] e
o 08 Rb Ca
g2
S 2 Y /e
£z 06 z
e
s g o4 Th
=& 7' Mg
-
02 . . . . : .
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Koshidake Obsidian (KD-1) / JR-1
d 1.8
(@) =
. T+
.- o
- 14 Fe
z
1.2 e
m —o-
E 1.0 Jal
; 0.8
-
<
= o6
2
S o4 K54 B 7 B (OP-1)
Vs,
02 A RERPEB (KIG+5)
UL ©2925-1 4 2926-1
0.00.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Osaki Peninsula Obsidian (OP-1) / JR-1

5 XBEF¥BERERLEEEREROLECFHEROLR (a~d
LRI 4T JRIOHEIHE (Imai et al. 1995) THUEL. FEITHIETRILWOESHE (%1-2) TiSLA.
MRRACE B 2R 70y FOMEIEE TV — T ONFMEOFIIMTLT T — N —320 2 KT, HOBIORELORPZE
TR TTHERDL W3 LR & O RB O IIEL L T Rn I L 2R

ENDDEEZOND. 7277 LISUE I B
NTEACEN IR O A, BERECE B
DHMHB O TEL 2 WED vz 0, BEMFIICHEER
HIMETACE A L B DX ET ) 72D IR HIRALE
B OO B OEMEZ LEE T 5.

K2 5 F BB D o] — G B A SR L 72 78— F 1 b
U 92944-1, -3) & REEH (2944-2) D4Aa bl
WA FAb ICHHEET A, 2 TRMEFEOKSE (H)
RS 5720, 1108 TI2HEFNE L TlaEK (H,0)
2R Brwe R Z R ERHEL, 215 %2950
Ji£C 6 IERNEL LA B KR & b sssiagd st (LOD)
R L7z, 78—F 4 o LOTI32.70%(2944-1) & 2.75%
(2944-3) T, BBEAT D LOT130.30% (2944-2) TH Y 78—

T4 POFPRHBIKGEPL N EAIRE NI —F
THiHZEO LOl # B EFEOSFAHRIEHEMLTBY o
LIZFRI U= 7= bR N2 0T, BIEAO—
MASNEZLTNR=54 MIELLLHfEEh 2.

6-3 FEdL MO RBGREEOHIFE

6-3-1 53y {4 [ /2 3t D 1) 1)

PRAL LN 351F 2 T P T Hh O A1 % [ 1a L27R S,
C TR IR #ERREA (KD-1& KD-2) & Kk
EEERIEA (OP-1& KD-2), RICHMERMG A LB
WZOWTOHRKZ T 5. OP-1& KD-1Tid OP-1
DFFASrIZZ L L TiO & ZriZEH I L5, WHiZ
(TiO,+Zr) /Sr DMETIXG39 % Z LW RETH L. 72
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KD-1& KD-2T i% KD-20 J5 % TiO,, T-Fe,0s, CaO,
Sr, ZriZZ L. S5HICRERSE A ERGRECE B
TRREHRA A B O F A5 TiO, P05 Sr, ZricZ L
V. §bBH KD1E KD-2, &L TRERA A L

x4 RCEEIR () EBFE (b) PORER - BELE - /S—
Z1 b DOEELFEER

(a) (b)
Sample 2922-1 2922-2 2944-2 2944-1 2944-3
Lithology | obsidian rhyolite obsidian perlite perlite
Group OoP-1 TMatsu A OP-1
in wt.%
Si0, 75.67 73.57 75.83 73.71 73.76
TiO; 0.07 0.07 0.07 0.07 0.07
Al,03 12.66 12.64 12.68 12.34 12.37
T-Fe,03 1.13 1.11 1.12 1.09 1.10
MnO 0.04 0.04 0.04 0.04 0.04
MgOo 0.06 0.06 0.06 0.07 0.06
Ca0 0.57 0.56 0.57 0.55 0.56
Nay0 3.87 3.31 3.70 3.28 3.36
K0 4.96 5.30 5.13 5.42 5.35
P,0s 0.01 0.01 0.01 0.01 0.01
LOI 0.30 2.70 2.75
total 99.04 96.67 99.51 99.28 99.43
in ppm
Zn 42.6 42.3 44.1 41.5 41.7
Rb 178 173 179 176 176
Sr 28.3 30.9 27.6 28.8 28.5
Y 28.8 29.2 293 27.8 28.6
r 109 108 109 104 106
Nb 15.7 15.2 16.7 16.1 15.7
Th 15.2 15.9 15.2 16.4 15.7
T-Fe,03: Fe as total Fe,03; T: Matsudake rhyolite A
(a)
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F 7 T R SRR AT & R i BT 2 B DS
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A L OP1DOEFALFHES—H L TnwbH I LbREN
5.
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WA D4 EAL SRR & TS U 7z, S i R
LRI S ER AT X, Mt oD J P B M oD BRI A &
(& Y/Zr Ol (420~526) % HvCTHBEICXEIT 2 2
EAURETH 5. B B A M o> 5T P 50 b o
AR TSr iz L<ZL < (<8ppm), RbIZH

(b)
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Rb/Sr

X6 EBEEELAGLEEEBRARVHRERSEAEB (@), BAMOREAGEREER (b) OHFIR
EEALFHROMIZE 1 & 2 12MATRMIZA2 (2003), i (2016), @IHIFA (2016), MHIZA (2018) 12X 2 A%KME
ERH L7 MR OMEREBHEHOO XS (FF) EBSH - JIE (2021) (2669 . JR1OMHIE Imai et al. (1995) O34l %

A L7z



PSR - R AL

tr (>184ppm). Bl EBEAIE T V7 ) FERCAHY
TH5HOT, WALINOBBEL O TIEH] S IR 74
(L2 2 F5 0 (FBHIEA2018).  HE2E)1 pE B & 2
J 5B O 1% Rb/Sr Ol % i CTHIBEIC X 55
TE, MEZE)PE RIS 13063~081, 4/ f e BWEA I3
125~133TH 5. S HICHHMBEHEOWHE L) b
522 H WL O5Ma Tl # D W SUE B < 7 < O K ILE
B X o TR S BRI, o REAIC
HATSric@E A (250~290ppm), RbIZZL L (67~
72ppm), THOHDOILROEHRTHKIIKST5H 2L
BTE 5. UEhol &SIk BT 2 R E
WOREFIERD, Sr, Y, ZrOEHEEEEEL LTKX
ST B ENWRETH D, 2 Tik Rb/Sr % Hidil, Y/
Zr Zfitih & Lo 2 L, STz deiuiics
U B bR RO Hh o0 SR DRI & L7z (IK6Db).

6-3-2 FiudJREEROHIF

VAL ILIIC 3505 2 B MR IE RE Hb > 537 % (X 1a (2R3
J5U 3 P8 IR 3 oD FR AT 0 IR E (1XI6b) 12 B R
PEMORH, Vel SR, LT, WEEE (X
la) ORBAOA AR E 7oy b L7z $HRPHT
RO EMRE, #o Rb/Sr of (1.80~3.10) T
HHOFIIEEER DO BIEL L X5 FT 5 LD TE 5.
F72, 1 ROSHRPNERRO DT/ HOFIRICE R %
PELEOGHmZ LT LY, WH LRIk A—
HLTWwsEIEER R (Ri2IZA2016). —H T, H
BENDE R OMIICE 2 5 1 siost R T pE R X
HEZE N SRR DAL AR L BT 5 (=132
2003). &t rp i pE BB 8 (BT - 5811969)
HOBEE LTHEL, 3MLL DR o AL E Fo
BIEAPRAELTCVWD I ENFHL2TH L (KRIZH
2003 : JIGEIZ2°2018). Z Ol L # e 3 B HERE M T
B &) W (BT - 1969) &, WALEEESE F— 24
B ORGSR EHHER TH 5 v ) W (BRIZA
2003) Ad Y, HEEAOANM E LT ORI EH T
b5 O E b B VERMEA 2ERL U 72 Bk 58 H
THLONAYTH B, SHRPHERRAIENED S
CAatat & LToOMM b WAL UM e TR S N S
(N1382017). SHEHNTRE RO OF &m0 - WHAM %

ZE A LA O E =TT IUN o B 5 HL o
FAHZH OS2 5 ETHRAICIY MR EFEDO—>
Thb.

B6b @K I B 35 v~ C A o S A (3T i R
OWIRE ZOfFI L & BB PN ERREA ORI D
Ty bEND. ORI LEERTICE TR
LEMETIEAL N, PR Ld5MORL 5 7LF
AR 72 RIBEAPRELTVWE I EPHLNLTH S
(fafs - THE2003 5 JIEIEA2018 5 B - J113%&2021).
B F - )l (2021) (37 B0 A @ WDXRF 12 X %
AL 2 AT 2 O B 12D W TR IS E T
% KD-1& KD2ICHHY T 55D THEL I L EWSMITL
(£1 - 2), WEBELISENS OBERAEKIZOVTD
Ehl7z. ERZ2 (2003) (&7 H RO O PIZE R
HR Y i SRR A VAL U 72 AL A & 450 B O 4F
xR L7z, L LEHBHPHT & AHIZRALICH30km A
NZN S OA R R R BRI IMFE T E T, #Z
DA, b IATRE RIEA  AE E BIE A DI E R 5
T7uy bEN5L. JElERRO I HEREA D S
SHRYPET (FR) OFBICELZ->TTay FEN5.
PR ECHEHE DA T OREAOEALFHIEIE,
FNFEEML (EMIZ2:2003), fBfE &4/ HicBlr
5 JEHb VR JERE T A B S 7 SRR O SRR R P IR AT D)
EHLNIT D L TOERELFENDICRETHA).

7. EEHESEDERE

BT - g (2004) 12 & B & KA 5 LT~
1.5km BN 72 RSB OMERECREHL (M2) 12H
RO OFANHET H. TS OHIRD & 72 Bl
JUART 0> W 24 155 4 358 D TR A 502 |l A2 B 9 5 i R A
EEFALEAMTIIT I EHRMELETH A ). 2R T
A 2 AT o 72 R I NN 0> K 2 55 2 B O f b
e L ToORM, PEAbIUN IR P B A ISR T
JEBINCA 7% K, ZOFEN PR EEED & £ 1) i
o lidmw. L LEEENOEE CRF i
Br, BJEUTTARHGREE, ZAEREILERZR ) 2o, K
ey 2 s AR ONARIGCD + 1B 12 202018) &I &
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N BRARASRS LI LIEHE Sh (ZIMEEER
52017 ; RIGEHEZHR2019  RIGREH T R
AL £ > 4 —2021), PHALILINICB W TIEA Wil
ERPLLAEAME L THHENTWDE L) THS.
F72ARWFZE TR B 0 B A & iSUa o2 5Ly
MR D L & KW - B WA 0 F48 (OP-1) 1342
ERABCAEH A OREIGENPE > THEE I N2 Z & 29R
BNz T &P IUIN S H oo St P R Hh o> BB
WA DGR i AR o A gl (ZMTTHERES
2017) OFFE, SO AR b FH T &
LU HAH T LR LTS, 5, BIEHIZTT
7z  PARCE DA E LA b B JE PE b o AR A % 1R 1]
LTS ECORERERFICRLZTHS ).

AL TR L 72 PHAL U o SR 5 b o B IR (1
6a - b) 13 WDXRF O &GHTRELICIEDS N2 DTH
5. —JT, TAEENSTHT R o EDXRF (p-XRF :
Bruker Tracer 5% &) %MWz X )T, ZoMH)
P2 A2 U 72 BRI B0 25 O JE R M) Bl 23 F2 . S oD
»Y (BH2021), % 1@ EDXRF # HlWW/-2H - ith
A5 ENIC B 5 BB 25 00 J50RE oK) B 3
Ay vy —FELTEMSETTYS (JIE - %
2018). T D &) IO T WDXRF 12 & % & m45H
KA B E 2 7 A SR 2R 0 R HUF I & B L C
WX 72012, EEE L B 0 SR & B % o BRI
JEHL O JEATREHZ D W T OF LA R AR 2545 0
KREZFETHS .

