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WNHBER 2 MR L7z, 20 RiRICED VT, BARAERICHES NS AEEHOREE LT, 1) ZXKINLo %W
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F—T—F  OaHEAIOAT, BAROGEE, iOREN (LGM), HARN &
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Mix et al. (2001) (2 X AUFIRHOR B ] (Last Glacial
Maximum: LGM) &, BEd 5 A THEDOKINII BT
KIRDBEDTRARI o 7B EER SN D, AR 0K
REZHEE T BB O b 1L 2 FR 3K ELB) & Sh
(BE1 2010), 2 F CTISHAZHOMEED 514 SN 78
BOXR=) Y 7aT7OMMIZE - T, BEOMEKELS)
DS 2N E DD H S (Yokoyama et al. 2001; Lambeck
et al. 2002). ZH 5 OWFFERTRIC L AUE, fe b i AKHEEDS
L, RRASR S K L7 LGM ORI BIEAA TR
30~19FAERNCHIM L, LGMHI#IZ BT 2 2l 7 K
HEOEBEDPHER SN TS (Yokoyama et al. 2001;
Lambeck et al. 2002; Yokoyama et al. 2007) (X 1).

29 L7ZLGM DM, 1—F ¥ 7 KED SRR 1L
KKPEIIZ KB KR ASEFE L (Denton and Huges
1981 7 &), Hied THEM THAME L 728G 7 BRIEASAL L
72, XD BN BT B KRB DOFLEIMIEZ D

%35 L (Guthrie 2003; Svendsen et al. 2004), A
F AR T D7 A S odb T HhigAs S MR L 7 fe AR
fENTwb (Goebel 1999; Graf 2005). Z 9 L7=ff%t
OT, HARFIE (FHICZ20deEh) 1Eu)r i & #uR
L7z N O#EER (refugia), & L CLGM & DiEILIC
FE 9 A T5 Mg~ D P EAE O O — Al & L CALR T
VT IHAEIEO R THEH EhoodH % (Goebel 1999;
Goebel et al. 2008; Graf 2009a, 2009b). & H A A LGMIZ
BOTHRRT V7B L TAHOEERS - 72§
LA# D H Y (Kuzmin and Keates 2005; Fiedel and
Kuzmin 2007; Kuzumin 20087 &), 21— ¥ 7 KFEDH
L TR M OB BICATEN B § 5 & 5 72 W8R8
VETHIHILERLTVS.
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1993), XY EAVTRNA Y U EORB DG LB 23
AR LKT 2L # 2 bhbd (Takahashi et al. 2004, 2006;
1% 2007, #I3 A 2010; Iwase et al. 20127 &) (X2 -
3). TAUTK LAM, WE, iR L T—208& (f
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BRKBET VT LR L e olcbEZONTWS (K
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5 il O FARDHER S A CNEF - F L 1991; 3E 1985 -
2004; B 2011 %2 &), MEARALGMORHE L HiZF o=
IR N Y ) VI e EORBEP AR L 727
REME2SE W (A6 2007; AT 2010; Iwase et al. 2012)
(X2 -3). B R BRI A A S 2 AN LLE & kil
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B BT A3 e LIS 72wt 2 P S € 5.
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2. BPARGEHRFEOBRLERRIMIOESR

DLEORKFE 222 EIC 0 &, AMRCldmif A
i 2011, 2012) (Gl &MEEMARAGEE SR E LT
TR 2 FEfT 5. $TIAE (2011) 2BV
L7z X912, BARAEREOEMRGAIE DR Z D5
HPHE, 1990 FFALIBEDOEHEMICHE ST, BBL Lo
RAELBEONoD0H 5. b/ Pk Al GIiE s
HRAR 1994) REIEFBMX HHNBEEFLZHES
1996), % 7 INEIF B BB lRBERHE % 2004), T
E T (HEF I EEZ H 4 2000) TIE45 R To KILK
(AT : BIEARAUTHR 29 T4FRT (BLEF 2002)) & ] wdt
winEf (As-YPk @ BOEARAUTHR L5 G 4ERT (HTH -
I 2003)) DE D SRARAGERED M LR S TWw
5. F72IR)JE A R LTI AR SRR A
I FALE R AFER S, HiHE O R A S BIEFET
K23 T3 4R, & DRI A S BIEAFEAUTH) 2.2 J7 44T
DUCAEMRMELFHNT WD (I HEEZRH 2 2005 L
B 2005; K5 - 4 2011). S5 OKEIE, ARG
HEDPBOEEATR 23 HAERTE, 2 % ) LGM D=0l
WU LT e g2 R LT b, £2KM412, ¥
MM wBEOG A Z R L7z, MET 204 TBAROE
BIZX > THBARARRE LT 2aHiio s rh 2 i
BHEEH, BBURBARSG EREDSAN -0 H Al
MR35 2 L2395 h 5 (FR5E 2004; IR 1997 7
).
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T THHI LR LTWD, BARORHENR L
L 72 HIR 30T, LGM ORI BRBEE A~ OB @IS % %
8T L 720DFBIIHT 2 B &% 7 % (Twase 2009, 2010;
7 2011, 2012).
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5, fAmERIOREZER LoD, 10 HOER % mEiEE
BCE D0 ONG e LTI L7z (22). F£7-Zofl,
IHORRARE L2 HOERMEZIIGERHOT A 7]
AFIIOWT, Fral 3 2 B F R 2 &0 EARI 2% 4H
RIFDOBIGE 21T 5 7.

N =

3-1-2 B/ KEHEREFSE 2

B ARE B PTG R 3 B AR T B o f5e v i LA
B2 (M4) (138°11'47'E, 36°49'09'N) (F¥F UL 5L
1L £ > % —2000b). B/ AR IRIE S L
> % — (2000b) %>, WppLiiFEER AN (B LM AN EHE N
7 v— 71987, 1990), EiRMBHFERE (L - A
1993; (i HTHHE Z B2 1995) (2 & o THEUNI S 4 i A&

6 R/ABEHE2 RN T (REREHLICH ARBINT 5. & O TERIRERLE £ > 5 —
22 5 —2000b: B125 £HE) (2000b) 12 & o CEMS 7B a2 s (U,
£3 B/ RKEWHSE2#S (82055, 2060, 2061, 2062 /Ha£EHh) DAz
FAoW B . - ® BY kNI A FF/ BE/BE | por o
=) p=rey LA MR EHZ O OHIE RE MR R R= oy oy P=p) e atg " s HBET %
IR
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e 1 1 14 16 24
E8E 1 3 4 0.6
>3z
R 1 2 3 05
A% 1 2 3 05
== 1 1 2 0.3
Z DAty 2 2 0.3
HRET 20 2 1 1 7 11 43 19 1 5 16 26 30 441 25 6 654 100.0
£4 BAREBEOF IHESRS LOBBOHE
Fan DIEOERE
T3 | Jedmil & I T2 L, EMFTMAZ RINTIC X > TREENS.
+4 T T8 | eimil & BRI L2t L, FATmAask s N5,
pat-3 M | EM O LAl OMFFEDIFIC ZRIN LA L, EMFTHARINTICXE > THREEN 5.
WV | #FMo—Hlk &l oMo KN T2 L, FEMITHIEENS.
T8 | FEM ORI SR I A 72 RIN L2 4Tm e LT, Bild WISl ) msT B2 S 5. sl Y43 5.
T | FEH2EHW5 X ICWFMA»SEmICMZ 2N L2FmeE LT, i 2 I3 minc i) mdT S5 s s,
M3 | FMOEmDSTMICIMZ 72 RN L24m e LT, FHikd 5 WA T B S 5.
% WV | #MZ2WRBYWS X EEA SIS A 72 KN A2 E LT, LT RN mI T 825 0 S 5.
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HEE2WETEWR) &) HiF 5. REFPREE LT £
¥ & — (2000b) |2 & ZEBRFEHRARE IS I, B
J ARMIFH 25 5 A 9299 AL, T o
AT HED N T 100 DA g BRI E S TWw b
(K6). =72 LikEshi-KamEhrLoftE 7.
EORERIGE & W L TV A0 03 LTIz,
T 7B S IR A RS ML RO T 1 T A
A7 & OB O EW A EAEE LTl LT
W5, RRE SN AR ISR o Y SR A L
TOVAIREME DR SN TS (EFEME LM £ >~
& —2000b: 11 H).

S C Tl R TH ARIIb Aot (REIRHE
AL &~ % —2000b: 269 H) & L T4 Sh/-—Hh
DT, BARIF 4 725 R LR 25 S L ac i £
EE o THELTWAH2055 2060, 2061, 206271 %4k
HEREDHITH (K3 H6). 22 LINS4DODHE
EHHEB L OZ DAL 5 S IARAwE & 2p 2R
oAU, BB OEY A E TS REE
FRETEXD (F£3). T2 TABZTIZE 2055, 2060
2061, 2062 FwEh oLz Adom T, Dok
HE 2 Gl 72 BB 2 W AR X B AR 2 TR o Bt
X e LT L7z
(1) BB B X ORI O RAFREO L R WEE B

BB VITEIKE G OBARE S 4 7B & O

LY 2
(2) Jefrifge (78 1992, 1996; IR 1994, 1996; 1A

2000) OHTHARAEIICED 2 RSN %

RO F A4 7B L OHE (F4BR)

DL Eo#EIC X 5 T37 8 (4 7AR 138, Wi
248 ZEFERECL 200G L LTHlil L7z (322).
Fozhiamz, 8HOBRNEA, SHOEYHEE, 3HD
BIKEESHOT A 7AW THBEHEE 2 &0
EARI IR OBl 2 17 5 72 (322).

3-2 AhDFHE

3-2-1 BERBEWEREIOS

S AEEE (2010) TUE, R RUEBE (B55K - LB
W) oMt L7eBARGEREECHED 14 7D
B B R R 2 0T 3 B B8, 7 X ) A ERET A

A fiEER B : ZaRIK

C : B IFHI% D: E: fih@s 50
Bl (F 8 igd RSN

Voo

7 ERNBREREOSE

4 3 ¥ 7 Casper i it T 8B O BARIRIF 255 246
W (2005) OFEEEER 72 MR TIREBLIN 2 83H
JEM 2 B£54 5125720, Barton and Bergman (1982),
Moss and Newcomer (1982), Bergman and Newcomer
(1983), Fischer et al. (1984), Odell and Cowan (1986),
ek (1991a, 1996), KF (2006), Sano (2009) 7
EIC X BMEEROMRE S, BRI 2, e
FIER (A%, WaRFEEE BH), #EAZRiN§ 2
MFRHERD ) HRMEA 7 2 ¥ — vV - 2797
FEL, RERLERINCOVTS S0 (CH), HHRZHH
T 5 HTHEERD ) b RIGBIAF v T2 BT 50
i) (D#), o4 U 2 EIR = #EHE (EX)
L7z (7). 75 I R IR < Y 2 IR R 1
TNMMPSHEL LI EDVH L. NS ITEIKNY % FHE
JRICHB L7z, S HIHERS (2009) 2B 2, B Y4k (B
BUC X 28888 (FF) & 7YY GrLwigi) (GH) %
Mz 7z.

73, 1k (2010) 12X > TTTICRHEL MMM ENT
W% 7%, Sano (2009) & Fischer et al. (1984) OWfsE%
ZHLOD, Ba BRI O h 2 5 S OFER & 7% %
EFEHE O - B2 HIWE LT, filze, fHREE,
TRINL, WA DOEMDEREIT o2 T ORI,
EIE MR & U CRlE T R 2 BRI & L TR %
WL CTwa. 1) MEERRHEER, 2) WERRHEEE, 3)
R BT 2 M THERD ) b7 =2 — e Y - R
Ty TR BT B AUERA R - FHE PO T
ZHRMTEYZ 50, 4) WHEZOAEL S 6mm L ED
AR 70 FIBEIR, 5) WA AR U A RIKRE 2 #EER T H
5. TLTHAEWNRERE LTO) s b A
U % W2 IRFBEIR & 2 i3 [S] FAROF MR 2 Fadi L
7z (Sano 2009). Sano (Hi#8) 2%i%E L7HH#ED, &5
WA - WIROBEFIISHTE 2 LIRS 2V 00

_7_



w

(L 2010), FIZEWSOFBR B £ 2 72 LCHESE S e
COBEREEBIT REWRTHDEER D, T
EZOBEERBIL DD, OB LR ET- 7.

3-2-2 WHRMLERRBOM

PRAR Y 70 1l PR B D AT 12 35 72 o TIEHEIR - B T- 5
(1981) 12X 2 H AL LUK (1986) 12X 2 BIEAD
EBAEIEME 2 S L, &hEs: (Keeley 1977, 1980)
WX o7z FAEASDERIERHRE, BERS B S h
eACBELT, TR (1981) B X OEEE (1982,
1991b, 1993) 12 & 2 KAEFRBEIIE DV BN A EER O
GHESBIRL, BUNHBBROS i8S — R, MuFIE
ROKE S (05mm K : BUh, 05~1.0mm : /Mg, 1.0
~20mm : I, 20mmPLE KE), FHiE,
M %5esEk L7 (X8). Tringham % Odell & (Tringham
et al. 1974; Odell and Odell-Vereecken 1980 % &), Bi-F-
i (1981), %) (1982) 12 X AMUNHBHEZ MG & L
7o FEIGEE, UNHBER OG54/ 8 — v R K&, F
T, KSR % 2w a5 2 LT, L
WoOREPZATTY) — (k) REHLTEZHEETE
LA RL TS, 7272 LA & - THUNHEEE
UL & ORBIAEEL <, F DS OZERIC X
STOHESHITAEL D 5. F 720 NHBEIR 180 DL
L ZDERMBGATIITET L DR E TN 2T 5.
FeATIZE R A TH, EBEOHMTEROGHITE L THvh
FIBEROK T A0 2 E2 R IIER T 2 12RO 7261 b
%y (A 1991b, 1993 7% &), SBUNHIBER O 5397112 1%
HERWERD DL D00, HhikT 5 L) I/METHR- 7

i

7

BEROPCHEAROBIE I NI ZNUTEL R,
BUNHBEIRORLER & DT, FEORICE S D RLEE L
BRI EDPHEEND. Tz, ZOMOEE (BEHE
R & % \WCIZHIRIR 22 &) &2 4F ) BUhFIBER IS &
S TSN WISV EZ 2 5. KIfETIEZD
MR % 1 ) BUNHIBERIC DOV T, EREA R 50 % R
BB

Bl 52 4% 27 121 Olympus @ % 45 BB 2 4 s S5 st 858
(BXFM-S ¥ A 7 & T EBAMEE) % FH T 50 55 5 500
RECEIZ L, BEMREIZIZOlympus DBEMEH 7Y % v
A5 (DP-21) %M L7z, B8k s, =4
=V & el F R 72 BUIRHR & T CERRIIN A A5 L
7oillE 2 bRk L7z,
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REETL170%, = HHAI36%, EHIE36%, BIE27%E&
%5 (H11). ) AIROHFNE L, ZHAEREA
¥, BE% EOMNHHERDS Y v, 72N HEER O
K iBii s L K& S ORIFKROBY T, 7o
—652%, bV 116%, AT v 7196%, AF v 7 36%,
Z LTHi/N839%, /ME152%, I 09%, KIF0.0% &
%% (12 -13). KugEb WA 7 =% — %2 23 5

1 1(4746) 2(5001)

5(4999)

9(4912)

10 (4960)

NFIBERAS W TRERO S, F72hTER RO
FIBER AR D TP W EH70 5.

4-2 B/ KEHHBE 2=
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13 H/IHBHROKE &

3B) A2, CPATTIINSE 2 BRI & 2SR D BRI & Bl
FHERZBIHTE 5. MIRITER BT (5H2), &
W5 EARPIERIZ A o TIRHEPIC AT 5. 7275
T & R B SN A BUNHEER 2 /5L, & Tk o
Rz2HDE, ) 5HIH642% =fM11.9%, A
164%, —=H A 45%, KK 15% HH15%&E %5
(H11D). 9 A IZROFRzEL, ZHABRLELE, &
e & OBUNHBER DO TH v F 72y R ©
KW L WR& SoltRe AL L, 72—
582%, & ¥ 179%, AT v 7194%, A+ v 7 45%,
Z L THi/h 881%, /ME104%, HIE 15%, K 0.0% &
% (412 13). KRBT 7 = F— %2 25 5
NHBHRASE VIR TRO b, L 72HER KIEORN
FIBEIR AR D T 0.

4-2-2 s

24 KOOI B, 3ROMEIHUIRIE, B, B
FIHERZ MR L7 (IM10; K 2). DUFICOHrf R 2 il
ERCE

MO C IO G M 3 % 4 10-30 (X-S373) @
TR, #aB S PAT T IS % B e MURIR & £ S
FE9 B, BUNHBERA DA 5 (FHE3 - 4). MR
FRRNHIRT, B EZRL (FHE4), fAaR
MR Z AT 5. £ 72810 & BRI O 5N
REAREL, FHE, RiniBErme, K& 3oRzik
HIpE, 9HII558% =fATK44%, AT 16.8%,

=HHAI133%, EHEL0% ©tI18% (X11), 7 =<

H—46.9%, 25 7354%, A+ v 7133%
(M12), &L TH/hT743%, /IME195%, H44%, K
B18% &% (M13). ZOHFIE, 9 A IHOEN
B, ZHARRENE, BROBNABHERS w2
&, RWRETIEA 7 = =R A7 v 7% 23 5HUM
HERASS WHECBIZ SN, 2 L, & L THUNDOIUIR
HEIR AT VIR TRO 5N, IR KON HBEIR A
VHBIESNLZLERLTVS

F 7 A BT IIDE O M2 M 4 35 [410-32 (X-S81)
OIS, FAT I ICHE 5 B R & BRI, v
HEHESBIETE % (BHES). INOoMIIED /2, K
CRNIHEIRDIEEEZ IR L, U0 AHFHPIZ /34§ 5.
F 7RI A SRR O 2 ST 5. AT &
JEHE O NIEER 2 5F L, PR, RUnERmE, K
EEOWNREEHTLE, 5 HII500% =AIK29%,
IR 147%, = HHR206.7%, £IiH88%, HF29%
(K 11), 7 =H#—294%, b 88% A7 v 7412%,
AF v 7206% (X12), &L CTHi/h882%, /ME29%,
HIE89%, KIE00% & 7%5 (X13). ZOMERIE, 95
CEOENEL, ZHRAERESE, BEOB/NEE
WP enwZ b, REMTEITEAA T v 7% 27T 550

T 44%,

FEHRASHEICBIS SN D 2 8, 2 LT/ ORUN
BERDSH W TR 6, PIEORUNIBER A R

BOLBESNLZEEZRLTNS

AT VIO YT 5 X10-35 (X-S377)
ORAIRNZ, #5DI AT I5 N TE 2 005 2 MR & B,
BUNHBERA A5 % (BE6). SURROTZRERIEIERY
W Ccd b, F 72900 L I OMNHBRZ AR, F
iR, RIEEEWIHE, K& SoF2ERTLL, 55
TIT73%, =fIE0.0%, AEE13.6%, =H A 6.8%,
RHH23%, B23% (K11), 7 =% —81.8%,
23%, A7 v 768%, AFv791% (K12), &L TH
INT05%, /ME295%, HIE0.0%, KH00% & 7%5 (X
13). ZOfERIE, ) AIHORENEL, ZOAERE
Jite, BREOWNHBHEDS D &, R AS
7 W —% BT 2N AT BRSNS T &,
Z L TN OBUNHIBER AR IR TR b, PR
RIEOB/NHBIRIZIER SN o722 LR LTV

vy
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5. & %

PLEDSGHRERE R E 2, BIE S WM ORI
DN THE BRI O HFAL R I, B L o
79, GBAGHEROHRT, ARGRMEIEES
., BT O BAR 2 e AW RETH o 72 ERHIFR S
BRHHRBD O N o7z T, B - B (1981)
REEE (1986) 12 & 2 BRI B$ 5 FEBRIFTR &,
By (1981) RMIEE (1982) 12 & 2 HUNHIBER % k)
G L L-EBEE SR LoD, BRI NHBER O
G & RIS DN T, T RE 2 P TR T o fE kIS
B4 23EEZAT) . BISSHRL &GO, g LA
EHIMTIZOVTE 21T L7,

5-1 {ERERfL - (ERAZTE - WINTHYOHE

5-1-1 £V E&H

X 9-1 o MBI S /e, BTkt LT
LRI, ZOFAA cutting (WIHH) H 5 i
sawing ($E51 &) OEFEITHEH I N2 L 2RL TV 5.
F 7RI ORI TH 5 2 LR, Z D554 D8R
PHIC B OSF 2 10 O 7220 T MBS D TR S T
WhHZ i, WINTHARBRNKE RN THh o722 L %
RLTWA. T72X9-1 2B S 72BN BER O 5
ERINICEITZ L, 1) 5 AIHROENEL, =H
HEREIE, BEOLEIME, 2) 7 = F—D )
B, AF v TRAT v TOREMI, 3) FIERKIE
OW/NHBEE DR TH v, & OB EIRHRTE 3
(K 11~13).

INFTORUNIBER 20 G & L7278 S,
D) BT ARECIEE, 95 ZHORENMETL, &
TR BROWElEL 25 (W15 1981), &5k
ZHABORENEL 55 (WS 1982), 2) #nLY
AR T ERGG BB S 7 = W — % B3 2 U3 i
HOREIKL %25 —T, 27y 7 (F1E1981) %
ATy 7 (M 1982) DSEHEICEER I NS, 3) B
MITWANIE ERIEOBNHEHIRATE R S D (B
T 1981; 455 1982), 7 EOMHMAMEH I Tn 5.
Bi7-E5 (1981) LiiEls (1982) oM THEESMMN

FIHHE OTERE O IEHE D % 57280, FEERRG R T
DERPABDONL DD, ) HIERT = F— DI
Z L THUNBERO R & 22 2%, BTy ok & 4
BOLTHELTWLZEDRENT VD,
WU L, 29 LERMIREZE TR 5L, K91
I S NSRRI MR O TR AS B & 2 D)
Aild, T4 M (G H5D) DB HKE 2P O cutting
& B\ sawing DVEEITH SN MREMEZ R L TV 5.

5-1-2 B/ KEBHE 2=

5-1-2-1 4 7HA%

EAHM 2RO 5 5, 10-13 © &8 B & UK 10-19 D
T, Ko A Ty 7EEL, KHMIZOVS
R BT 2 i T RERR (CH) A%, 1X10-14 O 5 mHk
T 2 S 2E U B MEIR ORI R 2 R (EX) 2
ThZThEg N5, Jeak o Sano (2009) 12 & 5 LR
MR OREE R X AUR, SR BT 2 iR EER O
IB 7y Y ATy TR ET D KUGIEATER -
SEHANFRIICO T RN L2 Y 2 #HHE R, i
WA U % 6mm BL BRI Z R S A R MR & L
TRELTRWE SN, K10-13K10-19 1@ s
5 CHOFHERIZZNZ WO KM LE Y5> Twa.
F 721X 10-14 OHF AT 2> S 4 U 2 HEHER O Bl Uk 1 70 340 B
/W (EH) X 7mm%Zi#z 5. SanoDIFRIZHS %5
X, DLEodEBRNZ, X10-13%°19, 1425222 & LTH
WHNZZIREE R R LT 5.

F 7RI RIS O W TS B &, [M10-17 D
fifig (FEMa) \ZBI%E S M7 PAT I AN GE 2 LRI
X, 2 OENAS cutting & B W d sawing DVEREIfH &
N7z EZRLTVAE, FRBRINEOREI MM TH 2
2k, ZLTCEZOGADPIREMIC R AT LI, BTy
PRE LY TH 72 2R LT w5, F7eiNHIBER
ORE LT, KOIFEEIEHTEZ. 1) 95RO
Lo, ZHABRETE, BIEOBUNIEER 6D
THRG 2) 72 —DHENEL, ATy TRAF v
T ORI, 3) BB KT O EER A0 T
v (K11~13). S o088, B T 256E 7
WTdHho7z2WREEEICOWTREN TH S (B7-551981;
H51982). MURIE RN EEIR OILRE & 04 DB,



w

10-17 DA A T I HE 72 W) @ cutting X° sawing
OEEIH SN WHEEZ R L Tw 5.

5-1-2-2 Ras

X1 10-30 D 7= fl#% % X1 10-32 DA MR (2 Blgk S 5 PAT
FHINZE B HIRE X, Z OFALAS cutting % sawing D1E
EICHe SRR ZRT 00, BIRRIEA RN
7oRERIR L, ML OBRAHIFH R 2 F 1 O & L
AT A, 29 LB, B T Al i
Bho 2B EZRLTWD, 72N O R %
AbL, 1) )HIHDHENIEND DD (558% £ 50.0%),
2) KIEWIEIEDS 7 = ¥ —% 59 5 MU/ FIEER O st
IR S (46.9% & 294%), AT v THET A0
FIBEFR AT SIE (354% & 412%) \@lgishns. $723)
HIER KIEOBUNHBEHE A DB SH AL TR S DO,
WD NI THE LTS (743% & 882%) (K11~
13). FIF& (1981) 12 X A HuNRIEEHR O SRR 78S L
X, 9 A ZIOEDT0% %2 DA, oM
YOI 2y (SRR, ) o <,
40% LU oaid, AR (KRR &) &5 WIdiE
oW (FRA) AT TH - 2 fEtErmv e Sh
%. T OBAEABIN LY % HEE T % B Wit AR 13 22
S5Vb o0, KHEIHIES AT v 7% 23 5/
BER AT ISR B ICER SN CTW 2 Hk L2 BB T
5L, 10-30 R2[%] 10-32 12 Bi%% & N 5 s/ NRBEIR DO F¢ %
X, A% ESBMTWARE 2T - = Retkico
WTHENTH L. —HT, KERLTEOMNHBERD
BEALRD LNV, BINTYWAIHE Y TH -
7o L BFEMIITR S v (FF- 6 1981 #1455 1982).
DL EOBIRIE RN HEHR O M E B E 2 5 &, Wk
WCEBHEETIED S D00, HINTYITHREDOR S D
WCho 7z iEEE IR CTE 5.

—7C, H10-35 OLMFFICBISE S 7z, BLITH L
TPATH IS E B HRIEE, 2 OEM A cutting % sawing
DIEEIHH SN2 L 2R LTV A, FHIREDR
BOWMTH S 2 Lix, BN TWARE R T 7o)
BETEA R L T 5. F 721035 1815 S 2 U
BRI, 1) )5 ZRORENEL, ZHABLRTE,
BIROBUNHBER DD 7, 2) KEGERRIEIEAS7 = —

7

R AN HEBRSEHEICBE S, ATy TR
Ty 7ERETDL0HL%, 3) BNOBUINHBER AN
WHETRD b, HFIER KEORUNBER O b1
ZWw, BEORHERLTWS (KM11~13). 29 L7
UNHIEERIC A 5 N2 D, S LA 24 <
BHo T2WRIEIZOWTHRENTH S (BTF 5 1981; 4
51982).

UlofiRkegt s, 10-30 D ZE M%< X 10-32
O FFIIFREE O X OO cutting X° sawing DIEHE
12, [X110-35 DL flF L #EL 2 W) @ cutting X° sawing DAE
FEIHO SRR EHTE 5.

5-2 {ERERfL - ERAXGE - WMTHOHE

DLEOGHIRERZ D TEH L, BARARHIIAS
N B A DML - FHJT: - B T O e £ 5
5. TTBARAEREE S E LB O 0N Ca
W 2011, 2012) & DR EMBL T, MaEOGHHROE
R/ T 5.

FS A OB R I 5. RISz E
WHETED3IHDF A 7AR (K10-13 14 - 19) 13,
—HBIZ OV T TICHBRAIIC L > TRDN T2 b
DO, DI EE R MEHIALIZ 72 EHEETE 5.
7RI R BRI, BUNRIBEIR O AL, 2 DS A 7
Baidm (K91 K10-17) B X O3 o4 (K10-30 -
32-35) OWINLOZR Wl (FEiil) A ERRHE
HECTH o722 LERR LTV, WO IS
WD AE IR B SN e d o 720 TS
HEIZOWTEWT AL, T4 7RAGHITIIRZEL T TR
<, cutting® sawing /R TIEIPBIZE S N2 Wi d
¥ 7z cutting R sawing DVEFEICHEH SN Tz LHEE T
&%b00, scraping (FEEMWY) L whittling (HIV),
engraving (R YD) 7% EOFEEERIEBRIZFED N
2o 72, scraping X whittling, engraving &\ 724E
#1132, BEEELED -0 O artisanal activity & 5 W i craft
activity R E&E 2 52 ETE A (1 2008), 29
L72EBR 2GRS 2 C L IXTE b o7z, BTy
WCTEEDDE, FAT7RAE2R (M1, X10-17) &
e 1 (M10-35) WCHKE Mo L%, W2 m (M
10-30 - 32) (ZHARE O S OO L% IR IR MBI
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T& 72, — I CHEZRMOMT 2RI RN
LRTwZw. F72F A 7 A & WA O -
BT - BT & i 2 &, WF oM Tl %R
BTMTHZOWTERPBD SN DL —TFT, ZKIMLD
2 Wl % cutting X sawing DVEEICHTT 5 & v ) &
THHBLTWVAZ ENIERTE 5.

KA MEHROBE S NERHID B wiTh e D,
Ulo#iRkegteod e, BARAGHICEESNSAH
SO E LT 1) “WRINLoZzWilRg (Fhx
B) O, 2) cutting X sawing &R RO, 3)
scraping % whittling & Vo 728 B8 EZ RTIEBFOZ L
&, 4) BEZYOMLEZRSRBOZLE, 5) 547
Tk & Wt O M 2 BEREM I, 7% & OB % 4R
WT& 5.

DOWVT, INETOPARAOEIHEEZNG L L7
AT CAHA 2011, 2012) O ERFERZ LD TENT 5.
EEEE (B2 - WERN) Aot LB ARA
WREICHE D BAEAEE (T4 7T - Wds - AR -
AN R) 2R E LRGSO RE Chi
2011), 1) &HA oo [ CRTRALR MM )7, BT
YA 2 22 R0 S, 2) IO 2 7
ZHOIZREA A%, 3) “WINLO B wigl (b
W) VRSSO SND, 4) K G- )
R P @ cutting R sawing & /R 3IRIRASL 720 5
N%, 5) MO scraping X whittling % 7R 3 IEBF AR
DOHNGR, BEOAEHORBEZRL TV, T
b EGEE (5 - WE ) Ao It L7aBARE
SRR ICPE D WS 2 R & L7 IR AT Tl (45 12012),
6) RIS (A IR DSHERR S M, 7) WA TRl
BLOFEMBDIH IR RN, ER, WERY, hRE
DOFEE DY D cutting R sawing Z /R $IEATER S5,
8) W)z R M AL H R A% EORE WD
scraping X whittling l1338& SR\, 7 EORER % R
L7z F72163 —a v 3o Magdalenian ] 0§ #2041
DALTT RE R R A2 P O SRR B & & o i
2 LT, BARARHOMEL9) Wk & FH
BABFEMEEECHYSNE 2 &, 10) WIJHAER
OMLRERLBECHbEE LB OBV L,
RO BB Z R L7

Ly S S X OE 2 AR H S 2 R O ARA B
MR E L/PRooHiKERS, D hogi Cai
2011, 2012) F COWREZMAQABRAL T2 LFHIITE %
7255, 2%, HHROBISG I NZERBII LR
OD, 1) “WINLO G (FEMigL) O
H, 2) scraping = whittling 7 & o3& BE8UE 2 R4 IR BR
DYRE, ) BRMREOWME RO T 2R HEHE%
RIFDZLE, 4) ABROECTITOZLE, Lwvoiels
APRAEGIEICHEE SN D A ORI B L 72 & »

5.