S 51320214 3 H 12 WDXRF % LA-ICP-MS 12 &
B R AT o 7o BEAEH ONENER, ER 2a
MR T 54 > 54 v 77— 5 ~—2° 2 ABIL
7. FAEMARMLEAREHI 2 TOE LI,
EDXRF |2 & 2 B A 8A O FERH B 247 ) 720 D
FLHERURL & U CIIA R FEBIATITE & > & — R Rl I
ALy =L Tw s, BfEA T — VR
F1ZB T Peabody-Yale Reference Obsidians (PYRO)
sets & IM:IEN 5 EDXRF 2 & % &G0 % 47 ) BRI A
H3 2RIEH O RO R O AR & - A M S b 72
& (Frahm 2019), BWEARAOGOEEBHR 2179 -
TOREERY 2 HEAED D IZT 2 MlAaED 5T
Wh. T V7B S RMINA SR O EE N O

FRIEEICB 3 A IC BT, PEALIuN & iR e o
HWHEFRIZLEATRTH Y, iR BV Tl ok
W I B B S 0 JEURE MR ) & ST % 72
(2, TR RO o0 JEU R O ST L AR A BRI B8
5 EEEEER BRI 4R E T I ITHEILL R L TH S ).

FRCAH O MBI B W TIMEE KF 0 Mg Rz 2B
BERMWWZ RUFFRIEINARFERRAITE v & — & o
78 TWDX (2 & % S J50E Hh a8 o K5 9% 52 15001 & EDX
W2 & B R (HESE - A ) 2o wT, JSPS
A 21H00599, 19K32651, 19K01128 DB % 521 F T %
L7-.

B4

D) ATl basml, aafbEk, seatfiis vy i
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ZORMEEG] 2EEWT 5. BS LI L. ®HIY
FELEEAEOZ L. ALFME & 3o L 2 h
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7L R D Z &
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Tod R IR H Y TR E N RIRAO 2
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JEUPE H AR MV SRR A 720) T e /NBUBL K Wi R 2
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THM PRI A A A E D T L.
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ZOOR LS. T bbb RHERRA O R
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4) ¥ L1+ A4 b (Marekanite) & Mrazova and Gadas (2011)
12 X % & [The obsidian balls (spheres) occurring in
perlite, usually smaller than 5cm in diameter and having
an indented surface, are called marekanite.] & @i Sh
TW5.

5 BIBHON T ANMET2RINEKEELL/8—=F 4 b
(Perlite, BER7) Y v F A h— (Pitchstone, G
7%, G0, BREAOKGEIZLI% LT, X—=F4 T
4% DF, €vF A b=rT1~10% GEF5% L) TH
% (HFHUARIZE 2R 1996) .
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Google Maps, Google Sheets) #* Jl\»C, 20214 3 H
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sites.google.com/view/obsidian). F§H & BIiGRAEO A
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Geology and geochemistry of obsidian and Arita rhyolites in
Osaki Peninsula, northwestern Kyushu, Japan

Yoshimitsu Suda ' * and Yuki Fujitsuka '

Abstract

The volcanic activity of Arita rhyolite during 3-2Ma formed several obsidian sources in northwestern Kyushu.
The obsidian sources are mainly located around the Mt. Koshidake and the Osaki Peninsula. Especially, the Koshidake
obsidian are the biggest obsidian source in the Kyushu Island. Provenance studies of archacological obsidian artefacts
have revealed that the obsidian are quite widely used as lithic raw materials during Upper Palaeolithic to Jomon Periods
in the Kyushu Island and the Korean Peninsula. Due to lack of geological and geochemical data, the discussions regarding
the Osaki Peninsula obsidian are quite insufficient on the archaeological studies. Therefore, geological survey of obsidian
source in the Osaki Peninsula was performed and 34 obsidians and 6 rhyolites were analyzed by WDXRF. Conclusively,
it was determined the representative whole-rock compositions of the Osaki Peninsula obsidian, and proposed a diagram
for the discrimination between the Koshidake obsidian and Osaki Peninsula obsidians by Ti, Sr and Zr contents. Then, the
plot of (TiO,+Zr)/Sr vs. (TiO,+Sr+Zr) was proposed for the discrimination of Koshidake obsidian and Osaki Peninsula
obsidian, and other obsidian sources in northwestern Kyushu. Since several problems related to the characterization
of allochthonous obsidian in Hario-nakamachi source and Muta source are yet existed, proposed diagram would be

effectively useful for quantitative EDXRF and p-XRF analyses on the provenance studies of obsidian artefacts.
Keywords: obsidian source, northwestern Kyushu, whole-rock chemistry, WDXRF, provenance study
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PERT R AT X B0 M %618 Bruker Tracer 5i 2\ 72
SR e pE oy B ik O R 2R

EHAE - BBHEEEE?

33 =

ARFFETIE, WP B0 e A 5 M 35 & OV 30T 2 0 IR 2Rt A 2 B o S5 e M M o e 2 Hi & L C,
P R X AT 261 (p-XRF, Bruker Tracer 5) # w7 BWEAFE RGN EEZHSET 5. ¥, Bruker/MURR
% Obsidian M % v TR ES R EE X MANEE (WD-XRF) 12X 2 8B HEAAR SN TS IR EH AR S3H
OALEAK (Mn, Fe, Zn, Rb, Sr, Y, Zr, Nb, Th ®i)) 2@ L, MEMORE L EMELRGT L. ToRR
BRI TCHEDOMIEL ¥ VICZ > THWIEZ R L7z b OO IEME TIE AR T 2 /MO Th a4 L s H05H -
7z. Tracer 5i T3 5 N7z R EME & WD-XRF I X ALK 70V — 7 OGRS &, IR 6 R & BRIk
KN —T DY hA %479 Fi AT, BER— 2O R 2 VR L7z, iikes 5 e o 14 L% 7 v —
T BTNV —T WX TE 725, MIMWICEE T 2EICHET 23207 V=T 35 CE b o7, Thb
OWRE B E 2, BRI % 7R3 iR i ST LR 7V — T3, TR & 2 o NFHEERIRAT IS

H25RBEREIIOoOnTHGm L. HAD XRF BEAGTO TR TH A MEILEOBMEILTIEAR L, WETLEOREE
N2 HW 2 AT 205, S 2 —H =10 L THHRORIBH M HEOE S BIREO—>2 L R b7-0121%, GV AT

2 DA RGE L EIEARO 5.
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1.13U0&I(C
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LIS 35 0) 2 B EREH I BT 5 AL L
Tz o < % R 2 NRATBI OfEIIAS,  J5URE v SR 8
ANOEIEATEY R RO BEAFIZ & b 72 ) £ Bk
Wz XD X CHEL, FHWTLTAENDICREILEIR
L7z (UNEFIZA2016 ; 2018 ; 18 - BH2018 ; 155%
2018 5 HAY2018). D FLFEIHFTEIC 5 v TIRE A AT
BB 2 AN % 7 — & R AR B B Al & R
L7207, WRo#MEE X #otr#E (WD-XRF)

12 & 2 BHE A R DAL MR D 58 7 EALAHIE 7 v —
TOSHE, 7S ICE ERO T RV F — G 8 X
WA 2 E (ED-XRF) 2 X 2 HIEA#EW O 215
BRI & 2 FEGERKI B TH - 7z (L2 - fH2018). 41
[HA ZRRAR A & MRS 220 Co PR HbIE E LS B
B JRETIN 2 55 B AN ATED & 2 DRERFINZELoET &
W) FREICHEREIICEL ) Ml 72121, MEE S X O
JE B HIFNZ 5345 5 B B B O B IH A # e AUa 2 % It
WS B UEH D 5.
COHMZERT 5 720121%, FHRElT ROV F—40f
B8 X AT (p-XRF) % A 72 J50E #5448
BHRTH 5B, HAGIEIZ BT 2 BN R O SR
& RN BRGEY)  JERE o3 AT O BUE O Eiid, HOE X
WM (XRF) TdH%. LA L, p-XRF & Hw 7z B

PR RS T 101-8301 (T4 M X BRI &1-1
I KFHESN T852:8521 M IR R0 ¥k iT 1-14
*  EHLEE  BHAE (moirailsis2@gmail.com)

N =
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A DALEGHIT L NH L Wi & vz b (Lynch et
al. 2016 ; EE2018 ; B - BH2019 ; 4I:132°2021).
PAE, WRIA W O SALI TR 9 5 p-XRF 12 X 5 1550
IATEHE R 25250 2 FATwb (Shugar and Mass
2013). p-XRF OFETH 2wt & il i 70 KRB
TTOF A MM EY, EREIBETSLI LTI
L 2 839 5 BN W2, FRICERRP 2058 7 a
V7 MIBW TR B XRF (A THFZEHE#E LS
FRBRENZEBZOBERIIH L. bbsA, K
BTl 72 < 452 o5 B 1912360 < N o B B
D FERIHTOERIZBVTHRE LML THS. T2,
p-XRF TEGHALEDOEME TRV Y P —H—
WEEZBRIEL ML R 2 L9, etk X RO mEE
R (wt. % %° ppm) ZEHT B4 A & 2R OH]
EOLR T SIZHRELD D, 2 — 7 — ko Kl
WMT TV —=3avRT 7 VT RAYIN NG RA—F —
(FP) @& M Lcgaimazuiite LTwab, —J)
T, p-XRF 54T 0 BIEAEW~OBHIZ, DA —
71— DT % p-XRF (2 & 2 @ T RO H. O H.
WYEOLRGE, B L OMAOKEFRARAOT—5 v b
ZHEDSWTHIES BB EZ O T — 5 2 v PRV
THAT 255D IEHEORIESER SN THBY, p-
XRF ZHBUEA L7206, IREMER O BREARE T
Bz 7 A bL, #iREAMT LI EMERITY
% (Martindale Johnson et al. 2021).

Z 2 TARWIZETIX, p-XRF T& % Bruker Tracer 5i
AEH L, BRRASH R OBREMIC S &5 CH
TR A 7 R AT 2 W3 5 5. 207213 E
T, BURT oMYA O FE HIYTdH 2 rp 5 12
Mz, WEEREE S 5, Hop P REHES T (NAA),
WD-XRF, L =¥ =77V —Ya ViFlEa 75 A~
oAt (LA-ICP-MS) % L2k W b¥Eafsh, iE
Tl 72 52 W ATATAE S S B S T 2 - BT 5 0 45 )i
FE 2 5 PRI S N7 2 JEUH 0B & 474 p-XRF T
BT 2LERH L. NSO NS, AR
BHOLPIZIN TV BT TR L, fbFHE DN 5
HRINEZ W TH 52 LoIICsE, Klsh,
ZOREDSWIMICT Yy ¥V T ERTWDS 2 LT
HbH. ZOBWHT, KWL TIE p-XRE MEmHOFELE &

IEREBEIZ DWW TG 247V, BRI p-XRF #EE & 1
WHIBIK E RS 5. 2 ORHRE O 2RI, 7€
kD ED-XRF W EEHAC & 2 HBIR & [ U < AR HE
WEAFOUME AT LR D B 575, HERHFEE O
ALFARE & RS B S AT ShvTwiud, =
X B HHEROMGED WRETH 5.

CNFTIT, HEBe b e o> 75 o IEHITC BT 5 i
FEHLCH RO W TR, BEBO Ly FAREENT VS,
B A BBREOARAAER (1993) (&, 7 Mg T
N T224M N TRIRL 22 A o~ v 7 L Ll o
FHZ D &£ DL 32D F RIZ K BALFHB T OFEH % 2
B LT, ZE132(1993) O PP IREHE T (NAA)
W& BERE Y T RS — 0TI, LEE243 5 % [HIHIR ],
[RIHEEW L, TRrRl TRy%L TR BALL (3
WR] 6 7 Vv—TIZXG L, FV—TD% AP
R 2 BHOM ORI P O SN D Z L 25 L
TWh. A (1993) 1I2BWTH NAA IZX 5 Fit24i
MOEARBOTCHEAE 2 i LT 5. #FH1993) 1,
BEA- O ED-XRF BREELILIC & 2 3 B2 S 3 E L SR o
SR RERAT B LT [F o], [RmHEE—] [
FEE 55— |, AT RN 85 = 1, R EE I 565 04, R ERT e 465 .,
CRIEIESES ], T - A1, TH L] oHREOX
G~y TERRL (FEHER993: X 3), 74 iz B v
TWE—2 DHBIRES RO AT 256050,
7R OF BIRE D E M AT A HACTE 2 ) &9 B E DS
HHZELWHMEIIRLE, IS OG5 TR & /224
Wt O FEARPHIE ST R CaiE s, — A HIH
HBEBEZRAGTOIMRE SN LREBS T2 (FRIl
1993) 2B KRR TH S, 72, ERLNAAIL LS
WEILFEIE, ZE=HIEH (1993) #% Na, Sc, Fe, Co,
Rb, Cs, La, Ce, Sm, Eu, Lu, Hf,. ThT» v, &
A (1993) Tix Sc, Fe, La, Sm, Hf, Th, UT»5%.
b3 % 410l > p-XRF i fi Tl vl 5 7% 7 3 O i
bERT DL, THO24 T A BRI X 2 K%
FHE AR L LC p-XRF THRIFIHT 5 2 & I
Thb.