6. EHUIC

AT, LGM OB BRI BEIS L 72 Hl oKz
BRI DI2OOFFGHE LT, LY REiths X 0E
AEPRH A 2 o piH & L U7 AR 2 & i Al
PR % F Mt L7z Al 52 MOBE % 541 L7242,
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M3 280, % &0 ARG L 72
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Tidd 51N & D AR IS BRARE IR O 85 2 BB I EIG
LB o— M2 KL TWo & E 2 5.

E i
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DD THS.
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Lithic use-wear analysis on the Sugikubo blade industry
(2): case studies from the sites Nanatsuguri and
Kan-noki H2 in the Nagano Prefecture, central Japan

Akira Iwase!™

Abstract

The Sugikubo blade industry dates roughly to 23,000 cal BP which corresponds to the late Last Glacial
Maximum (LGM). The main objective of this study was to investigate the technological adaptation to the
LGM environment characterized by cold-temperate forests in the Paleo-Honshu Island.

To achieve this goal I selected backed points, burins, burin spalls, and blades for use-wear analysis from
two Sugikubo assemblages found in the sites, Nanatsuguri (138°14'07"E, 36°48'05"N) and Kan-noki H2
(138°11'47"E, 36°49'09"N) in the Nagano Prefecture, Central Japan. In this paper I give an account of the
portions of analyzed specimens that were used, the activities they were used for, as well as the worked
materials.

The results of this study, which confirm previous use-wear studies on the Sugikubo blade industry,
indicate the following: unretouched sharp plane edges were frequently used; a large number of use-wear
traces were the results of cutting or sawing activities; use-wear traces associated with crafting activities
such as scraping and whittling are rare; there is little definite evidence for bone or antler working; lastly,
backed points and burins seem to have been used for similar tasks and materials.

These results imply that hunter-gatherers adapted to cold-temperate forests in Central Japan had not
fully developed the lithic technologies to manufacture bone and antler tools. The paucity of evidence for
hard material working possibly reflects one aspect of technological adaptation to the relatively abundant
timber resources of the cold-temperate forests in the Paleo-Honshu Island.

Keywords: lithic use-wear analysis; Sugikubo blade industry; Last Glacial Maximum; Paleo-Honshu Island
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Palaeo-environmental developments and the precipitation
and evaporation changes during the Holocene in
Hiroppara wetland, Wada Pass, Nagano Prefecture
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Abstract

This paper discusses the paleo-environmental changes of wetlands during the Holocene in the Hiroppara
wetland area. Our conclusions were reached through diatom analysis, TC/TN analysis, and 14C dating.
Records of diatom assemblages as well as TC and TN changes infer changes in past moisture conditions
and stability of depositional environment. Unlike the modern wetland, which is dominated by benthic and
aeroterrestrial diatoms, the Late Holocene wetland indicates the growth of planktonic species instead. The
relative abundance of benthic and aeroterrestrial diatoms suggests four main periods when the wetland
was drier than today: at 200 cal. BP, 500 cal. BP, 700 cal. BP, and 900 cal. BP. These dates coincide
chronologically with the Dalton, Sporer, Wolf and Oort Minimums. On the contrary, prior to 4000 cal. BP.,
TC and TN ratios of depositional environment seem to have been extremely low, and at this time mixed
diatom assemblages formed. All of the above seem to suggest that this wetland region was an unstable
depositional environment during the middle Holocene.

Keywords: Hiroppara Wetland; Diatom analysis; TC/TN analysis; Paleo-environmental changes; Holocene

(Received 5 November 2012 / Accepted 23 January 2013)

* A~ W N

Faculty of Life and Environmental Sciences, University of Tsukuba
Faculty of Science, Shinshu University

National Museum of Japanese History

Center for Obsidian and Lithic Studies, Meiji University
Corresponding author: T. Chiba (oolitelimestone@gmail.com)






TRBEEE NFH 3% 31-45H 201343 H
Natural Resource Environment and Humans
No. 3. March 2013. pp. 31-45.

PeFe o it a e X o 2 lviz
B A v o BB e R O BTk O

=

I <

=
=]

Bla R IREAITZE L > & — B W B3R O WIR 5 N HO6 XM 8 2 w7z, BRI S Th o B 250K 0 58 o #r
HEOME 2R AT HAIE, AHE2000 & AHE 5000 DA T 2 € — V&, BREHOMER L SIEOEIIE,
ITFUVTAVINING A—=5— (SFP) i, 77y ¥ AL INNT A—5— (FP) iz Hwviz. #ik, SFPkL FPEIC
I DEONBGHEDIEFERE L AT, 1FIZFR U CTH B, HRAI200004 7 A — F XD HAHRTL50000D47 7 AL —F
ERCND, BFRGHEIHRONDL 2 EBHLNE R oz HRFE2000 DA T A — FE w786, R, st
HoREARCHEREREHIB VT, ARE5000 2 WG IR, SiO DHHED 1~ 2wtl% FEE V. 77 AE— %
TERT BEIC, RO PELTL I o/d, B0, WP EETH o 7o, HRIFHOBESMEC, M5 5

FORFIZOWT, TR 245D 5.

F—T— K EmoN, HOUXMOATRE, AT T A Y — NIk SFPIE, FP-i:, EERRMEE, WA

1. FU&IC

W REBEATE Y v & — (REFEERMN) 123, #
oo L ERELAC X B BRI oA B & L 724
#8072 (Instrumental Analysis Laboratory) 25, 2011
AERECRE S 7o, ROSTEICIE, RS HIR L XM
M (WDXRF: Rigaku ZSX PrimusIII+), T4V
F— AL X BT E  (EDXRF: JEOL JSX-3100
ID), RO XMHr#E (PXRF: Element Tester
DELTA Premium) A% S TWb. & 51T, 20134F
SHICIREARE F MM (SEM-EDS: JEOL JSM-
6610LA) ASHi7zICikiE SN b, AROMETHAEL TV D
Wrgeix, 1) af - o EsESIEOM., 2) BREA
BB OIWEEIATEDORSE, 3) B A REEAESUR Off
3, 4) REPREG 2 - Nr SRR L & L7 RIE A R
HEHERE DL AR D 77— 5 R= 2L TH L. Thb
il % OO R B, IHAZRRR2SHAEICES,
NEOIALLE - FIRRE - B 2 ] 5 2§ B &L 3

Z, RN, BREA RO RO OREIEE 2@ U
BT Eilhs.

EWNIZBWTid, BEZ, #BLaimic ks < Ra i
e itk OMERHEE DEEB L, % OB AFEK
ENTw2 (420092 ). 7z, BUE $F12, F—
Ty R 7 X)) A = ds, EWREE (Archeological
Science), HA#E % (Petroarcheology) &\ )3 Lw»
WE B At S, F SIC—D2 D% & L Char
ENTW5S (Malainey 20117 &). Zhbid, wihd,
PR, ALEAEFE TR D CE R TH Y,
Z I TR, HONTRRD, BEFHICXYBGETRRTS
BT EDLEL L. ZORITIE, ERI G & TE
WZHD W, EREN RN L, RREA AR A
DEMIEEICBWTIE, 72z, REMZENDS [
g ] OAICH-TH, HFHAFIC LD [HTHRR
DORGEEE, ATiEZ -7z TRATRER ] OBGED, £h
Zh, My Lbob LT, WCEBTE 2TE%
572e\w,

KR, PAKFBRATIE L > & —REoHreEIc

1 WA RFEEANIZEL Y ¥ —
*  HEEE IS (geosuda@gmail.com)



[ S R E

BIF %, BEART T A — FEIC X 2 HEESBEEOEX
MR %2 IV 72 T BETCRAL I O 5 BT DA #
K XLT BONLHOWMEOREZIT- 72 LT, F#E
2 FREH B B BRI O E BT RIT DOV THE§
5.

2. BEXRDE

BATA F A ¥ — FIEIC X 5806 X Mo 58 2 v
TR TR, R EHloRER/ HEORER) 20
~100D#F A= FZHVLFEI—RHTHL (K
T FA 1995; AR 12 1996; it - R 1997, figi3 A
1997; IHHIEA> 1994, 1998; HEAIE 2> 1999; £k (24> 2002;
WEEPIZ A 2002 HEPIE A 2009; JITEP 2010; BEHT - AT
2011; FBHIIZ 2 2010, 2011 %2 &). A5 AY— Fi, 44T
BEZMENL, VF ARy FEELE LR (B
A, AR Fo L) LRA - BRILERS NS,
ARFHTIE, AP 2.000 & A= 5.000 O 2 FEH O A
BT A — FERWE ikl owTma L.

FCX M BT 2 RSO T, iRk
B T VTAYINING A—=5— (FP) #:d v HR
%, BMOEME L, B O MR LA R (B
B OFEHEAE & E O BYEEHRE 2 5 KO 6B M
BUIHEDO W TR0 L THEH. —J7, FPEELIE, #iE
DIEFERRB L BHERR O S A7 380 B3I S N 2 Bl EE
&, FEBEOWEREE D BYREHE D 5K 51 2 R
WZHEDOWTHEOZ L TH D, AETIE, FPE, B
FPE L MR A MAE DY, I 77 0¥ AVF L
85 A =% — (SFP) oW THE L7z

HOU X MU 2 VW72 ' T iV Tid, 47
TR X ZH0UX M (WE) ORI LD, <
L CHIERANOEL ) oK EL LTERL 2%
57w, WL E B ORI, AR 10 DAY 5
A= FEHWLFE WUDE (b)) 7 Z) ik
RHOSFIC X 2HIE, BELSIC X 2 NEEEESH VS
B (BPE 1993; AT 134> 1996; HEFIZ2 2002; Suda
20127 &), = MY v 7 ARIERRUE, FPEo MG
D&, bHMREMD L OWAETEOEHEOMNERIZ
P9 BERREOZL A ST 2L b WRETH Y, =

D3 MY v 7 ARIERBO S I L Bk 2 s b
BERSNEOZ L%, SFPEEL S () 72 fi 1982
p87). F7:, SFPIEICBIT A< MY v 7 AMIERBOR
Wiz, EREEO%A, —#MIZik, de Jongh (79
av) EFN, AL, Lachance-Trail (FF v~ A
- MLAW) EFADHVSND (FIFR 2005: pp.84-86).
de Jongh E7VMFHETLEOHCHINE EE L72ET
Vo (WETEAEZMIETHEICMALET V) Thb.
COETVIE, BRELIETE (R=ZA57) &R
SRR, FRNERS ONF ¥ A5 &R
Fogm o iETH 5. —7, Lachance-Traill
EFVIWEILHOHCEINAZER L 2 WET IV (HE
THEAZZMIETLRKIIMR BVET V) THDH. TOE
FTMAE, WEICRKRUSN O THIE AT ) %, I
B ONT Y ARG) & EE e ikkEo g s I #E
THEETH S () A 7w 2011: p53). RFPHETIE, Ig (HiE
K — Fe 0igighdigit) % IEMERSF ONF ¥ AW5r) &L
TWhbe, Igh¥HE (N—2AH4%) & L7zde JonghE
FhERCS M) v 7 2AfIERBE RIS L L L
WERANOELR ) BOKEL, BBROEERIZL 2
g IREE & B (S E) 2V BUREEIC X DK
D LN AR (V) 72 i 1982: p58), dLLIE, &
IR 2 H W 72 FERE OWE IR EE A 53K ©H 1 2 W IEAREL
(RFEFIFH 1996) ZHNHIETHI LN TES. AFk
2B 5 FELROWEMIIE, 2 TKeMiz VS, &
OH4y, TiTBaLa#ths, Fe TMn-KB1##A%, Mn TCr-
KBL #75, NaTZn- La#i& Zn LBl #insE 7 % &, Plan
fERSPHING., 727210, FEBEOWMERD AT L
oIk, BHELEL)BIMHRTE RV, 72, —KW
GEERRME S OW G, WEILHKTH S FEITHITH L, Ba
Cr, ZnlIEmKADTHY, FellHTH2MnOEAFDL
100D 1RETH L. Dk, KFHETIE, £TOWE
FICBWTER ) BOBBIZE L 2w e L L.

3. HAHRE

RHERRL L LT, SRR AWIZERT (AIST) %470

AAERESE (GS] 1 JR-1, JR-2, JR-3, JA-1, JA-2, JA-3, IB-
1, JB-2, IB-3, JG-1a, JG-2, JG-3, JGb-1, JGb-2, JP-1, JH-1,



HOE X MR X B EETTHE O E I EO M.

JE-1, JF-2, JH-1, JCh-1) %7z HE3%fE (Imai et al
1995) (%, BEHIZA> (2010) (2fEvy, 4T, Wb KZ bR
W7 RIS U7z, 15 O 72T IE o Bl BURL &
LT, US. Geological Survey (USGS) F&47D A FEiHE
Wk (AGV-2, GSP-2) L7, 5612, FY 7 Ml
IE (BEiEAL) HEELE LT, RGb (AEEmILBE ), RGr
(ZHBIEAERIPIRES), RGbr (RGb & RGr O A#HK) %
7z,

LA E TR (A&D GH-202) = Hv, HRER
ARI54g127% 5 &9, BHl (Merck Spectromelt Al12: di-
lithium tetraborate 66% + lithium metaborate 34%) &
AEHE, 2000 (+0.0002), Z 5 IZAE 5000
(+00001) T#A L7 BRALH & LT, RN 0.065
(0217 X BALF D FE i / HF O HE) 12745 &9 ISR
)77 & (LINOs: Wakof##h) &z, @l L <,
4LV F 7 & (L Wako5##%) @ 5% D% 3~4 i
(03~04cc) Mz 7z RAFENZ450°C TARERLLE, fi§ERY
F 7 5 LREHZTI0C TORFF LA I L, WK (H.0)
Zhpk S WA LR, RBR, BRI, RN,
H&521F (Aub%z&t) I[CAN, B EREREEE -
B> 77 —% v, BERERH AT 1000°C T 100 ¥, &R
A312000CT450 % (9 BIEE232008) L&EL, #7
AE—FMEL7 &d, A&213055I1C, LIFLIE
WA T AR, 72 YEBREHE T Bz, HES D
B OWESE, I L) T AEROVER, AT
OVEI, 1 A+ oMK (Millipore Direct-Q
uv) ZfEM L7,

4. BEFRMOHE

W R B X8 & 72 e T & S 5
IZiE, D) XSO ERME L BIEMORRE, 2) —KkX
W7 ANE—DFER, 3) AV T TLEY—=F—AY v
FOFEIR, 4) R ORI, 5) MILEOER, 6) W
EIHTRR DSV ANA R T F T A4 ¥ — (PHA) EA
ECThb, IO, INLRERMBICHST, 7) HIER
DNy 27Ty ReE¥—rDEO#RE L, WEnHk
2RO B RGN IO Wz, R OB ENLETH 5.
B, THENOEZEEIL <60Pa, HIEILIZ365C (£

05C) ThaHZ Lzl LIMERMFEZRELT.
-1 BEREEEE

WK B IE € v & — 3%l O 8O XA 26 18
(Rigaku ZSX PrimusIII+) 12i, 3.0kW @ Rh%& kA
HboTnb., BEIERPOREL—RXMEFESEDLE
I, IR E BEER L 728, B g w
Wb, Tz, EROFEZRRKBIHENTL L1,
BEROI 2O A Z LITHEMT 5. TNHDHHA,S,
ETOWEMRT, FERANOHINER L BEX, Zhzh
50mA & 50kV (0.05A x 50,000V=2500W) 23 L7=.

4-2 —RT4IVE—

—IKT ANF—=I2iE, Al NizHEhe Lz, FHEEOR
7 % Al25, Al125, Nid0, Nid00 b ->Twb. Alk
NiTid, FUBETHIE, Ni-KOWUE (14884) X
D HHVIEE, 2L TALKIIGHE (7949A) v b Ew
WRHEIRO XHUIF L, ALL D D NioF WIS »
(h3F#R 2005: p.23-41). F 72, BEZSEMTIUET %12
&, XIS T 2WIRIZZ R b, Thbb, MUM
HTHoTHARS LD D AN DI, HDIFED X
T BRINEIE S V. — R T 4 vy —id, HBHER
T B2WINEDS L NSO EMFHTIUTT 5138, BER
HR DR XMROWIUZ XY, WERDNY 7 755~
FEETFTSE2ZEMNTE, HEL LT, SN E
T5. 72720, TNEGIEHATHEBREIMKT T 5.
Thbh, MHAICKT ANV —%2fHTLI L30T
LR, T/, EEREROMG XM OEEO/NS WiE
THFEOKM, L#TIE, HIEVIRIELS, L LAHET
FOKH, LMTHRVHEFEEI NS, AFETIET Fe,
MnDOWEMRT, 74 V5 =277 b LLIZANBDOLE
H 6 & EIRNT 20 M L7z,

4-3 GANYTILEV—F—RU Y b

FAX 77413, ZTOWERIZB W TRKED35mm
WCEEL, v—9—AY v M&, Ti&)bETHFTD
EWILEOWER (Ti, Fe, Mn) T, ¥ vFlL—v 3
Yh vy —(SC) L DOMALET, f&dDEVIIHRIES
BoNDER) Y FOWEDRBIRNY [ 7 (S2) ZEIRL



[ S R E

7z. =7, Cak ) bETFHFZOMENILE (S AL Mg,
Ca, Na, K, P) OWIEMRT, FuX—vaFnihor
5 — (F-PC) LOMAGET, THEDHRAY v MED
RRIENT AT (S4) ZEIRL 7.

4-4 HRAESR

GOtk b, TR RS o IR W I 2 RX25, PET, Ge,
LiF(200), LiF(220) it > T 5. RX25(3Na & Mg®
WEMIZHE, PETIESi & AlOHERICHT, GeldP
OPEMUAE L7z LiFQ200) O I F#1 4.0273A T, —
75, LiF(220) O i fFE X 2.848A TH B (1) 4 7 #ii 1982:
p25). Thbb, Kafize Mz ETHORME O,
LIF00)1ZK X ) bR FHZOEmNTTE THATETD
D, —J, LIF@20)1ZTi & »  HFFHF5 OB ILE Tl
MW RETH 5. 72721, LiIFQ20) ZfHT5Z&I12LD,
IFREDENANRY PR ONLDS, T Eb| &z
(2, WERREEIMR T 5. AFEETIE, Fe, MnoillsE
HECLIF(200) 22 LiF(220) O &5 & % #0352t L7z,

4-5 1Rt

Mg e LC, Yy FL—varavrs—(SC) &,
TuR—vatrvhy sy — (F-PC) 2MiiboTn5b.
WY, A XA BRSOV AICERL, K
\EAT B HZHS TWa, RO T RV F —45ff
fElx, SCX 0 b, F-PCOHDE (hI#E 2005: pp.47-
50). ¥ ¥ FL—2ar (SC) #v ¥ —ig, #OLAkNal
WCXMRASAS 5 2 L2 X ) BAT 250 EZ B OV
AL LCHESHE (PHA) CH§5. 20y 470
Hitgi, 30A X0 b EEOH XM (EITKOMWER)
THMTETH Y, KRETIETI, Fe, MnOHlEmtCcfl
HL7z g7, BRBELLVHEAELZVE) IWHEH-
D OFHEE#E (keps: kilo count per second) 751,000 LLF
2% % 89, WEStEEREL:.

TaR—=vaFuhy vy — (FPC) ¥, #A7u—
B O CHYE T 2. ZoBRBEE, ASXHIC
IODAr TABAF MET B EICE WA LLET %,
RO bE S Z LT, BHEETE SIS, Ar
ERAEAFAMLL, EFRENERESE, ThEE
XV A L LT, WEaHid: (PHA) ICH$%. 2o

y 4 7oK, 30A XD bWEOE VXM (BcHE
ORER) THHATHRETH Y, AETIES Al Mg, Ca,
Na, K, POWEMRCTHERA L7z, 72, BAEL LA
Lk, 1BHH720 Ot (keps) 452,000 LU T
bk, WMEkFeE Lz &b, iHEEF A
(PRAA: Ar 90%+CHs 10%) O¥siL, 455 5~7mlic
TEEL 7.

4-6 PHARE

Wrn W asix, Mgy (SCEF-PC) »olihEhs
B OV A DI ZEAT ) H55Th %, Milideh oM
NIRRT AT S NDEM OV T, Kb Dhb
BV O F TR ZREE (BE - A VF—) 2Hfo
TWb. TOWSHI LB/ SV ADRE ST~ b (G
¥eE) Ly, ZOBESHIL HH—DDE—r (F
W) ¥ ooy A5 GEESA R TR E
N5b. O A5 TREINDHHOK A~ M (i
) 25, HIOWEROBEIHY TS, 72720, W
SR AT SN BBV ZOH2IE, KT pVF—
OB A AR, BIANF—MOEKRBRICHET S
bOLEEND. Tz, GRS D OHOEX AT HIK
TH5LDOLEINDL. 2T, HLHFREMU EOT AL
F—RFOBM NV AL, HDLHEMBUTOI AN F—
BFEOBM SNV AZRANL, B ¥ MIINZ 5 BAG SOV
A%, HHHMADOTANF—EFFO L DDRIIK D LE
Bhsb. ZofifAo LR (UL) & FR (LL) fEoiE
BISWVANA M TFI4 %= (PHA) OfkEL TS
H# 2005: pp.47-50).

ARPETIE, FHERICOWTORESMN % EER
KLFEORFE AR E RIREHROERERE 2 W2 L,
oAl e i Lz, 2L C, WMERIT L ICPHAD
HEELTo7z. F72, BHBOEMORIESL, PRAA
WEOZALIZ LY, Ml S 2 W EE 2 Lk s A6 i
PUIZALS 5. 202, FEREOZNZ, PHA #HR
B QA7) 2EHLE, SholgiE (PHARE)
ZERBL, SRRIEEIE (SC: <65%; F-PC: <45%) M
ThbILEERTHI L E LT
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4-7 BIELLE & BIEREE

—IRXHT 4Ny — Lok oEFIL, WERD Y
— 2Ny I 7Ty Y FEOREE, T OHER
MokEsL &b, LFOFMTITo72. 1) FILHDOEK
EEAR (W) EREEAFR (W) OFEHERE 2 ®#
ET 5. 2) —RXMT 4 v — (Filter) & 50 J6H5 5
(Crystal) OBEFEMNEEZ, HILE, FEMHIOVT
DMWEMRD AR PVF ¥ — bl 5. 3) Bkl
W, v7I4 NE—7 2WHR%, Rl 7T
FeV—ZDOMEEZEETS. 4) E—=2ENv 775y
Y ROWPERED S, WEMDOS/NIL (¥ —27 OiE%
Ny 7Ty FOWMETE - 74l) 2FH5ET 5. 5) B
B O T (Lower) & LEBR (Upper) O pih o
SER B (W =a X T+b) 21T 5. 6) B
DFPAD TR 5 7T Z5% B TOEAH (Woos = Winin
+ {(Wamax — Wain) X 0.05}) OZEHRE (C.V) 5520%
(Mn &P), 1.0% (ZoMDicHE) & LBl 8E s
— 7 OWERHEZFEA VA SRNT 5. ZoFtEAIC
HoE, GAREEGRENF LG, ¥—27 oz
WL, S/NIAEWITE, F, WEEEIEVwIZE
Wb, Fi, Ny 7779y FORMERRMIZ, ¥—
7 OWPERF N RARE A=A B T 5 S/N Loz
P TE 26N,

A 2000 £ FHRE5000DH F A= FIZk b, %
WERMoMEHmE, SN, 60N, €= Ny
7779y FOWERMOREMEE1I—ET 5. &
B, KUIBT D4y FEE e (&, 70 ZE (Lgross)
MOy 27Ty R (Ise) ZZELEIVZH 0N
T 5., XML, BpdhzhoFas s v b (keps)
TIRY.

FRAS000 £ 2000 D45 A= F, wihd, Tio
WEMTIE, A2 AT 52 E12X ) S/NILAT
T 505 WEREMA10WEZBZ 54, —KRXH7 1V
3R LI & & Lz [k FedlllE#H T,
Al125 & LiF(220) DA GEIZ L ViR H S/N AT L %4
D, WERKLBHTHD. /2, TORET, Ny
77 Y FEEZEDITHAANDL 2 EOTE 2N % A
X7 MVF v — NS, TD720, FeDPEMT

(X AlL25 & LIF(220) DM AGEEZHRHT LI & & L7
Mn OHEMR T, WTFhOF I ALY = KW HE
b, All25 & LiF(220) DMIAGEIC L ) S/N IS &
KB5H, =27 OERM2 100822 5. All25 &
LiF(200) DA EE T, TOXKICS/NIEAEL, ¥—
7 OWEREHIZE T THL. 207D, MnOHIER
Tt Al125 & LiF200) DHAGEERMT 22 L & L7z

CNERLFETHOND, MOILEOWEROWE
R 2R LICRT. S5, &ML SNERO#E
G, MR, MOHBRR (Lld) %#%212—-ET 2.
B, RHERRL A F2000%KBL, LKA
v NIREE & R OBEGUR O BLEM, A v MEEE, Ny 2
7oy FENS, B (V47 1982: p.68) %
MWTHEM L7z, B2 cROMERHIZ, AHE2.000 D
A5 A= FEHOEERR IS, HRE00007 5
A¥ = FEHWEREIM 125 THS

5. IEFERE OFF

SFPiEE FP#IC X 5, AMA2000 (10 2 bead) &,
FRF5000 (1: 5 bead) DHT A — K& w7z, 547
EDIEMERE (Accuracy) IZOWTEHMEL 7. 7B, 22
TOIEFERE &1, AT RO AL AR O EOfED 5
O [Fh] 2E®RT 5. FHililE, BEHREOERIZH W
GSJ FREERREL D 3T il & FEHEME D MBI %L (R), USGS
RHEEEE (AGV-2, GSP-2) D7p#rfE & HEAEME (Wilson
1998a, b) DEDHERME (Diff.) TiTo7z (%3). &b,
i U 72 USGS BEH#ESR O HESEAE L, GSTERHE R D FE
HHOHPANIZH 5. AGV-2 & GSP-2 D4 il & 4 224H
AR 21TRT.