—F, ¥H - lmiFs (1994) 23$7% L7z ED-XRF
OFFE X Mo P 5E BRI HAC X B ShAI Y 7 LR AT 5 H
ORI (A - s hR) 3, RIS X 5 B
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WAROLROMOBIEIIW I BHEREICRE CEHBL
7o BH AR K B 5% IR O RIS DWW T
&, LLoHR#EErSEsSTBY, 2 - ity (2021)
W D HU PRI 554 OBEEEASHRA ST 578, FiE
A KO WD-XRF (2 & 2 bR o 2B BIR Tl
—HICReN D (B - #42021). 72, 27 - WmH
TR ARM L7z IZA (2009) Tk, WD-XRF 12 &
DAL AT % Wi 12 ED-XRF 5 B8 b G 0 v b I
PEHL O F R EE &2 7 DRI/ L, WD-XRF 12 &
HALFA T A ERE O AR O T — s X—2 &
LTAKRINTWD (EIH2014). AL O AR
PR RECTH N, 4D p-XRF 5472 2 7 A 12H
RIAD B E ) DESHEBRE D TE S, FAETIE, TEM
FEMRASHIC X B & E 2 M5 L 723 EaEB o7 — 5
NR—ZADRR S NIz (RS A GHEN ZE T i ak L5
SATEMI2020). MREERE VA - sk s
Hh S s Hh J i O S E ORI R X I R R E ST
BY, SHROEMIEIGEINS. KEIZA (2020) 13,
FEHE A BB O BRI U F 5 e H 5347 2 O R 8L 4
WZEENLIERRE S 2 BRI L TB Y, Aif
ROGHEOREIIB N THRVIIEE L LT

ERRLATEEe (1993) L8k (1993) Tk, Zh
ENOHRBFEDOSHFICD LDV, £ WEER I
5 B LR ORI AL A (B oa R
AEHR1993) ZRGE Lz NAAZ X 2 B JFE L5
B2 N LT 5. I X 2 5% & R RE L
BV 2 BB O G E AT OFRVEER R L7z L3
liCT& 575 Wb IFMIESNIC X 28 D% w55t
OGN %R T DBROBERIZIE DR L hh otz Z
MK LCRAE, EE - ZH#E (2019) Tk, FP#E%H
W T ED-XRF T H N7z S H B0 X 2 Ve L,
#91,000 85 0> 53 2 o3 8RR S A A B o 5L Hb AT A 2R &
A LTWA. 22T, HEEAHE O WD-XRF ¥
LK % FP 3 & B OB & 4% 5 N7z Hl
EREZHCCERMEE LTw5. WD-XRF L 5L
KD ED-XRF Z#lA &bt b 2 & ChRRELH VT
MDD % 18 0 A LY % FOE R TS % —D D
JiERRLIcE VWS, B (2018) L EE- B (2019)
T, ZOKiE% p-XRF 12 & 2 J #4341 (@ L C

Wb,

B B ZIR A 7 5 R B o R R 04T 3T b
TUARE,  rp ol e b Dt M BRI D 5 BRHIS K97 5 WD-
XRF (2 & 2 =@ LF /AT & 0, 5a o bl
W7V — T D5 &R OER A ED STw b (B
H - J 112019 5 BSH - i#1%+2021 5 Suda et al. 2021). &
S LB GRS & AL R D 77— & N — A
(LT, [BWHDB] £§2) PAMIN TS, Ihb
HIEF AR p-XRF AT CH AT L2 LT, JRJE
T O U My AT R R & Bl A e 35 2 L ST,
JEREER R AR E U E 52 AN TES. 22
TAWFETIX, ¥ 9 Bruker Tracer 5i @ BI04 H
O Lkt 2 T, B DB A #E 5 30F o WD-
XRF 12 & 2@ o il & M lc & 2 30 il 2 Hesemr
A9 5. KRIZ, BEH DB DAL 7 v — 7 o s B A,
D&, p-XRF TH O N7 EEAE I X 2 B EL D H HIHEHE
ZHCTERERFKZERT 2. €L T, BohcR
WA BLE Y OH IR R & RIS LabEfrbih
5T 8l %, ke RO ORI 7V — T D
IR 53 A DS HEE S 2 RIS O W T H i T 5.

2. B ETE

Bt ORI 2 a3 % 7201 2E L7z, B DB f#
& OILEFATHENI1335 T H 5. WAL (JOR-1 -
1, JOSA-1 : 1) (PLE, Suda et al. 2018), Wik (5%
W 2110, Ao 3) (Db, B&H - %JI2019 ; B&H -
42021, Bl (1), &woa (1), TE (1), 4
BE G = 1, B8 0 1), Rk ke : 1), #hEER
(KA-1: 6, KzZ2: 3), MR (BiEk: 1), 96
(HgE1: 1), Sardinia (Monte Arci: 1) (BLE, FBH-
W432021) THAH. Lo FHI>WTIE, TS
B DB ® % = 744 1" 125\ WD-XRF 0 1L25>
Ml & SREG D FEEEA A SN T W5, TS Ok
DIGIRIZ, JOR-1& JOSA-1HNE A1 2 & F B L 7230 v ik
Th oI, FEAO—TASPIHIZEIN - iFE S P
BEARCTH 5.

Bruker Tracer 51 (Rh ¥ — %" v b X #t4 £k,
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=1

Bruker/MURR BE+t v b EBBHAT — 4N—XEEREAHMICHTIREL > T DHE

Table 1. Comparison of element concentration ranges between Bruker/MURR calibration set and obsidian standard samples from

the obsidian source database made by Yoshimitsu Suda used in this study. Recommended values of Bruker/MURR are based on
Glascok and Ferguson (2012) and Martindale Johnson et al. (2021).

Mn (wt%) Fe
Min Max Min Max

Zn(ppm) Rb

Standards N=

Min Max Min Max Min Max

Sr Y Zr Nb Th
Min Max Min Max Min Max Min Max

Bruker/MURR 40 0.02 0.18 037 685 27 591 11

Suda Database 133 0.03 0.12 044 334 20 95 9

436
385

0 291 15 395 60 3066 2 640 1 83

0 331 12 61 36 240 4 72 0 32

Va v EY 7RI
Research Reactor (MURR) ZSNAA B L O~ 1 7
OB - R 7 #1 - (Microwave
Digestion-ICP-MS) # T E= L 72 L8 5 50840
M2 BAERLE M7z Obsidian TH5# R # (Glascock and
Ferguson 2012; Martindale Johnson et al. 2021) % & &
PLOA VA=V LTHbL. ZOREFIEBIEDR
IR AR H ARSI RE 9 2 BRI 5 3
INTVRV. 20T 7)) r— a3 YHET HITHIE,
Mn, Fe, Zn, Ga, Rb, Sr, Nb, ThT® 5.
Mn & 0 EFF5o/MS R EEF TR, WERME
&, EEIEA0kV, FEMOuA BT 7V r—3 a3 i
L0 ABRGE S, WK IZ180~200%), X HRHEST
F1Z8mm, 74 V¥ —13100um Cu / 25um Ti / 300
um AIPHBTHRES NS, WEITKREAFHSA T TIT
b, BEHET A B X O RE R RER D 720 D3k
OB OWE R, Wb PG RAEW R T o 7.
Wik, FA O THREmIFER L TV 278, FEH

1¥, Missouri University

TIAXHEE

Y, Zr,

DI IIHTTOME S &EIRE THEES 5720, 1
AT A M3 2 LT 1 E L7227 — %

oy PRV SRR, FIEEITOWTO WD-
XRF O &% (x @) & p-XRF THIE L2 EM (v
) L ORAIKTRL, HBOREHMES 5RO
BEEREZ MG L7z, 72720, Gal3BEH DB IZ/AFRAE
W7ol L7z, Iz <, REFEAREO—D2TH
% JOR-1 (A8 A, Suda et al. 2018)
BOELWEZTY, WEHOES-E (K %Wt
L7z, %8, BAFEMEH MO & T-Fe,0,0ME LY TR &
NTWBHEIZENSITZENEN Mn & Fe OILHEIRE
I LT

Obsidian T 35 # i ## O 1 B

ZoOWnWT

ffi i} ¥ 7z Bruker/

MURR & # J5 47 30k & Sl @ U 7z B B DB 2 B U
LHENEFNOALFAMBEOL V&2 FIITRL KL
7o, AR L7-FSH DB £ tHOmEL ¥ VI34ET,
Bruker/MURR O#IE L ¥ D2 E 5 %= LIl 5 (Sr)
BETHLILEMHRTES. 4fKIC Bruker/MURR
Y bDIEFI DL Y IDIEL, BEBERIC B 72 - T
EMRELIREL Y V2 TEBZTRT LD & LERDS
IDDRED.

3. SR

X112 WD-XRF & p-XRF Ol f %2 7o v b L
7o. FRR2ICHBOME 2 EH L. 9, FELHE
@ Mn & Fe Ti&, BRSNS WHOMBIZ
BWEFHIITE 5. L2 L, BUREHRTIE Mn O [blJE
REA087TH 1, AKBEM TARMITE A, i
WTIEAEMED S T HAND TN ZMHIEBD 5D,
Fe @ BUGAREIZ099THA DD v g M T b
EMEIFARMEMEICE L T o TWD. KIZ, MRILHEIC
OWT, HBERE, S IV IR MHE TR ZRL
TWwhEWwzb, FiC Th T3 BYFE B HO [lF
BB, 2095 Zr i, KHRE D S w ik

T TEMIAT AR S T H~REEMI T2 @)
HBH. I Zn TIEEREMT, Nb TIZEREMNT
ENENREMEI S LHNOTNUARMIIED SN S
B3, ZAUZIGE L7 2R E B OREL VO D A
KL TW AR Ly, %I, Rb & Sridkdbic
M T ARMD S T HNORMN S TNERL TV
%. RbZMJEAR%EL091L 7% O R ITE O W TILRFTIW
RTNOIEATKE W, £ 21X AYR RIS 2 iRt

Y, Zr,
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Figure 1. WD-XRF concentration versus p-XRF calibrated concentration (Bruker/MURR calibration). N=133. Solid line: y = x.

Dashed line: regression line (least-squares method). r: Regression coefficient. WD-XRF concentration of Mn and Fe used in the plots

X 1

were converted from values of MnO and T-Fe,O4 by oxide factors.

%2 WD-XRF iR & p-XRF RE (Tracer 5i) DHEEHETDEL
Table 2. Summary of correlation between WD-XRF concentration and p-XRF concentration (Tracer 5i).