USGSEE#eZR BTN Z, GRb (AEBwILFER V), RGr
(ZH#BAGAERT ), RGbr (RGb & RGrORRARE) %M
W, RGbr = a X RGb + b X RGriZoWTO /M3
BPUEICHED R ANT Y AR 2TV, 135N 7201l
D4 % RMSR (root mean squares of the residuals)
HCRHMliL7z. &8, YANT Y A L RMSRIEOH
HiZ, d@R (2005) IC& % Java7 a7 9 A TIio7z %
B, INOHEFHE, HWNZEROI YT v a v 0%
BemiEd 80 8 7 MIERE & LTHERA L.
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1:2 bead * * *
TiO, T-Fe, 04 MnO TiO, T-Fe, O, MnO T-Fe,0,4 MnO T-Fe, 04 MnO
Filter out out out All125 All125 All25 out out All25 All25
Crystal LiF1 LiF1 LiF1 LiF1 LiF1 LiF1 LiF2 LiF2 LiF2 LiF2
Lower
W i (Wt.%) 0.002 0.060 0.001 0.002 0.060 0.001 0.060 0.001 0.060 0.001
T ross (CDS) 0.170 3.500 0.600 0.025 1.200 0.050 1.000 0.192 0.376 0.020
I (keps) 0.170 1.000 0.500 0.025 0.120 0.035 0.300 0.175 0.028 0.015
1o (keps) 0.000 2.500 0.100 0.000 1.080 0.015 0.700 0.017 0.348 0.005
S/N ratio 1.000 3.500 1.200 1.000 10.000 1.429 3.333 1.097 13429 1.333
Upper
W o (Wt.%) 1.602 15.079 0.218 1.602 15.079 0.218 15.079 0.218 15.079 0.218
T yross (KCDS) 11.300 667.871 8.300 2400 295.700 2.300 196.300 2.564 86.087 0.878
T (keps) 0.170 1.268 0.600 0.025 0.240 0.060 0.400 0.210 0.089 0.020
1, (keps) 11.130 666.603 7.700 2.375 295.460 2.740 195.900 2.354 85.998 0.858
S/N ratio 66.471 526.712 13.833 96.000  1232.083 46.667 490.750 12210  1077.300 24.846
W=aXI+b
a= 0.144 0.023 0.029 0.674 0.051 0.080 0.077 0.093 0.175 0.255
b= 0.002 0.004 -0.002 0.002 0.005 0.000 0.006 0.001 -0.001 0.000
W oo 0.082 0.811 0.012 0.082 0.811 0.012 0.811 0.012 0.811 0.012
C. V. (%) 1.000 1.000 2.000 1.000 1.0 2.0 1.0 2.0 1.0 2.0
=W 05 0.001 0.008 0.000 0.001 0.008 0.000 0.008 0.000 0.008 0.000
Peak time (s) 34.63 0.56 13.93 162.27 1.25 34.15 1.88 41.09 4.33 109.80
BG time (s) 34.63 0.16 11.61 162.27 0.13 2391 0.56 3745 0.32 82.35
1:5 bead * * *
TiO, T-Fe, 04 MnO TiO, T-Fe, 04 MnO T-Fe,04 MnO T-Fe, 04 MnO
Filter out out out All125 All125 All125 out out All125 All125
Crystal LiF1 LiF1 LiF1 LiF1 LiF1 LiF1 LiF2 LiF2 LiF2 LiF2
Lower
W i (Wt.%) 0.002 0.060 0.001 0.002 0.060 0.001 0.060 0.001 0.060 0.001
I 4ross (kCDS) 0.200 3172 0.700 0.030 0.940 0.050 1.000 0.230 0.300 0.021
I (keps) 0.200 1.200 0.620 0.030 0.170 0.040 0.400 0.200 0.050 0.017
T, (keps) 0.000 1972 0.080 0.000 0.770 0.010 0.600 0.030 0.250 0.004
S/N ratio 1.000 2643 1.129 1.000 5.529 1.250 2.500 1.150 6.000 1.235
Upper
W o (Wt.%) 1.602 15.079 0218 1.602 15.079 0218 15.079 0.218 15.079 0218
T s (kCDS) 8.063 498488 6.354 1.693 218.128 2.120 147.030 1.924 64.638 0.646
1 5 (keps) 0.200 1.500 0.750 0.030 0.240 0.060 0.450 0.230 0.060 0.026
1 net (kcps) 7.863 496.988 5.604 1.663 217.888 2.060 146.580 1.694 64.578 0.620
S/N ratio 40.315 332.325 8472 56.433 908.867 35.333 326.733 8365  1077.300 24.846
W=aXxI+b
a= 0.204 0.030 0.039 0.962 0.069 0.106 0.103 0.131 0.233 0.353
b= 0.002 0.000 -0.002 0.002 0.007 0.000 -0.002 -0.003 0.002 0.000
W oo 0.082 0811 0.012 0.082 0811 0.012 0.811 0.012 0.811 0.012
C.V. (%) 1.0 10 2.0 1.000 1.0 20 1.0 20 1.0 20
=W s 0.001 0.008 0.000 0.001 0.008 0.000 0.008 0.000 0.008 0.000
Peak time (s) 49.01 0.75 19.57 231.75 1.69 4488 2.54 68.55 5.74 153.77
BG time (s) 49.01 0.28 17.34 231.75 0.31 3591 1.02 59.61 0.96 124.48

*IART-HE TR L7 ESM 2R
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1:2 bead
Count time (sec) Angle (deg) PHA Lld.
Line Filter Slit Crystal Detector Peak BGl BG2 Peak BG1 BG2 LL. U.L. (wt.%)
14 Si  Ka out S4 PET PC 8 2 2 109.070  106.080  111.900 100 490 0.008
22 Ti Ka out S2 LiF1 SC 40 20 20 86.136 87978  84.904 90 385 0.001
13 Al Ka out S4 PET PC 8 2 2 144806 147960  139.140 100 450 0.005
26 Fe Ka All25 S2 LiF2 SC 10 - 85.714  83.144 - 90 400 0.002
25 Mn Ka All25 S2 LiF1 SC 40 40 - 62.960 63.662 - 105 310 0.000
12 Mg Ka out $4 RX25 PC 40 20 20 37.956 39.696  40.982 110 400 0.001
20 Ca Ka out 4 LiF1 PC 10 4 - 113102 109.760 - 110 490 0.001
11 Na Ka out S4 RX25 PC 30 10 10 46.130 43130 48420 100 400 0.013
19 K Ka out S4 LiF1 PC 10 8 - 136.664  129.220 - 105 490 0.001
15 P Ka out S4 Ge PC 60 30 30 141.106 137932 143238 155 440 0.000
1:5 bead
Count time (sec) Angle (deg) PHA l.1d.
Line Filter Slit Crystal Detector Peak BGl BG2 Peak BG1 BG2 LL. UL (wt.%)
14 Si Ka out 4 PET PC 8 2 2 109.070  106.080  111.900 100 450 0.011
22 Ti Ka out S2 LiF1 SC 60 30 30 86.134 87978 84.904 90 385 0.001
13 Al Ka out 4 PET PC 8 2 2 144800 147960  139.140 100 450 0.008
26 Fe Ka All25 S2 LiF2 SC 10 4 - 85.744  83.080 - 100 345 0.002
25 Mn Ka All25 S2 LiF1 SC 60 30 30 62960  62.182 63.664 105 310 0.000
12 Mg Ka out S4 RX25 PC 80 40 40 37.956 39.696 40.982 115 410 0.002
20 Ca Ka out S4 LiF1 PC 10 4 - 113102 109.760 - 110 490 0.002
11 Na Ka out S4 RX25 PC 60 10 10 46.128 43990 48.230 100 400 0.020
19 K Ka out S4 LiF1 PC 10 4 4 136.666  129.240  144.590 100 445 0.001
15 P Ka out S4 Ge PC 80 40 40 141.104 137932  143.238 155 440 0.001
LiF1 X LiF (200), LiF2 i Lif (220) # 7R3
£3 GSJ, USGSBERHO BN ER-RE DT
1:2 bead 1:5 bead
S-FP: de Jongh model FP method S-FP: de Jongh model FP method
R Diff. R Diff. R Diff. R Diff.
GSJ AGV-2 GSP-2 GSJ AGV-2 GSP-2 GS] AGV-2 GSP-2 GSJ AGV-2 GSP-2
SiO, 0.99832 0.87 0.33 0.99832 0.33 0.29 0.99982 0.05 0.02 0.99982 0.04 0.01
TiO, 0.99982 0012 0012 0.99982 0010 0011 0.99991 0.005  0.016 0.99991 0.005 0016
Al,O,4 0.99945 0.17 0.04 0.99945 0.16 0.03 0.99984 0.07 0.07 0.99983 0.07 0.07
T-Fe, 04 0.99980 0.13 0.03 0.99978 0.09 0.01 0.99996 0.05 0.04 0.99994 0.02 0.01
MnO 0.99944 0.002  0.001 0.99942 0.001 0.001 0.99916 0.001 0.001 0.99915 0.001 0.001
MgO 0.99998 0.03 0.02 0.99999 0.03 0.03 0.99999 0.01 0.01 0.99999 0.01 0.01
Ca0 0.99991 0.01 0.03 0.99992 0.00 0.04 0.99998 0.01 0.01 0.99999 0.01 0.01
Na,O 0.99971 0.02 0.01 0.99971 0.02 0.00 0.99985 0.10 0.06 0.99985 0.10 0.06
K,0 0.99996 0.06 0.08 0.99996 0.05 0.08 0.99981 0.05 0.08 0.99981 0.05 0.08
P,05 0.99900 0.005  0.002 0.99900 0.004  0.002 0.99900 0.000  0.002 0.99900 0.000  0.002
Mass balance: RGbr=a X RGr+b X RGb
a= 047 0.46 0.46 0.46
b= 053 0.54 0.54 0.54
RMSR 0.165 0.150 0.106 0.102
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1:2 bead
S-FP method (n=5) FP method (n=5)
JB-3 JA-3 JR-1 JB-3 JA-3 JR-1
+ (200 C.V.% +* 200 CV.% + (200 C.V.% + (200 CV.% = (200 CV.% + (20) C.V.%
Sio, 0.21 041 0.10 0.17 0.27 0.36 0.21 041 0.10 0.17 0.27 0.36
TiO, 0.01 0.62 0.00 0.00 0.00 0.00 0.01 0.62 0.00 0.00 0.00 0.00
ALO, 0.04 0.25 0.08 0.55 0.08 0.64 0.04 021 0.08 0.55 0.08 0.64
T-Fe,0, 0.03 022 0.02 0.30 0.01 1.00 0.03 0.25 0.03 0.39 0.01 0.99
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 0.02 0.44 0.00 0.00 0.01 10.33 0.02 0.44 0.00 0.00 0.02 17.20
Ca0 0.02 0.20 0.01 0.22 0.00 0.00 0.02 0.20 0.01 0.22 0.01 1.32
Na,O 0.04 1.28 0.05 1.72 0.05 1.21 0.04 1.28 0.06 1.84 0.05 1.21
K,O 0.01 1.15 0.01 0.64 0.01 0.25 0.01 142 0.01 0.64 0.01 0.25
P,0; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1:5 bead
S-FP method (n=5) FP method (n=5)
JB-3 JA-3 JR-1 JB-3 JA-3 JR-1
+ (20) C.V.% +* 200 CV. % + (200 C.V.% + (200 CV.% = (200 CV.% + (20) C.V.%

Sio, 0.15 0.30 0.17 0.27 0.15 0.20 0.16 0.31 0.16 0.26 0.15 0.20
TiO, 0.00 0.00 0.01 1.30 0.00 0.00 0.01 0.62 0.01 1.30 0.00 0.00
AlO, 0.06 0.35 0.06 0.35 0.03 0.23 0.07 0.39 0.06 0.39 0.03 0.22
T-Fe,0,4 0.04 0.33 0.04 0.55 0.01 1.00 0.04 0.32 0.04 0.55 0.01 0.99
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 0.02 044 0.01 0.30 0.01 7.50 0.02 044 0.01 0.30 0.01 6.30
CaO 0.02 0.23 0.02 0.35 0.00 0.00 0.02 0.17 0.02 0.28 0.00 0.00
Na,O 0.02 0.73 0.04 1.35 0.02 057 0.02 0.73 0.04 1.35 0.02 045
K,0 0.00 0.00 0.01 0.77 0.01 0.24 0.00 0.00 0.01 0.77 0.02 0.37
P,0; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BIFEICBT BMWERD K1) 7 MlER & e 2 V. RANT Y ZAORHERIRIE, SFPEEL Y b FPEEO
fFFR3ITRT. 72, IhoRB @RS E R4 J7 %3 RMSR OAEAH0.004 1% < 7 % 75, B 2.000 D 77
R A= FZ M0 (0015) 1TH~2 L, TOEHE

9, BieoT o0k (SFPiEFP#) 12X
% oAt % S 2. AREE20000 7 5 A ¥ — K& v
7e¥itr, GSIELMEREL O AT HOMBIFRE (R) 1%, SFP
P T2 099832 (Si) ~099996 (K), FP ik Tid 099832
(Si) ~099999 (Mg) T, FP#:D)As, & THEMEA
USGS AR D 53 HH 0% (Diff) 1%, SFPik
L0 B FPEOHBERIZR /NS VEHAIIH S, <
AR, SFPEL D b FPEDTA,
RMSR DAL < HHBAPEAS R V. — T, AR 5.000 ©
T A= REHWizgt, GSIEESE O
A% (R) 1, S-FP#:TI20.99982 (Si) ~0.99999 (Mg),
FPi:Ti2 099982 (Si) ~099999 (Mg, Ca) T, WiFik
FOBEHIERD LN, USGSEEHERE O - Dk
= (Diff) o HEEL, WFEMOBESIERD Sk

AN

AINTG VAD

WIS W,

Wi, FMEORL 5722 DODH T A —F (FHRE
2.000 & FMFE5000) 12X 25H % KT 5. SFPik
EHW7BA, FPEEE WAL 010, GS] R
OO (R), USGSEHEZE D 5 HTHiE &
P (Diff.), Y ANT Y AOFERKE (RMSR) 205
&, ABEE2.000 & D B AFES.000 D4 T A Y — FEH
WIS, BB AT R R IHTRERAE S D Z L AUR
END. oD EHD, FPEEL SFPEIL X 544
fEMICIE, SR EHEOESITED LN LZNL DD,
FRRORI 57255 A E— FE O LSE0O5H i,
FRE2.000 & 0 b AFES000 2 V728525, X D IERE
EOEWGHEI R ONTWE EF R 5.
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6. MEDFHIE

SFPHEEFPEICL %, MME2000 (12 bead) &,
T B5000 (15 bead) DH T AE — FZEH 12, 5547
fEDOKEEE (Precision) Z&FHMi L7z, %8B, I TORE
Lid, HLFFEDHBOMY ELIWEICL VGOSN L5
Wi NES->& ] 2 BT 5. KEEEE, #DEL 5
OWED» S SNz, GSJEEHERE (JB-3, JA-3, JR-D
DHNEOE AR (20) L ZEBEREL (C.V.:100 X 20/
FIE) TEHMli L7z (4). ThS GSTEEHERE O
2K 2 1R,

9, Rao"o0HME (SFPHELFPHE) XX
LM E T 5 &, B L EBRE, S, |
O L B 0 WTEDAGE OB 2 EE IO b h
B RIS, FREORL SO0 FAE—F (i
M= 2000 & AHRES.000) X200 % KT 5 L,
IB-3& JA-3D 3 HTliA & IR B OB S LD b
Wb oo, JR1TIE, AHE2000 DFHHED A, i
MES000 D5 ML D SIS PIEHER AL, 28
BELFE. Thbb, JRI1IICBWTIAHZEL000 %
72753 & 2 ITHEBE D BN T EDM S H s 2 &8
IREND.

WEREOREIIBNTIE, 72 ZHRENRREL - T
W2 e LTh, BREFUMIHEIEONLE—7 &N
v 77Ty FORUERMZBE L, iz,
FES R 5T, 1ZEFE UHMEEFHRON LT
Thb. JB3LJAIORFHIELTIX, BBXZ, M
RUTHEDWZFHER R E I ERRIET B L TwE EE R
25, JRIDHFHIBH L TIE—B L T,

7. BREROEEDR

AHE2.000 (1: 2 bead) & ABEB5.000 (1: 5 bead) @
AIAE—=F&Mv, BEAOFEESCHERMBI 217 -
7o, GAHEOFMNCIE, S-FPE, FPEx AWz ik
(&, REFEAIEEE (WT-2), JdtiEEf#E#E (obstd-1),
NV—=TX 7 FakE (PAY-1) O3FEH Wz 5k
P2 FKS5IRT. SFPik, SPEIC X 2400, 2L C

TR 2000 & FBRHEKB5000 DA T A ¥ — FIZ X 550
MICBIT2EEOBERIRD LN, —T, TEITH
DOHHEDAFNE, AFEE 2,000 TIE 10044~103.61wt.%
T, MMHE5000 T 99.13~9991wt.% TH 5. & 512,
SiO: DA HTAEIE, ABEE 2000 Tl 76.77~79.79wt.% T,
A BUH 5000 T 13 7595~ 7656wt.% T & 4. Imai et
al. (1995) 12 & % JR-1 & JR2DAFHEAETIE, WergKk (H07)
25 Fenii#dii (0111 x FeO) %72 Lilw 72,
ZRZEN015wt% &L 017wt% TH Y, RFHEICL D, —
W) 7 BIEH O EEICE O S HHE O FEHE, 99.83~
9985wt FEEIC 2 B &M X B, F7z, MUK, SiO:D
GAHHFILT560~T586wt % HELHEZ L. Thbb,
BE5.000 DGHHE L, (ZIFTAEW 2 IEFEEAS ST
BEZABH, L2000 DHHEICIE, MEDH S L
HZD.

K1) 7 MRS 2 Z8 LS (RGr) D4 #THiE
b, FHE 2000 DED S35, FBE 5000 DAL A,
LOwt.% FEEE, SiO: DATEAE WV (F34). F72, &
HERDP5000 DH 5 A — FOgE, JR1IOHEIE (& v
M) OERE O ME (149996 keps) WXxF L, WT-L -
obstd-1 - PAY-1 @ il & 3 £ 1%, & @ 1.004~1.012 %
(150.644~151.87 keps) Thb. —F, MHEAT2.000 D
T A — FOWE, JR-1OWEREDTIMHE (273161
keps) 2% L, WT-1 - obstd-1 - PAY-1 OHlE 1L,
Z?1.006~1.0331 (274.928~282.306 keps) TH bV, 1%
LN D HEAMF I E . S 51T, SHTREE OGNS
FizBVTIE, HHR2S, 2L 2AHREIRL > T
7zE LT, (T UMD S N 5 W R % 3
EL7ZICH D ST, A 200012 & 2 JR-1 D5l
DR, AREFEL0001C X 25 HEORE LD SIS H
AR, BRI & RSB L T,

INHOFKIZIE, 1) < M) v 7 ZAHIERROHE L%
ORE, 2) FARHEDL (F9 AV — FofE#D) oiE
BEZONDL, <~ M) v 7 AREREIE, ArEEA R
O7ar T L (ZSX ver648) ICX W HIL, 72, MU
FH:C, AHES00012B VT, EY) 2 M EAR A
ENTWAE, 2072w, < M) v 7 ARIERROR L
DREE FF VI, —75, — R E ORI, SiO:
DERRERPHITUIE NI EE 25 L 315 (Gill 2010:
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1:2 bead
S-FP method (n=5) FP method (n=5)
WT-2 obstd-1 PAY-1 WT-2 obstd-1 PAY-1

in wt.% result =+ (20) result =+ (20) result  * (20) result  * (20) result =+ (20) result  * (20)
Sio, 7767 0.19 79.79 0.14 76.77 0.12 7767 0.19 79.79 0.14 76.77 0.12
TiO, 0.06 0.00 0.04 0.00 0.14 0.00 0.06 0.00 0.04 0.00 0.14 0.00
AlO, 12.89 0.02 13.38 0.07 13.27 0.06 12.89 0.02 13.38 0.07 13.27 0.06
T-Fe, 04 0.75 0.01 1.22 0.01 0.85 0.00 0.75 0.01 1.22 0.01 0.85 0.00
MnO 0.12 0.00 0.05 0.00 0.05 0.00 0.12 0.00 0.05 0.00 0.05 0.00
MgO 0.01 0.01 0.01 0.02 0.12 0.01 0.01 0.01 0.01 0.02 0.12 0.01
Ca0O 0.49 0.00 053 0.00 0.84 0.01 0.49 0.00 053 0.00 0.84 0.01
Na,O 408 0.02 3.90 0.03 393 0.02 408 0.02 3.90 0.03 393 0.02
K,0 457 0.01 466 0.01 446 0.01 457 0.01 4.66 0.01 446 0.01
P,0; 0.01 0.00 0.02 0.00 0.02 0.00 0.01 0.00 0.02 0.00 0.02 0.00
total 100.64 103.61 100.44 100.64 103.61 100.44

1:5 bead

S-FP method (n=5) FP method (n=5)
WT-2 obstd-1 PAY-1 WT-2 obstd-1 PAY-1

in wt.% result = (20) result = (20) result =+ (20) result = (20) result =+ (20) result = (20)
SiO, 76.25 0.29 76.56 0.05 75.95 0.12 76.25 0.29 76.56 0.05 75.95 0.12
TiO, 0.06 0.00 0.04 0.00 0.14 0.00 0.06 0.00 0.04 0.00 0.14 0.00
AlLO, 12.69 0.04 12.86 0.06 13.17 0.04 12.69 0.04 12.86 0.06 13.17 0.04
T-Fe,04 0.74 0.01 1.18 0.01 0.84 0.00 0.74 0.01 1.18 0.01 0.84 0.00
MnO 0.12 0.00 0.05 0.00 0.05 0.00 0.12 0.00 0.05 0.00 0.05 0.00
MgO 0.05 0.01 0.05 0.02 0.16 0.02 0.05 0.01 0.05 0.02 0.16 0.02
Ca0 0.49 0.00 0.54 0.00 0.85 0.01 0.49 0.00 0.54 0.00 0.85 0.01
Na,O 4.16 0.04 398 0.03 4.00 0.03 416 0.04 398 0.03 4.00 0.03
K,O 457 0.01 462 0.01 447 0.02 457 0.01 4.62 0.01 447 0.02
P,0; 0.01 0.00 0.02 0.00 0.02 0.00 0.01 0.00 0.02 0.00 0.02 0.00
total 99.13 99.91 99.65 99.13 99.91 99.65

ppl70-171 % &), T bbb, HHEHIMEITE, Fo8
REARCTHONEH 213, BEIH—BFTIAL—F
LS, WU BELHVEEZONS.
NHEDOZT RS, <) v 7 AMIEREOMEE S &
D, KFETHOARE20000 475 A — Fo)—
PEAS, FRCEHEEREICBVWTARESETH ), RE0H
B RTED S o TR R VW E B R S,

8. SHRDEE

FRES000D 48T A — F& iz, EES AL
XM RN & B EEICHAMR D B m oI LT
i, BIFA5W R 6N5 o0, FHEE20000 4T
AE = FEHWIERSEICE LTI, RIS, HRE
AEHCBWTHED R S N2, 20BN, HI AL
FEVER T ZBORBRBELEICH L LR 5. WAk

(2005: pp.11-13) (21, HABUEH RS E L2 H T A
Y — FOE—MoREE;LEINTWD. ZOBEER
6 MDA F A — FIZ & 2 MERIE & SR> HHEIN S
N2 MER G OBERERATHES NS, £T1, 20K
EERFERLIZET, 79 A= FOERGEICONT,
FRC, WM O RS & OBBMETORE, Mk 7k
1) 577 2 (didithium tetraborate: LizBiO7) & X & &7
)5 24 (Lithium metabolite: BLiO2) D& DL
S 2R OOV THRE T 5. £ LT, SEM-EDS
HEEHWIATIAE - FORHET v IR EiL,
MBI~ T A= FThHDLI L ZMHETSH. &
ORI L7z 1T, AE2.000, 7w LAHES.000
DI T AE = K& 7t R o g w2 MLy
5.
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AWFZETIE, T4 4R, BRI T [HOLX M
Wil |2 & 2 B 208 bt D IR D HTIE D P JE & Bk
AR ORE. ] (WF7EEEH  BIHEDL), 25 TN, P23~
27 HETE, FASLRAME RO e AR MR Fk [ e b—5]
BSOS D SR BRE DR 3E | (F 724X
FKHNF W) ERMEA LA WHRAEOMARENFRIC
IHERRAT R DR L BRI L R & wizZniz, B
ALV I OFR IR, HOCXEOAIEICE T 2 B
MW7 SRR wizliwie AtoEfE A RIS, EREE
ATV EREL S OYBEBRE V272072 ARE, K
Bili SERF O BOPROE L ISR L T w22 &, TR, O
BEicky, REuhanhsz, AREER/THI2H70,
WA RFEROIEE v & — /N ISR, &Sm0 i
FHEOZ, GRS BREEREC, CWH), TREWZw
CTICRLTE#LET.

B3
D WERREZ, BT (1~9) 1w TR L.
(A) FIERERT £ (5) & L72Wpo, HIEIRIE T (keps) DAEFIZE
B () LEBMRE (C.V) HamNIL T T 605
(Fr 34 2005: pp.214-215).

Sy = [LX1000 1 I .
p)= t 1000~ |t x 1000 M

10
I'xt

§
C.V.(%) = 7 X 100 =

........................... (2)

B) WEIREE T (keps) \ZBWT, BEMRE (C.V.) Zwl
WMATEE) (0) DM ZAEEICHE LA o E R M %
KO LEMHEAL, ZHREOBHRNQ) 2LEHT 2 L,
DFThzohs.

10 1

t(s)=m=W ............. 3)

(52 R PE 10kcps W2 B\ TEEMREL10% % fi 72 37
BRTIZ 001 B & %2 %)

©) ZWHRE (C.V.) %HAMIERICHEL, WES
i d BB S WA E L2 HIERER (1) %3k
O LA, MRS OCB U AREREL (keps),
E S 2B BIERIE L (keps), WESMEi12H
T ARERER £ (s) 7 Vv, EEREOBRN Q) L0,
DTFTH26N5.

10 10
V= ——— = [—
I Xt Iy Xty

I ti=1i"x ti’

(M RREEAS10 73D LI Z U, IERERIE 10 5 2%
E%)

D) ¥=2 3273y 77592 F (BG) Ok
BRE Rk BEHERIZ, ¥ — 27 ORKEEH (0r) &,
BG O#EIZEH) (05) OHEPELITILUTRWI &5 5,
Y— 2 OMERE (Ip), Ny 27752 FOUERE
(Ie) v, #atEBo#HN (1) Ly, DTFThH
ZAbhb.

8p = 8y
I 3 Iy
tp x 1000 ~ [ty x 1000
I
tg = == X £, e 5)
Ip

(BGOHRIERE N ¥ — 27 ORERE IR L S/N I (Ip/
Is) OWEKEERD)

(E) ¥—27 0ERR (tr) % d 2 HIAERISHRE L
Ko, &HF (W) B 5 EHROMEER (Ow)
EEERE (C.V.w) OEZRD BEHERIIUTOF
NECEPI S,

£9, K= eNv 7T FORER LD
walZB O PR (FpHEHi 2005: pp.214-215) & 9 L
TOXPGRON5.

In I
s 2 2 _ -
Si= 0+ 0 = jrpx1000+r5x1000

WIZ, ¥—=21269 5 BGOHERH O BEZRN (5)
FRALUTORDSBEG 251 5.

si e b _ [ 2xb
'S 5 X 1000 £,x 1000 |ty x 1000

EHIT, MEM (Wi=axI+b) OBWEHER (q
b) ZRALUTOANGZH5N5.

N 2 Wi-b 2 % (W, - b)
= X =
'= 1%, x 1000 a a X tp x 1000

R, BN LLT ORI G2 6N 5.

5 =g X6 = 2 x a x{(W,—-b)
w =@ 0= t» x 1000 ©

8, 20k ax (W, —b
C.Vi=—= % 100 = #
w; tp X W,

....... (7)

F) »LEEOEHE (W) 1ZBWT, SHEOME
& (0w LEBRE (C.V.w) ZRELIHEOE—2
fiEoWERROFHENE, Thzh 6) & () @
FHEXEEEL, DTFTHhiohs.

_2xax (W-b)

tp = 5&/ <1000 e (8)

20 xax (W —b)

tp = — T 9
’ C.VEx WP ®
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FR1 BEREOERFTHE
1:2 bead 1:5 bead
Si0,  ALO; MgO CaO Na,O K, 0O PO, Si0,  ALO; MgO CaO Na,O K, 0O PO,
Filter out out out out out out out out out out out out out out
Crystal PET PET RX25 LiF1 RX25 LiFl Ge PET PET RX25 LiF1 RX25 LiFl Ge
Lower
W i (Wt.%) 4372 5670 0004 009 0711 0.059 0.002 4372 5670 0004 0090 0711 0059 0.002
I s (kCDS) 14400 20685 0270 2300 0467 0300 0.120 8440 11.000 0193 1700 0280 1415 0.110
I (keps) 035 0150 0220 0300 0120 0200 0.090 020 0100 0170 0400 0070 0350 0.095
I, (keps) 14365 2054 0.05 2.00 0.35 0.10 0.03 84.20 1090 0.02 1.30 0.21 1.07 0.02
S/N ratio 41143 13790 123 7.67 3.89 1.50 1.33 42200 11000 1.14 4.25 4.00 404 1.16
Upper
W in (Wt.%) 7692 23513 16760 1505 10.752 4825 0.294 7692 23513 16760 1505 10.752 4825 0.294
T s (kCDS) 27696 8921 1277 369.10 686 12463 2.19 155.00 4720 690 24304 340 8131 147
T (keps) 060 040 0.30 080 0.10 030 012 040 020 020 086 0.07 029 010
I, (keps) 2764 888 125 3683 638 124.3 21 1546 470 6.7 2422 33 810 14
S/N ratio 46159 22304 4258 46138 6859 41544 1825 38750 236.00 3450 28261 4857 27847 14.72
W=aXxI+b
a= 0250 0261 1349 0041 1566 0038 0143 0472 0494 2510 0062 3218 0.060 0215
b= 7772 0304 0063 0008 0168 0055 -0.002 4001 0283 -0054 0009 0035 -0004 -0.001
W oos 45377 6562 0842 0838 1213 0297 0017 45377 6562 0842 0838 1213 0297 0017
C.V. (%) 1.0 1.0 1.0 1.0 1.0 1.0 2.0 1.0 1.0 1.0 1.0 1.0 1.0 2.0
+ W s 0454 0066 0.008 0008 0012 0003 0000 0454 0066 0008 0008 0012 0.003 0.000
Peak time (s) 0.09 0.76 3446 096 2224 210 49.07 0.19 144 6343 147 5150 407  69.60
BG time (s) 0.00 001 2808 0.13 5.71 140  36.80 0.00 001 5587 034 1287 101 60.11
%2 GSJ, USGSEEHAMDEEIE
1:2 bead
GS]J standard USGS standard
JB-3 JA-3 JR-1 AGV-2 GSP-2
in wt.% sv. S-FP FP s.v. S-FP  FP s.v. S-FP  FP rv. S-FP  FP rv. S-FP FP
Sio, 51.00 5130 5130 6234 6005 6003 7560 7566 7566 5930 60.17 6013 6660 6693 66.89
TiO, 144 146 145 070 068 068 0.11 0.11 0.11 105  1.06 1.06 066 067 067
Al,O, 1721 1731 1730 1558 1521 1520 1286 1289 1289 1691 1708 1707 1490 1494 1493
T-Fe,04 1183 1196 1197 6.61 6.67 664 089 090 091 669 682 678 490 493 489
MnO 018 018 018 010 011 0.11 010 010 010 010 010 010 004 004 004
MgO 519 522 522 372 372 372 012 011 0.10 179 176 176 096 094 093
Ca0O 980 989 989 625 636 635 067 068 068 520 521 5.20 210 207 206
Na,O 273 279 279 319 314 314 403 396 396 419 421 421 278 279 278
K,0 078 078 077 141 1.39 1.39 442 445 446 288 294 293 538 546 546
P,05 029 029 029 012 011 0.11 002 002 002 048 048 048 029 029 029
total 10045 101.18 101.17 10002 9744 9736 9882 9888 9889 9859 9984 9974 9861 99.05 9895
1:5 bead
GS] standard USGS standard
JB-3 JA-3 JR-1 AGV-2 GSP-2
in wt.% sv. S-FP FP s.v. S-FP  FP s.v. S-FP  FP rv. S-FP  FP rv. S-FP  FP
Sio, 51.00 5106 51.07 6234 6231 6230 7560 7533 7533 5930 5935 5934 6660 6662 66.61
TiO, 144 144 144 070 069  0.69 0.11 0.11 0.11 105  1.06 1.05 066 068 068
AlO, 1721 1725 1725 1558 1571 1571 1286 1279 1279 1691 1684 1684 1490 1483 14.83
T-Fe, 04 1183 1183 1184 6.61 6.61 6.57 089 090 091 669 674 671 490 494 491
MnO 018 018 018 010 011 0.11 010 010 010 010 010 010 004 004 004
MgO 519 514 514 372 369 369 012 014 014 179 178 178 096 097 097
CaO 980 979 979 625 632 632 067 069 069 520 519 519 210 209 209
Na,O 273 275 275 319 320 320 403 400  4.00 419 429 429 278 284 284
K,0 078 076 076 141 142 142 442 452 452 288 293 293 538 546 546
P,05 029 029 029 012 011 0.11 002 002 002 048 048 048 029 029 029
total 10045 10049 10052 10002 100.17 100.12 9882 9859 9862 9859 9876 9871 9861 9876 98.72

so. &y, FhENImai et al. (1995) & Wilson (1998a, b) OAFEMZ /R
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GSJ standard 1:2 bead 1:5 bead

lower — upper lower upper Ref. Int. + (20) lower upper Ref. Int. = (20) Drift

(wt. %)  (wt. %) (keps) (keps) (keps) n=5 (keps) (keps) (keps) n=5 Sample
SiO, 4247 97.96 134.83814 380.70054 19797928 050661 7872399 202.80206 112.09009 036370  RGbr
TiO, 0.002 1.60 000294  11.24336 1.31299  0.00660 000613  7.88277 090558  0.00541 RGb
AlO, 0.66 2351 214102 89.27821 5841657  0.19974 1.24241 4726085  30.79206  0.13563  RGbr
T-Fe,0,4 0.06 15.08 031120  89.17685  50.96240  0.19056 023163 6451112 3584143  0.07212  RGbr
MnO 0.001 0.22 001502  2.78830 256660  0.00807 0.00690  2.01933 1.80678  0.01876 RGr
MgO 0.004  44.69 002366  74.26735 1296890  0.04972 0.00793  38.38467 6.67038  0.02849  RGbr
CaO 0.05 15.05 089956 36656493 126.24628  0.14133 060322 241.30961  84.32899  0.15453  RGbr
Na,O 0.02 10.75 -0.00368  6.74083 116570  0.01219 000275  3.34510 061265  0.00968  RGbr
K,0 0.003 1296 0.17163 33506375 5393380  0.20132 -0.05165 221.00506  35.32851  0.09463  RGbr
P,0; 0.002 0.29 001466  2.14547 041756  0.00482 0.00423 1.34726 0.26259  0.00849 RGr

WKL (GST standard) DOFEHEEE 2 v FRED TR (lower) & EBR (upper), BIOFY 7 MIEHOILHESRE (Ref, Int.) &
Wik (Drift Sample) % 7R_$

%4 ~NU7 MAEERABOEESHE

1:2 bead
RGbr RGb RGr
in wt% b.v. S-FP FP bp.v. S-FP FP p.v. S-FP FP
Sio, 58.27 58.98 58.96 47.33 46.79 46.84 7181 72.62 72.60
TiO, 0.11 0.11 0.11 0.18 0.18 0.18 0.04 0.04 0.04
AlO, 15.50 1591 15.90 15.83 15.58 15.59 1551 15.66 15.66
T-Fe,0, 7.84 7.85 7.82 12,67 1231 12.35 2.14 217 2.16
MnO 0.22 0.22 0.22 0.22 021 021 0.19 0.19 0.19
MgO 798 8.09 8.09 14.78 14.65 14.67 0.11 0.10 0.10
CaO 5.40 541 541 8.71 8.60 8.60 207 207 2.06
Na,O 201 1.95 1.94 0.57 0.58 0.59 3.64 3.66 3.66
K,0 2.03 2.04 2.03 0.10 0.12 0.12 392 394 394
P,0; 0.05 0.04 0.04 0.02 0.02 0.02 0.06 0.06 0.06
total 9941 10062  100.54 100.39 99.05 99.18 9949 10050 10047
1:5 bead
RGbr RGb RGr

in wt% p.v. S-FP FP p.v. S-FP FP p.v. S-FP FP
Sio, 58.27 5843 5842 47.33 47.05 47.07 7181 71.68 71.69
TiO, 0.11 0.11 0.11 0.18 0.18 0.18 0.04 0.04 0.04
AlO, 1550 1559 15.58 15.83 15.74 15.75 1551 1545 1545
T-Fe,0, 7.84 7.86 7.84 12,67 1245 1248 214 2.14 213
MnO 0.22 0.22 0.22 0.22 0.22 0.22 0.19 0.18 0.18
MgO 7.98 794 793 14.78 14.69 14.70 0.11 0.13 0.13
CaO 540 5.39 5.39 871 8.64 8.64 207 2.08 2.08
Na,O 2.01 2.01 2.01 0.57 0.55 0.55 3.64 359 359
K,O 2.03 2.04 204 0.10 0.10 0.10 392 392 393
P,0; 0.05 0.04 0.04 0.02 0.02 0.02 0.06 0.06 0.06
total 9941 99.63 99.59 100.39 99.65 99.70 99.49 99.30 99.30

pod, BB - A (2011) OAFKMEERT
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Quantitative analytical methodology for major elements
in siliceous rocks by wavelength dispersive X-ray
fluorescence spectrometry

Yoshimitsu Suda®®

Abstract

This paper discusses the quantitative methods of analyzing major elements in siliceous rocks by using
an X-ray fluorescence spectrometer which has recently been acquired by the Center for Obsidian and
Lithic Studies in Meiji University. The results of the analysis indicate that the low-dilution fused glass beads
with dilution ratio of 5,000 is the most preferable method of analysis, but also that both the Semi-
Fundamental Parameter (S-FP) and the Fundamental Parameter (FP) method were applicable for all of the
measurements. The fused glass beads, with dilution ratio of 2,000, do not fulfill the condition of chemical
homogeneity, which would inevitably result in inaccurate and unreliable analytical results.

Keywords: Quantitative analysis; obsidian; X-ray fluorescence spectrometry; Low-dilution fused glass bead
method; S-FP method; FP method
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ARG, MRS B A BIEA OBSE L FIH, £ L CREICHAT AEOBIRZEBIL, EEZ5ISHI L2 H
e LTwa, YR ORKORHIE, BRAOFN EHED, Wb 2 “Faai il L HRICERLTVWLE W)
ETH D, EHECOMEIZ X > THREPFPHAE SN D X )12 o 72 idgid, BRAD X ) L ROAM 2T 572012,
VRIS S 5 2 & 2 el < e, WlIE, FUEM - kil - M &2 ) BERIOREEZ LTB Y, Pk 13E
P2 RN MR | R AT 7 0B 2 SRS BIAR L C ez, MRG0 B ORI & BSs I, Hrf dnlEfCo il (e 4 T-4R40)
CHETEI A %, SRR GROICHT 2~3 T440) 1242 LlZL A LA LNLE L b, Fadilo il oKz a g
T, BBAEENEZELI DS, B LToMEzmd 7.

F—T—F AR, b, RO o &Y,

[ iE O & I Z R DT TW B DX, HEORTIEHLBEDAATHS] (7 F >y - 7Ta—F))Y

1. EU®IC

LA, MriEEORMEAD, 45T, 77 Y AEHh
DTHRL, TR TR, ARTIES B 05ARA
CHEMRICETEL TWA I ENHRINL L) -T2
(Tykot 2011). Z9 L7z, FiExHE LW
EV ) BIRAMEDRHHIZL 25D TH 5.

JEEEH & EBF T L2 E RO S &,
ZhE, e hoBX, B OBEBEZMRAT 272004
BRAERD, CMEE LKL Lo BB OB
&, REEEICE DD DR - Poit - ERRAER (Bhg)
BEZHEINTWCBERTLIH Y, ThE, JKWEKRTO
TALEF VDL TH S (Poupeau et al. 2010).

P 350 2 BIEA O FERE, 3 TRICHTE
LTwb. 2070, SRR ASRRA LT %72
DI, e VI REEZ IRL 2 TR &R o0
N, EEOHLbO%, KEIZ, LibENETEE)
ERD T EDTE L TFEROMEE, NBLISH LT

(LR INVARR= U -3

Mo Hp i o SRR O SRR O KRBERNZ 515 2 1 I,
IHfgEIcEclla. 440 700 7)) 7H7J5 (Riparo
Mochi# ) Tid#kis 5 v =71 7> (Epi-Gravettian)
Wo#EWH»HE T LTEh, BLZ, BC 120004FH L
HEM S T 5 (Laplace 1977). ¥ ¥ % (Franchthiili
ROEEF) T I v AE#E (E#EHIE StaNychia) @ B
AEEDS, BC LITAERD S M 5T 5 (Perles 1987a).
WM, KM oK EARHIZH72Y, 25~35km D
WAL IEETH -7 & END (Broodbank 2006).

TN THE, VT w R S hIRA
KA S BRI 2 A58 1) (Cauvin et al. 1998), #MIIH
AU A o TH BTV 72 (Renfrew et al. 1966)
RIBAOBSE - B0 ERTH - 7.

2. Wk

HorbiE D JFER 2 © < B WFFEIE, BALAR AT O Al
BiThb., FIEEIZOWTIE, §TITENIIIE A

1 WA RFEEANIZEL Y ¥ —
* FAEEE ILHEY (cml119076@cmm.meijiac.jp)
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250 km

Sites in Sardinia and
Corsica not shown

X1 FEEOREREEME HEEHORBERR (Tykot 1997)
@ IVT 4 —= vk, AN Y EOJEREH

ENTw B DT (Liritzis 2003; Poupeau et al. 2004;
Tykot 2011), FMNITHEDEZEHLTB I H. 1964 4E12,
WAL= 2 53 T8 CTd %, OES (Optical Emission
Spectroscopy) &) Wiy 7 J: (Cann and Renfrew
1964; Renfrew et al. 1965, 1966) A%E A S, TR
DEBEDVIER NIz ZOM%, FrLwiihe LTNAA
(Neutron Activation Analysis) 25 EH &5 X H12% 5
DI, 19604 D#AH ) TH % (Gordus et al. 1967, 1968;
o IRFETE, &
2 B, 1990 4ERATE A S E RS X910k 5,
XRF (X-Ray Fluorescence) & \»9 Fi: (Francaviglia
1984), ¥ 7-PIXE (Particle Induced X-ray Emission) &
VI B X B TH 5.
INHOMRICEZHET LR E LT, H1IS,
HBR S U7 BEEA & 2 o 5 Lo BIER O K e
ZcTHhHhh (K1), ZLTHE2, HAGHKREMIET
BBOOGHEH IR SI NI L9 (Le
Bourdonnec 2007; Le Bourdonnec et al. 2005a, b).

Antoniazzi et al. 1972).

CODE) RIS EBE LD, FL1IC, T
£ —Z X BOWEDOERIZASND X512, FEHZM

GLEOETAHAETHS. EhuL, Wil Eilko
T SN TTE 2RI % R O 520 2 BLEF I %
ZLTHLHD. H2oKAEELTE, ThETT 7
ATELRPoTBERERFLLI LI DBDOTHS.
(2, JEWEEAY 2, HRRR) Al 7 B LAE R R o0 AT T B D 76
ENS 20 LB, BmmiZiidows
EHWE SN GRER LI DI LoD H31T,
L7zho T, PERTRELEHOERERET TS L)
HETH-T, Thid, BRER~NDEHTHSH. 2
g, BREATESEERFRE? SHH L, Ao
TREZAFMIEITLTLIE, WbWwb Yz —X « F X
7 b7 = VENEELEZ Y ) Vb o & L CEH
TX %7259 (Luglié 2009; Carter et al. 2013). #5413,
BRI RS S Ad OB EOLEETH B
(Ammerman and Poglase 1993; Setzer 2004).



o i s o> BT BT FE R

3. iR
3-1 m77>2R

5238 BA> 5 280 M D BIEA A3+ L T % (Binder and
Courtin 1994)?. FFVEHITNEIE, Zh o 0O
WaEThs (M2). BEAOH T T 2EIFD) b 45E
PEATPEFIBICAZE L CB Y, IR EPNE 708 E 20,
FEWRERD ST T, BEVEENIIZOTH S H
5, AEAOH T FEOBBFCET L Tna 2 i
o THsH. WIS, BRAZH T 28
PEAS, MDA ISR L TR w2k, L
T, HWiEAZZ CMINCZ> TREBLTWS L) 2
EThHA. EIDOFEIE, TONEORHELEE W)
ETHL. A5 )T OMER RS (V27 7R

\ZBEHE 3 % Giribaldi ¥ (X2 D No8) & La Cabre (I
20 No68) O 232 5L LRI, ARt 5L
130 IS o TWwB2s, o, 1&EEo Pl aE
D50 @WHFIAYE T 5 D TH S (Binder and Courtin
1994).

Giribaldi # #7253 2 AMOERINEL {ix7 ) »
METHY, BIEAIZ05% % BZ 2. BRIEHOEY
(58 1) &, A% Br), 2 Z LOFMIERED S E
Lol (BEE2ERT 05 5), FTHWENDY 7L
v b, BER () ANRE, ZRNAHN (SR
Bz snTniwv) Thas, RIEAo7Tay 713, M
FrOBIEL E WL B DR &) BHERITEFHEIZ L - T
HEs TV, 220 oiETE 21K, AEAO
Tay s (1~2p7) 2@ OFNECHEEL, fEEZK
TL7, &w)boTHs (Binder 1986).

2 BE7 I AOHAREROEEREZELY 280
a ROHTEERL b T B EGATEE (NAA) IS A0, o SOLXEHTEIC L 200 Bk, |- Wi 2R3
(Binder and Courtin 1994). 7 $, MK OEKGIE, Hip#E (Mer Méditerranée), <t A 1 (Marseille), "WV E=y »

(Perpignan) (ZHIM L, THOLEKKZBIVI HETH S



1 H

La Cabre##rid, 70 MoORBBEAER — ZHIIH
77 Y ARKOMTETHL — 1300 T& L, AR
O7a Y N7 ¥ PIREISGEFATR T (Léa
1997, 2003). o7V ¥ ML, BEAGEFEUT LI,
BRGBEDS SN TH S, SERHBEEC X o TR
7% ShTWw7z (Léa 1997, 2003).

0 — X JIHE OGO GHI I S8R, 3638
138 KT, TONEZ, NN, #Hiy, MNENAH,
JFHAHTH-T, ZHIMLSNIzfmamns b3 236034
. ZOMETS, TRy s hrbaN - MNaNEEE
HEEL, Zo—#aE A B2 & v g 3
MibhTWz0THh), 1#IFOMEEEIIEIITED
%\ (Binder 1986).

M7 9 Y AD22DEM (Trois Termes & Rocalibers)
3, BMEOOREBEICICHT 52X )%, 7T Y APD
Ayu=THI, AV TO) )T, Y'Y T
Wi, AA ZNE TREAGHEEZRETE D555 % 7 1)

WZBER LT 72T 5 (Léa 1997, 2003, 2004).

Trois Termes @#fi%, AMIFEEBDOTTIZAE LT
M) ILTHDH ZZTHEEL, L0, Fi2
B SNIZABENEHATH L. ABOT-DOTEEE X
RO LTI N L) 2R BB Z S50 D
T&%. Rocalibers#¥ii% Trois Termes ¥4 & S
N7cfitkz b SN % #EE L Tz (Léa 1997, 2003,
2004).

INHDOTERLELITERTREE, AMOSE (77
L) OREETH S, Trois Termes HEFFIZ 7Y & R H
WAOGHE (H0i) OEZRZLTWIDOTHY,
¥, THEH R MR O VEER L L CEE
lissZ LA TE&L72A9. Hilkih7z% Trois Termes i
B FiEE L, Rocalibers ERICBI7Z X 9 2 EBICH
L, HHBEBLLOERITIER S L9 IS Tw»
letEZLND.

29 L7zFiE %2 B3 UL, Giribaldiik & La Cabre
BIOFH 2, HE - HAROBRO LN THRISLZ L
FEEZEA .

TRk & U CRERE L 72 CIE, A OBED
At B IE L TOERBREENITDNT WA, D%
FEIIZ 2O TR LB H o7, DEDIE, BESh

Rocalibers & Bt

)]

TABDE ) B, Y= - ARG T VHERE LT
WEWLDTHY, bIVEDIE, Tu v 7hs DR,
TLThHGDORIELTEZT) bDOTH A, HiHIIBNT
&, VEESPTREER E L QIR E D — TR W oisl
HThob LTI, BHIE ZNOHH—TH2O0%H
ETHY, b L72Bum oAtz Hko CHESHIN 2 AF31C

LT\ % (Binder 1986).

M7 v AEBANEL V- M, PV TF—=%
Bho) 7)) T OMRANE T CELV-PED Y, K
—FIEITHIA 5 Dln ) ORIV — ~ DS S TH -
72z 5N Tw5%s (Phillipes 1986, 1992), T
L0, VIZ) THEDHROEETHL. A5
TARLNC BB L-HBEAE, v E N3 37hA%
BOH 7T ¥ AR, WIEFH L THEER~EAD
AATWV S 72,

Pif SRR AT R AL B DV & M B Giribaldi # B o> B
WEAAY Y BETHY, TR L) BRI INS
La Cabre B O RIBEAIHF VT4 —= ¥ BETHDL LW
IRENDL, BMEROEEDS—ZITIR L # A a ke
OHIIG, U7 & RO EE R OBIFRIC — &<
WU DTN BT —— IRV Z 572 &) 2 L DR
WT&572599. HBEE, WKL HOICHBES W E
Wov— MIKRE KAF LT, KRR, B
DFFLIZED Vool v) T LS.

La Cabre B OFH % i HiE, EEMIBERICD2
Z k1% (Crisci et al. 1994) OTH Y, H 5 IEEHIC
T HUEHICE, (IO EROREADA Y AL R
WiE %o 7z,

3-2 k12U 7

BIEAIE, BCOTERICED Ldbd 7)) TIZHRAD
AF, NAY 4 TEBCETEDL L)AL, TOHM
&, HPE L g — v S0 BIRA O 5 A B OB L
LChereL 72

OV 4 T (35 73088) Ok B
DIFEAERH VT4 ==y BEOLDOTHDLN, B
o7 R 7 & BEERE, U8 B s s Tn
7= (1).

DO ODOTHEEOBSUIALE LT\ % D28 Fornace
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Cappuccini B TH 5. BrGEO T E LA/, 75
YADRN T AW bFHLAINL T Y FTHY,
BEAIZ1I0%EETHL. LeLeads, ZOHTFR,
A &) 7 OEBICET L, AMEEO S HTRIEAD
O LEEGOFY (23%) LHKTHERBLTWEO
Td% (Bermond Montanari et al. 1994). 24F%##RC
&, ANEHD XD HRBEEY > BRbAE N0
Tl <, BEREZBRW27200 [ (semi laborata) |
ELTOREA»REATN, REEEE TN L
W2 Twb (Bermond Montanari et al. 1994).

BED VIR THEMLOBEAON % A 2 HRED—
HWOFEHITHEETH 5. Pescale BPFTIE, 950 270 HLHE
HPFEINL (Tykot 2011), FEEOW L% 72
?iF, Podere Uliveto&#f=° La Puzzolente-Coltano & i
(Cocchi Genick and Sammartino 1983) T& ), 1,000 &
PR og sl ST % Gaione #BF (Ammerman
et al. 1990) &b IXRFIL TV b Lz, Y
7 7H#)5 D Arene Candide EEFO RIEHOHIE1E 7%
R ATWAS (Bigazzi et al. 2005)Y. Zhbid, WwWih
b LHBEOES L ALRTIENEDLLESL).

3-3 m142U7

BA 5T OMMENS ) ZTORROEFL, W
AR OBIERREOFHTHS ) (Ammerman et
al. 1988). 7 M) T & L CHEHRE L 72 5 L \» Piana di
Curinga @B D 92 - 72 i L 72 BEFER B O N O
EHPE, HEEHZMEIKP LS DOT, ZONEIZ
LoThRA LRI LD 5.

oW, REZFy— b7 Y MIEIRATY
7z, K9100km BNz Y %Y B S ONAE W7 B
Werr (225 5) DEELAME SN RO OB,
AH (CEMLE b 722w, HEOHHEZ b OREOA
¥, 22, Ao - BEOBRETEL M5
b, EHINEZ LIE, A RSN HRET
Banwze, ZLC 7Juyro0FFRbLATINTNS
CETHDH. BLHRANL ZORBO RN THEEZE
EBIhoTWIZOTHDH, TOMNEIL VEODT
Oy 7 RhaBE “HRT 5 THET S L) KD,
SROFEBELLTOHMET L) BDTHo72LH

2. ZLT, T % HREIhTwERW ABO%
lE, 2oOF T S NIFERMIEDS .
BRAROLNE, HHEOBISIC XU, Ak
ZMLT 2DV SNz DL LT E 5 KO, 5
VEoborsREHOF STz (Ammerman et
al. 1988).

ZOXH% M oTayy, WEESKhIAM, &
LChRNIE, 79 v ARILA 5 7 OB miEHE
ZBUCTHEMELZDDICHIELTWEDTHA ).

34 aNTHE

AN HEIL, BEAO—KEHMTHLY VT4 —=
Y S HRI —— 16km B LT 5 12 X 70\ (1A
BY5 W77y AR TEAEMLANEL 2 VRS
&, IV DA ETIERTEISET S (Tykot 1996) 75,
INBIREBEALTRTHLVT A —= v Brb bbb
N2bOTHY, MEIZ—2>OLBEEHERL L Tk
W ThHiltE TldZe v (Costa 2004).

INTARBIREDO7) Y bEERLZVOT, 7Y
YELINT 4 —Z v ErOBASINL. BIEAOBA
i¥, BC 5200~5,0004FECiZ L E Y, BC 4 T4EMAICA
S TRZEIICHIM L, BC 3 TARRICIIHBEDEZ 7285
72, EHIREIE, BC 6 THRLOBERMICHENTIE, &L
571 Y bOFAEAE FEEHIATHWZLw) Z
& THY (Costa 2006), BC 5T4EAlA S BC 4 T-4EALIC
P TEAALST T EICoNT, 7Y v M) EER
DEEIIRY, MNNEEPERT LX) ko, &
W) ZLTH5D (Costa 2006).

BC 6 TAERIC BT 209 80%, 118, BIEA2ILH X
DOHEEHOBIFICEVIREL TSI L, #212, b
@ Strette P & BB D Curacchiaghju &= Araguina-
Sennolaitir &, ZNUAOHBEOMICIZRBEAHO LT
HICBWTHEHELRERPAELTWSL I L, #3112, A
BlREAEHEL VI E, 412, AERCIIIEERRA
HWOLONEHRTHLIEL, RETHDH (£1).

JL# D A Ravellataidh & o Basisiid, A
DFAMAERISED 2EE TR LT 525, JFEREH
HWoHHN - MH—DUTHS WY [N i3/
AHZURET LD LTSS — 20t d5 L3




(LN &S =

#1 BCO6~3THFLICHETZANLHEDEREREIFRERDILER
S 2 a a3 PEES
EER EREGLU| RER ZEEALU| EER EERLM| BEEG EERLS
1 Strette 117 (11.3%) 919 1 37 5 24 14 34
2 Torre d’Aquila 24 (6%) 377 1 19 2 10 24
3 A Revellata 24 (2.9%) 797 0 14 0 3 7 26
4 Basi 26 (4.2%) 589 0 2 6 55 0 13
5 Curacchiaghju 141 (39.3%) 218 0 11 0 1 12 23
6 | Araguina-Sennola 132 (40.6%) 193 2 5 3 7 8 16
BC 6 T4EALICBIT 2 2V ¥ A O REAO MR © 1, 2, 32%LEB. 4, 5, 6 2SH GBo i Bk
HE 21 A% ad VaES
E2ER EEALY | BER ZREERLY| BEG  RERLM| EELS EBGLS
1 Torre d’Aquila 30 (19%) 128 0 4 5 4 8 13
2 Scaffa Piana 72 (8.5%) 774 0] 10 24 2 7 15
3 Monte Revincu 32 (0.5%) 6,814 0 199 3 9 5 60
4 La Figue 79 (11.2%) 628 0 20 7 3 4 28
BC 5 T4EANC BT 2 AT A BORBAO M RN ¢ 1, 2, 3A%LEB. 4 255 H 0 # B
S 2 at ax FEES
E2ER FEGLY| BER REERL| EEE  REERLM| EEL BREGLUSA
1 Monte Grosso 1,496 (74.4%) 516 3 15 725 0 79 14
2 | Araguina-Sennola 278 (97.5%) 7 0 0 37 4 6 3
3 Curacchiaghju 601 (87.1%) 89 0 1 13 4 44 2
4 Basi 2,177 (75.4%) 711 3 9 755 1 74 21
5 Cardicca 701 (88.7%) 89 5 5 38 0 26 5
6 Poghjaredda 913 (92%) 79 7 11 37 0 42 12
BC 4 T4ERUCBIT 5 TN ¥ BORBRAOH IR : 1256, 2, 3, 4,5, 6 2 R #8 Hk
s 21F At ad s
EER EREGLU| RER ZEEALU| EER EERL| BERGE RERLS
1 Terrina IV 98 (51%) 192 1 9 19 0 14 21
2 I Calanchi 89 (2%) 4,290 2 406 27 1 16 274
3 Cauria 133 (7.4%) 1,794 2 47 12 4 6 45

BC 3T BT 2 2V ¥ o B O W HIRYE © 1 A3 iR, 2, 325M & (Costa 2006 % L)

Hxt55 M, AwOETIE, 3B3H— 9 b7 HNRIE
AR — 13— BRAROAH I — L)
SR 2 %5 Rms. wiElE, FFRBAROAL14 /T
HHOIHL, BER2HOATH L. HWHIE, BEL
BMoOAR, BREIC LARBAROANIZERLSBD
NTwizx9H 72,

BC 5 T4ERUC BT 2 4580E, 112, BRIRAGoW &
o (1EMT 533 8) 725, BC 6 T4 — L#tiFFy
TI3RH— X0 L LARATHHEIICHLZ &, H2
(2, Lt Monte Revincu @D & 9 i & % 5 5%
PHBL-ZETHL. Yl FFRRAROA
M5 199 moFtE, 9HOAHN, 60 MOfATR»IRAEL
Twa., BRAOTE, A0, 3HOLH, 5HDf4
& o TWwb, Lo Scaffa Plana EHFZ 1T % B

AOWDITIE, A% (0), GHF (2450, figh (T1) &
WIHDDTH A, HREDHHEL Y G RGN
HLCwziths, 212, WIhoiphcd B
AROAZOM T2 Hienwknw) 2k, #6312, BC6T
RS BC 5 TR T, FRRBEAEOAH WA
&, BIEAEANOMIMEMEZBIgTELI L, RET
HbH (ED. BEANOHLOEE DV ITANOTFLE L%
BRCHE L T L5 CE 5.

BC 5 TR oA, AFICIEREA RO A LERDE
- o (o) olmrdiEnicl, BEAR
FAHNOBEBELHITN LR VD 72w ETHESH).

BC 4 TR ORI, 112, WIFhodEikcd, B
AT DA RIS 2 B G2 80% Hi IS £ T LAT 2
ETHH. WERICIE, BEEAIIHLL 72 &) B
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%2 BasiEBDBC 6 HiZ & 4 THEICDEHDILE

2% at% ax a5
EER RraLIS FER AL EFER RraLS FER AL
1 26 (4.2%) 589 0 2 6 55 0 13
2 | 2177 (754%) 711 3 9 755 1 74 21

I 7 BT Basi B OFICHT 6 T4 (1) & 4 TR (2) D ILE (Costa 2006 % i)

MBILTL 5. #212, HHBo Basi EIFTIE, BWEA
L3OO TS5HOAH, T4ROLEHEPIREL,
Poghjaredda ##FCl%, BEIEA» S 7HOAK, 37HO
AH, 2EOAEPIREL TV, Basi@lhofi ¥,
ZHL TR EWIREESLH. T &id, Lo
Monte Grosso i B BIEADS 3HOL - 725 50
AH T HOFEFIREL TV PHLBHTE
5. WEEEE D, 700 LA o BREAEA N & kL T
WaA, ARKIZENZENIRMEN L T2ICME LV EN
JZE, TMAEINHOKHMTHL (K1), WEHO
faHN ERERD 35~43% & D /A o3 BN
BROAEPLIRET S22 LEH) 25w, TEINS
DODAHNIE, —AKEDLHICLTHEREINIZDD, Zhs
HETH 5.

B &2 150km BEIL TV 2 TS, 2hZhmife b
WOFHOKEFI R E LTHRIEL TV L BB LT
EL% 01, INLORNEZEAM LIZABSEOH S
NTLES72EVHZE, HHVIEFHLEH L ZOYHT
FREEZATDNT, KEOANIZENAINZLDOTH
EV) 2ODWREMEZETE L7259 2%, B
A DT #EEA  Monte Grosso T 1,496 15, Basi it
T2177 1) TEMSHTIUE, BRGEBNI B W TIHSE
LHEEEITON TV L BFEBMTOVAKTH A .

BREAOFIH - B TR & 725 BC 3T DS
o1, BREAZ T 280540 0L 2
Wik EF T THLH L, IO Terrina IV EBF T3R5
PERBEATHD SN TS, HHBo 1 Calanchi E¥T
&, BBROUAOLMALRNIIR-TWEZE, Th
DHE2OHTHD (K1).

WMEGEMNC BT 5, BEEA & IERRA O FIA X BRGE
V. AR IR9, FNAI9RT0, fisl4Rf21 TH D,
BRAFMHOFEBIIANOAEICH Y, ZhDSNOLH
DEFIE, LAAHOEEIIBIN TV L 7

27z,

1%\ Basi 0 BC 6 T4:4 & BC 4 THEA O EF %
R L TARWw (F2).

2T DM U7 BIEA %D <5 BERDZLD ]
&, BEOHM (262177 15), #2112, AN OB
(675551, #3112, HEOHMN (0—745) THb.
bo b HIEHTREE, EEWEEOANIZRINLA
MzZohTwhnen) ZeThsb, SHITMNITMRS
NEHELE, BROROAMIHMETHLIE (0&3
H), 218, FRBARAHOWA (55—>18) TH
5. BREAUSOEMZ, <AK=2, AHN=55 =13
H>00 <fif%=9, AiN=1, fige=210> &Luwv)LE
RizEolz, —HTANPBBEAEIIEY, TR
WHBOF 2RO FEMN & LT S A EIM2E I
TEZ7259. MALTE»RLTRELRVOI, &
BHOBRBMEABOBBRTH L. Z02THERLOMI,
WENE 26— 2177 L WG L7275, ARIZ0—3 M E V)
bDOTH 7.

Basi# i Z 0 X 9 % HW UM I EET %
Cardiccia # %> Poghjaredda it & kg4 % &, $%E5
FERAROAK — ThEN5METH — OB T
F3DLHS, ANOB —ZNENRHEITH —
TIRFELLE>TWDLI LD Dbhb.

TS DOBIEDO LKA S BT & 2 FIBERAN X, [HE
FIRELMTEHEEECTH L. 20 XD B2 plss
WMEFHHLIAZDOE, VT4 —=xBOKENTH 5.
San ciriaco & MRS N LTS Nz LEFAN T H BT
BREINTVEZNH7. 151k, KRR S AT A
RERIC U727V F 1L o> SREAT IR 3 & B de )
WZBFE L7z TH % (Lugile 2009).

WRDOBURA S & 9 A LR % D ITH S LRD
%%, avyhBEkPREHTEEbR, bk
FCHLS L 2 28EPEEND. WET HD1E, BER
NEAR “HRENTVWEW A TEZSb 0T, i



1 H

KAFEY (%) ZPREITNO SR ONRICIEH T ) %
Slaholz. HEHERDS QIZZ oM TITbR, 22
DHEL - AR OTLE o7 WEHBEEZBIRH O
i, PUTFS ==X B bR TELEFIRESINS
HMHETATHY, PE5FTOREICHRL T,

3-5 HIFs—=—+vB

YUT 1 —= v BORBAOFRERIE, 400H 7T
) — (SA, SBI, SB2, SC) 25 H&ENb L9k o7
(Poupeau et al. 2005; Tykot 1992, 1996, 1997, 2002a, b, c,
2004, 2011; Tykot and Ammerman 1997; Tykot et al.
2006, 2008). #r L \WifFeld, B—REMIEH,» ) TR <,
BOREMEDFIET S I I L7 (Luglie et al.
2006). FEWREHIL, FISTBIIH-> TEB L Twz.

Fr AT O Rio Saboccoiidfid, + U 2% /&
PH5kmITEDE T AHITMET L. HE1058 KD b,
1047 MAERBATH Y, ZOIALFR 2 00T X,
AMiE, SA (50%), SB2 (33%), SC (17%) &9
BT, SBIZIBEAEHHL TRV, BEgEd, SC
DOFNIZ, SB2A 513 9%km, SAAHIF16kmBEN T2
B, boEBHEPLZOFEVWE ZAHIMEL/ZSAT
Hotz.

FIMEESE L, A 2RI 72950 Tirb vz, HHRET
BHEICL 5T, MERTHY 2 h S A £ LTHN
(574%) & HH (71%) VREES Iz, FFTaEE L
THAM SN,

WIROZ L D3h, TN HEBICH SBLIZIT L A LR
L2V, ZHUE, PIVT 1 — =y BRI e
LRI E D T7 4 vy — | D721 TH % (Luglie
et al. 2006).

oo s ACHTIIC R 5 5, BER D 5 100km SL_E R IZ
B9 5 Su Carroppuifild, "o F4 7 - Fx o7
EEZEZLNTVWS. LWwIHDIE, Tay 7w LAKO
Mtz L AR, BYOFERGIRMFE DL
GEDZRKIMLOBE A TLOOLNTVERH7. &
123K 0H B, 101 HARRARTH L. MHIEREEC X
BN & TS X D RS EAEL T B D
PR CTH L. BIEAIZSA (43%), SB2 (28%), SC
(28%) T, X130V, SBlZfAL %W,

)]

— 75, JEEM A S 11km B PG (A7 5 5 i 5 B
(Filiestru, Sa Corona di Monte Majore ) Tl%, SB2#%
BEETHY, SALSCIEH 7%\ (Tykot 2002a).