TR HERE  IREFRIK [El/FERR BERERE AERBE
Element T 12 Regression line RSD ( DF=2 ) Frror 3o
Mn (wt.%) 0972 0.945 pXRF =0.87 * WDX + 0.006 0.003 0.004
_____ Fe 0998 0996 pXRE=099*WDX_0050 0020 0009
Zn (ppm) 0.983 0.965 pXRF =093 * WDX+ 6.6 1.8 4.1
Rb 0.997 0.993 pXRF=091* WDX+2.3 6.0 38
Sr 0.998 0.996 pXRF =0.94* WDX— 1.7 27 1.4
Y4 0.989 0.978 pXRF=1.01* WDX- 0.02 1.5 1.9
Zr 0.980 0.961 pXRF=1.03* WDX- 12.6 12 22
Nb 0.987 0.974 pXRF=1.13* WDX- 4.3 12 24
Th 0.990 0.980 pXRF=0.97* WDX+ 0.9 12 1.8

RSD=residual standard deviation
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Figure 2. Results of repeat assays on JOR-1 standard (Rubeshibe in Hokkaido, Suda et al. 2018) using p-XRF (Tracer 5i). Solid
line: WD-XRF concentration. Dashed line: Average of p-XRF concentration. Gray shaded area: 95% confidence interval of p-XRF
average.
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HfRZE & HEOWERAZDOTI IR L7z, BAlllE o
BADIXOD &, WERAOHPICINE 2 £ \wWr 525
Fe & Rb TldllEi AL LOIEH 2 EAFO 55,
B2 121%, JOR-1% v 72391l O ) 3 Ll 5 ok 5
ZIFEITEITRLZ JOR-UIHFTH S N2 R KOk
Tho. WEZEW TV FEAMMICHY T L3>
Ny 7 AHaRY, FEEOT 4 ¥ P2 KPIcRzE
W24 Y By EEEE DRIZZERAE CIZ WEET
WEL TS, FEEOBYREEL O5H T HEITEL
LIREEHI L2, Wk 3 r HREOMME, HELt
BY L VERNTHHRMIZERLTEY, K22 HA5D
E IR T D95% FHEREICINE ), WHELF
V7 MEFEAELTWRWEFIITE . £/, HEDOT
TN =2 a1 ROWEZ EICHE THRIEF = v 7
AT 5TV AR, BURTHERFEL ThiRv, Mxt
w7 (1o) & Nb 2 BvC10% BLT (2.9% ~7.4%,
F3944%) TH OV E LI X 2PEMIIEEL TV
LAMiTX B, 723, Nb TId246% 2374, Zhid
52 7ppm & A BRAICIE <, AR R #20.6712 0 L
THEER AR E CAEBENE 2 LI 5.

Hif % T o & 12 3o < & Bruker/MURR # 0
Obsidian &I & 2 B H DB 28 50H H0R 0 0 & i
B, MHBIRE O TIA0988L 7 B T L bR AHES
EERITRL TS, WEHIE, FLRBREOL VI
ZoT—HLTHEVWHELZFFO L OOEMEICO VTR
NFED ORI TNEE L BMNDH 5, LFHETE
%. Mn & Rb IZDW T ItHE & ) BB CR#%
B3 NAHIRIC R & Wiz, BEAREDOREE
L OEEB N OBIIIAETRETH 5. Tracer 5
) — X TlE, ABFZETH W 72 M # © Bruker/MURR
FHEFARA L IOty b ERE LA, il EE
W E 2 B OS2 5 ORM T NAFEET H T &
A% Martindale Johnson et al.(2021) THIEf I TV 5.

Z 7% T Bruker/MURR # Obsidian # & #12 X %l
ERERIZOWTEMI L T& 7. & 2Tl Tracer 5i T%

5N 7B H DB JEHE A SR O Je R B & F A
WO ERERF NS 5B 2 Fs 5. kst
JEREH O FIBNE, Suda et al. (2021) 1278 S 7z{bsHl
W7 W=7 MTA1) (K3). ft> TEWOFREH
HRAE R, 3R S N 3R EU R 3 A 12 R
ENB. 22 OMWHIBDOLFAME T IV —TI2DONTYH,
NGRS AWAP SUIEVET Y SNOL AL LI - T (Rl
b, BREAFEMONIE, ZOfEEEREL L TAH
FH) % NFATE) OIRHT~FIRR 2 32852 2 L A5 TE
5.

p-XRF fb2EHE 7 v — 7 D 5 B L, Suda et
al. (2021) THEIR S A7z vl s o s b D LMK &7
V— T OB S 7= AR & X & AR &
L., p-XRF 3T CHIHTE % & 9 128k - s L 72,
HIPIKESO A U 7B R RS, T A
MZHW 72133k HWIEE-E (18I 1), Sardinia
(Monte Arci: 1) k&, KIZ WD-XRF I X 214l
LB DB TIZ20214E 11 H BAE AR S T e v s,
[{] L7 =& "= 21289 24 (M. 1), Rk (e
1), fhEel (Bl 1, RiE: 2), mEl (HER:
2) OILMEFE%E Tracer 51 THE L, EEMICH
FIRNZEM L7222 12Xk ) AFH38IE o 7z,

P R E L D 9 B 5 o W AT O —ER LA
W7 N —T3= 7= b L ¥ FIZZ o THERI T 7%  slife
Wzl Rl (B - %J112019) &, ARBIZETH S
7 & 72 o 72 p-XRF i F£ D WD-XRF AFMHEITH$ % 5%
Mg, FRRER EORXSOXEEEL, KO
FIH 2 S R 2 F N E BERERYICA A4 F L&A 51t
FHUL T N — T DR A A %=AT 9 AT p-XRF BREEAH
123D KB (ver. Late 2021) 2B L7z (IX14).
F7, EBREORBOEYOWETH SN LMK 7
V=T ZTEDF—=5ty ME, AEOTBIRLHEER O
RERZ & 2 MY, i o J8{LIRREIZ & o T, Tracer 5i
THEHSNIALFMBE T V=T T DF =S £y b &
DDRKELBMEDOIESDEN, (ZIIHEFICHET L LT
MaEhs. 22T, 138zl THELZZ2Do07 —
yxy b EHWT, EEELREOLAAE T V-7
EDOWZEMDIXSD S ZHHIHIC T DT T ML 7z

HRHIE 1 [HAFIE] © #4iK0.001 % Zr / Mn versus
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Building an analytical system for sourcing obsidian artifacts
by portable XRF (Bruker Tracer 5i)

Kazutaka Shimada ' * and Yoshimitsu Suda *

Abstract

This study built an analytical system of obsidian sourcing by portable XRF (p—XRF, Bruker Tracer 5i) to facilitate
analysis of a large quantity of artifacts form the Upper Palaeolithic in and around obsidian sources of the Central
Highlands, central Japan. First, accuracy and precision of Bruker/MURR factory installed calibration was evaluated
using a set of geological obsidian standards that the obsidian source database compiled by Yoshimitsu Suda has already
published their chemical compositions by WD—XRF analysis. The results of test indicated that calibrated concentration of
elements showed consistent precision along the concentration ranges of each element, though systematic error showing
over- or underrepresentation with respect to recommended values occurred. On the basis of element concentrations
obtained by Tracer 5i and obsidian geochemical groups defined by Suda et al. (2021), geochemical discrimination
diagrams for sourcing obsidian artifacts were prepared. These diagrams could definitely distinguish 11 geochemical
groups from 14 groups in the Central Highlands, but three groups derived from geographically overlapped sources
were not able to be separated by the current version of diagrams. To be sure, the intensity-based ED-XRF analysis has
been a mainstream of current obsidian study in Japan, but the concentration-based ED—XRF obsidian study regardless
of instrument types has great potential to become one of beneficial options for a wide range of users. For this reason,
it is required that all process of the concentration-based analytical method comprised of known samples or standards,