SO LN, BRI OB 330) 2 B O 5
DFEPUS, LT L SHEEDEE, H 5\ ITYRFOREAIC
X577 AOREES L) TERHIFHBITE RV E
)72

BC 5 T4FAdIiE, FEMDDH 2 7 v F 1L FA & FE il
27 MU (TEEY) PRSI NG, O3
VESE T U7 A%) 20ha (2D 72 o THERE L T 2 0%
R I TWwA (Lugile 2003, 2007). 7 M) T TlE, &
BIBRECL o TABBESEZ B I bhTni:
(Lugile 2004).

BOMRE,» SO, JEE > S BN 72E B (San
Ciriaco, Torre Foghe 72 &) IZBWTH AKEIED /20D
D7 b)) ZAHBL T2 (Dini et al. 2004).

RRFE U A 2 B e Ic e B & 1
BHIRERS DR \WIGITICH 5 H—RERDFHIES W, 71
Y ZIROEP SR HDPRBESND K)ol Lap
L7255 2ol (Rio Mannu, Rio Magonu) ®iiis
T, BEBICHEELTW Il 22b b, HKE
Wb oKL LTHAER T,

55— RPEH DY E 1 7 RIS 72 B 72801208, Y
W ZHM %2 b o 2HEFMPEBRICEET 5 EPLETDH
LW, VT4 —= v BICTO L) REFSMIIL, A
HAEFEIAT b D £ 51275 2 DWEH AR ORI
AS>THhBTHho7 (Tykot et al. 2006).

36 I—4i%

F) v RLETHETS, IEOY 4 —FADERES
N2 ETHONG I B RAEEOREAIL, FasiHmR
iE, BRSO 28 EH20% IET 25 L H D
A% (Perles 1990), AW, wbidf ¥ ¥ A b —¢&
LCHMEND X 9127 2 DA, BC 744
WA THHTHY, BB EHD S 300~350km
N 72 ¥ v R LEORETETHEFEL TV S (Perles
1987a). ZOHEBEWN L Lo7-01F, Bl2iE, Kot
Hi 70004 G BEADFE L7227 L & BRIt SICR
fTLTWwWa k) 1z, “Framiit” o¥toh 7.



o i s o> BT BT FE R

LT O A LHRHET] - P ORBIE, A Ok
- FHPFLLRELZZE, ZLTC, AMOEICE
> CHEET RN RER > Tzt nw) 2L TH 5.

KBEDOWIZALE S % Franchthifi & &EPRICI1X, B &
Z, 4205 A TOAMORHABMEN TS, OIA
TAFTEAM —HE- 7V - Fr—FrO—H
— & BT —FOWw) [HDARKNM | (2HYST
A (W 2012). 2hnid, N—F - nr=x—IlL5HE
BATBIZL > TREROH T 2 HHET 250 TH L. Z
CIIE, A OSSO REOARE, T, BEEETO
—HL7utApions, @QIuABroBASH
RO T8y 7 R0 % 3D TMED L DT
by, WEHMECL D, BRONZHBETE L2FETTE
BTRbHDTHL. QRED7Y) ¥ — Hft, Vi
BEAOLDO—I1F, ANELTBASRE IhbiE,
BHEATRICEOSCHBETH L. TO0F 4 TO[REITITH
DRLZEIM ISz, ShH0 7Y v hoEbiE
FU Y TRAISATOV RV, @BEFEROLHN LRI,
RAEWE LTRBRASRE, Shbidy 7 - v
— WX DEEATED 2 VIEHEITRICI 2HETH 2
(Perles 1987a, b, 1990, 1991).

BRAOHHMOE 1L, 7V ¥ MRBEE & FBIER
WHLBASNLEYS, REEEDELTHL SN
HHEOEIIRLY, Tuy 7RBERINIABKELTD
ebaE3nzz e, o), FCICHEETE S &) wRRE
THHENTVDE I E, 21T, HEFTE LI
EWVI) B TRERCTANPEAIN 2L, 63
12, HIEEEED S A U 2R A v BEL e
FEOIART LR Z&, WA, BABEANE
NpnwZ &, HREDHNAEHIN TS (Binder and
Perlés 1990).

BEIZRO L S ITIRINTE 5725 9. [HLD A LRI |
WD BRI X > T, MANEREAETILDT
Eho 2Bl R-LT, BELRAOMZ TICANR:
TR M EEZITR 20N E ) D, L) T
Thb. oD, TRMTAFTE D HMIHFHR A%H
BERAT o TN U, TR B 20 ek 7 i R
2 L2 D 7.

O 2 #AT 57-0120F, MMk E ol TER, #

L CHLIEBAN BT 5 S N7z MR DO FAED AT KT
HY, 1E51F, BEAZ D> TELSEEZREKS 235K
AT, S ZZHMO TAERY Thdho7z e ik
S (Perles 1990) %, WEMAEL LTI 2b1F
[MEQRY AU SRVAR RN

HoaReoBn (BC 3~2T44) B, HEn
BOFAHIZZRINIA SN R, BO ML HEEDS
Aoz X)1lhsd, Iho0aHNIE, HIER SRR
(i LCHEmzEo0 %) OoBREE LTHASH,
HIZEM & LCHIE NS X9 1% o 72 (Carter 2009). 5
ML D & AN - P EH I N DL L) 1% 5
72DiF, ZORETHS.

3-7 PFHRNUTHE

7 )T I, AT ORI O 7 >
7o, P OEERE, Oy SFFT, @QETTFH
V7, @7 F M) TOINFICH Y, Gk, 7H
W7 >3 FF7 )7 (e - HuriEr 5 b)) 7 #5)
EWETF M) T (AVESYITHEEEDL) LiZhih
% (Cauvin and Chataigner 1988; #iFH 2010; Cater et al.
2008, 2010).

71 v 238 B F 7 D Gollii Dag & Nenzi Dag, £ L TZZ
725 800km PL_EIZAZE 5 DASBingdl & Nemrut Dag
Thb.

VTG O RIBA ORI, HIBARERIZIZws &
FLORHZ AL, Iy 87 ORFBESAKBEIIHE
HHN, ¥ TWEOMureybet @7z EECH &
72D T& % (Cauvin and Chataigner 1988).

Fe b Z A 2R A (BC 10,000~8,3004F) O#l] (Bar
Yosef 1989; Cauvin 1994) (272 % &, B, Mureybet
IB, Aswad I, Jerf el-Ahmat, Cheikh-Hasan&#i7: & C
MEREIND L H127% % (Carter et al. 2004). HHITRE
X, COWEEEN L0 PN [EET 517
Pd A (itinerant hawkers) ] C, Hoid “HHE" 72HL D
FORIZZ 722 %035, FICOAHOMEERZIToTwizE v
9 481 (Binder 2002) T 5.

S tdr A sk B (BC 8300~75004F) DRI 2
5L, AR AN HEEE AT ) VEXYs (workshop)
NG, ThiE, HOMOFHINEF Y > 7T, #il



1 H

L7z (highly-skilled) T AZ#b > Twniz. RIEAHIZ
900km (27 2 BB Z ilsk L T\ 5% (Carter et al. 2004)
X918, TROHOMEERE, MBEEiIc L Twniin
ITENTEDLESY.

F 7)) A LRI iE 9 5 Kortik Tepe #ihid, 2
WA O FERA S 150km BN TV 5. Z oML, B
AR E B AIL” OBPERTHLEZAHTDH
59,

BEIH A asbEAUICId, SRR T, B7 v ) ok
WA DM TH % Bingdl A SEAZBAL, HIEHTE
HEIZ&koTMaNZEREL, FHERZ, AV 7V )%
DEMAOEMTH 5 Bingdl B2 5, i iw LER
SNIAMEFFHAA THEIT BRI X > TNE N & 3
HEL Tz (Carter et al. 2013). —7, ol fidel
fBIZA% &, Bingol ®3A Nemrut Dag ® B AH)
a3 b X927 (Carter et al. 2013).

Gk _7= D1, W OFEBIZ L o> RSN FER &
DERDZALTH o 7223, Htis U722k d b o 7z

Kortik Tepe #PFIZHEHE S % Hallen Ceme & B IE,
5 Nemrut Dag D RMEAZFIH L TW7z25, BB Y
121X Kortik Tepe @D ENEEbH D & 2 AN\,

= TNS DA S 215km (I L ICHLE T %
Gobekli ¥ Tl&, Bingdl A/B 132> Nemrut Dag & »
B ZE D LIS, MEHBEC X > THNAEE ShTw
7z (Carter et al. 2010, 2013).

UM T2 B CTERIBAOAREN R fTTb s &
ICH b, TOEEMNRILE Zo7201, HEOHE
ML ThHo7. MRTF M) T, L7 v M
SDOBIDD 725 L7zHh s o sefbid, S s
W) ok A 7SR COPMEIHEETF V)T, Ly
YNNI OHIRE Y B 2000 4F1F EEAT LTS
— LERBEO L 2R UON 20 TH 5.

Mg i OER & BHEA L 0D Y iHs [EF A4 234K
TH5 (Carter et al. 2013) DL, FBEHEE~DOED D
TIDOWRIZH D L HICHES . TOMmIGHFBID, T
W — DbV “FEHE — LI HETH L. it
B, BRI 50 - T BLORSE TR
L, WHIEZOITEE M TH .

HE R EHL D & B X Z600km BENL T 5 Catalhoyiik

)]

WL, BEAOWTEME UCHEL Tz, MLk
1, 3500 A 7258000 ADfHEAHA:E L Tw7z (Cessford
2005) L ZA?, HEMOL Y & — & LTHAEL 72T TE
A S T b (Day and Wylson 1998). #RiiiA:i%
2B BRIEAIE, #% (bride wealth) B0 (gift
offering) & L CHEREL 72 &9 (Bar Yosef 2001).
BIBAHO W' ORET, EHIRESIROERHZ.
#5112, CatalhoyikE¥ro, 2>T “BE4" (Shrine) &
FH N7z (Mellaart 1967), 30 NiZEEZPNETE DK
KR, MBS NzWEIN Lo BEARORIER, Th
WCHABDSED LN TW e w) e, 212, KRE

B, ZOLOEOTIROM NS, 3HOHRRHE, B
DF, SHOBAL 7Y ¥ M efloabEid o)
MEINTnizew) pThsb (Hodder and Cessford
2004). &Y (trade) \Z&k o CTHEEINIZH v /S FFT
FEORIEA (Carter et al. 2004) HoOfif%i, HIEHELL
ZHO TOWARFRBEPEHRIICERL T b LnI L,
F7z, BREABOREBRZIMNT 2 EPRREEZET
BZHDZVOBEADVDEDL LW EDDR 5.

4. f5FE

73—y NS BU B ARATTEOSLIRICES 2 Bl
A7) BRTENE L2 TE0IL, BEAFHOY
K& HndRfiie] offiTd 2. 7 ) 7THITS
BIIBELERET, ROz ERGMRERLTL L9
X7 o 7oA A Y 7 A N ) —I1d, Mo Bl
HHHBEAOEZ R L RSP EBRIEL T
ZLilhs.

FOEHROE I — 1 v SO I 5RO OH
N7 REHIL, 1965 4E12, MCAEIZHEDO W TR s 7z
JGD.7 9—=2DbDTH2% (Clark 1965). 1970 4RI
AL, TOEZIE PHEMT P L OBRHRMICS
V2 A=A Ao THER$ 5 [T 23
BUAIZHIE T 2 L) AGHICE | & kAT 72 (Ammerman
and Cavalli Sforza 1971, 1984).

LT, 2o Ham i) &g, 4,000km &
DIZ4000 4 EDD > TVDLDTHE00, BLZ1ET
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3 HrhiFEtEsOFHAEEXORIBORE (BN EIEORREE L - -EEZEKL TV 3.
B4 BRI SUEN A S M2 RE L TV 3) (Guilaine 2003)

lkmiEtr WA FHEIC R B, ZOFIE, ERBORS
REZD)ZTRENZDDEFTZAOTEEVAER
5.

2h % [PARBGWIHE ] BLCHNTTTL 0%, [#HiA
Uil 12, L LAIEHEEIN R ) X% b o THEBLS
N7z VIHIBTHBH. TOFEZIL, FawmRoRLEC
M BRDED b7z LWERIEICEEZBL DD
Td % (Guilaine 2003, 2008).

O EEET S b)Y 7 (BC 8500-7800 4F)

@* 7u 2 & (BC 6800 4F)

@7 F bY T ENIVA R (BC 6600 4F)

@7 BV 7R Ko )lH#dg (BC 6100 4F)

GV Hy AR (BC 6000-5700 4E) & A V857

75 (BC 5500 42) @

a2 A Al N R S A B S N A T AN R VN e £8)
DTIERL, HDHLIATEHEEIEONY, oL
ATIHEHT L) [FER] 2jl&3EILTwAZE
BHO2TH D, FiZ, OL@0M, OL@ODMH, @n
R I ik & ®D 7 V7 $8F 7 Hu 5 O 1 O BE ] 2 AR5
TAHDE, HILMOERGEROFETHY (K3, Z
I L7z TN A aMEET &SR L E X
5N Tw% (Demonde et al. 2007; Guillaine 1994, 2003,

2008 ; Mazurié de Kéroualin 2003).

BREA OULEE b 200 % [FEEE | OB E ) 70T
HY, TFNYTHT, HARFTHI, M &,
ZNENHL L7 EETH D Helf 7.

BRAORBLAME VW) 2 L&, LAY I
T B F AR ZDOMREEIRT 572D LE R
DIF, ROFERTEAEVHLES.

BLIZ, AdOLAMEZEROZATH L. T,
HEAEFICB T DM EZLDBROBHRDOKET L v 2
&, HEIVIIEREMETL7-00BEROBEENORE
DEV)ZETHAH. AFRIEO T T D L HPIHES
BEMZ AL SOIIEAMZEL, 910, Hla7200
AREREPERE—-XOPLERoTz —), FHER,
RilLDdHE Y BL v, HEHEPHA IR & 12 8 2%
HMEVHIBREDOD EThNEWE L LD 72DIT, HHF
Wy, & =7 BN X B EAEBAM A DHEE SN2 DI
EHELTWL e emtked shizL, MNEEST
572008 L, WEHEIESHS LH1T%5. L
Laho, b Atz BET 572012, BEADHRIC
ENTVLEVI DI TR, Zhid, fAdmEHE—X
DD OFFER TR % 19 1258 X %A - 72 (Binder and
Perles 1990).
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212, FIRERO X iz BALE L7
B bl { b L BRI S OTRBFEH, 52w
EHARBRISHT 2 REAEIT 5 L)1 L TH

EAERIUT & 20018, [HOAREN] 12351
—HINVBRBDIIREINLOTHY, BELD XD IR
FEHLASIRE S N D BEROAMIE, FEIHEAE L %< T
AFCERL oz FiEd, 7 M) (FE¥EY), ik
Mo, WML EE LTV —{LE NI EEERE O

ARERCEINDEDOTHS.

B3N I BT 2 ERLEETHL. T
HIZB T 2D STFEAOBIT L VI 2 TH B,
TSt ERAT L2010, BEHICBLWTAMEH
WHow, EEL, FHmD, MITaEw), whid
HREERMOBG-TIlE % <, BE SNIERZ T 20
EEEHRTEDLLWIZE, 2F ), REEOEMEZ R
I, TBICHR LA L) BIYD 2012, BRI N/-A
7y 7 EONANE S 572 ODORFEEREICED
5E0nHZLTHAD.

PO OB 22 &, BEIRICREZHY, kL
L, JHZ 5720 08K ER LN Z b o 72 HM
W D E R OB E T 2 X 912485, 2l
WS N7 B IR % ARG % 72D 2577 % £ i
BT 2UERELSETNIZHDOTH -7

SALR M & AT B MR FI R L A Bl 2 0070 b
THEE XN B FEMIZ BV TIE, HEE O S i kE i
DZHRBOFEERM LD Z LIIARTREZH, S, RS
MBI, A LT, BB Ihake
LT ] S, ToFFHEL Vo720 TIERW
PEHMING.

CIHhLRRD I ZIEEIRINEND 2 LI2% 5.

Thabb, WML IhZZREEERDE LTS,
Ty I HLNIERINAKE LTk IR
WEHDS, B7 T Y AR EDEBIBICESTH 2B,
DI THD->TLE ) 'O DA TH 2 DR O
M) LW ZFLT, ZOREOHBDOEKTIX
BBAOZEB 2 %EHOALE LT, A S AR
B E LTSN TR & W) TEEZIZLnWET
MU (Costa 2006), 45 AK%E D &2, FigkiiEH L
HffihRd b s, @ECHMES W48 (Tixier et

)]

al. 1980) %%, V@O RKIGTICBWTEIINZD
FEL 3DV 2L THS.

Z Z T OAEHE RUIALE L7232V ¥ 7 B0 Basi B
OFHIZ R NRI LTALDITMELTIERWZES ). Y
HMETIE, 700 AR S AHNPERE SN, O
FEE R EE LT OARKBAN SN R 720T
Hb. OFD, HEMEFRICLHBEOMEHRIZE W
TiE, BEOOTTY 7D VIEAKIIEESR, &
B VITIRAEREY E LML SN2 &) EREAERT
ATbh, EEMOGE (PR 2MfrbhTnaZ &2,
ZLT, TOEEOD ) FIIAKE—BEICHRL, BExE
T5E)%bDTERDPoTEV) L THS.

A, TEARRICBIT S EROMETH L. FRITHE
ETBOERIE, kW B E R OPNEZE ]9
BB THL).

Yo%) BEOBRAIRNEET L EZHENTT
VT7HHETHY,  IIMEESNEBR (workshop-site)
(Ammerman 1979) 2% < HMbNTw5. BREAIX
ZINHTA LVETHHRRICH > Tk L, PRI —F,
FLTIVZNTANEESEEZLNTWS. TOR,
M FEW O T L oo 72MICIE =208 4 THms T
WY EDE, BCOTHILDHAY RS ITET T
ETMDOR G L7, FEERA, RAKZP 72018

Hao/zR—1+THY (Carter 2006), HH V&>
&, =<5 N40kmIZEDEZAIIHLTT v T
¥ — /i (Braciano) THR SNz, Hazniyo
AYVEER-F (ZR12m3Y) TH5D. 0% HE
A= ML, NEBETHICELZ LB TELLVDbRTY
% (Fugazzola Delpino et al. 1995). Ri#&2%EE W) [
Ml 2Ar&, BREVINEVD) [5G 2R L72OTH
D, FOREEEAHRHI R > TOTRENED D 5.

717 7 T W) OVEES R 5 4 A = 7 i o
B ~ERE BRI X o TRIBAAD 726 S/,
Be FIE IS BT 2B NET OMEIL, SHRMIT &R
HThH5.

it
1) « Ce n'est pas l'eau qui lie les régions de la Méditerranée,
mais les peuples de la mer. » (Fernand Braudel 1979)

2) Wi T, BEO R ML 280K KIE, B0 L



3)

4)

5)

6)

7)

8)

9)

o i s o> BT BT FE R

2%, $1000EHHETHAS (Tykot 1996). T FTH %
W2 N, BRSO 7 7 v AOF AR O
B, BEREAOM TR R,

IOZ LI, PR RFOWETHDL, T XERE
7T AACE DB TR S N H A G 22 OB R
D PIXEIZ X %5587 (Poupeau et al. 2000), 7 — X i)y
VYR 2958 W D 46 KO EFL D 534t Dk A (Guilaine 1994)
KXo THHIEEN TS,

COBPOS4 T E VS BRI, @EIS ¥ T TR
ENEENDOH3ETH S (Tykot 1997).
I—7ORE4 %M TRSE [TTA=1Ti A (Tailleurs-
colporteurs) | (Perlés 1990) 7 & o [#BE) LA &,
BAEETOL ZARFEOH ATV,

B AU (Contact zone) 1%, L ¥ 7V —OHUIHIX 5512
Xz L, BRI (Supply zone) —— FikFd 80% LA 1
PREATH OO 22 5 250~ 350km Hff 41 72 b

HEH3 2% (Renfrew et al. 1968).

[Ead | NICHZES Nz NORIZEG L LT, iEs
BRI ROFEOMMBI M SN TS (Mellaart 1967).
INEF IRIKO THORIC L 5.

PGS0 72 53 W ARG R,  HRIREA 50 b & SRR & % X1 1
EMTHERAZENTELELTH (K1), EBIZE, W
H OB D B\ VIdENLL ORI A LEE -
7z Ebihb.

16 il DM EOBEHATZ A TH L, [7 75—
FDd 5 KMMAORTE ORFHI LU, fiiid 5 &1,
TANT T VY2 TN —ZH», Z—ATEAT—%
Hw, by—b0rCTHY—TiMLI—FE2HHIZLTH
BB BE, BV NA VDD DR HFEIC LU,
HBABOETEELZ LD, NoBOERETHRAEL L
5 Z L TdhA] (Braudel 1979) L WH D THo7z. D
30, BEAOHBIIBNTYH, F4OFBHTORIR
M IETTH Y, ZRpsThNE TR L, KL,
AT H2MEOLOTHY, T, LLAEMRE VY
IDEEMH, LrbIilzaodbotERRLTER
LhWwWiEA S,

BINE G OFEN R 5205, MV I MoEBEMmD

[REART] 1, BEAR ot dh o2, s, EH2S
RN T2 B T TOLEER D DEE ATV (Bass et al.
1984), i &H M TORIMOTEDOL MK I
FT2UEMIR S TR D255 9. Hia et oiE
ZBWThH, EHFBHTORLRRPAITRKTHD LT 5%
HIE, “mA whE LTORMADEHmE LTS h
TR T2 2 0N5. COXHICHEET LR LT,
AL ROBIEAN, LrdH#EoToy 7 Riish
TABOBECERBICS 720 Sh- 3 b2l TE %
»H LNz,
FFOABERETHRL P AIVET (700~800km), EHF -
BHEDPMEIET 2 DIZE L 72X B £ Z 30004 TH D,
ZAud, HE3SkmIHIE T 20 TH Y, BEHO 35
DAY — FTH% (Ammerman and Cavalli Sforza
1971).

10) 2, BEHD S OFEEEIIS U CREEA Ol & A B
HIBZIRA T 5 29 L v 7 )v—o [ ] (Renfrew
1969, 1977) ICHHE L CTL 2 TH 5.

1) Afgld, AP —EICHR S WX ) I sz 2
L, B SHEBANERY ZSFH IR HE
SR L7z

12) fiteo [WX] b H02liE2 S HHTH b

v, FEORKE R L e L ()

DORERERS, IR 72 5 0 i QBRI A % PRFE L C

WekEZ 6N,

AR DFIHIZOWTIE, REMN R WEP BN TH %

(Farrm 2006). L2*L %7255, BC 6 T4 O™ X VK

YITETIETHDL BN TH oI, KD

<A MM ASAN TV BEDT (Carter 2006), 4

B SINLWREMIED 2725 9.

14) VESESMBIFIZ B0 5 A EIC S o 2 BEA OHEE
80~100% &\ 9 WL TH 545, £ 4 =T iEHlo
WA iZnW7z5 &, 20~40% 12 L CTL E 9 (Ammerman
1979).
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Obsidian studies in the Mediterranean region:
an overview of research

Masayoshi Yamada'

Abstract

The aim of this paper is to summarize the studies of the exploitation and circulation of obsidian in the
Mediterranean region. The diffusion of obsidian is closely connected to the advent of the Neolithic period in
this region, a phenomenon termed “Neolithization”.

The Neolithic people participated in a network that circulated obsidian from its distant sources all the
way to the sedentary settlements that needed it. In this region obsidian was circulated in the form of
preforms or cores. The network of circulation was organized in a hierarchical mode, from producer to
intermediary to consumer.

The intermediary’s role would be to distribute or redistribute the raw material, but also to produce
blanks, such as blades or bladelets.

It is tempting to think about these knapping specialists also as experienced travellers, a kind of
“itinerant-hawkers”, who were probably involved in other activities as well, as they made their way through
the obsidian circulation network.

Keywords: Neolithic period; Mediterranean region; exploitation and use of obsidian; structure of distribution
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Vegetation history based on phytolith records from
deposits in the Hiroppara wetland and soils on the
adjacent area, Nagawa Town, Nagano Prefecture,

central Japan

Takashi Sase'™, Mamoru Hosono? and Fujio Kumon?

Abstract

In this paper we discuss the results of the phytolith analysis we carried out on deposits (3m thick) in the
Hiroppara wetland and the soils (1.6m thick) of an adjacent location in the Nagawa town, Nagano prefecture,
central Japan.

On the basis of phytolith records, the wetland deposits can be divided into the following three periods:
(1) the transitional moor (mire) period of the uppermost deposit of peat (0-1.18m depth) which is
characterized by the dominant Molinia phytoliths, (2) the low moor (fen) period in the middle deposit of
sandy peat (1.18-2.10m depth), which is characterized by the continuous appearance of Phragmites
phytoliths, and (3) the pre-moor period: the lowermost deposit consisting mostly of sand (2.10-3m depth) and
dominated by Pooideae phytoliths. The clear evidence of Sasa phytoliths indicates that the advance of Sasa
from the adjacent land into the moor occurred at least three times after the fen period.

The soils from the adjacent location can be divided into the following two periods: (1) the semi-grassland
period of the upper black soils (0-0.85m depth) dominated by a significant signal of non-Bambusoideae
phytoliths, and (2) the bare land period of the lower yellowish brown soils (0.85-1.60m depth) with very low
quantities of phytoliths.

It is estimated that the shift from the pre-moor period to the fen period correlates with the shift from
the bare land period to the semi-grassland period, and those shifts most likely occurred in the earlier
Holocene period.

Keywords: Hiroppara wetland; Holocene; low moor; phytolith analysis; Sasa; transitional moor
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Field survey of obsidian sources in the Kirigamine
region of the central highlands, Nagano Prefecture,
Japan: Wada-toge-nishi and Tsuchiyabashi-higashi
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Abstract

In this paper we present the results of the obsidian source field survey in the Kirigamine region of the
central highlands in Nagano, Japan. The main objective of our research has been to develop a model for the
prehistoric exploitation of obsidian sources that would correlate with the consumption patterns that we see
in sites distant from the sources.

At the Wada-toge nishi obsidian source we studied in depth the distribution of obsidian raw material of
tabular form and jet-black colour. Furthermore, we have located three findspots that indicate the collection
of obsidian in prehistoric times.

At the Tsuchiyabashi-higasi obsidian source both geologic raw materials (nodules) and archaeological
artifacts were found. The source seems to have been in use during prehistory in the Upper Palaeolithic and
Jomon periods, as indicated by the tool industries found in situ. Additionally, we identified many surface
depressions which suggest the possibility of large-scale obsidian mining.

The results of our survey offer a new insight to obsidian raw material distribution and procurement
patterns in the Kirigamine region obsidian sources.
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Whole-rock chemical composition of obsidian
from the Shkotovo Plateau, Russian Far East
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1. Introduction
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sity (COLS), and the Far East Geological Institute at the RO S R B AT L, SR, E R B
Far Eastern Branch of the Russian Academy of Sci- 2 B O MR T AT B B % s L7

ences (Vladivostok, Russia) have concluded an agreement B )
+ v & —R/NEIE &R Alexander 1. Khanchuk 2544

for joint scientific research in the field of geological and

archaeological obsidian. The directors of both institutes, L, Wha2ix20114R7 A 1 HIZHER L 7.
Akira Ono and Alexander I. Khanchuk, have signed on, COWMEICHEDE, 20114E9OH 28 H10H 2 H
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general survey of geologic obsidian sources at the Shko-

HEAEERORAEEZFEHBL 2. FHMOKHRTIEH 5

N o) 5 0 ARIE ) LY 2 AL .
East was jointly carried out from September 28th to 5, NS HD SR O St 2 ) Y B AT H o 7.
October 2nd 2011, as the first step in the realization of ZINBEEHA2 ST 7 (G REERAmEL » ¥

tovo Plateau in the Primorye region of the Russian Far
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Fig. 1 Location map of the study area. 1: Distribution of Paleogene to middle Miocene volcanic rocks in Far
East Asia. 2: Locality of obsidian sources in southern Primorye region. Samples are collected from

the Illistaya River source group.

The obsidian investigated in this paper was found on
the Shkotovo and Shufan Plateaus (Fig. 1). These are
basaltic plateaus distributed throughout the southern
part of the Shikhote-Alin, which contains Early Pliocene
to Eocene volcanic rocks widely spread over the eastern
Eurasian Continent and Sakhalin Island.

Igneous rocks are distinguishable using their chemical
compositions. For example, the subalkaline volcanic rocks
are classified into basalt (45-52 wt%), basaltic andesite
(52-57 wt%), andesite (57-63 wt%), dacite (63-70 wt%) and
rhyolite (>70 wt%) on the basis of the SiO, content (Le
Bas et al. 1991).

The obsidians used as lithic raw material in prehis-
tory generally have rhyolite compositions. This is because
the obsidian will be enriched in phenocrysts and become
brittle with decreasing the SiO, content. Such the obsid-
ian is unknappable, and difficult to make the sharp edge,
which is not suited for the lithic raw material.

Contrary to this general character, the obsidian from
the Shkotovo Plateau had been widely used from the
Palaeolithic to the Bronze Age in the Primorye region
because of its glassy textured quality, despite an andes-
itic composition (Doelman et al. 2008).

This paper focuses on the following four points: 1)
observation of occurrences of Shkotovo obsidian, 2)
analysis of whole-rock chemical composition using wave-
length dispersive X-ray fluorescence spectrometry (WDX),

G, ARG E LA, 12— T 77 REER
RV AL, R S SERT ARSI B) L 72
YART =TI RINE OB MR 5 RilE - Rk
BEWEOBEERIIZENRT S (Fig. 1. Kiugo by
HBEZORHERT b oL SN, FET VA KILED
Ba T, BARMICSIOEHFICE > TERE (45~52
wt%), ZREELINE (62~57 wt%), il (57~63
wt%), TAHA b (63~70 wt%), WA (70 wt% LL
F) EX45Enb (Le Bas et al. 1991). fA#kEicBw
THRAINZEAEAIE, BHGEODLDOTHOLNTE
D, ZNLD S0 Z LWz b D B IR A
LD, BRI EZIERTE LRV ENLH
WAME LTEAETHS. Lo, ShFELZY 2
I— M BHEOREMAL, REERKEE TSI
BEDHLLT, fAmAaME LCTHHTREZEEEZALTW
5200, IHAZRD S HHERERIILTTTY E
— ) T TIE S FH &N TE 7. (Doleman et al.
2008). ED7=, AFTIEH - FHhFEFHFRAD U &
LTUTO4RIZOWTHEZBI %9, 1) Y2a—|
7+ G EE RREA ORI, 2) MR O X #
M (WDX) 12X 2 &8 b B0 AR, 3) i
EHHEE DIz DDIEET— 5 L %D, T AV F — 5
WL XM 2EE (EDX) 12 X 2 J5UE #4347 #6642,
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and 3) outlining the basic data for sourcing obsidian
artifacts using the results of energy dispersive X-ray
fluorescence spectrometry (EDX), 4) comparing the
chemical composition of obsidian from the Akan area
(Japan) with that of the Shkotovo Plateau (Russia).

All analyzed obsidian was collected during the above-
mentioned research period, with the exception of one
sample which was collected by one of the present authors,
V. K. Popov, on another occasion. Based on our agreement
for joint scientific research, the obsidian used for analysis
had been officially brought by A. V. Grebennikov for the
international workshop entitled “Methodological issues
of obsidian studies and the standardization of geologic
obsidian”, which was held at the COLS on November 5
and 6, 2011. All samples are being stored in the COLS.

2. Occurrences of obsidian

The Shkotovo and Shufan basaltic Plateaus near Vlad-
ivostok were formed between 7-13 Ma, and they are
divided by the present Razdolnaya River (Chaschin et
al. 2007). The K-Ar ages of the obsidian-containing lava
suggest that it had formed ca. 13 Ma (Popov et al. 2009).
This implies that the obsidian occurred during large-scale
activities of lava plateau formations. According to Doel-
man et al. (2008), the lava flow in the Shkotovo Plateau
is distributed over 4,536 km? and that in the Shufan
Plateau over 3,082 km? These plateaus consist of basal-
tic to andesitic pillow lava and hyaloclastite or a thin lava
flow. The hyaloclastites and pillow lavas are overlapped
with massive and porous basaltic andesite lava flows of
different thicknesses (from 1 to 7 m). On the Shufan
Plateau, only a thin (<2cm) volcanic glass layer formed
in the quenching crusts of pillow lava. This obsidian,
therefore, has been evaluated as less suitable for the
manufacturing of flake tools. Mukai (2011) described the
obsidian of the Shufan Plateau and the Obryvisty obsid-
ian in the southern tip of the Shkotovo Plateau near
Vladivostok as unsuitable for making stone tools because
of the low quality of its small-sized and high concentra-
tion of phenocrysts.

Glassy textured, fine quality obsidian with poor phe-
nocrystic and conchoidal fractures is distributed through-
out the upper region of the Ilistaya River, running
southeast to northwest, located in the northern part of
the Shkotovo Plateau. This region is referred to as the
Ilistaya River obsidian source group in this paper.

Several outcrops of pillow lava and lava flow of about
20 m in thickness altogether are present in this region

4) BT 2% oY 23— b o G i R
F L BTIERE IR IS oW T LSRR & i3 5.

AT L7z BIEA 1 V. K. Popov 23R DR ICEREL L 72
1 mZREETHAEPICRNLZH 0T, 2011411 A
5.6 HICBREAMZEL ¥ & — 2B\ CHlfiE LzERE Y
=7 vavy 7 [BEAOERNEEZ S <5 ik ol
L AR OBIELE D <o Tl DERIZ AL V. Grebennikov
e N HD W TIERICHARICHES L2 DT
b5, BFHIBRANEL Y ¥ —THREL TV 5.

2. FEAOER

VG IVFA MR 2 a— T rBBE T 2T 7
YEHIE, BRI T VYV YNGR Tw b,
(213~TMa ) T L 7 s — A a -z IE o
HWHEBMTH S (Chaschin et al. 2007). BIEA % & LE
EH 51K 13Ma O K-Ar EfMEDE S5 TE YD (Popov
et al. 2009), KHELEAEHOTRIGEOBIA K ST
72L% 2z 5N %, Doelman et al. (2008) 12 X4uE, ¥ =
I— bYd BHIE4536km?, ¥ 27 7 Yy HEHITIE 3,082km?
OFPAEED DAL T D, T OEETRISHIRE SR
NATEZFTAEA L, Fllny— MROBE»S %
5. NATHZTAYA MRMIRGEEE, BENRLS
1~7m 2 EDRIRK L FLVE O RRG—Z IS DG
WZHEbNE., a7 7 yERTIRKINERCRUIR G S Of%
I 2cm L FOEEDSTER SN TWDDRT, fdsfitf
E LT R RIR CTld e v & ST 5. [k (2011)
3327 7 YEREDOBRIBAIZOWTIIH A XHVHE W
FIZEEMREDS , Afab e LTHAT 2 IIEA#T
HHELTWA, T/, Yaa—byriHl- 75 YVF
A 7RO Orbervisti IZH 5 105 A b MR A2
AL LTAEZLE LT3,

Yaa— T BHALE R4 ) A 5 VI ERET
&, BERICZ LK, HRBHRITO 2T 2 B8 7% Aia
MM LTBY, AFRTIEA ) A7 YIEEREE & RS
TR, BE2mBEEOMIKES (Fig 21) ®, €0
LEICHER L2 ZE 2 515 ¥ — MRIBEE OB B
FAEL T 5. BIEAIE, BRGSO RBRS (Fig 2.2)
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Fig. 2 Occurrence of obsidian from Ilistaya River source group and shape of obsidian from Akan area. 1: An outcrop of mafic obsid-
ian at Ilistaya River source. 2: Obsidian formed around pillow lava. 3: Obsidian constituting the center of a pillow. 4: Obsidian
gravel of Ivanovsky River. 5: Subaerial lava with a ropy structure. Obsidian is formed on the surface of lava flow. 6: Obsidian
of Akan area.

(Fig. 2.1). Obsidian was generated in the quench zone of R, FOFEHIEETAINATOUZ T AY L MR L,
pillow lava rind (Fig. 2.2) and hyaloclastite that vitrified AL SN EIC BB SER SAT WD, —EBDFEEE
in the lower part of the pillow lava. In some of the out- Sl MR ORI E TR L7 b o> (Fig, 23)
part of the pillow (Fig. 2.3), and the ropy structure that R, B EICHER L 722 — MRS S ORI 025 RIR A 1L
formed the surface part of the thin lava flow has also LTWwWb30LH0, 78K 4 KA BEICE SN L HIRE

crops, obsidian has formed even in the extreme central
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Fig. 3 Photomicrograph showing the Ilistaya River source group (1-3) and the Akan source (4). 1: Black color obsidian. Its volcanic
glass is colorless. 2: The transition area from a glassy to a lithicly zone of black obsidian includes more microlite and spheru-
lite. 3: Grayish-blue color obsidian. Its volcanic glass indicates a brown color. 4: A eutaxitic texture.

distributed (Fig. 2.5). These surface structures are quite
rare for rhyolitic lava. Although a glassy component is
frequently formed in the quench part of basaltic and
andesitic lava, it is an unusual phenomenon to have a
very low content of phenocrysts and to be vitrified even
in the central part of the pillow, with the thickness of
the glassy parts sometimes exceeding 10 to 30 cm.

As for the coloration, black obsidian is abundant, but
gray or blue-gray obsidian occurs only rarely in the
Ilistaya River source group (Fig. 2.4). When observing a
thin section under a polarizing microscope (Fig. 3), the
groundmass consists of completely homogeneous volca-
nic glass in the glassy part, and the ratio of microlite to
spherulite increases in the transition area to a lithicly
part. Blue and blue-gray obsidian have brownish volcanic
glass under a microscope compared with black obsidian.

HEEALZTEEFE LTI RBAZEDHELELTVD
(Fig. 25). 20 X9 KEERBIZFHEINEICZ LW ithls
HoBRATREFRON LV, —i s Lk Hins
OBEHICL, LIEILIET I ZEOMGHEREND D
OO, FITHGHDEL, T T AEEHSA5~10em, HE
12 & o TE 30cm KOMIRGEE D HLERE TH F 2L L
TVbHDEFHBDTE L.

mIlconTiE, BROD0L, KEH»SFKLERE
FTAHREBENEZELWEHO L 02RO 5N 5 (Fig 24). &
R oBlgE (Fig. 3) T, AXEEHE R KILT T A0
LV, KEREEICERT 0TI 0E AR5k
WoOBEN% L %5 ERT. T2, KR FIKOE
RYTDHDITONTIE, BELZDOIZHN, ST TIdKL
HIADPELTH B L) MDD 5.
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3. Andesitic obsidian in Japan

Andesitic volcanic glass is found in the lava quench
zone, and the chilled margins of dikes or pyroclastics
have a largely phenocrystic and heterogeneous texture,
and are frequently too small. Because of this, andesitic
volcanic glass is not adequate for use in flaking stone
tool production. Therefore, the obsidian in the Shkotovo
Plateau is exceptional. However, andesitic obsidian of a
quality good enough for making knapped stone tools is
also available in the Japanese islands.

Post-caldera volcanoes have been formed to the south
of the Akan caldera in eastern Hokkaido. Cobbles of
glassy welded tuff (10-15 cm in diameter) are distributed
from a volcanic fan formation in the north and at the
eastern foot of the Furebetsu Volcano, which is one of
the post-caldera volcanoes. The glassy cobbles have a
lot of phenocrysts and a heterogeneous texture. It is
highly probable that they have distributed over Tsuruoka
in the Kushiro area near the Akan Lake, which has al-
ready been described by Mukai (2009). In rare cases,
some of the cobbles have the characteristic features of
low phenocrysts density and formation of glassy conchoi-
dal fractures (Fig. 2.6). These coincide well with rhyo-
litic obsidian fracture characteristics. The Akan obsidian,
therefore, has the eutaxitic and heterogeneous texture
of volcanic glass when a thin section is viewed under a
polarizing microscope (Fig. 3). These contextual phenom-
ena can be evaluated as glassy welded tuff.

These obsidian resources may have been supplied
from the nearby Furebetsu Volcano, the Akan caldera
or the Kuccharo caldera. However, an estimation of the
geologic resources in this obsidian is not yet clear because
of their secondary re-deposited materials.

4. Quantitative analysis

Quantitative analysis involves the use of a wavelength
dispersive X-ray fluorescence spectrometer (Rigaku,
RIX1000) at the COLS. The major elements analyzed
were Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K and P, and the
trace elements were Rb, Sr, Y, Zr, Ba, Cr, Ni, V and Zn.
Analytic values were calculated by the calibration-curve
method. The details of standard samples and calibration-
curve accuracy are based on Nagai et al. (2008). The 10
major elements were shown by wt%, the trace elements
by ppm, and total iron could be converted to total FeO
(i.e. FeO®). The analyzed samples include 1) four samples
(N1-3, N7) from the outcrops, 2) five samples collected
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3. HATEHT 3RUEERERD

ZINAERE D KILNT S 238, FELZELTY
A THIZEDOONDL L) HITLMERbDR, Ak
RBEFROBGEHIIER S NG, BHVE L, v
LOLPREDLNRV., ZO0, ftft e LTidE
LTwhw, LadoT, Yaa— b+ AHiEo R
FADL) RBIIBOTELVWEWVWZS, LA L, A
YEATTRE 2 i 2 A 3 2 A B IZHARIZBWT
L LN,

JeiEEHER, BISE A VTS O H I HEA VT 5 Kl
PERENTWEY, 2095, 7LV EORERK
RN /AT 3 2 KL IR HERE W b 20 5 1%, 10~
15cm BFED A T A EIERERIR G OB E N $ 5. 2
No0% CFHEPE L, wdboThdbh, ZOk
A S (2009) THE SN TV SIEMIX - #ET
FNTED DD LE—THLWHEENF. LarL, £
D9 HIZ2~3emBETHMICZ L L, HAARO W
ELOEARDLINEOLNS (Fig. 26). Ihbid
— W5 L BEA LIRS0 w0S, ST TS
KRR CH 1, WO THSICZ LW o ZAB R
BIKETHDH LW D (Fig. 3). TRSDHBIEFIIONT
BEBED 7 LR, B 5VIIBRFEIK S 2L L Tw
BHEIEHNINT T, MEHEA N T TR ENEZ LN, 2
KR T 5 72 ORI OHEEIIHETH 5. AR Tld
BISERE R IC O W T AL FMR T 2 ML, 23
— b Bl & g L 7

4. EEMR

ERGHINI D720 TE, HBRERRAEL > 5 —
DWFRITHIIHOC X MoAT e (1) 777 8, RIX1000) %
iz W eR I EE S S, Ti, Al, Fe, Mn, Mg,
Ca, Na, K, P& Rb, Sr, Y, Zr, Ba, Cr, Nij,
V., Zn& L7z, @REEMEREIC L > TRO 722 B
FERLZ W 7 BEHE SURL R0 M MU 2 D Rl I X R IE 3
(2008) 12X B. ZHraE BT EE 10 1550 % ALY wt% @
JETEL, ZoOBFeMtidatk (FeOr) & L7z
FEHRIZOW T ppm THEK L7 (Table 1).

ST L72iehE, AU A XINEERED S b, %
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Table. 1 Contents of major oxides (wt%) and trace elements (ppm) using WDX from the Ilistaya River source group and Akan source.

FeO*=09Fe,0,+FeO.

Locality Ihs:izya Ihsizya Tlistaya-4 Ilistaya-3 Ilistaya-3 Ilistaya-3 Ilistaya-1 I:E;l]? I:E;(g' Tlistaya-2 AL};?;; ALI;EE;
Sample No. N1 N2 N3 N4a N4b N4c N5 Né6a N6b N7 HD09072 HD090T2
9-4-1 9-4-3
Occurrence las:lal(l((:)c‘)ze) 1;1;5;;) hyilic::(;las gravel gravel gravel lava gravel gravel Sul;;j;lal gravel gravel
Color black black black black black  blue gray black black  blue gray blue gray black black
Major elements wt%
Si02 56.20 56.04 55.22 56.84 56.74 56.15 56.63 56.07 56.62 56.71 60.27 60.97
TiOz 1.35 1.46 1.45 1.37 1.36 1.37 1.61 1.36 1.37 1.41 1.46 1.42
Al203 15.03 15.09 14.83 15.21 15.12 14.93 15.01 15.09 15.15 15.17 14.85 14.90
FeO* 9.84 10.34 10.25 9.93 9.81 10.10 9.75 10.07 10.14 10.11 7.61 7.41
MnO 0.15 0.15 0.15 0.14 0.14 0.14 0.14 0.15 0.14 0.14 0.20 0.20
MgO 5.61 5.96 5.94 5.67 5.61 5.65 5.60 5.78 5.71 5.66 2.27 2.19
Ca0O 7.45 7.75 7.70 7.48 7.46 7.47 7.39 7.60 7.52 7.43 5.96 5.76
Na20 3.14 2.90 2.84 3.06 3.12 3.13 3.16 3.06 3.07 3.15 3.37 3.23
Kz0 0.48 0.68 0.69 0.48 0.47 0.47 0.51 0.55 0.47 0.45 1.52 1.87
P20s 0.17 0.21 0.21 0.17 0.16 0.17 0.21 0.18 0.17 0.17 0.55 0.53
Total 99.42 100.56 99.25 100.33 99.99 99.57 100.02 99.90 100.36 100.40 98.08 98.47
Trace elements ppm
Rb 9 9 11 6 6 6 4 8 6 5 39 40
Sr 292 329 332 288 290 293 347 299 290 300 339 338
Y 27 25 24 26 25 24 27 27 27 27 38 42
Zr 77 91 92 76 75 76 93 78 77 76 118 122
Ba 145 203 204 152 140 143 170 167 145 139 392 401
Cr 192 225 187 198 204 198 196 223 192 223 37 27
Ni 108 132 130 106 106 110 102 115 107 111 9 9
\'% 142 151 152 149 141 143 157 144 150 143 76 76
Zn 102 98 102 102 100 101 104 101 103 103 95 98

from river gravel around an outcrop in the Ilistaya
River source group, 3) one sample from outcrop (N5),
and 4) two samples from gravel around the Akan Lake
(HD090724-4).

The analyzed results are shown in Table 1, which also
shows SiO, variation diagrams (Fig. 4) plotting the
chemical composition of obsidian from the Shkotovo
Plateau and the Akan area. In addition, obsidian sources
in Hokkaido and Tohoku district, obtained by Kannari
et al. (2010) are also plotted. Based on these results, ob-
sidian from the Shkotovo Plateau has a basaltic andesite
composition (SiO,= 55.6-56.7 wt%), and is categorized as
Low-K series by Gill (1981). Although the obsidian col-
lection points, occurrences, and colorations are different,
the chemical compositions of the samples in the Shko-
tovo Plateau are similar. The analysis resulted in nearly
the same outcome as preceding studies using an electron
probe micro-analyzer (EPMA) by Popov et al. (2009) and
Wada et al. (2011). These results suggest that a homo-
geneous magma is involved in the generation of obsidian.
Variations in color, one of the characteristics of obsidian
from the Shkotovo Plateau, have resulted from different
factors. For instance, Popov et al. (2009) indicated that
volcanic glasses appearing to be black or another color,
such as blue-gray or gray, have different microscopic
inner textures when examined under a SEM.

O BRI 7230k 4 05 (N1-3, N7) &, JEHEOMHR
BoRE5 2 (N4, N6), FABUE LD BEERNL 725
AL (ND) W2z, BRI s54id 5 BIRAERA
2 1 (HD090729-4) TH 5.

SiO: ZALIA E (Fig. 4) (4B OGAFER Iz, ALiE
B RAIC B B ER R BEAOSHRR (S
2010) 7wy L7 Yaa—bYrRbEREAHO
Si02 13 55.6~56.7wt% & 1wt% Hi 2 DR FH, LA
BRWAOMBZ7RT. Gill (1981) 12X % X5 TIdEA
VY LARINCET B, ENENG TR %2 5 |
PFEIRRPEFIIN) =2 3 VICEATWAHO®, SiO:
ZALK ETid BB L h—0MHEEIc 7Ty FERTEY,
KE LB DOENTED Sy, Popov et al. (2009)
£ Wadaetal (2011) TIREFTu—7~<4207F5
A ¥ — (EPMA) %AW KILH T 2O TR GRE ST

FERBLTBY, ThH50F—F LU THRELE
WiTZRw., IRSORE,SIE, BELGOARICES L

e 7=RIEFE—THY, vaa— 7+ BlbEREAO
FHO—2>THLUHDONY) 2= 3 Y OERFIZIE, F
DENPHFHEL TSI EEZ/RLTWS,. Popov et al.
(2009) (2B B EABEFHMEE (SEM) % v 7i-g&fs
FEPLTIX, BRODOICHN, FKkf, KOERETS
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Fig. 4 SiO, variation diagrams for obsidian of the Ilistaya River source group, the Akan source and representative samples of obsid-
ian in Hokkaido and Tohoku districts (Kannari et al. 2010). (a): Major oxides (b): Trace elements. Legend: 1: Ilistaya River
source group, 2: Akan source, and 3: Hokkaido district 4: Tohoku district. Classification of potassium content series after Gill
(1981).

The obsidian from the Shkotovo Plateau has a much b DO N MG T > TVD 2 AR ENT VD

more mafic composition than obsidian sources in Hok- N
SRE A (2010) Ty w5 - dbiEE o B
kaido and Tohoku districts (Kannari et al. 2010), which S ( ) THEER AL - deiiE

are lower in SiO,, Na,O, K,0, and Rb, and are rich in MEATAARL L IS 5 &, SHZZL <, Ti Fe, Mg, Cr, Ni,
TiO,, FeO* MgO, Cr, Ni and V. The Akan obsidians are VICER, WEMETHL. —7, WMIEHOREHIDONWT

characterized by more felsic composition (Si0,=60.3-61.0 1%, SiO2=60.3~61.0wt% fFLED L INEEHMKTH Y, ¥
wt.%) than obsidian from the Shkotovo Plateau. 23— N BHEDDL D LT 5 LR ThH S
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5. Qualitative analysis

It is common to need a non-destructive method for
analyzing archaeological stone tools or artifacts. The
analytic method is the qualitative (semi-quantitative)
method of direct X-ray irradiation on stone tools (Hi-
gashimura 1986; Mochizuki 1997). The analytic instrument
used at the COLS is an energy dispersive X-ray fluores-
cence spectrometer (JEOL, JSX-3100s). The analyzed
samples were the same ones from the quantitative
analysis. The measurement method is based on Kannari
et al. (2010). Analyzed line are all K, in which the major
elements analyzed were Si, Ti, Al, Fe, Mn, Mg, Ca, Na
and K, and the trace elements were Rb, Sr, Y and Zr.

5. EMAMA

EEA S L aee 2k, @, JEmEcolE
PEREND. 207280, fAwIHEEXHERET 2%
P CRER) SWafTbn s (R 1986; ¥ H 1997).
DA H 2o TE, BRAERFAREATEL Y ¥ —D %
W F — S HOE XA 28 (H A 78, JSX-3100s)
AL, EmAHIMHEH L 2H0E & [ U v T
TV 2 BT o7z @Ik OFEMIE 44 (2010)
WEEL W, @ eRE, B Ic#RIE S, Ti, Al Fe,
Mn, Mg, Ca, Na, K®OFt9cE, M=EIXHIERD, Sr,
Y, ZrOFH4TEOGRN3ILHRE L, TNHDKHOM
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Fig. 5 Discrimination diagrams of the Ilistaya River source group, the Akan source, and representative samples of obsidian sources

in Hokkaido and Tohoku districts (Kannari et. al. 2010).

Abbreviations: Ny, Nayoro; Ak, Akaishiyama; Ti, Tokachi-Ishizawa; Sn, Sanabuchi; Ik, Ikutahara; Ok, Oketo; To, Tokoroya-
ma; Ke, Kesyomappu; As, Asahikawa; Tk, Takikawa; Ks, Kamishihoro; Bi, Biman; Ai, Akaigawa; Ty, Toyoura; Kd, Kodomari;
Na, Nishi-Aomori; Iw, Iwakisan; Fu, Fukaura; Og, Oga; Kk, Kitakamigawa; Ga, Gassan; Yu, Yunokura; Si, Sikama; Tu, Tsuchi-
kura; Ba, Babamachi-Kita; Is, Ilistaya River source group; An, Akan.

Scatter plots were created using the parameters of Rb#
as Rb intensityX100/(A = Rb intensity + Sr intensity +
Y intensity + Zr intensity), Sr# as Sr intensityx100/A,
Mn intensityxX100/Fe intensity, and Log (Fe intensity/K
intensity) from Mochizuki (1997), which were calculated
by measuring intensities (Fig. 5).

The values of obsidian in the Shkotovo Plateau and
the Akan area were concentrated in individually different
areas compared to the obsidian sources in Hokkaido and
Tohoku districts (Kannari et al. 2010). The explicit dif-
ferentiation shows an application of potential for the
transregional sourcing of obsidian stone tools from be-
tween Primorye and the Japanese Islands.

6. Conclusion

The obsidian in the Shkotovo Plateau has a basaltic
andesite composition. However, it has almost no pheno-
crysts and a groundmass similar to rhyolitic obsidian
with homogeneous volcanic glasses. This suggests that
obsidian in the Shkotovo Plateau was produced by dif-
ferent processes when compared to the Akan obsidian
of welded tuff. The shapes of the lava flow including
obsidian in the Shkotovo Plateau are pillow lava and
pahoehoe. This suggests that the Shkotovo obsidian was
transformed in an environment of super cooling condi-
tions from mafic magma with a high temperature and

BEEMELZ., SO TELNEREZD L2,
H (1997) 12# U TRb 43 {Rbi#EE x 100/ (A=Rbi#
FE + SriftE + Y SREE + Zr )|, Sr43=E (S x 100/
A), MniRFE x 100/Feb#f¥, Log (Feiff /KifE) %
koo, HHIKEZERL7 (Fig. 5).

FIPIKTIE, HE - deipE I e 2 B A 07
— % (&HUTA 2010) bPFETTa Y b L7z A5
OBRBAOGHEE RS 5 L, 23— MY+ GHE
SR R0 BT SERE SN 13 2 B UMY L 7 e B RIS
Tuy b, iR REG L EPIFH B RE T H
5. L7ahio CEEME ORI OV T B kO 5 H &
179 28T, FEREMIEEOREIC R D EEZ NG,

6. HHWIC

AR L 723 HE LR H L2 A O 2 A L Tw
BHG, WRCEEOBREA & kL MO TRAMZZ LS
OHEDITE T T AT SN D, TRIEREIKE T
B B PISEI O B SRR RS 2 L ZRLT
W5, F7z, EEROTEBEMRE SR /SR A R A #Ha
THbHIEND, mEDE L, WEIMEICE RE TR
L7z eSS NS, v aa— by + iRl TRk
SNBRCIE, EERLE T, Bmshs L)%
BET ORI BI abhTw/ieZErb6Nb. L
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low viscosity, and is a rare case in the world. Conse-
quently, questions still remain for further research and
discussion regarding the elucidation of obsidian genera-

tion processes.
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JEUEIZ BT % AR AR A HLANL T B 720 D E R OME
BEHME L 512, Jico— 2R A & 5l -
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ST, WWEERRROAT, 77 AT v o
RIS AT B W THERM L 72, REEOMAME %
PLFICRET.
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INFAR - BYWIINIAR - F OMEERT - ERERRE) ©
WH, 72777y MULHOBEIHEG R @ L
THRMIEH ShTwd, 1) 5% LS is o
RORBEOFRAEOFLRICIR & Kig, 2) FEsab 05T &
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RSB R OB MOBIR A I 2280k L,
3) BAER A Z LW TE L7V T AL IR Dk HE
fi (BEL—2) ORS 4) FAYEE»S T 7 £ A0 H
ek —A M) TICBAFT 5782 T VY 2K & £ D4tk
WErFERTAHEIEEZHWNE L7

Fa—E T VRFEON. I F— FEBEOREN OGS W
T, KFEWWEE, TI9RA L UEWEORS, T o
EADOHTA X 7 VAT VAR, A=V 7 2 VAEO
EWN, B—RFEHDOT =T VAV MR, F—-L ¥
25 AV Y2y =TUHRHORNEZT 5 EHNTE
2. TYNERIHLT)VVE - A4k I VAT
ViR - &=L 7 =)V A f 0 31 f i T3k THY 3.8
k% B Cro i OBEBIN B 5. BETEEI DL IION
THEDEMOMENICH D, T—RERDF—L VT2
AV va s —FLEEVDbY S NBEAGD [54
F o] BWEAINIZLTEATHLN, TORAE
JEHE DHEENESE & SR OBBORE L FNEH 2O S L7
REDHEAT P CHETE .

FI T ZIEGNL TV DT — 2 DU
WCIRRFOKHIOEL — 03k k%, 2oL, %kl
V27 o TRITARIB L 72 B ISR o 22 B O K X 72
KT CTd % F 2T 5. F 2005 5/ I I
R T/RAT Y 2K 2 F R T & 72, 1960 412 RLs
SNTWRIKIREMAD, BIEIZENE) HIEHH0THIZ,
HITH70mEL 1 FA ) K DHERE D L Wi/ g B
DOHIZT 5. B EET 5. K RFZEOBHIZNA
INVVOERHI v VICBEIL, MW FA
A 2 &% FLAE
[H#2]

8 H25H : i3, 7a—¥ 7ok

8 H26H : 7 a—Y 7 v REWHYHE - NIHSFHIFEAT L
FHTITIRAL VICBE

8 H2TH : 7 v /N4, u— MR & Kk

8 H28 H 1 7S A7 vy = Kii 7& EILHE KA # I > 92 5,

8 H29H : 32 vbxry~EH)

8 H30H : MMz & A

8H3H:Iz2 kx5

9 A 1 H:HKHE

WAER, BIEEICR 572N T F— F#E, | R=FK,

JRNEFRIELF LD 5.

BIMH LT O )

NP IR (BRERFERREAIEE Y —, 2V —K)
- WEEE M CNHETNEERTRE, v —R)
<3 B (ERBEIREEMLI 2—Y T4, Y —H)
SR B (BRKEECES, vy —H)

(3) By iEHiIcH 1t 2 ERREAREHFAE
2012459 H 24 H~26 HO HAE T, B AHZEL Y ¥
— &S E LT, FrlERoREAFEERD ) H, T
SR W 00 e P D b, & RN - R A S b D B A %
By — ELFETHEM L7z, WEE oo NI B &
U —IEIRE AT % o TV B IRFIRIE O B8 s
MELTBY, 5KEE W TEEGAT 55 7 ki
WORRBAFERICBITS, BREEAZ D AHHOITE)
REILT 59 A THBEL B2 ERLWIES R L VR 5.
L DA R OB O W TIE AR EICE R & L
THWBLTVWLIOTEIR I,
RAESINE LT O )

B R (BBREERCFE, vy —H)

CEWR W (TG ABERZRERHFHER)

g EEm sttty —, vy —H)

- BHAOE (WRARFEERRAE Y v ¥ —, RHL#ER)
AEEE W (RAERFEERRAEY v ¥ —, R
U B CEIRREE AR BE N SCRE AR TR i
AR

CREE B (BBURERSUERA)

(4) NHU—-EAEHEIL T a2 ROEHIVNF
7R BELFEEMOREE
D 2012411 H24H~12 1 HIZ2T T, IHHED)
(R F RO~ 7 —) L B (HHRKAHE
WeE) 12X, NYAY) —EVEREICRE SN TYS
Lithothécaa L 7 ¥ a v (A7 hvoaLrz v ay)
DUBBLUONYH) =/ A07 7 37 EEIZE A5
A H D B A AT b 7z,
R RSB AgE L v 7 — L2 ) — L
DOFFEscHEE, 2010 4F @ Viola Dobosi JeO IR F -
72, O, IHESULMBIZEI A5 L7z H A& oo 1
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WA )5 Y > 7 vasLithothécaa L 7 & 3 Y ICHRES
ni.

SROMEAAENE, o H) — BN & IR KRY
BAiEt v 7 —ICBIF 20 es8ii e S 5 I E T %
CERZHMCEHTmENZZLDTH 5.

2) 18024F 12 i S 7= v ) —E 1 AE (Magyar
Nemzeti Maseum) 1%, 19704845, ORBEH, L
v T4 T v DOHEERS (Szeletian felitic porphyry) <2k
TR R R KK D A ¥ s (Hydrothermal and limnic
quartzites) % EORENRER, @V T VA - RFo i
T o HIHER R~ T (Matra) IHEEH T THEM S
NB%H%e 70 v FOEPMLHA - DIz LiED T
&7

O, A Y F A MY —1F 4 (Industrial
Archaeology)” W9 7avyxz & LTSN, A
WICBT B HEAN - A - REOLROMIENEFEL T
Wz

29 L7z ax b &2, 1986 4FE, “Prehistoric Flint
Mining and Lithic Raw Material Identification in the
Carpathian Basin” &9 57—~ CEER ) 784205
YY) —ThIfg s .

Lithothécald, ZORMED7-OICEHNTIE S NG
B S IAEZMED S 725 LGk, EoNsh
LOFER % &, AEt657 MOBE % b L 121989412
A1 507 HaE S, 19914512, “Lithothéca : Comparative
Raw Material Collection of the Hungarian National
Museum”, Magyar Nemzeti Mtseum, Budapest 1991 &
LTSN/ DTH B, ZDH1990~1997 4 D [
L7288 AEF 1373 miZ b & 12 2002 4ESET AT
RS N7z BUE, BIROEMSET L TWD.