calibration, discrimination, and mapping is disclosed so that transparency and quality of the method is ensured.
Keywords: handheld portable XRF, obsidian sourcing, calibration curve, Central Highlands, Japanese obsidian
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R BIEFEEOREAREVOBERER L REMBERR
RIBE DR
i ERES KRN  Eih g PYER¥IE ®E 25h - 15 wEk Rb% Sri Fe/K  Nn/Fe
REE BHE BE
2SBTMER ET-1 7 AIMK Rk 1B & 7L L L RE? 37.36 14.11 1.86  5.50
R7-9 8 AIMK ak 1B & @l A »HY KmE? 37.53 1413 1.81 5.51
ASEMER [18-3 9 STAK Ak L2l 2] L L FHEHD L 43. 46 9.17 1.99 4.33
X18-4 10 AINK aik -] & HY FHAN? L L KFE? 34.12 13.56  1.87  5.93
[418-6 1 AINK Ak - & EE ] 7L L L 34.75 1473 1.91 5.24
(218-9 12 AIMK aik 1 L2l TL mL L AE 36.23 14.00 1.82 6.00
(18-10 13 AINK Ak -1 & % HwHFAN? 7L L L 38.00 1372 1.86 554
E18-11 14 AIMK aik 1B L2l TL reHY L KmE? 36. 30 16.18 1.82 574
[Ed18-40 15 AINK A & & E ] A 7L L 36.79 13.57 1.76 561
X19-51 16 AINK R.FI - & £ E ] g »HY WmE—& 3587 16.55  1.77  5.62
6SENER (352 17 AIMK k=14 & & mL mL FHEHD L 38.19 1410 1.82 549
X35-5 18 STTK Ak -] & mL FRFANN? g L mE—#  53.55 1.67 1.91 4.71
[435-6 19 AINK k=13 & =3 & FAN 7L L wmE—&  36.82 16.30 1.83 568
[35-12 20 AINK Al -] & % WA mL L Tl 36.98 1.1 172 563
[(435-14 21 AINK Ak - & % F#N TL ZL "L 34.38 16.65 1.85 514
[35-16 22 AIMK Ak -] & HY TN mL FEMEHD L 36.29 17.41 1.84 5.78
[(435-17 23 AINK Ak - & %2 FH #L L mE—& 3611 14.82  1.83 578
[(36-40 24 AIMK R = & % FH#I Mg &HY KmE? 37.55 16.30 1.82  5.60
[X36-44 25 AINK UFI [ 1:3 E2 ] s »HY mE—&  35.90 16. 47 1.84  5.46
[(36-47 27 AIMK R = & % HRFN mL L Tl 34.78 15.15  1.83  5.65
[(36-48 26 AIMK KRG & & % N mb\iﬁafﬁ“ ZL FmE? 36. 60 16,10 1.82 570
2158k [(4186-1 28 AIMK k=13 -1 & mL FRFENN? 7L L mmE—& 3583 16.85  1.83 543
X186-3 29 AIMK aik & & E2 o] mL L FE—#  36.29 16.92  1.84 531
[(186-4 33 AIMK k=13 -1 & EZ ] 7L L FE—&  33.67 16.66  1.84 586
X186-5 34 AIMK aik 1 L2l 7L mL L mE—&  36.27 16.95 1.83 528
[(2186-6 35 AIMK Ak & -3 7L 7L L AE 35.52 16.40 1.93 535
X186-7 30 AIMK Ak & & L mL L mE—&  37.30 15.08  1.80 5.31
[(4186-8 31 AINK k=13 & =3 & FHAN 7L L wmE—8 3617 13.96 1.82 518
X186-9 32 AIMK Ak -] 9 % FH# mL L mE—& 3597 14.23  1.84 5727
[(4186-11 36 AINK k=13 i3 & mL 7L L wmE—&  37.09 16.64  1.90 559
X186-12 37 AIMK Ak -] 9 HY TN mL L mE—&  36.84 15.79  1.84 564
[(4186-13 38 AINK Ak = & %2 FH #L L R@E 36.28 16.36  1.88  5.20
X186-14 39 AINK aik -] & HY FH*N? L L mE—&  37.06 16.23  1.89  5.40
[(4186-15 40 AINK Ak & & ®HY FHAN? "L L mE—& 3576 14.94  1.87 538
186-17 41 AIMK aik -] & % FH# mL L mE—&  36.08 18.26  1.84 537
ASER [187-24 42 AINK at% & 1:93 % AN A »HY 7L 37.81 15.22 1.80 574
TSR [(4202-1 43 AIMK Ak - & % HFN mL L G 37.90 14.44  1.81 5.68
[©202-3 44 AINK Ak L2l LS % HAN Tl Tl HE 36. 58 1473 1.86 5.72
[(202-5 45 AIMK Ak 1€ -} L mL L T E 36. 86 13.90  1.85 592
[202-13 46 AINK - REER & 1:3 E2 5l A »HY A& 31.21 15.42  1.88  5.83
[4202-32 47 AINK Ak - & HY FIAN? mL L Tl 33.28 18.13  1.85 570
[®202-33 48 AINK adk & & Tl ARFANN? Tl —#d wmE—E  37.47 1412 1.84 554
[4202-34 49 AINK Ak & & EZ ] mL L A@E 34.67 17.42  1.82 530
[®202-35 50 AINK aik & ] %L Tl Tl FE—& 3579 16.10  1.83  5.32
[4202-36 51 AIMK A 1B h &Y L L RE 37.31 16. 41 1.83 504
®202-37 52 AIMK aik & ] %L mL ZL WE—&  37.60 16.38  1.81 5.38
[(4202-38 53 AIMK A 1 & 7L L L RE—&  35.83 15.86  1.81 6.00
X202-39 54 AIMK aik & ] %L mL TL Tl 35.72 15.89  1.80  5.60
[(4202-40 55 AIMK A 1 2] 7L L L mE—&  34.00 16.23  1.83  5.34
X1202-44 56 AlNK  E=REdH 1B & @l L - RE—#  35.26 15.44  1.84 557
[4202-45 57 AINK - REsEEH =) &= HY FKIN? iy = FE—&  36.48 16.00 1.80 5.89
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955 B E211-16 58 AINK E=1:4 & & Tl FHN? N »HY L 33.35 15.65 .81 5.58
965 21K E213-17 59 AINMK aik -] ;3 % FFHI 7L TL L 37.96 13.69 .18 5.46
E213-18 60 AINK aik & & K L L AE 31.23 15.12 .18 5.583
F213-22 61 AINK aik LS LS L L L L 37.31 13.49 .84 5.54
F213-23 62 AINK aik ;3 th TL L @l RFE—&? 37.26 17.28 .83 5.30
B1213-25 63 AINK Ak & -] L L mL RE—#  36.62 17.25 .82 524
[(4213-26 64 ATMK aik -] [:3 % FFHI L Tl L 36.17 15.86 .81 5.22
E213-27 65 ATMK aik 1) ;3 % FHI oL Tl L 36.67 16. 50 .19 525
R213-28 66 AIMK aik & & Tl Tl @l RE-#  36.77 15. 66 .82 531
E213-31 67 AINK aik =] & % FHAN L L AE 35.75 14.90 .8 5.583
[213-32 68 AINMK aik -3 & Eae L @l HE—& 36.82 14.74 .93 5.54
[213-36 69 AINK aik ;3 [} mL L @l RE—& 35.561 17.72 .88 5.79
1125 E% [(226-2 70 0DTK EmEH & -] &L L B 7L 32.70 18.23 .16 3.53
14855 1% [£238-6 72 AINK Rk B [:3 % FFHI 7L mL wE? 37.83 13.25 .84 560
[238-7 IE] AINK aik -] ;3 % FFHI 7L TL MmE—#  35.62 15.80 .94 539
238-8 74 AIMK aik & & =L L L WE 37.28 15.39 .87 5.61
[238-9 75 AINMK E=13 & th wL L L HE—# 36. 11 15.25 .83 5.46
[@238-10 76 AINK aik ;3 th TL L @l HE—& 36.89 14.82 .82 5.65
[@238-11 11 AINK =33 & & H#L L mL AE—# 36.27 16. 27 .87 5.41
NEEY + E271-1 78 AIMK Ak =) [:3 % FFHI L mL L 35.82 16. 00 .83 542
E271-2 19 ATMK aik & [:3 % FHI oL TL L 36.19 16.23 .89 518
R271-3 80 AINK aik & -] 7L aL TL mE—# 3671 15.55 .83 555
E271-4 81 AINK aik & & L L L L 35.62 14.90 .83 5.26
E271-5 82 AINK aik -] & % FHFN L HY? L 38.13 16. 88 .81 5.53
F271-6 83 AINMK aik -] & % FwHAI L @l HE—& 34.32 15.45 .83 5.62
BE27m-7 84 AINK =33 -] ;3 E sl L mL mE—&  34.04 16.49 .81 5.81
E271-8 85 ATMK A -] [:3 HY FFAN? L Tl mE—-#  36.22 15.77 .83 597
E271-9 86 AINK Ak & = L oL »HY mE—-#  36.27 15.78 .81 5.48
R271-10 87 AIMK aik & & Tl Tl Tl RE-# 37.41 12.99 .88 5.62
E271-11 88 AINK K& = B 2 =2l L HY? L 36.85 16.35 .80 5.60
R271-12 89 AINK RALG & = TL L »HY? L 33.19 16.53 .80 5.71
F271-13 90 AINK RALG -] & % FwFAI L @l RE—& 34.13 17.06 .93 5.67
Ba271-19 91 AINK KA & -] &L L mL mE—#  38.37 14.12 .92 559
E271-21 92 AINK AR th th HY A »HY AE 36.22 16.52 .83 552
B271-26 93 AINK KRR th th HY A ®HY L 36.29 15.30 .81 5.21
N5EY [293-1 94 ATNK aik & & E a3l L L 7L 35.36 15.99 .83 5.63
[293-2 95 AINMK aik =] & % FHIN L L FE—# 36.24 16. 64 .80 5.44
[293-3 96 AINK aik -1 B mL FHI? L L RE—& 36.74 17.09 .89 5.25
[293-4 97 AINK E=F 9 3 & % FHFN L L L 338N 14.20 .80 5.12
[E9293-5 98 AINK KA B [:3 ES 1| L mL mE—-#  34.42 17.26 .82 543
[E9293-7 99 AINK =3 3 & [:3 % FFHI oL HY? mE—-#  37.54 15.08 .8 525
[X293-8 100 AIMK U.FI -] ;3 L FwHN? aL TL L 35.11 16. 42 .82 575
[E9293-9 101 AINK Bt & & % FHN L L mE—# 373 15.27 .79 5.69
[@293-10 102 AINK U.FI 1 & 20l L L L 34.23 14. 46 .82 5.65
[@293-11 103 AINMK U.FI -] B mL R/HFN? faig L L 36.43 15.74 .96 5.37
[E9293-12 104 AINK KA -] ;3 E ol L mL 7L 36.48 12.76 .84 536
B9293-13 105 AINK Ak & -] L L TL mE—&  37.03 14.52 .84 549
[B1293-15 106 AINK RAL& & = L oL Tl MmE—#  35.96 14.70 .82 5.47
[E293-16 107 AIMK KA -] & % FFAN Tl ®HY TL 37.44 16. 27 .83 5.65
[293-17 108 AINK K& =] B HY FHN? TL »HY EE—& 36.18 15.05 .83 5.54
[293-18 109 AINK RALG -] & % FHFN L L L 35.94 16.25 .83 5.61
[@293-19 110 AINMK RALG -] B HY FHIN? FEg »HY L 35.59 16.70 .83 5.17
[E9293-20 m AINK KA L & HY A mL L 37.17 15.69 .84 554
[E1293-21 112 AINK KA -] L L »HY L 37.19 14.99 .83 569
[293-22 13 AINK B30 -] ;3 HY FAN? 7L HY? MmE—#  35.62 14.47 .18 5.44




HEi RO ST BIZ B0 2 RIBAFHOLE L 2O

B9293-23 114 AINK R ] & HY  FHAN? 7L »HY? L 35.67 16.05 .80  5.65
[9293-24 1156 AINMK R -] & HY FHN? mL &HY? WE—&  35.86 18.21 .86 5.70
B9293-25 116 AINK R ] & E2 | Mg »HY? 7L 36.52 13.711 .88 578
[E4293-27 17 AINK U.FI & = Tl TL ®HY Tl 34.69 15. 69 .83 5.69
[2293-28 18 AINMK Rk & 3 % F %L gL AE 35.63 15.72 .13 5,29
[(9293-29 19 AINK KRR & i3 »HY TL TL & 36.23 131 .84 5562
B9293-31 120 AINK R ] & E | 7L 7L mE—&  35.72 16. 68 .83 5.72
B9293-32 121 AINK R ] & E | 7L 7L 7L 37.20 14.96 .80  5.62
[9293-33 122 AINMK R L] & % FHN mL mL L 37.37 15.02 .80 5.40
NSEY + B9295-1 123 AINK Ak & = Tl 7L 7L L 36.48 17.71 .82 576
B9295-2 124 AINK Ak ] & % FH 7L 7L L 35.14 17.24 .83 5.60
[295-3 125 AIMK Ak & = Tl Al Tl L 36.25 17.41 .86 5.70
[(295-4 126 AINMK Ak -] i3 HY FAN? Mg FHEGHY 7L 35.44 15.90 .11 576
[E9295-6 127 AINMK Ak ] & HY  FHAN? Tl 7L RE—&  37.54 18.05 .82 5.62
B9295-7 128 AINK Ailk & = Tl 7L 7L L 36.03 16.67 .84 533
[295-8 129 AIMK Ak & ] L TL TL L 36.92 14.19 .82 5.58
E9295-9 130 AINK KA & -] L TL TL BL 36.49 16.24 .86 5.36
B9295-10 131 A A ] & E | 7L 7L RFE? 37.73 15.95 .40 6.19
E295-11 132 AINMK R & 3 % FHN Tl Tl L 36.70 13.02 .93 5.67
[E9295-12 133 AINK R L] i3 % FHN mL TL WmE—#  36.62 16. 58 .82 5568
B9295-13 134 AINK A & = % 7L 7L L 38.24 15.72 .84 570
B9295-14 135 AINK R & = Tl Tl 7L L 34.79 15.47 .19 5.29
[295-15 136 AIMK R -] & % FHN mL FHEHL WmE—&  36.59 15.59 .84 554
[(9295-16 137 AINK R =] L3 % FHN TL TL WHE—#  36.92 15.13 .86 578
B9295-17 138 AINK R L3 L3 Tl 7L ®HY Tl 34.01 14.95 .84 5.40
[9295-18 139 AIMK R & =] Tl A Tl L 37.25 14.85 .86 5.81
[(9295-19 140 AINK KRG -] i3 HY  FEN? mL FHEHL L 38.31 15.13 .83 563
B9295-20 141 AINK A & & E | 7L 7L L 37.10 14.09 .82 5.45
E295-21 142 AINK R ] & HY  FHAN? Tl 7L L 35.00 16.95 .82 5.59
[295-22 143 AIMK R -] & % F3 TL ®HY 7L 36.55 16. 08 .81 5.63
[(9295-23 144 AINK R =] 3 % H#N TL Tl 7L 34.75 16.90 .88  5.53
B9295-24 145 AINK R ] & E | 7L 7L RE—&  37.40 15. 86 .86  5.21
B9295-25 146 AINK Ailk ] 39 % FHN 7L Tl L 36.51 16. 69 .n 5.52
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a KA EN RS OET — & b-1.F9) &R RS OE T — % b-3.F) I BEM R kA OE T — 2 (B IVE)
7 2R 7t 2R T 2R

B B AE 8 FE &F R B BE 8% B5E SF BB B BE EF BE EX

RAER H-1 0 0 0 0 B IER B4E-1 1 0 2 1 ) ER 24(-12 6 0 0 0
H-2 8 1 0 0 mInE 84x-2 0 0 1 0 EIIVEE 216 1 0 0 0
H-3 5 0 0 0 Bx-4 6 0 5 1 2419 2 0 2 0
H-4 2 0 0 0 241-6 8 3 7 0 24320 2 0 2 0
H-5 0 0 0 0 213 0 0 0 0 B2F-22 6 1 0 1
H-9 14 0 0 0 214 1 0 0 1 NEF 17 1 4 1
NEE 29 1 0 0 217 2 0 1 0 2iE-1 3 0 5 2
X-1 6 0 0 0 INEF 18 3 16 3 2iE-2 0 0 0 0
X-2 0 0 0 0 2iE-3 1 0 5 0 2iE-6 2 0 1 1
X-3 1 0 0 0 2ig-4 0 0 0 0 E%-10 11 0 0 0
X-5 3 0 1 0 2iE-5 4 0 5 0 EiE-14 0 0 0 0
X-6 0 1 0 0 2iE-25 0 0 0 0 2iE-15 9 0 3 0
X-7 8 0 0 0 2igE-27 2 0 14 0 2E-1T 0 0 0 0
X-8 2 0 0 0 INEF 7 0 24 0 HigE-18 24 0 10 2
X-9 4 2 0 0 &t 25 3 40 3 2E-19 0 0 0 0
X-10 0 1 0 0 2E-200 0 0 0 0
X-11 2 0 0 0 =ig-22 7 0 2 1
X-12 1 0 0 0 b-2.78) | BRSO & 7 — 2 (B1TH) 2iE-23 1 0 1 0
X-13 40 0 0 0 et 2R EiE-40 11 0 0 0
X-14 2 0 0 0 SRR B BE BFE % X 2ig-44 36 0 0 0
X-15 1 1 0 0 mB)IEE EiE-12 28 0 2 0 2iE46 0 0 1 0
X-16 22 0 1 0 BITH  E#%-13 3 0o 11 1 HiE-84 17 0 0 0
X-17 6 0 0 0 at 31 0 13 1 =iE-86 1 1 2 4
X-18 16 0 0 0 2i5-87 1 3 9
X-19 3 2 0 0 EiE-89 0 0 1 1
X-20 13 0 0 0 245-90 0 0 1
X-21 10 0 1 0 EE-91 15 0 1 0
X-22 2 0 0 0 =iE-94 12 1 4 0
X-23 3 0 0 0 EE-96 11 0 11 0
X-24 7 0 0 0 EiE-106 10 0 2 0
X-25 6 0 0 0 =ig-108 1 0 0 0
X-26 6 0 0 0 =iE-109 2 2 0 0
X-27 1 0 0 0 HE-111 4 0 2 0
X-28 1 0 1 0 =ig-114 1 0 0 0
X-29 4 0 0 0 2iE-115 1 0 0 0
X-30 4 0 0 0 Ei%-116 27 0 2 0
INEF 174 7 4 0 gt 208 5 51 21
p-7 1 0 0 0 Bt 225 6 55 22
p-27 0 0 0 0
P-34 3 1 0 0
P-35 0 0 0 0 b-4.78)| EMF AR #ED I O ET — & (#4LC,-D)
p-37 1 0 0 0 e 2R
P-38 9 0 0 0 SR EHE BHE &E BE EX
P-53 0 0 0 0 )& =ig-16 8 0 7 20
P-54 1 0 0 0 #IbC,-DX EiE-148 4 1 0 5
P-57 0 0 0 0 = 12 1 7 25
P-61 8 0 0 0
P-69 0 0 0 0
P-70 0 0 0 0 CHELEMTOET — 2 ((2ALB=)
P-77 3 0 0 0 7 2R
P-101 0 0 0 0 b=t B BE EF BE EX
P-110 0 0 0 0 SURLERF  EE-200 0 0 0 22
P-112 2 0 0 0 #ALB=, Gt 0 0 0 22
P-121 4 0 0 0
IEF 32 1 0 0
&aF 235 9 4 0 HKBEIBRNERHLERNERT,
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The transition of obsidian use in the Oshima Peninsula
during the Epi-Jomon period

Yoshiaki Otsuka ' *, Nobuyuki Ikeya *, Masaru Kudo *

Abstract

In this article, we aim to discuss the historical significance of the transition of obsidian use during the Epi-Jomon
period as well as the emergence and development of the Kohoku-type pottery culture. In order to achieve this goal, we
improve data on obsidian use in the Oshima Peninsula by analyzing artifacts from the Minamikawa site from the Epi-
Jomon period and explain how obsidian was used transitionally during the period in the region.

Results of the obsidian identifications demonstrate a shift in the composition of raw materials: obsidian from sources
in eastern Hokkaido is present among the local Akaigawa obsidian during the phases of Minamikawa III-IV, while during
the following Kohoku B phase, raw materials are supplied explicitly from the local Akaigawa source. In addition, the
morphological analyses of stone tools show a major change in the combination of the shape of arrowheads and stone
materials during the phase of Minamikawa IV as well as an increase in the presence of non-stemmed arrowheads from
Eastern Hokkaido during and after the Kohoku B phase.

Combining these results with previous studies on pottery cultures including the northward expansion of the Esan
type pottery, we conclude that there is an interactive flow of people and goods between Southern and Northern Hokkaido
during the phases of Minamikawa III-IV that later shifts to a one-way movement from north to south during and after the

Kohoku B phase.
Keywords: oshima Peninsula, Epi-Jomon, obsidian identification, Esan type pottery culture, Kohoku type pottery culture
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Microscopic observation of obsidian from the Wada-
Takayama group, possibility of obsidian provenance analysis
based on microlite form

Yoshikatsu Nakamura '~ #*

Abstract

This paper discusses the use of microlite form for microscopic observation of obsidian that couldn’t be classified
using fluorescence analysis. The research results show that Takayama, Higasi-mochiya, Wadatouge-nishi and Wada-
Choushigoryou each have different combinations and amounts of microlite and crystallite, and that they can be clearly
classified.

Microlite form is understood to change depending on the cooling and decompression conditions when obsidian
solidifies from magma. The obsidian exposed at a 2.5-meter- vent section was sampled every 25 cm in Higashi-mochiya,
where obsidian can be observed. The results show that the microlite form has spherulite inside the vent and long “trichite”
appears characteristically in the exterior chilled margin.

These results can be seen to reinforce fluorescence analysis with the use of microlite form and make it possible to

consider the conditions for obsidian generation in each area.
Keywords: obsidian sources, microlite form, Wada-Takayama group, vent, Higashi-mochiya
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Upper Palaeolithic human behavior in obsidian sources
and a social system in the emergence of small bifacial point
industries

Takashi Suto ' #*

This Paper reported on obsidian provenance analysis of a small bifacial point (s-BFP) assemblage in the late
Upper Palaeolithic and its lithic technology from the Omegura XX site, Nagawa Town, Nagano Prefecture. The results
gave essential clues for reconstructing a shared territory in the Shinshu obsidian sources as a place for natural resource
exploitation. Human behaviors for both lithic production in the s-BFP industries and hunting-centered subsistence
activities were tightly related to establishment of the shared territory.

The s-BFP industries preferably using Shinshu obsidian that were widely distributed in the Chusbu-Kanto region
have so far suggested that a mobility—subsistence territory across a wide area was established in this cultural stage.
Accordingly, it is worthy to note that the provenance analysis of Omegura XX identified s-BFPs made by obsidian from
Amagi-Kashiwatoge in Izu Peninsula, because the discovery of this obsidian in the assemblage can give a concrete shape
to the mobility—subsistence territory of hunter-gatherers who exploited Shinshu obsidian sources.

The source compositions of obsidian in the s-BFP industries from various areas were characterized by major use
of various sources in Shinshu and additional use of local lithic raw materials, while a small quantity of obsidian from
distant areas other than Shinshu was found in some cases. For understanding of the uniformity and variety of the source
compositions among sites, this study suggests a combined lithic production system of s-BFPs that was separated into
manufacturing of slab-based bifacial points and flake-based partial retouched points. The regularity and fluidity observed
in the s-BFP’s lithic production system reflected a relationship between the resource utility system (behaviors for lithic
production) and the subsistence system (hunting activities) in the mobility—subsistence territory of the s-BFP industries.
Finally, this study characterized a hunter-gatherer social system caused by common use of the obsidian resource in the

emergence of s-BFP industries.

Keywords: small bifacial point industry, obsidian provenance analysis, small bifacial points made by Akagi-Kashiwatoge

obsidian, hunter-gatherer groups sharing obsidian resource in Shinshu
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TUE, DL & ARG o R Y & KRBT N o &I RE, R R I IR T o0 Kk A T MIS 3ICATYS TS
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DBIRMY, ZNCaFIlEaFosliEe 7 FIE s v o 2 EEILIER D) P HME SN Tw, L2l
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500m Td %. HpHL i EHERT Y TId, MIS 3D JE#EIC
20004E 13 L OHERE MDD 2 b DD, BEAIEK 7S MIS 3
L C70% HithZ GO TELEL, 7HAIKILKD
R #2102 4 BEIE £50% 202 LR IS 72 B B ASAEAE L
72 (AX1EA2009 ; Kudo and Kumon 2012). MIS 3%
BLT, PYERREIR, VAR, VR AR
B Lo 7o Y FHEFER B N L, #955,000~45,0004F
MO arIEBaFroHESL TR, Ny ) FE,
VB v FES RS EHIES L €
WAL, AREHERHER Y Tk, MIS 3% 8 U TR
BB OEE1X50~60% Rt TR E HEBE R, Mok
BE~y BEMEERERSELS L, BICL s Ty AR
R IBAHE D SRR L 72 L ShTw b (K
E21997). F 7z, WEFREGCIE MIS 3% U CHEARTER
A70~80% % O TWT My g &~ I8 Bk o
B, Y ARG L2E3RIS, AN |/, N ) FE,
aFIwaromE = Vg ry¥E/ N s e,

FAY B L Vo ZZIRTER S B B REERE D R R R 2 bk
HAEILEN TS (ABFIFA2005 ; FFNIE£2015).
Kk Tld, MIS 3% 3 U CHIARTER A350% it % 5
W, T VIBRBEMESRIE L Y AREL L, TR b
TRy, biTikargRaromER TR, s~
TFEHHE ) MEAEIL SN TEB D, MIS 30Tl
BRAL L 2B AT ShTw b (A 1E22009). 20

) \BIARTER DML 4 37 CIE 2SI <
N R IE R~ Y B B HOHUE % B85 3 5 SHEER AR AL
MY, TNCHEELEB I MR L o TWwD. L
U % B2 )1 B 0 SR AL AR A% 7 D B HE & A B pU R T
K& R o THBY, WP RKKETIEIHME LD
WCHEDIRAS o Tz L @SN b 03t L, BhLii=
EIETRIZEHERICEDRTWAEZLIlES. 29 L
TRV BRI 22 L HLDGENIZ X B D, B B WITHERE
MOVIRDFENZ L B DD, 5 VIIERAI RO
MR OPEAHTH S,

B AT ORI E GBSO & T i
B OREES1140m Wi L CB Y, BAEFGHETO I X
FIMOPIZMHE L TWD. T IEMILZE B b %M
Besru0—aPRECHMLTHEY, TOMICIZER
Tn KK (AT) R&HHHEE L DHER L Tz ¥k

THI26m O kg X B IH G SRR O GRS BGED
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I D BREOKRE 05D - THHE IR T X % &H
BEFNTWz STIE T MIS SORHOLEAS 54T A3 T
b Tw 5 O RS00~760m Hi £ O & T 5
WIZHHIRTT TH D, FIILEG O FEHT Z DR o X
DEVEEBOMAEZ R L TV IREIEZ 5NS.
S TIEFEBULGE A & Hon 72 S 7z AL R E 8 o
B A G L, MIS 3R o> 3 B 30 o0 FRMHLK % 15
LY 5.

2. ABETE

2-1 FRIEHOBLE & T EF

AP R B I AT A YO EE A A5 4- 11 FTE L
HEL AT B HCTE & TG0 B B % JURIL O 7
WD VI TN 5 B AR S #91140m o) 3 i {7 &
34 (K1 FE®R2021). XD HOERE1080~990m
R IR ERIE O RS FER L TnT, Thz
TS L7 s it B & U COVRULE R AR L
£ ) TR OFEER00m O3 2 B EIZH TR @R
MR L, IHAZRRAD SRR B W TRERIS
DI & % o T 7z, F LG B 0202045 0 7 4513
KSX& E X&) BdbicBi s 2 o0 A&X & EH
RPATHMICH S CIXE DK Tfibh/:. KSK2 5
A HRE3em ML EDORBAGHN, RETEH 7 &3
Frh LT L, ERXPSIEREAEO/NGH LR
H7 s, CXTRIEem ML E, EX12em 1ZEDEZH
DRBFAHNA, DX TIIREEHA BT E T > THEL
7z.