Lithothéca® b ) —2>OHMIZ, AL s a v &7 —
FR=2MLL, AT HIETHL. TORMDIK
1%, Biro,K.T., 1990 A microcomputer database
system for the investigation of lithics. New tools from
mathematical archaeology. 1990 Cracow Polish
Academy of Sciences, pp. 107-114. & L CAFE I N [
BEZ, 1285 —=4 >y P TORMAbEDSLNTVL. TF
L 23RO . http://www.acenu/ace-home/litot/

LNy F ) =0T R HARIZ T o) .
11 A 25 H : ) —E RO SRR KONy 2

Y — Fge
11 H 26 H : Gabor Tomika % & & WF7ER I DOWT
A

Lithothéca 3 L IHAZILI L 7 ¥ 3 ¥ &2 FLAE
Archaeometry Workshop (2T H ARG AL & HE
AWFFEDOBEE & ity
1. Masayoshi Yamada and Akira Ono, Upper

Palaeolithic of Japanese Islands: an overview

2. Kazutaka Shimada, Activities of prehistoric

hunter-gatherers around obsidian sources in
central Japan

3. Kasztovszky et al.,, Prompt Gamma Activation

Analysis of Japanese obsidians in the collection of
HNM

4. Lencz Balazs, Dissemination of knowledge and

approach: a Japanese example for conservation
1127 H : BEAFEPEREEA (1) Ratka #lHEMRES
JEREH (48°20'90" N, 21°24'66" E), Mad &
WA EHL (48°17'87" N, 21°32'29" E) %
AT

11 28 H : BEEAEERPEE (2) Vinicky HIREAE
PEHL (48°40'12"N, 21°73'86" E) (A B\ 3%
7)., Tolcsva BB F#EH (4828'68" N,
21'43'63" E) % P4

11 A 29 H : Herman Ott6 Museum (Miskolc) 12 THr
A ar U R 2 Fi A

Alal, IR RFEREAIEY Yy —TREL Wb H
TERE N ONE F RE SR DRRES 2 N ) — B
fii® Lithothéca I L 7 ¥ 3 Y ZALSEGHTH » T & LT
ML 7. 4%, PGAA (Prompt Gamma Activation
Analysis) 12X L% 5W2TbNDEFETH 5.

AN SF T T BRI GES B RRAAC AT
AL, BRI aERA»SEBL TV
EVHZETH%.

ANV —ENERE, BHARIE R Y F — s L
EDBLTUTV 27 FOVEDTH S, BRAGEOEE
FHEALIZMb B 2 L LTz,
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6. IR 4 [% 7 i EOMTRHUEERIFICE T 2
AT IR & T %

i

%
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20124E 10 H 27 H - 28 H, WIRRFABRITE F v > /38X,
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¥ ¥R Y% A4 [Lithic raw material exploitation and
circulation in prehistory: a comparative perspective in
diverse palaeoenvironment (5SRO 244 O FI
LUl SR BREO R PO ORES) | B L

2. TAUESCERRR A RN KR (B 8 S AR i S B2
HE CPR234E~274E) [e b — HIRBRESR OB L%
BIZHD RN RE O] (et - NS
) o—Be LTEMLZD DT, EEREMNLRES
(INQUA) ot k —AfE% (HaB) 23 v 3 v9bd
YRR ZT .

WEAE I EIBR 7 — 7 ¥ 3 v 7% F2i L C R 70 SR
AWRDO AR Y M T — 7R Z 57225, Ghoy yRY
7 DAL E 2 S AR A M TR O — R TIEHR L T2
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M OB LB A0 BROHE & L bz, E
WOFEAMAIZE & OB - MLzl L T4 & OMR
DFRBIZHGT L HRHME LTEML 7.

2THOAM#HATIEAY ) Y - T-Ea— (NVA
Vo=, N —ELEWEE), TA—F— Y2 —T 7
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WHOYYRYY LTI, WEHrbidky - 3=3>
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3 (F=AM)T, £ VATV Y 2 KR¥), NJARF -
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Z - RER®E GREIRYRER), BHAE (BHKs
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DT Y HOBENECE R ZBRT 2.

(1) ABRHEE
fRIA-Ov/NORBARRICHTIHIVNNF 7 ERER
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ZOFELE, WYL, TLTHHEDL A LIH#- T2
WL Vo 2RIl o T, RKHMBNTWEDTY
A5, FIUTEWIRFRRRFFO LRI, ) Th L, Fld-
NEFOEADTHIZETRATRSDIFTY.

T MENIN ) —DRGEEDZEBLZ, “az (iveghegyen
tal” (7 ZADMDWS) L) dborbhETL, B
R, EIERACRFFCPHZOT 2L Db D, #lz
X varjukova (=75 AtBD 7Y » 1), csalakova (=14
D7) VL) hENPSDLNPLEI LXK, DVEILE T
DANADORHTIE, BEAVERSI N, EEZITSIRT
&7zl w) T LTY.

inig & U COEMRE &R
WHAEREHFEPZ OMBEIZHOE S, TEET
5 X %o 0iZ 19T, s DRI OMFFE
X, SEWER, MBI (Fichtel 1791, Beudant
1822) *°, HWFEW, HAZHFM LS L SNF L
7z (Romer 1867, Szabo 1867, 1878, Szadeczky 1886). 7
1) A - & X —)bFléris Romer 258 LiZF7zoik, &
FH 7 RIC BT 2 RO G OMKDIER TH Y,
ZhUL, 187641/ ) — CTHIME S W EB S 4
RIS b0 TL MHROROEZ 2P, 1930
FERIZIFV S THAST, Z2TIE, BRA L LR
BUIARZEV)BOPELLE LI TWE L.
B FEROPLEICBE L Twa b @ (Jansak 1935),
BELL WAl s H7-5 K- » FICET
%3 ? (Kostrzewski 1930), # LTIV —<=T#HD NV
285 7 #F5 (Roska 1934) 72 &5 7z 2 BERS I A 4L S
F L7z RISEHN AW & 131950 4RI A - TH S5 T,
2Ty A — (Gabori 1950, Vértes 1953) 13421
TH A=A MY 7 (Gabori 1950) F THBEFIZWIL,
IHA RIS BT 2 B ORI T 2082595
bhE L7

ERELE S LVOERAEHES

Zhp6H b % LT, BREAIEE, EREY 2B
2B D O PEMBFSE I BV TR 2 EE Lo b &
ICHRYFELZ bW “HihiE OREAEM (2
DEREZL ¥ T V=R ZDMINEHE S OBk A LFNED

P THEMT LD L) BIEVERTHOTWET) 12
BT 25t DMz E S &, 2 FEBLEN%R
G EDREBACE R T 5 L) R F L. 22 TH
whh7z ki, $30ES (Cann & Renfrew 1964),
KT NAA (Gordus et al. 1968) % FTD (Bigazzi &
Bonadonna 1973) 7 &T9. Hlka—a v, Ny A
=20y 7 X7) (2B 5 RN OB L5
W I T L 72 @13, NAA (O. Williams and
colleagues, Warren et al. 1977, Williams et al. 1984) @
FETL, WMoz 2, [ANAFTHEREA] &
WO LT E DB LD THY, 2ok, ZOXHIIL
CERLEL. F72, ZoNnTFT) —i%, BROHS
BE ) Bl E oBIfR TS L7z (CLC2). Z
NSOHHHEE, EDS ® XRF (Birt et al. 1986, 1938)
(ZHEDOWT, T — 1y 3o R E L & HERIL Y
RO BN B Z b, &5 7% M5 E~DEH
MhrhizoTL7.

BEAHRANDNFHY —OHREORED TR

Jolk L7z &9 MDA 2 0 CHE 2 L ¥ %
72N, FEFRDWY HAZ OB LHWOBE, L TER
SR O AR AT L7z (Birs 1981, 1984). 29
L72H0Y) LA, GO 720 DO, iz o
Tehia e g EAEAMTIERHME L TWE LA &
HLEFTOE, AFICLT, IhFETolkigrnsd
NGB EBELCLI)SOTLAL €D L3,
PEMNIEIE T B & A THBHEE Th T, &
MEVI bDOEFHEEEZHITTLEIDOTHY ET. L
PLEDS, @APDblb Sz, HEREWICHL
TIiE, boLbHRTHLDT, JEBIEN L A%
ENDZOPDZELVILREIETOHY EEA. R
TEEROFE R, FA7-H1%, TTREMEE 2% PIXE-PIGE &\
9 Jik: (Elekes et al. 2000, Bir6 et al. 2000c, Rozsa et al.
2000), €L TPGAA &) IEmm i b B L, 2
DI & o> THERL A BRI RO L B0 04 % 3
Z 7o T&F L7 (Kasztovszky & Bird 2004, 2006,
Kasztovszky et al. 2008). Z DFHEIC X AR5 EMN
YOT, BRAOOHEHOENIANTHL L) 2L
BHEPDOENF LIDOT, ThETHMOLN TSI -1
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Fig. 1a : B0 )5 P H Carpathian 1~3 (C1~3)

Fig. 1b : C1 - C2 THEM DR DL 1

Fig. 1 HIVINF 7 DEERIREM
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Fig. 2 AN F7ERERHLEHOS R

v SOREEM & DRI~ OE NI E TR ET
WD 7: D OB R RN, AN T TR
AM72bDbHD ETL, FHINdD, F2ZSH;I
FoTATFLAEZbDLHDET. ISR, N>
A —ENLEWE O A O 7203 Ly v a vicko

TH Y 9 (Lithotheca, Biré & Dobosi 1990, Bir6 et al.

2000a). MM ZLINTED FRAEDT—F RX—A
DIEREMHRT LD DTHY EFL, ThHDMAER,
b DM IS 2HD R CERIBAZ 6L EL
72L (Bird et al. 2005), 72X D b7 F4 FOEMIC
B3 a2EVmFICRILFZHOOICEB LD TL:
(Rosania et al. 2008).

MEFOILK : £LERICH T HERORHA
AT B ERAIUE S, B & 1 2 B ANE AR

FAT SRR (Bire 2004, 2006), HfEICR ) 22H 5
DB, 3DODIEFEN R FEHDERE L 2B OAFATEL T 5
EVIHHTY. Zhbid, MRATY 7 X7, LR
A —, Tir 754+ TF (Fig. la, 1b). Ny H)—D
W OEMICET 2 B2 5T UL, 2 OISR
TLhdbifEhizoid Ay 7y X7 EREA (C1) TH

D, NYH) —EOREEA (C2T, C2E) 13I8 % 534
WKIEEF->TwnaEnw) ZETL SBIIEAE 77
IAFREOEREA (C3) 1 EIT RN/ HIBIZ LAnTm
LTWhAwEWw) 2 &TT.

AT B A 2 B IZONTH O ->TE
22, AN T T RERBA O BOBROME,
bbb UM LT (5 7) LR (F)vrvR
T U T ) O O BREA & 54 IR o A L
BEROE T Y.
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RIBO OB O T — 513, AN/ F 7 R
AgrOWHEEIR 2 > DM FNE, Zsay s -y
— 7 (Williams et al. 1984) = LT, <~ % —1 (Kilikoglou
et al. 1996) WHBOBITHER SN TWE LA, ZLT,
A OBI R % & SIZIEMEICA S 720 ISR S o
A%, FELBEE (797FT7 - kLVET - V—2 T -
77 54F - K= F) TRIESN@YWOEELRE
IOV T ORI 2 LENE RO TY. 4%, Zodk
R ZEOMDILKZ 0 ) 720 & o T E T (Fig. 2).

W

BREASERRRAZE T L, %o 2EENEHF) 72
TAHWETH - 721300 TR L, FRRARFZEE 1
Lo THIRID, EYEPLHREHRTLIEMTLD
DX, RIS X oM £ LTREN Y VT
VoAb sy a JIIHY BRI B ORFFEICRE <
HMLC&zE i ET.

LALahs, ROBEIIHLLTBIRETLLE).

1) dob b EELRERACL (Cejkov % Kasov 7
VRS DB FE, Kasov #° Nyirlugos D itk % & DEEL,
Banesz 1967, Banesz 1991, Kaminska & Duda 1985) @
MO IERELR B CEEZRE LD LN TV RNE NS
ze,

2) BMEA DA L85, ST TEALICE AR
HAROMMHO D DRKICT IR VwOTHY TLT,
ZNHIE, “HEHOHED T EEZ (sourceable) #im” &
“FEMASHIB L Cw 22w (non-sourceable) B % 7
THEVBENOMH SINLLENHLTL L.
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Obsidian Appeared in Paleolithic Industries
on the Korean Peninsula
by
Mi-Young HONG

Institute of Cultural Properties, Hanyang University,
1271 Sa-dong, Sangrok-gu, Ansan, 426-791, Korea
E-mail: hongmy1957@naver.com

The earliest evidence of obsidian use in stone tool
manufacturing appeared as early as 24,000-22,000 yrs.
BP. on the Korean peninsula. This raw material, closely
related with microblade technology, was continually used
until the final stage of the late Paleolithic period. The
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characteristics of each lithic assemblages from 26 sites
containing obsidian artifacts, ranging between 24,000 yrs.
BP. and 10,000 yrs. BP. according to radiometric dates
or relative stratigraphic chronology, reveal that obsidian
was used in high density as a favorite raw material by
the microlithic culture in the central region of the Ko-
rean peninsula, while suitable and various local raw
materials such as rhyolite, siliceous shale and hornfels,
depending regional geology, were actively employed in
the southern part of the Korean peninsula. Intensive
microblade debitage and production of specific tools are
also recorded in the southwestern region, where obsid-
ian raw material was rather scarce. The appearance of
obsidian and microblade technology in the central region
of the Korean peninsula seems to be the result of late
Paleolithic population movements, closely related to the
climate conditions of the Last Glacial Maximum.
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Small Opportunities and Big Needs:
Mira EUP Case of Raw Materials Exploitation
(Dnepr Basin, Ukraine)
by
Vadim STEPANCHUK
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Middle to Upper Paleolithic transition on the territory
of Eastern Europe is characterized by coexistence of
Middle Paleolithic, true (or full-fledged, or authentic)
Upper Paleolithic and transitional (archaic or symbiotic)
UP industries (Anikovich et al. 2007). These latter indus-
tries exhibit some typological and technological rudiments
of Middle Paleolithic, at the same time being quite Upper
Paleolithic in other aspects. The site of Mira represents
rather rare in the Ukraine instance of archaic EUP. Mira
records provide broad spectrum of archaeological and
natural science evidence (Stepanchuk et al. 2004; Stepan-
chuk 2011). In particular, specific case of remote raw
materials exploitation might be described for the up-
permost Paleolithic occupation of the site.

Open-air site of Mira locates in the valley of the river
Dnieper, Eastern Europe, Ukraine, actually about 15 km
South from the city of Zaporozhiye, 47°40" of N latitude
and 34°50’ of E longitude (Fig. 1). Three layers including
archaeological and natural objects were recognized here.
Two of them yield obvious evidence of human activity;
these are cultural layers II/2 and 1. The lowermost I11/2
is separated from the uppermost layer I with remains
of burned pines of layer II/1. The nature of remains in
layer I1/1 is still unclear; as they may present results of
either human or natural activity, or probably combined
effect of both.

Both Mira I and I1/2 associate with the soil-sedimen-
tary processes. Lithological, geomorphological, palyno-
logical, antrocological, micro- and megafaunistic analyses
and radiometric (AMS and conventional 1C) data allow
precisely correlation of layers I1/2, II/1 and I with
Denekamp /late Vitachiv /Bryansk interstadial of Middle
Pleniglacial and put both Paleolithic occupations between
27-28 uncalibrated C14 ky BP (Stepanchuk et al. 2004).

As it supposed, human activity remains were likely
quickly buried after the occupation, ensuring good sur-
viving of artifacts and site structures. Actually they
represents good example of well-preserved archaeologi-
cal living floors.

In archaeological sense assemblage of layer I might
be defined as archaic EUP, while underlying Mira: 11/2
appears to be authentic UP possessing Aurignacian and
Gravettian features.

Lithic series of layers II/2 and I statistically are sharp-
ly different. While assemblage of layer I1/2 enumerates
only about 200 knapped flints, recovered on the same
area (ca. 70 sq.m) assemblage of layer I enumerates almost
60.000 lithic artifacts. This difference, probably, might be
explained in terms of different durability of occupations,
more ephemeral in the case of layer II/2. Another likely
explanation is that only fringe zones of occupied area
1I/2 were unearthed till recently. Anyway, only general
features of assemblage II/2 might be restored, while
lithic series of layer I allow more comprehensive studies
and detailed characteristic.

The following aspects are important in respect of bet-
ter comprehension of situation with raw materials, name-
ly: economic status of occupations, seasonality, and avail-
ability of raw materials in the vicinity of the site. Oc-
cupation of layer I was comparatively long-term, and
was in function for several months. There are different
indications pointing to the Autumn-Winter season of this
habitation. Coming from the whole corpus of data in
hands, it is possible to describe economic specificity of
layer I occupation as seasonal settlement raised next to
the place of successful single episode of hunting on harem
group of wild horses. Evidence is far less representative
in the case of layer II/2. It only possible to state now,
that this occupation was likely ephemeral, and that ac-
companied faunal remains belong mainly to bison and
horse. No data concerning seasonality of II/2 are in hands.
Both assemblages were based upon flints, though not
siliceous rocks are widely represented in assemblage of
Mira I, as well. Worthy to stress that site of Mira is local-
ized in area virtually devoid of primary deposits of
lithic raw materials. In the vicinity of the site only extra
rare and small pieces of flint might be found in alluvial
context. The nearest flint outcrops are known remote
on a distance ca. 100 km, though the nearest outcrops of
petrified wood, sometimes used for knapping, are sepa-
rated by several tens km. Additional difficulties in raw
materials supply in the case of Mira I were added by
natural constrains of season of habitation. These evidence
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obviously witness for objectively very strict conditions
of raw materials supply.

Nevertheless more than 20 varieties of used lithic rocks
were recognized in materials of layer I (Petrougne 2002-
2003; Stepanchuk & Petrougne 2008), of which 13 are
different varieties of flints. As petrographical analysis
revealed, quantitatively predominate varieties of flints
of the uppermost layer has Eastern Carpathian origins
and were seemingly collected somewhere on the territory
of modern Romania. Some further varieties of flint allow
to define their exact origins. Paragenetic association of
zeolitised tuffs, actinolitites, amphibolites, and effusive
also points to Carpathian origins, while sandstones, quartz
milonite-ultramilonite, migmatite or gneiss, and probably
quartz-diabase have local origins. Typomorphic pecu-
liarities of flints and non-siliceous rocks allow to trace
rather precisely West-to-East about 750 km long move-
ment of Mira: I occupants (Petrougne 2002-2003).

Thus, the lion portion of worked flints of layer I was
imported from very remote outcrops. Should be noted
that overall weight of both flint and stone artifacts of
presumably East Carpathian origins not exceed 5 Kkilos.
Many technological and typological features witness for
rigid economy and intensive utilization of available raw
materials. Layer I flint assemblage provides obvious and
expressive instance of extremely transformed industry,
which exhausted appearance resulted from the intensive
utilization and re-utilization of limited number of ini-
tially thoroughly sorted lithic artifacts.

Assemblage contains very rare and exhausted cores,
few small fragments of raw materials, series of flakes,
flake tools, bifacial tools, and crucially dominating chips
or micro-wastes of bifacial and flake tools’ knapping,
sharpening and reshaping (Stepanchuk 2005; 2011). To-
date appearance of assemblage seems convincing for its
definition as flake-oriented and micro. But, as detailed
analysis reveals, we deal with industry basically oriented
to production of large blades and bifaces. There are
definite indications of one striking platform cores explo-
ration. Pre-core stage included crest preparation, as it
anticipated and reported by presence of crested products
in assemblage.

Thus, primary composition of lithics in hands of Mira
I migrants likely includes large massive and wide blades,
probably struck by parallel single-platform volumetric
cores, and large bifacial pieces. Retouched flake tools and
bifacial tools and/or semi-products, and probably certain
quantity of raw materials by way of blanks and tested
pieces have been procured and brought to the site. Range

of techniques were chosen for further transformation of
the initial set of flint artifacts, these are: intentional
fragmentation, reshaping and rejuvenation, thinning
including core-like thinning, knapping of bifacial blanks
and largest blades and flakes as well as knapping of raw
materials pieces.

Industry comprises flake points and sidescrapers of
MP appearance, and also typically UP endscrapers, and
few burins. Bifacial forms includes foliates, points, backed
forms. There are also rather numerous specific non-
geometric microliths of Mira type, atypical inversely
retouched bladelets and Krems-Dufour points, micro-
truncations etc. The major portion of these latter artifacts
represents products of slightly elongated micro-flakes
appeared in course of reshaping and rejuvenation of flake
and more rarely of bifacial tools. There are some grounds
to believe that appearance of original micro-component
of Mira layer I, as well as Aurignacian-like products,
might be explained as an independent innovation under
the circumstances of scarcity of available raw materials.
To date, the site of Mira represents a unique instance of
well-documented archaeological records recovered in
continental Ukraine and directly related to final stages
of the period of coexistence of Middle and various kinds
of Upper Paleolithic cultures in Eastern Europe. One of
its highly peculiar features is expressed in relying on
very remote raw materials. Long-distance migration,
followed by the stay in area devoid of suitable siliceous
rocks, has resulted in specific Mira case of raw material
exploitation.
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In Ukraine, obsidian occurs in Transcarpathia along
the Vihorlat-Gutinian Ridge most as strombalites—vol-
canic bombs ejected from explosive eruptions during the
last (IV) orogenetic phase of regional volcanic activity
(Nasedkin 1963; Maleev 1964) roughly 8 tol5 Ma (Shevko-
pljas et al. 1986).

For the first time obsidian artefacts and their outcrops
with geochemical analyses in this area (villages Ro-
kosovo and Malyj Rakovets) have been described by
geologist Petrougne V.F. (Petrougne V.F. 1960, 1972,
1986). Since then numerous stone artefacts were col-
lected on the eroded surface around vilages Rokosovo
and Malyj Rakovets. The result of this investigation was
the discovery of several cultural horizons in the Malyj
Rakovets IV, yielding Lower, Middle and Upper Palaeo-
lithic artefacts. Local obsidian is the most common raw
material for this area (95%) (Gladilin V.N. and Sitlivyj V.
I, 1990, Sitlivyj V. and Ryzov S, 1992, Ryzhov S., 1998,
1999, 2003, 2009).

At the moment, obsidian outcrops in the territory of
Transcarpathia are known only in the vicinity of ridge
Sholes (v.Rokosovo, v.Malyj Rakovets). Recent collabora-
tive studies have confirmed the presence of local obsid-
ian. XRF data, NAA data indicate Ukraine obsidian is
chemically different from other Carpathian obsidians,
and suggest that the Ukraine material is internally ho-
mogenous (Rosania et al. 2008).

In the central part of ridge Grand Sholes geologists
found six liparites outcrops with obsidian (upper lava
flows). In the western part of the spine occur liparites
tuffs with a small spread.

On the north hillside thick top closer to the center of
the region are liparites outcrops, which are confined to
hydrothermal rocks that cover an area of about 0.5 kmz2.
After geological data the ridge Sholes represents destroyed

polygenic stratovolcano of Strombolian and Plinian types.
Volcanic material delayed in an aqueous medium sur-
rounding in the lower parts of the relief, after which the
material was transferred temporary water and mud
flows. The diameter of the main part of the volcano was
about 10 km and height of approximately 2 km. Eruption
of lava flows liparites held on the last stages of life of the
volcano, when the building it was already largely de-
stroyed [Maleev, 1964].

There are two types of Local obsidian: black matte
and brilliant color and dark gray. Thin pieces of glass
does not pass light. Obsidian has inclusions represented
mainly glandular hornblende, and plagioclase hiperstenom.
During the crystallization of glass around blotches have
sferolity of stool-sodium feldspar and kristobalt or trydim-
it. Volume of water from 0.01 to 0.05% (Nasedkin 1963).
Local obsidian is the most common raw material (95%)
for all cultural complexes of Malyj Rakovets IV, the rest
consists of quartzite, flint, slate, sandstone, quartz and
andesite. Non-volcanic material is represented by pebbles.
The raw material is not found naturally on the site and
was transported (0,5-3 k) by numerous streams in the
vicinity of the settlement. It is important that the imple-
ments made of volcanic materials from different chrono-
logical complexes at this site and have differently pre-
served surfaces due to various degrees of patination and
cellular leaching (corrosion). The most ancient artefacts
have the most destroyed surface and vice versa the
youngest implements have a better state of preservation.
Eight cultural complexes were recognized at the site
according to geostratigrafical position and technical-ty-
pological namely: Neolithic-Bronze age (0), Upper Paleo-
lithic (I), Midlle Paleolithic (II-IV), Lower Paleolithic (V-VII).
Lower Palaeolithic complexes includes the tools on mas-
sive natural flakes with irregular retouch. Large obsid-
ian bombs of mainly black obsidian were used. Some
obsidian artefacts with more corroded surfaces and
represents morphologically more primitive tool types
(proto-Levallois and cubic cores). These were assigned
to the Acheulian complex (Stepanchuk et al.)

Middle Paleolithic (II-IV complexes) technique of
primary flaking demonstrate shift from discoid to paral-
lel and convergent knapping. Assemblage includes Lev-
allois flakes and points. “Backed” side-scrapers, knives
and flakes with traces of using or irregular retouch
dominate among tools. Medium size dark gray banded
and black obsidians of oval and flat-oval forms were
widely used in this period.

Variability of raw materials increases essentially in
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Upper Paleolithic period (I complex). Tools were made
of non-local obsidian, radiolarites, hydroquartzite, and
various flints. Dominated obsidian retouched blades and
end-scrapers, and also burins on non-obsidian material
are among tools.
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Introduction

Our prehistoric ancestors had an excellent practical
knowledge on their physical environment and the spe-
cific qualities of the raw materials they utilised in their
everyday life. The knowledge on the source areas and
basic techniques for extracting, processing and using the
optimal materials was one of the basic elements of the
community lore. Investigationg the material heritage of
prehistoric people therefore should also deal with these
mineral resources, whether they are used in modern
industries or not. Apart from basic problems of early
technologies they may also highlight movements and
contacts of prehistoric people and have important indications
on the structure and operation of prehistoric societies.

Research history

The need for investigating and analysing lithic raw
materials as a source of historical information was raised
first in Hungary by Floris Romer, “father of Hungarian
archaeology” (Romer 1866). He himself worked together
with prominent geologists of his age, in the first place,
Jozsef Szabo, also pioneering excellent figure of his dis-
cipline. Geologists, geoscientists had an important role in
establishing Palaeolithic studies in Hungary and pro-
vided the natural scientific background for the finds,
among them, the stone artefacts proper. Unfortunately,
this interest did not extend to the vestiges of more recent
archaeological periods, including the “pottery” phases of
prehistory. With the exception of a few prominent raw
materials, esp. obsidian the general knowledge on lithic
resources was very poor (Patay 1976, Lech 1981).

In the 1980-ies, raw material research efforts of the
Hungarian Geological Institute under the auspices of J.
Fulop essentially promoted petroarchaeological studies.
The immediate results were (1) a diachronical survey of
raw material use and processing from prehistory till
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modern times (Fulop 1984); (2) a summary of existing
petroarchaeological efforts (Bir6é 1984a); mapping and
collecting Hungarian sources of chipped stone raw ma-
terials (Bir6 1984b, 1986) international conference on the
subject (Bir6 ed. 1986, 1987) (3) and finally, the establish-
ment of the comparative collection of lithic resources in
the Hungarian National Museum (Lithotheca; Bir6é &
Dobosi 1991, Bir6 et al. 2000a).

After the establishment of this basic tool for research,
we had several important projects, step-by-step increas-
ing our knowledge on sources and sites.

Chipped stone tool raw materials

In the first run, chipped stone raw materials were
investigated mainly. This is partly due to chronological
and practical issues (the most important and numerous
fraction of lithics is undoubtedly chipped stone tools) but
also reflected on ‘flint mining” research evolving with
great pace from the 1960-ies (Vértes 1964, Fulop 1973,
Weisgerber 1980). Some elements of the chipped stone
raw material stock served as basis of classical petroar-
chaeological and archaeometrical studies (Roska 1934,
Vértes 1960, Vértes-Toth 1963, Dobosi 1978). Developing
techniques of fingerprinting and characterisation was
systematically applied with an emphasis of non-destruc-
tive techniques (Bir6-Palosi 1986, Bir6 1988, Biro et al.
1986, Bir6 et al. 2000b, 2000c, Marké et al. 2003, Kasz-
tovszky et al. 2008 etc.)

Polished stone tool raw materials

The investigation of polished stone tools and their raw
material started considerably later. This group of tools
has an essentially shorter time span and much less
overall quantities are involved; nevertheless, polished
stone artefacts (axes, chisel-blades etc.) had a high pres-
tige in the ancient societies due to their often distant and
specific, rare raw materials, therefore their potentials in
tracing movements of peoples can be even more impor-
tant (e.g., Western Alpine jadeite; Petrequin et al. 2008).
Although the necessity of petrographically investigating
polished stone artefacts was raised already by Romer
(1866); we made the first steps in this direction only by
the second half of the 1990-ies (Szakmany & Starnini
1996, Bir6 1998, Bir6 & Szakmany 2000). An essential
impetus was supplied by the UNESCO project IGCP-442
(http://www.ace.hu/igcp442/), resulting in the identifica-
tion of the most important local and imported polished
stone raw materials and their characteristics in Hun-
gary (Szakmany 2009, Szakmény et al. 2011). Currently
we are involved in fingerprinting and analysing special

long distance raw materials in Hungary like jadeite,
nephrite and hornfels (analyses in progress).

Other lithic utensils

The most recent branch of petroarchaeological inves-
tigation is directed towards a group of artefacts that was
formerly neglected in any respect. We summarise them
under the loose category “other stone utensils” covering
grinding stones, polishers, hammerstones etc. and also a
number of ‘manuport’ lithics on the archaeological site
where we cannot find a direct and evident use or purpose
for the item. These artefacts are typically of local origin
and represent a large mass to carry and to collect. The
first site where ‘other stone utensils’ were investigated
in integrated system with the chipped and polished stone
tools is the Late Neolithic site Aszod-Papi foldek (approx.
7500 BP), (Bir6 1992, 1998; currently in press for the site
monograph). Recently, more and more sites, especially
those of large surface preventive excavations produce
tons of ‘stone utensils’. Their investigation offers a lot of
interesting details on the life and choices of prehistoric
people (Péterdi et al. 2011, Bir6 & Péterdi 2011, Szakmany
& Nagy-Szabo 2011 etc.)