E X TIZ#E T36m £ THH S, ZOREFI13208E

WXz (ER2021). B & AR S o %
i (AsY) REMAENEARE (As-Ok gr), KM
At (AsBP gr) & o 73R IGER E O B4
ZEURERHD, TNE ) TLOMFE T 2m I
R To KKk (AT) O #iJE 288 E10~15cm T4 O
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Raymo 2005). KS X+ Abbt < B e RIS
HLZBET, 1 LOESHH05~2mm DK X S % Ff
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17a-17b (KS1- #5), 18a-18b (KSI- #11)
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2 HRUBEHFHTR{EMOEEEFERHETE (1)
la-lc: A 7=V (B - &4, KSI-71), 2a-2b: b7 e)g (- @4, KS1-75), 3a-3b: EIE? (B - @4, KSI-719),
4a-4b: b eE (K- 84, KS1-727). 5a-bc: P eE (K- @4, KSI-795), 6a-6b: hF7<VIE (K- &4, KSI-14),
Ta-Th : 7= V)E (B - %, KSI-A18). a: BTl (A4 — =200 um), b @ EREETH (X7 — =100 um), c @ BEFWIH (R

27— ) =50 um).
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3 FRUERHEHTREMOEEEFEMETE (2
8a-8c: FF A< FIE (B - ¥4, KSI-119), 9a-9b : S (B - #4f, KSI- 74), 10a-10b: & 7~ V& (B - 84, KS1-77),
la-11b:7 7= Vg (Be-##, KSI-712), 12a-12b:4 7= Vg (Fo-#A#, KSI-719), 13a-13b: b7 v)E (B-#%4f, KS1- 1),

14a-14b: b e)g (- 84, KSI-44), 15a: € 3IJE (K- @b, KSI-415). a: il (A4 — =200 um), b : BRI (2
= =100 um), c: BFWIE (A7 =) =50 um).
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ZES0um LA T DAL EE A HAD 5\ 1d 2 ~ 3 A
L CHEID—ITHAE S M. B OZILIZE—T,
WEEIZIZ SR AREDY D 5. AEHFMINLZ RO, BUHL
MIZITIFFPET, & ZC BT 1~ 2508 E.§ 5 5%
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4 EE

Wt L2zt idma ol L N voiah S4EHm LT

HELTBY, BREOANBIZ L o TRELE ShAMO
it Zz oz, W8N D) HEMEM & LA FET
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x1 FRUEHH TR OBERERR

fENo bl [e] E A7 S ] e b EEINo
1 A7=vE Larix Ve R - M KS1-71
2 FroelE Picea < ke - EpH KS1-75
3xI@? Abies? ~YE k- E KS1-719
4 toreld Picea vy K - gb KS1-727
5 FvelE Picea ~VE OE - B KS1-795
6 7= VE Larix ~vE Rz - gk KSI1-1 4
ThS=vE Larix ~YF k- E KS1-1418
8 F i ifl Subfam. Maloideae PR & 5k K- weft KS1-4 19
9 Bl-HERR coniferous wood - BEH KS1-74
10 7 7~VIg Larix ~vF k- EM KSI-v7
11 #o~=VE Larix ~YF k- EM KSI1-v12
12 #5=VE Larix <R K-ukt KS1-v19
13 bvelg Picea <R k- EH KS1-x8
14 tvelg Picea <~ VR B R KS1-44
15 € )8 Abies ~ VB k- g KSI-415
16 17 = YVGE Larix ~ Yk KZ-egd KSI-#1
17 h7=vE Larix ~vE E-EH KSI-415
18 h 7=V Larix < vk k- EpBf KS1-411

EhWV1lEERCE, AT VEDIE, bYLEDS
M, EIEALN, EIWMPAHLE, FUERA LT
Hotz (R M2~4). WARRAMDIZD, rlk
ZZOE IHEMROMBPNIE S L IIEWHEYEH 5. L
L, A= vEE byeEY FHRE LS RERA
HoT, bDIEPITEIERF THEAEA L7 aePEds
FmWEEZ LN, 9 LA EIRIIOWTE
8555,

FFHERILE O MIS 3128 5 7 5 < vIE{Eho it
#HDHE, BRI (A3IF52009 ; Kudo and Kumon
2012) TiE MIS 3DOMMIZI135% 22 5 b DD Z DL
Rl R ROR IR 22 0 (LGM) & T8 % oKii, FGhM
(KIS IEA1997) & mEFE (A#IT22005 : HENIEA
2015) TILEL % A, Kk (A4 13422009) Tl
HFRERHEAESNTVBEDDODFA T I AN E RS
THBY, FHRIEBER L DEESRC L H 5
B, T3V JEDAFAEDAER AT DAERATA A5 T SO
ENTwRWnwEEZ bNhd. RFORNIRESINICH-2
MIS 2& ZNDBEDORAE A TH DB L, BHIEITIE AT
FEIKERZICE LS T2 Py vig e~y B RS R iE, v
HB/OWA L EIBOME & I12H T~ VBRI L
% WEICAFAET 205, ZHUBRIZ T b2 Lokl

STV, FHEHH T MIS 3& FBRIC MIS 21280
T, MyeEP~ YRS REE 7R TR
LT 250 TH IV BIEMIIE % RiiTdh 5.
EUPECIE MIS 20 g #E 2 R &, KikAMIZ YA T 77
QCH T VIEmERL. FEE400m ICET S E
B UL R R AT O )RR T, MIS 211 ARARIEH
DILHD20~40% LKL, RARTRAN FlEE <Y
EHAEEREE, Y ARSELSL, PR TB
D, B IVEBIIRONZFHETIN DT LA Eh
T\ (Yoshida et al. 2016). 1 5=V B DIEH 14
FERAVIC A HPH B e 720, OAFAE I/ N G-
&1 (Janssen 1984), FEEOBALEED12055D 1 LAk
RIS N wE TN TW 52 (Davis 1963),
B UM RO RRER W], S EERE, IR ERREIC BT AR T
bH T VIBOLIEITENHEENTND X)) TH 5.
DOWTHAEILBIT L5 5 <Y DEFRRZ MRS 5.
7T VIMBWREETH Y, h TV ROBED L
Mk, KILEMWIC X > TEbW 7220, B
KRR, FH), INEE 2 &I & - THi7z B e
WE N HE SNTWT, €9 Lz vichitkzE3
(13 2°1965). &1 9~ id, HREAHEE AATO
Bl E /7 aiszdefie L, Hyt S FHRILH PG %
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WRELT, MTIVTARS, FRTVT A, 7NV T
A% PERRE § B HPHOFEIIEICER LCHam L, HIl
VR E T2 (AH1964). HEILE TR, 797V,
A, BRRTHLHTHHEELIS00~2100m (28 - & %
WIZAEE L, HERE51400~2300m O 3 A 4 O F 5554
WllaEsh, BRUEOEERTHE YIRS T L E
)RRy, b OEE1800~2500m & W) S AiE
LD RIS AEF T 5 (FF1962). 71 7= Y OfREKN
LAEBHTH A ELILE S, N5, B, B,
WL, TR, H O, R 4 R 343 5 2 A (1965)
DRI HPH UL, BE20m U EoEAREE D50
EAIIVDORTHY, #E10~20m OTEFEARIZA >
TYFEVRARAYH, My, THIY, ¥ U,
IRXFT, IXRYIT, FFATEDILUTOHMT
WAL B RO g ) #hiZ B -CHE & R &
OxFInEARDL L, AT YHRIPALT B DOIXIEEET,
BEMAETIZY I EVHRE by e LTz (5
B - A442020). WERELEOA I VRIZIZ TR E Y
TFJEVNRET DY ELH Y, BEMELO MYy ez
LIELIE, FAYyIEYRTIRILIMICH I~ 2k
L7z, SOXHIBE, Ao~ BENFZEHIC
FELTWRWVAHICBWT, BRI OBEROKE H
FIE TR LTAERLTBY, HEoFREL 2
L&D ICHEROH RIS R S hTw L.

Lo LERSULGEBR O, /L o R H g 1
WZHY, AT &0 EAIIERH%E 1A% 1 Elo 5 b
bOO, T—AFITENL LR IHRBLTBY, A
INTIEFEE U7z 1258 L 7 U T RIS AR Y LA AR
L7zt # 2615 (EM2021). FSILEBR O KA
&, B & L CHIRME S RO b E e S,
Z 9 LB o3 3E L7 1o k2, BifEDH
AHNBIZER N W I~ ViEs by eEE ST 5
BRPEIEL 722 E2RIR LTS, HN) Vigdbhin o
Yalv FMERTE, Vv ESLYRRELTY
L0, TITRIVYDOREPHRE TEL AL
DZDOEFBEIBARE D, S HITIAKFR EOREL
X o TR AHIRT 5 2 L2 & o THlfEo A5 D30 g
Lo Tz (ME1999). Rk eicibE (1999) 1%
AR B B D AL BV BT B RE O Fe A 4 % st

L, Wfidh %0 5 LR E L, ZRbiclo
TIVRY DOGAHMIRE 572720, 74 < I HDIR
Mo TWi L HE L.

FYILEEF 1%, E XOFIGEIEOE T ORI R A
GHTIE, A TBOLENEL, $HEOHI B IYa
PHEDF I FFHH LD DRREHTH L0800, &
HTHE ROV WRBERESEITTI TS (B -
#112021). MIS 3Nk REEICIEE—L v ¥
A FKRIRDS, AH YTV FETERBIIEAN YT FETK
IRDVAFAEL 722 &5 5 (van Meerbeeck et al. 2009),
EARHEIZBIAE & ) DR, BB H AW A LT
B57, BUEL D IHABMORSRIZVR L, HAY
IS1Eey A3 AN QRVARE S AY (WS 1V/ &t DN A i
~NTMIS 3T, 7 FHIEIER 2 H ARG TR LA e
ML THWIRRIEBEEROBRIEZRLTwDEEEZ LR
% (0oi 2016). L7 L AFEAER LT )7 LIV T pi %
EMELTEY, WRHFOEMIZIEZ TR L T
L) THhA.

—75, BRI AT —F - F 2R
N2 I Z 5 72RO E ) - F ¥ F
DKE T T DIFN D SHHONTWD, RFKITEZ 5
7225BD T Y A=K - Y aH—HEROH B, 14HA
MIS 3DIHICEZ 5 THH, MIS 4% MIS 20 Hiok ]
ZETIIMLTY, FVAH—F - F v M —flEsonE
WHERHNOKR I 7T HOBEO RIS Z TWT, 7Y
TREPSHREL-E SN TWS (Wolff et al. 2010).
O K HITMIS 3OREIE, BIFEL D b BKEID RN
72T <, 300~25004E DT 9 L72JERDH A
I NVHHHBEIIHZ 5 2720, EFRESAL R LD L
D, BOHN IR EBEHO MY RENE S ICHKE
s 2 RRAE L2 e S NG, SHNE, 1@
LHONTTL DT DORAMER»SDHETH S
A, 29 L7t 2 S TIT) T L2k 5T, BT
LA o 2T S ORI OREAEAEIL T X B &)
fEshs.

E ik
B OMBIZH 72> TUIRERICTH IV z2wiz. F7-
BRI AR HH R SV VO 1 ik AR AR O BRI & 72 - T TS
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Forest vegetation of ca. 37,000 years ago deduced from
charcoal pieces from the Kousakayama Site, Nagano

Shuichi Noshiro ' *, Yuka Sasaki ', Sadakatsu Kunitake *

Abstract

Forest vegetation of ca. 37,000 years ago was deduced from charcoal pieces from the Kousakayama Site, Nagano, in
the Chubu district of central Japan. The Kousakayama Site is an Upper Paleolithc site that yielded large blades, points, and
bladelets from a horizon ca. 20 cm thick 2.4-2.8 m below the present ground surface. Six charcoal pieces accompanying
Paleolithic blades were dated as 37,600-36,080 cal BP, and the blade yielding horizon can be correlated to Marine Isotope
Stage 3 (MIS 3). Pollen analyses of MIS 3 horizons carried out at four localities in the Chubu district indicated prevalence
of pinaceous forests consisting of Picea, Pinus subgen. Haploxylon, and Tsuga often accompanied by deciduous
broadleaved trees such as Quercus subgen. Lepidobalanus and Fagus. The pollen analyses were, however, carried out
in the lower part of the present cool-temperate zone or the intermediate-temperate zone, and no information about past
vegetation was obtained in the middle part of the present cool-temperate zone. Among 18 charcoal pieces obtained at the
Kousakayama Site, nine were Larix, five were Picea, one was Abies, one was Abies?, and one was Subfam. Maloideae.
This composition showed that Larix presently forming primary or secondary forests on unstable and undeveloped soil
and Picea presently forming climax forests on developed soil coexisted around this site at ca. 37,000 years ago. The
stratigraphy at this site indicated an existence of little disturbed habitat with developed soil around this site. Thus, frequent
climatic oscillations during comparatively warm, dry MIS 3 seem to have made habitat conditions unstable enough to

allow coexistence of these two genera with opposing habitat preferences.
Keywords: Chubu district, coniferous forest, MIS 3, subalpine zone, Upper Paleolithic
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R R RE A e B X OV AR BT %
RINH AR AT O p-XRF % v 72 5 s 55 B
—BAAGEEF, RHEHIGER, NEEF—
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A, REPIL ISR ERNE A R S & O RAIZ BT B RN A s AU AR T O U AT OHfEE Z H I & L TN
L 7 #6 BHO0 X M #rdéfE (p-XRF, Bruker Tracer 5i) % F\ 72 BIRAFER AT ORI 2 W T 5. S5,
RN SRS TH 2 MERI T EAH (V=231), ZFI (N=181), N\B& (N=153) O#%EIFHN A% THS. p-XRF
DOWHEEE W) FEZ G2 L, B RS 2 2 & 2 (R TOMm 2 Eit L 2. IR bR LIk T v — 7 %
BRI AT OHHIK (BH - BH2022) & HwW7e#iR, SAEHI, Suda et al (2021) 12X ) K55S n7zhip
S FE R DAL FEHDL 7V — FIHBI T % 2 e ATE, TRLOEFEMITETIHE] (FrERwLArE) CBESh
7o BHERIC L 24 ¥ T4 YEPER T — & N— A TR I N T B LA 7V — 7 O MBI IED & 2 5 O e H
FIRIRR 2 PR RSy ¥ 7§ 5 28T, SROBERABITHIOMNIIHN L TERENL 7 -7 2 ftF52 L

MHTET.

F—T—F :p-XRF, HWEAFERSAT, w04 R

1.13U0&I(C

W UL v vt TR A B 3 L2 3 B B R T IE A 2y
- ST DB DAFAE L, €D%< HEEA DR
23l L CHEER DA & BRI BILR L7200 8) 12 & D TR
EhTwa (K1), HriE0—MIZH 5 REHE RS
JEURE 3 VS RS & R R BEEAE T - 5 TR D%
o W BRBENATE, RMIRA RO BRI EE IS B
V% BIEAHER L BRI © <A RPN R NHATEO
FERIZS,  JRURE Ml v S B O ST B R LR S D FR A R
2D %) AfRPaEmgE L) X KB L, FMT 5T
DI D I 2R L7z UNEFIE22016 : 552018 ;
T - B 2018 ¢ #§REE2018 ¢ HAY2018). Xk D REIICH

72 2 VR 5 M 0 S S A RIAT B & 2 o RERFI I ZEAL
LT B 720120, FREH B X OE AT 55 AT B
ZROAGEREI OV CTFHER T 2TV T — 8 e
LHMENRHL., INETIZ, 29 LAMEHMICZEFST
AN JEE AT & FEHE S B 7 D ICHEE DR BB L
FER O T B T 00 43T A5 VT R 75 54 AL HOG X MR AT
i (p-XRF) % F 7 BB 5 E b AT i 2 M5 L
7z (SH - HH2022).

AECTlE, MFEICHED p-XRE 12X 5 REEME)
T EAHGES, WS LE, R ASEEH R osIH
A R 2R O JFRE I AT RS RAC O W TG T 5.

1 WRAERFEWEE  T101-8301 BG4 FH XA FH B iy 25 1-1
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Figure 1. Map showing study sites and overview of obsidian sources in the Central Highlands, Nagano Prefecture. A-C: Study
sites. A: Yukishirazu (YKS), B: Yashima (YSM), C: Chausuyama (CUY).

2. EMETE

Al S B BT EE H 0T Ok GERENE,  AEE T
TG G - A1964), ZRFEL (AR - FIR1962),
AN (FIR1958) DRMIHA SR EME -0 A8k T
H5H (A1), 5 L-BRAERASEO MK, FAH
P32310%, ZRFNLANI81RL, JNEH153M TH 5. BRI
K Z50H0E, FBLH T 2 WA I B Vv TEE
L7z

YA E, THE S5 B O p-XRF T % Bruker
Tracer 5i (Rh ¥ —%"v b X #&Ek, YV aryrFy 7k
ehi#s) & w7z Mg Bruker/MURR # Obsidian
T4 (Glascock and Ferguson 2012; Martindale
Johnson et al. 2021) ZHWTEML 7. WEITLEII,
Mn, Fe, Zn, Ga, Rb, Sr, Y, Zr, Nb, Th T 5%.
WoE S, KREAGFHAT, &840V, FHEIEK

B B
S0u AT T r—a izl AERESh, WE

RF [ 12180~2008 & L, X MBS £ 138mm, 7 1 )V
% —13100u m Cu / 25u m Ti / 300u m Al 2SHEIT
BAESIND. WEMIZ, Mn & Fe & wt. %, £t
OWEICHE % ppm & LT FHiEx, A7V FICHE
ETAHIETT A4 Y P ZIRITKRFEHD, 2oLz
AR A & X SRR BE IR O A 8 — % 3E L TllE &
iz o7z.

W BB OWTHAR T MR L TWw225
B L THM U2 R § 55 6120&, BRI o JllE 2 17
Zofz. WEHE X BRI oEh ek y ) — v
ThEL, HEOY 4 ¥ Py ERE LZRBORIZAEL
%, A IR R IBE AR RIS X 2 HIBR 2 W]k 72 IR ) AR
L7258 CllE L7z, WERkEHNE, 00T, R
BURGR, EWTERS, BUMUDUWIRGHL 2AE, BEEIREE, A
B, REGEEFGTY A MLl T HAM
% YKS, ZkHIl% CUY, A% YSM &WsL, Z3HTIR
O LG 27 BRI T & v F 22TER
BHRWHEIENA & L7z IO &, IO <
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Figure 2. Map showing GPS Localities of geochemical groups of obsidian standards defined by WD-XRF in the Central Highlands
(modified after Suda et al. 2021). WD-XRF could identified 14 geochemical groups, including one group of Yatsugatake (Ms) (Suda et
al. 2021). Abbreviations of geochemical groups are described in Figure 3-4.

PWia > 7 F 22V TORRTH 5. WS BIZ O
(FEH) OBILIC X 5. BRI PR (2018, 2020) 12
P72 BEA O A S NFIZA (2016) (ZHEH
L7z, REBGEF T, HET 70 LR R oY L
CHRT7 7 A NVAHTH L. WEHRDOREHISH S T~
WEMNLIF vy ZHR VLB L7z, 2dh, WEfE
OWEEM D20, BEAGIC L 2 BREAEERA
f v 7=y =2 CERMERT B EEEAHRETH
% JOR-1 AL EMEA, Suda et al. 2018) & 5\ i
JOSA-1 (& L3RR A, Suda et al. 2018) I
DWW, FETE RIS EEIE S H 2 T, CHIE
7ay hL7.

JECE M BN, TR S TR I I BRI AL AR
TV =T &L AL, LFOSBOHBIE 72 #7F
M, S - BEE (2022) 2 ZHL B2 12 H e i BN
FIFEER D Suda et al. 202112 X ZILFRE 7V —T D
S EEM MO ERREZ R L7z &H OB L )
HOFHUZOWT, BUFIZRT.

FIRIE T [HASIE] R O & L T0001 % Zr /
Mn versus Rb / Y #HWTWw5. 5Hiako 5 L
S PEHL DL ML 7V — T2 E TN AR E ot
DEFEERESKHTLILEEZHBE LTS, 22
THI - BISCHLT OALSAHIR 7V — TR S 7R
&, CHIBI 2 CTREEHT 5.
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BB 2 [Hhds - BISR] : HB oL LCRb (ppm)
versus Sr /Y #H\WTWA. R R pE s o 1Ll
WIN—=TDH) bHFE-EOHH GLr3g-Bri) EAr
Ho Ms (ZH - @il 72 6 SHER - B T o %
FEmZHNT I L2 HME LTS, T2 TH7IE
DALTFERE 7V — T S 7z e, BN 3 T
s %.

HRIE 3 [5% 7 ] - WHlofEE L LCTRb (ppm)
versus Sr (ppm) Z W T3, 7 D LMK 7
NW=TZRELZDIXGTHIEZHME LTS,
9, x fil o Sr B T40 ppm LT & 7R 3 S(= 7 3R,
W CHIHI), FS (Hig- = 3R, K UNEID, MT (R
- K1), BH2 (v FYIR-AR), 02 (BLER),
T (YF¥iR), BHL (7 F7R - KR 15 S hizik
Rk, HBIKATRERT A, ¥ 72, Sri&E <40 ppm L
EERTM (&RIN), BHU (7 F7R - KR - oy F
W B P, 01 (B R () S ZalBh, 5
M5 TR S, 2B, HallloTL Hi#HDI LS,
W, FS, KZZZTHHTAHILLTES.

HISIX 4[5 » g, Sr <40 ppm] : HBI ORI L L
T JR-1 normalized Mn + Rb + Y + Nb versus JR-1
normalized Rb / Rb + Sr + Y + Zr (JR-1 : Imai et al.
1995) ZHWTwab., 22T, HWHIK3 TR L
Sri#40 ppm LLF ALK 7 Vv —T 2 BT 2 &
rHMELTWwA, 727201, BH2IZBHI, 02, T &4
BECcEhwZ eddHsb, F72, BHL 02, T x5 N
M L72HBII T o BT & v, 23, MT & BH2IZ
B O 7Ty bR E Tl LTS
R R QUK K- i S| TTE o 1 s B N U N
it wd b, ToOW4a, MT & BH2O JE#EFH A 30 O
p-XRF #2E2%, Mn (BH2<0.07 wt. % < MT) & Fe (MT
<044 wt. % < BH2) BX0'Y (BH2<42 ppm < MT)
WCOWTHEIZXBITE 2D 2 &5, @Yk
PoRONIZINSDEZBREL THET 5.

FIBI 5 [~ g, Sr >40 ppm] : HHIOFKEE LT
Rb / Zr versus Sr (ppm) W Tw5. ZZTid,
FIRIEK 3 TX 4 L7z Sr ik FE40 ppm PL E AL AL 7
V—T7THh%M, BHU, OlxHjlT26ZLzHMEL
TWw5.

DOWTIE,

B AT

3. SR

3-1 WEHEMAEHRE
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Figure 3. Source discrimination of the Late Upper Palaeolithic artifacts (V=231) from Yukishirazu (YKS), Suwa City. Dots: YKS.
Circles: obsidian standards (Shimada and Suda 2022). Ellipses for standards are 95% confidence in the diagrams 1-3 and 90%
confidence in the diagrams 4 and 5.
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Figure 4. Source discrimination of the Early Upper Palaeolithic artifacts (N=181) from Chausuyama (CUY), Suwa City. Dots: CUY.
Circles: obsidian standards (Shimada and Suda 2022). Ellipses for standards are 95% confidence in the diagrams 1-3 and 90%
confidence in the diagrams 4 and 5.
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Table 1. Summary of p-XRF obsidian sourcing of Yukishirazu (YKS), Chausuyama (CUY), Yashima (YSM).

geochemical group

YKS (N=231) HH MT BH2 BH2,BH1,T,02 BH1,T,02
Core 14 2 1
Flake 178 5 1 1
Knife-shaped tool 20 1
End scraper 3
Retouched flake 3 1
Microblade core 1
Sum 219 7 3 1 1
% 94.8 3.0 1.3 0.4 0.4
geochemical group
CUY (N=181) HH Ms MT BH2 BH1,02,T
Core 18 4 3
Flake 87 22 10 1 1
Knife-shaped tool 9 2 3 1
End scraper 4
Side scraper 1
Retouched flake 2 1
Drill 2
Graver 2
Wedge-shaped tool 2 1 1
Raw material 4
Sum 127 29 21 3 1
% 702 16.0 11.6 1.7 0.6
geochemical group
YSM (N=153) HH MT A\ BH1,02,T
Raw material 2
Blade core 1
Core 11 1
Flake 13 1
Point blank 4
Point flake 4
Point 93 1 3
Knife-shaped tool 8
Side scraper 2 2
End scraper 2 1
Core scraper 3
Denticulate 1
Sum 144 5 3 1
% 94.1 33 2.0 0.7
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Provenance of obsidian artifacts from the Upper Palaeolithic
industries in the Central Highlands based on portable XRF
analysis: Yukishirazu, Chausuyama, and Yashima in Suwa City

Kazutaka Shimada ' *

Abstract

This study reports results of obsidian sourcing using portable XRF (p—XRF, Bruker Tracer 5i) to facilitate analysis
of lithic artifacts form the Upper Palaeolithic industries in and around obsidian sources of the Central Highlands, central
Japan. Materials of the analysis were obsidian industries from the Upper Palaeolithic sites of Yukishirazu (N=231),
Chausuyama (N=181), and Yashima (N=153) in Suwa City, Nagano Prefecture. On-site analysis at the Suwa City
Museum that stores the artifacts was performed by taking advantage of portability of the p—XRF instrument. As a result
of sourcing lithic artifacts by using the geochemical discrimination diagrams that Shimada and Suda (This issue: in press)
has prepared, source compositions obtained from the industries were limited to the Central Highlands and were definitely
distinguished into the chemical groups defined by the obsidian source online database by Yoshimitsu Suda. By mapping
the identified artifacts using coordinates that the database disclosed, this study could provide anthropological analysis
with fundamental data needed to examine prehistoric human activities for obsidian procurement in the sources of Central

Highlands.
Keywords: handheld portable XRF, obsidian sourcing, Central Highlands, Upper Palaeolithic, Japanese obsidian
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