Conclusions

Petroarchaeological research evolved throughout the
past decades into a strong and disciplinarily well estab-
lished branch of interdisciplinary sciences offering es-
sential help for archaeological and historical studies. The
basic methodology involves an extended and representa-
tive comparative collection, systematical field surveys
on potential source regions, parallel survey of archaeo-
logical lithic assemblages and thematical analyses of
specific groups of reference materials with archaeologi-
cal sample sets.
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For prehistoric hunter-gatherers, landscape is an im-
portant factor conditioning their activities. As a part of
the surrounding environment, the landscape as perceived
by Palaeolithic hunter-gatherers is always both a natural
as well as a cultural phenomenon. The main river courses
of the Upper Pleistocene were important focal points of
these landscapes and mirror the interconnection of nature
and culture. Palaeolithic hunter-gatherers therefore might
have conceptualized their entire land use practices in
relation to them. Beyond that, assuming an animism-like
system of belief, we can expect rivers to become important
semantic places which structure the landscape and help
mapping it. As illustrated by many ethnographic, but as
well prehistoric examples, rivers and particularly big
streams can take the role of axes for migrations, but as
well as boundaries of different territories. In view of these
observations, I would like to explore the role of focal
rivers as axes of orientation, taking the examples of three
major river systems of central Europe, those of the Rhine,
the Rhone and the Danube. In the case of the Danube,
this river obviously attracted Palaeolithic and Meso-
lithic hunter-gatherers. Important occupation areas, so
as the Swabian Jura, the Altmiihl valley, The Wachau
in lower Austria and the region around the Iron Gate,
are situated in the immediate vicinity of this river. Ex-
amples of the oldest Palaeolithic figurative sculptures
and musical instruments (flutes) in the world have been
discovered in cave sites near to the Danube (GeiBen-
klosterle, Hohle Fels, Vogelherd, Hohlenstein, Willendorf,
Stratzing, Grubgraben, etc.). In Southwestern Germany,
the lithic raw material assemblages of the upper Palaeo-
lithic sites are dominated by local chert varieties and
radiolarite. Nevertheless, the presence of Bavarian tabu-
lar chert in these sites underlines, since the Aurignacian
period, east-west-contacts along the Danube. These ob-
servations confirm what has been called by N. J. Conard
“The Danube corridor hypothesis”, according to which
early anatomically modern humans would have used this
stream as important axis of orientation, in the context
of their dispersal to Europe. In the Magdalenian period,
these east-west-contacts along the Danube are even
strengthened by important stylistic similarities of objects
of mobile art (paintings and sculptures). In the Aurignacian
and the Gravattian, several cave and open air sites situ-
ated near to the Danube have yielded famous female
figurines, for instance at Hohle Fels, Weinberghohlen,
Stratzing and Willendorf. In Magdalenian sites, we find
exactly the same painted limestone fragments at Hohle
Fels cave (Baden-Wiirttemberg) and Obere Klause cave
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(Bavaria). In question of the river Rhine, the most striking
example of long distance transport of lithics consists in
the presence of Upper Rhine jasper in the Magdalenian
assemblage of Gonnersdorf where three backed elements
have been realized from this raw material whose outcrop
is situated about 300 km away from the Palaeolithic site.
The same raw material occurs in single pieces in the
Aurignacian assemblage of Germolles cave in Burgundy
where a Tibingen team conducts excavations since 2006.
It seems so that the natural corridor formed by the
Rhéne, Sadne and Doubs rivers was already used by
prehistoric hunter-gatherers.

Mediterranean mollusc shell beads which had been
found in Gravettian and Magdalenian assemblages of the
middle Rhine area underline the presence of long distance
exchange systems along the Rhine — Rhone river systems.
In this regard, the strong similarities of the Aurignacian
artworks of Grotte Chauvet (paintings, engravings) and
those of the Swabian Jura (sculptures) provide striking

supplementary arguments.
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Foreword

The Lower Mesolithic site of Ullafelsen is situated 1869
m high in the Fotscher Valley, Stubai Alps, Tyrol. The
site was excavated from 1995 to 2004 by a team of ar-
chaeologists from the University of Innsbruck under the
direction of Prof. Dieter Schéiefer. Its geological setting
is characterized by the presence of metamorphic rocks,
mainly micaschists and gneiss, without any siliceous raw
materials suitable for knapping. On the other hand the
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Fig. Geologic map of lithic raw materials

petrographic variability of the lithic industry of Ullafelsen
is very high. This evidence strongly contrasts with the
complete local absence and with the immediate surround-
ing scarcity of lithic resources that the natural environ-
ment offers. Since the beginning of the studies it was
clear that most of the raw material were brought to the
site from other areas. Understanding the provenance of
the lithic materials constituted a basilar work to interpret
the dynamics in Early Mesolithic in a wide area comprised
between northern Italy, Tyrol and lower Germany.

Description of the assemblage
The Ullafelsen lithic assemblage consists of almost
8.000 artefacts. Most of them are small or very small (few
mm) and have not been yet studied. The following data
derive from the study of a sample of 2347 artefacts big-
ger than 1 cm (perimeter). They were collected during
the excavations till present day (2012) carried on. We
can observe the following proportions:
1. Jurassic cherts from the Frankonian Alb: n = 502
(214 %)
2. Cretaceous flints from Southern Alps (northern
ITtaly:): n = 699 (29.8 %)
3. Jurassic radiolarian cherts from Northern Limestones
Alps: n = 799 (34.0 %)
4. Quartz artefacts from the Central Eastern Alps: n
= 347 (14.8 %)

1. Jurassic cherts from the Frankonian Alb

Two different groups of artefacts have been recognized
(Bertola and Schifer, in press ; Bertola and Schifer, 2010).

Group 1. The artefacts show whitish cortexes locally
covered by calcite concretions impregnated with oxides.
The chert was probably gathered in secondary deposits.
The color and texture of the cherts are inhomogeneous.
Dark grey colours alternate with whitish and beige. The
texture shows laminations and bands, also discontinuous,
providing the chert a marbled texture. Generally the
laminas are thin, with a rectilinear or curvy pattern. The
degree of silification is variable. Most of the artefacts are
made from slightly silicified nodules. Ivory white colors
appear mainly in the outer parts. The fossils are gener-
ally poorly preserved and hardly visible. Calcispheres,
sponge spicules, crinoid articles, few radiolarians and
small algal nodules are visible mainly around the cortex
and in the more silicified specimens. The morphological
characteristics visible on the cortex of the artefacts allow
the conclusion that the chert was available in the form
of nodules as well as beds.

Group 2. This group is smaller (23.4%) than group 1
(76.6%). It includes litotypes that can be compared with
the geological specimen from Abensberg-Arnhofen. They
are generally more silicified than group 1. Some of them
show the characteristic greyish and whitish horizontally
striped texture, others are more homogeneous. The bands

are never numerous and always subordinate. They are
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usually rectilinear, but sometimes show a sinuous pattern.
They show, more or less clearly, a micro-laminated aspect;
the laminas are often discontinuous and caused by mi-
crobial mats. Often the laminated layers alternate with
graded bioclastic horizons. One can easily identify crinoid
fragments, numerous sponge spicules (mostly monoaxone,
some triaxone), calcispheres and poorly preserved ra-
diolarians. Some mainly spherical ooids of few millimetres
in size, with whitish and opaque textures, are also pres-
ent. Benthic foraminifers and pelagic bivalves are less
common. The geological referring blocks are assumed
to be chert beds. In the Franconian Alb there are many
other Jurassic chert outcrops of a similar age. However
they are not characterized by the same banded feature
typically associated with thin tabular morphology. This
kind of chert is described as the most typical variety of
the Abensberg-Arnhofen group.

The groups of artefacts described can be attributed
with high certainty to the upper Jurassic cherts from
the “Plattenkalke” of southern Franconian Alb. A number
of indications support this hypothesis: firstly, the macro-
scopic features of the samples (color, structure, cortex)
and secondly, the study of the characteristic microfacies
that revealed the fine algal lamination alternated with
graded and bioclastic horizons.

2. Cretaceous flints from Southern Alps

A group of artefacts, totally extraneous to the local
geological context, is compatible with flint outcrops situ-
ated on the southern slope of the Alps (Trentino, Italy).
Thanks to the identification of the micropaleontological
associations (planktic foraminifera), well preserved for a
great part of the samples, it was possible to place the
flints from a chronologic / stratigraphic point of view.
The chronological interval represented is rather narrow:
from Albian to Turonian. Through the study of the pe-
trographic / textural characteristics of the flints, it was
possible to ascribe the litotypes to the Scaglia Rossa and
the Scaglia Variegata formations (Bertola, 2010a). The
distribution concerning these two formations is rather
vast and includes a large portion of north—-east Italy. The
nearest (about 120 km, straight line) outcrops to the site
of Ullafelsen are localized in the Non Valley which is the
area where the pelagic Mesozoic series of the South
Alpine basin reach the further north latitudes. The re-
search and the comparisons have focused around this
area immediately from the start. Numerous and aimed
field excursions allowed to study and describe different

geological outcrops and to collect several flint samples
both from the primary and secondary deposits. Thanks
to a full-bodied reference lithic collection, well represent-
ing the variability of the flints in Non Valley, I carried
out a comparison with the artefacts of Ullafelsen. It was
not necessary to extend the comparison to other areas.
Immediately it was possible to exclude more southern
provenance areas (Baldo and Lessini chains) as the Ul-
lafelsen collection lacks some very characteristic flint
types from older formations such as Biancone (lower
Cretaceous) and Calcari Grigi (Jurassic). The Biancone
flints, in particular, are the more abundant ones in the
South Alpine outcrops and also the more used in the
local prehistoric contexts (Mesolithic as well) given their
high quality characteristics. From a geological / struc-
tural point of view, the Non Valley has particular char-
acteristics because throughout the Mesozoic it kept a
relatively high position compared with other more south-
ern and eastern areas and this greatly conditioned the
depth and distribution of the formations. In particular,
the Jurassic / lower Cretaceous formations (Calcari
Grigi, Rosso Ammonitico, Biancone) are very condensed
or absent. The association of the Ullafelsen flint artefacts
parallels the natural availability of lithic resources of the
Non Valley with respect to: a) the narrow chronological
interval represented; b) the lack of flint types which are
very characteristic of the outcrops situated more towards
the south. The analysis of the morphological character-
istics of the artefacts preserving natural surfaces dem-
onstrate that the flint was collected from debris at the
foot of rocky walls (33.1%), residual soils (54.7%) and
torrent pebbles (13.2%). The flint was introduced in little
rounded blocks or tabular slabs as big as 8 cm x 6 cm
at maximum, often tested or partially flaked. The Adige
Valley seems to have been the preferred way for these
movements or long distance exchanges.

3. Jurassic radiolarian cherts from Northern Lime-

stones Alps

Here are grouped the artefacts realized with cherts
that belong to the sedimentary sequence of the Northern
Limestones Alps and can be considered local, even if
they are absent in the surrounding of the Ullafelsen site.
Even if several sub-categories have been created, we can
refer all the artefacts to two geological formations: Ruh-
polding (upper Jurassic: the red litothypes) and Chiemgau
/ upper Allgdu (middle Jurassic: the gray and green li-
tothypes) (Bertola, 2010b). In some areas (Jurassic ba-
sinal sequences) these two formations stay directly in
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contact and it is easily possible to collect all the cherts
previously described. In Tyrol (but extended also out of
the region) the main important basinal area was repre-
sented by the Eiberg basin, elongated W to E for about
200 km. During 2010 and 2011 several field excursions
in the Northern Limestone Alps were finalized to sample
cherts comparable to the Ullafelsen artefacts. The inves-
tigated area was comprised between the Lechtal Alps
to the west and Kufstein to the est. The better and wid-
est chert outcrops have been sampled in the area between
the eastern Karwendel and the western Rofan (Achens-
ee valley and surroundings). The following comparisons
of the samples with the artefacts confirmed the strong
analogies. We have clear evidences that the provisioning
area of the “local cherts” was placed near the lake
Achensee, around 40-50 km est / north east of Ullafelsen.
This area, easily accessible along the Inn valley, till now
represent an important way to the Bavaria. Maybe the
groups bearing the Bavarian cherts provisioned also in
this area. Other chert types (there are several types
cropping in the Northern limestone Alps, from Triassic
to Cretaceous) have been totally ignored also because of
their bad quality. Their total absence however suggest
that people provisioned in some defined areas and with
some defined chert types.

4. Quartz artefacts from Central Eastern Alps

The quartz artefacts can be divided in two categories.

1. Rough quartz lenses forming into the gneiss se-
quences. This kind of quartz is quite common in the
metamorphic environment of the central Alps, as well
as in the surroundings of the Ullafelsen site. It is a very
bad material for knapping which was seldom used. 25
artefacts were realized with this material.

2. Rock crystal. This kind of quartz is absent in the
surroundings of the Ullafelsen site. It was a material
particularly researched for its flaking suitability, even if
difficult to find. It grew inside fissures mainly in the inner
parts of the whole Alps, along the central axis. Nearby
the Ullafelsen site the area with the richest and bigger
minerals is the Zillertal Alps, belonging to the Tauern
Window, situated 40-50 kilometers east of the site, near
the border with Italy. A study confirmed the compatibil-
ity of the Ullafelsen artefacts with the minerals of this
region even if other provenance areas cannot be ex-
cluded (Niedermayr, 2010). 322 artefacts were realized
with this material.

Discussion

In early Holocene times probably different Mesolithic
groups frequented the site of Ullafelsen. We have the
evidences of the passage of people bearing and flaking
southern Franconian cherts, distant 200 km or more to
the north. The Lower Mesolithic of the Altm{hl and
Danube river valleys belongs to the South German Beu-
ronian lithic tradition. We also have a group of flints
coming from northern Italy, around 120 km to the south,
where in the lower Mesolithic a different tradition, the
Sauveterrian, developed. Significant intercultural contacts
between the two areas should be taken into consideration.
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Relationships between human activities and environ-
mental changes have become an important research
topic in Japanese prehistoric archaeology. I examine
correlations between the geological and archaeological
chronologies from the late Marine Isotope Stage (MIS)
3 to the early MIS 1 in Palaeo-Honshu, consisting of the
present Honshu, Shikoku, and Kyushu islands, Japan.
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Fig. 1 Type sections of the Musashino and Sagamino plateaus and typical artifacts from archaeological sites (Kudo, 2012b)

This period corresponds to the later part of the last
glacial, and to the Japanese Upper Palaeolithic and earli-
est Jomon periods (kudo and Kumon, 2012; Kudo, 2012b).
To show the general outline of the environmental his-
tory of the MIS 3 and MIS 2, climate history has been
roughly divided into several phases. And archaeological

sites of the Early Upper Palaeolithic and the Incipient
Jomon period have been correlated with these climate
phases using calibrated radiocarbon dates by Intcal09
(Kudo, 2012a).
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Fig. 2. Archaeological chronology and paleoenvironmental sequences in the Japanese archipelago during the 50-10 ka cal BP (Kudo

and Kumon, 2012)

A: d130 profile of NGRIP (North Greenland Ice Core Project members, 2004) B: Lake Nojiri total organic carbon (TOC) content (this study) C:
Lake Nojiri cool-temperate deciduous broadleaf tree pollen ratio (this study) D: Calibratedradiocarbon ages of the archaeological sites around Lake
Nojiri. E: Calibrated radiocarbon ages of the representative archaeological sites in the Japanese archipelago (except Hokkaido). 1. Nakamachi (plain
pottery), 2. Nakamachi (Round hole decoration pottery), 3. Nakamichi (linear-relief pottery), 4. Seiko-sanso B, 5. Kannoki, 6. Sugikubo, 6. Hinata-
bayashi B (layer IVa), 8. Nakamachi loc. JS, 9. Nakamachi loc. BP5, 10. Hinatabayashi B (layer Va), 11. Hinatabayashi B (layer Vb), 12. Kannoki, 13.
Tategahana (Palacoloxodon), 14. Maruo-kita, 15. Shiroi no. 12, 16. Kushibiki, 17. Takihata, 18. Kuzuharasawa, 19. Unoki-minami, 20. Nozawa, 21,
Kamikuroiwa, 22. Kubodera-minami, 23. Miyagase-kitappara, 24. Gotenyama, 25. Odai-yamamoto, 26. Araya, 27. Yoshioka B, 28. Yoda-minamihara,
29. Tana-mukaihara, 30. Fukudahei-ninoku (CL1), 31. Fukudahei-ninoku (CL2), 32. Mukoubara A/B, 33. Yoshioka B, 34. Yoda-Ogochi, 35. Sakura-
batakeue, 36. Onbara 1 R, 37. Musashidai CL2, 38. Sasayamahara, 39. Umenokizawa, 40. Musashidai-nishi, 41. Happusan, 42. Takaidohigashi, 43,

Tachikiri, 44. Yokomine C, 45. Ishinomoto

MIS-3 Early Cold phase (ca. 38,000-28,000 cal BP)

Compiled radiocarbon dates for the Early Upper Pal-
aeolithic site concentrates on ca. 37,000 - 30,000 cal BP
which is almost coincide with the Early Cold phase. Warm
climate condition of the early MIS 3 had already finished,
it became colder and drier towards the LGM. The num-

ber of Upper Palaeolithic sites increased suddenly after
37,000 cal BP in the Palaco-Honshu Island. This event
seems to coincide with the timing of the migration of
Homo sapiens into the Japanese archipelago as many
archaeologist points out until now. The lithic industry of
phases of Tachikawa Loam layer X and IX (Fig. 1) which
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characterized by the use of trapezoid tools, blade tools,
edge-ground stone tools, placed to ca. 37,000-33,000 cal
BP. Phases of Tachikawa Loam layer VII and VI, char-
acterized by blade tools especially standardized backed
blades, seem to be placed at 33,000 -29,000 cal BP. In
addition, part of the layer V lower dated ca. 30000-28,000
cal BP placed Early Cold phase. Terminal of Early Cold
phase had become already cold and dry climate at the
same level as LGM.

MIS 2 LGM Cold phase-1 (ca. 28,000-24,000 cal BP)

Backed blade industry of Tachikawa Loam layer V to
IV-lower dates to ca. 28,000-25,000 cal BP. Change from
a cool-temperate deciduous broadleaved forest to a sub-
arctic conifer forest began in western and eastern Hon-
shu before the AT eruption (ca. 30,000-29000 cal BP).
Records from Lake Nojiri indicate that very cold and
dry climatic conditions prevailed from ca. 32,000 to 18,000
cal BP (Kumon et al., 2009). Some changes in the human
activities were found in the lithic assemblage and settle-
ment patterns. For example, Increase of the number of
endscraper seems to indicate an adaptation for cold cli-
mate. The Kou Industry, originally found in central Japan,
also suddenly spread over a wide area at about this time
(Morisaki, 2012).

MIS 2 LGM Cold phase-2 (ca. 24,000-15,000 cal BP)

The late backed blade industry dates to ca. 24,000-21,000
cal BP. The succeeding point industry dates to ca. 22,000-
18,000 cal BP, and the microblade industry to ca. 18,000
(20,0007)-15,000 cal BP. The earliest pottery dated to ca.
17,000-15,000 cal BP, preceding the abrupt warming and
vegetation change occurred at 15,000 cal BP. Cold climate
condition had been still dominated until the onset of the
LG Warm phase in the eastern part of Paleao-Honshu.
Especially on northern end of Honshu, where the oldest
pottery was found. Forest in this area consisted of sub-
arctic coniferous trees until 15,000 cal BP. Thus, the
environment of northern Tohoku apparently remained
cold, keeping its glacial vegetation when the use of the
oldest potteries started.

MIS 2 LG Warm (ca.15,000-13,000 cal BP)
Abrupt vegetation changes to taxa associated with
warmer climatic conditions occurred at 15,000 cal BP at
Lake Suigetsu, and 14,000 cal BP at lake Nojiri in central
Honshu (Nakagawa et al., 2005, Kumon et al.,, 2009). This
warm interval coincided with the linear-relief pottery
group (ca. 15,000-13,000 cal BP), which succeeded the

earlier plain pottery. In this phase, site number and total
amount of excavated pottery increased, and large size
of vessels, grinding stones and hand stones were started
to utilize at the southern end of the Kyushu. These evi-
dences seem to show the human adaptation to the
warmer climatic condition in the LG Warm phase.

MIS 2 LG Cold (ca.13,000 -11,500 cal BP)

The cold reversal contrasted to the Younger Dryas
cooling event appears to be much slighter than that of
the North Atlantic. There is insufficient radiocarbon
dates, however, Crescent impression pottery and Cords
marked pottery groups seems to contrast to the LG Cold
phase.

MIS 1 PG Warm phase-1 (ca.11,500 cal BP~)

Under the warm and stable climate of the Holocene,
the cool-temperate deciduous broadleaf forest composed
of Qerucus (Lepidobalanus) flourished in the Honshu
island. Chestnuts (Castanea crenata) also become one of
the key components of forest. This phase corresponds
with the Yoriitomon pottery group of the Earliest Jomon.
Shellmound sites appeared and the number of semi-
sedentary settlement sites increased during this period.
Subsistence and settlement system were changed sig-
nificantly in the early MIS 1.
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Obsidian sources in the Upper Paleolithic Hokkaido

Presently, the total number of archaeological obsidian
sources in Hokkaido is 21 (Izuho and Sato 2007). Within
these, major obsidian sources are 4 such as Shirataki,
Oketo, Tokachi, and Akaigawa and the others are minor,
according to its size and circulation area. Shirataki and
Oketo obsidian had utilized in prehistoric Sakhalin (Kuz-
min et al. 2002). Although particularly Shirataki obsidian
had circulated in Paleolithic Sakhalin, there was no trace
of Hokkaido obsidian utilization in Continental Russian
Far East (Sato 2004; 2011).

It is verified that 8 in 21 archaeological obsidian sources
were exploited in Upper Paleolithic (UP) Hokkaido. 4
major obsidian sources as a mentioned were mainly used
and other minor sources as Keshomappu (Rubeshibe),
Nayoro, Chikabumidai, and Toyoizumi were also slightly
used. Obsidian from the major sources had been utilized
in Hokkaido during the whole UP, however, the utiliza-
tion of it from the minor sources were limited in the
stages and in a few sites near the sources.

Human occupation had started from the beginnings of
the UP and obsidian had exploited principally as the raw
material for stone tools from this stage through prehis-
toric to the ethnographic time in Hokkaido. In this report
we will discuss with the exploitation and circulation of
obsidian in Hokkaido during UP, based on the compiling
into the obsidian source analytical data from the lithic
materials of sites until now and analyzing the ratio of
differential sources of obsidian in each site.

Chronology and industries

The UP (40 -10 ka cal BP) of Hokkaido is divided into
the two stages; Early Upper Paleolithic (EUP: 40 -24 ka
cal BP) when have some kinds of flake and blade indus-
tries before the emergence of the microblade industries
and Late Upper Paleolithic (LUP: 24 -10 cal ka BP) when
have some kinds of microblade and non-microblade in-
dustries (Sato 2003). EUP industries conclude trapezoid,
Hirosato type pointed tool, pointed blade tool with re-
touched base, Kawanishi C type blade, and Shimaki type
Industries. According to the study for the chronology

and classification of industries by Dr. Yamada (Yamada
2006), LUP is subdivided into 3 phases; early Early Mi-
croblade Industry (Phase 1: 24 -20 cal ka BP), late Early
Microblade Industry (Phase 2: 17 -14.5 cal ka BP), and
Late Microblade Industry (Phase 3: 14.5 -10 cal ka BP).
Rankoshi, Tougeshita 1, and Pirika type Microblade In-
dustries belong to Phase 1. Sakkotsu and Tougeshita 2
type Microblade Industries belong to Phase 2. Shirataki,
Hirosato, Momijiyama, Oshorokko 1 and 2 type Microblade
Industries and the Industries with point and stemmed
point, and small boat-shaped tool belong to Phase 3 (Sato
and Tsutsumi 2007). These industries are the analytical
units in this report.

EUP is coincided with the later part of MIS 3 and LUP
with the MIS 2. Between the Phase of early Early Mi-
croblade Industry (Phase 1) and the late Early Microblade
Industry (Phase 2), there are no sites having radiocarbon
dates in this duration from 20 -17 ka cal BP. Since a few
radiocarbon dates are measured in whole UP Hokkaido,
it is difficult to be estimated whether people could not
inhabit for the severe cold environment as LGM or we
cannot get yet the dates simply in this duration.

Considering the research density and the physio-
graphic setting, the geographical distribution of researched
sites is divided into 6 areas; Shirataki, Kitami, Tokachi,
Kamikawa (these are in the east Hokkaido), and Ishikari
Lowland and southern Hokkaido (in the west Hokkaido).
We will discuss the obsidian utilization dynamism in each
area (Fig.l).

Early Upper Paleolithic (40 - 24 ka BP)

In 5 areas without Kamikawa area, the obsidian source
analysis has been measured. Obsidian from the nearest
major sources was mainly consumed in the sites of each
area. That is, in the Shirataki area the Shirataki obsidian,
in the Kitami area the Oketo obsidian, in the Tokachi
area the Tokachi obsidian, and in the Ishikari Lowland
and southern Hokkaido area the Akaigawa obsidian were
mainly used. However, the main obsidian source of Kyu-
Shirataki 16 site (Fig.l: 17) was from the Keshomappu
source where was a nearest minor. Obsidian from the
Keshomappu source was used secondarily in the sites of
Shirataki area during whole UP, unlike to other minor
sources where were used in a time and a few site.

It is remarkable that the main obsidian source of Bibi
4 site (Fig.l: 57) in the Ishikari Lowland was from the
Tokachi source. The Straight-line distance from Bibi 4
site to the Tokachi source is more than 150 km, and

between them there is the geographic barrier of the
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Fig. 1 Obsidian sources, areas, and sites in Paleolithic Hokkaido

central high mountains of Hokkaido where is the bound-
ary between the east and the west Hokkaido. So that, it
is thought that the using Tokachi obsidian in Bibi 4 site
was exotic raw material exploitation. Considering the
secondary use of obsidian, in each site of the Shirataki
area Keshomappu source obsidian, where is nearer than
the Oketo major source, was used secondarily. On the
other hand, in Ishikari Lowland sites secondary source
was the Shirataki source obsidian, where is more than
170 km by the straight-line distance beyond the central
mountains and, so that, more far than the Tokachi source.
Toyoizumi minor source obsidian was used in the Kashi-
wadai 1 site (Fig.l: 56) of the Ishilkari Lowland. That
example is only in the UP.

Phase 1: early Early Microblade Industry (eEMI: 24
- 20 ka BP)

The obsidian source analysis has been measured in
the Shirataki, Kitami, southern Hokkaido areas and Ishi-
kari Lowland. Obsidian from the nearest sources was
mainly utilized in the sites of 3 areas without Ishikari
Lowland. In Ankarito 7 site (Fig.l: 58) in the Ishikari
Lowland, however, Shirataki obsidian, 170 km away from
the site, was mainly used instead of Akaigawa obsidian,
80 km away from. The tendency that the sites in the
Ishikari Lowland were used the exotic Shirataki obsid-
ian was continued from the EUP.

Phase 2: late Early Microblade Industry (IEMI: 17
- 14.5 ka BP)

In this Phase, the usage pattern of obsidian changed
dynamically. Although it was continued basically same
condition that nearest major obsidian sources were
mainly utilized in each area, simultaneously the major
source obsidians became to be circulated actively in
wider areas and the source configuration of the sites
became to diversify. Also, prehistoric people was not
used the minor source obsidians and but depended on
the major source obsidians.

Shirataki source obsidian was used actively in the
other areas as Tokachi, Kamikawa, and Ishikari Lowland
beyond Shirataki area. It was secondarily utilized in the
Yunosato 4 site (Fig.1: 71), where located on the southern
end of the Southern Hokkaido area and its straight-line
distance to the Shirataki source is more than 350 km.
Tokachi obsidian was used not only the Kitami and the
Shirataki areas, but also the Ishikari Lowland and the
southern Hokkaido area, where in some sites mainly
used. In this Phase, the Akaigawa obsidian was first
circulated in the Shirataki area beyond the central
mountains of Hokkaido. On the contrary, the usage of
the Keshomappu obsidian, where is nearest minor source,
did not used in the Shirataki area.

It should be noted that the usage of Oketo obsidian as
the last major source has been primarily limited to the
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Kitami area and observed a few examples in the Tokachi
area till this Phase.

Sakkotsu Microblade Industry belonging to this Phase
was only one, which dispersed to the south, Paleo-Hon-
shu Island, and had wide movement behavioral strategy
(Sato 1993). Its lithic technological system is organized
to the adaptation for the wide residential movement.
Analyzing the source of raw materials of the Sakkotsu
microblade cores produced by the Yubetsu Method, all
samples were made from Shirataki obsidian. It is likely
that people having Sakkotsu Microblade Industry in
Hokkaido had exploited the Shirataki obsidian source
and moved over the whole Hokkaido carrying the lithics
of this industry made from Shirataki obsidian. We sup-
posed that is reason why Sakkotsu Microblade Industry
could spread into the Honshu.

Phase 3: Late Microblade Industry (LMI: 14.5 - 10
ka BP)

The tendency to the nearest major source obsidian
utilization in each area has been continued. The usage
pattern of each industry became to be diversified. Al-
though it is recognized that the Oketo obsidian was
mainly used in the Hirosato Microblade Industry, the
Akaigawa obsidian was used in the Ankarito 7 site of
Ishikari Lowland. Shirataki Microblade Industry is dif-
ficult to be estimated to the source identification for only
3 analyzing samples, however, each site was used only
Shirataki obsidian. Shirataki and Sakkotsu microblade
cores are both belong to the Yubetsu Method and their
reduction technologies are much similar. So that, it is
much interesting that both were tied the usage of Shi-
rataki obsidian strongly. In Oshorokko Microblade In-
dustry belonging to the later part of phase 3, obsidian
source composition became to be diversified.

In this Phase the utilization of minor sources was re-
stored and using the Chikabumidai and Nayoro sources
add to the Keshomappu was started. The usage of minor
source obsidians became actively in the Jomon era.

Conclusion

The obsidian procurement strategy, using the nearest
major source obsidian mainly in each site, was basically
common during the UP Hokkaido. Although the major
obsidian source composition of the EUP and Phase 1
(eEMI) sites was comparatively simple, after Phase 2
(IEMI) it became to be diversified. In the Phase 2 an
industry became to been tied some major source obsid-
ian and the source composition of each industry became

characteristic. This trend had been continued basically
in the Phase 3 (LMI). On the other hand, the exploitation
of minor obsidian sources was not active during UP and
only 4 in 21 sources were exploited. Keshomappu obsid-
ian was well used in the Shirataki area, however, other
minor sources were used only a few sites.

According to the Yamada’s hypothesis by the lithic
structure analysis (2006), it can be estimated that firstly,
in the Phase 1 (eEMI), on the basis of comparatively high
residential and low logistical mobility, the movement
scale (annual moving distance of residence) was small
or the movement frequency (annual frequency of resi-
dential movement) was high. Secondly, in the Phase 2
(IEMI) the movement scale became larger or the move-
ment frequency became low, so that microblade reduction
systems diversified and changed to the one that applied
selectively for the raw material characters of each source.
Thirdly, in the Phase 3 (LMI), on the basis of compara-
tively low residential and high logistical mobility, the
variability of each industry became increased. At the
same time, the microblade reduction system adapted for
the differential distribution and character of each obsid-
ian source, and the comparatively smaller exploitation
area of natural resources was developed, comparing to
the previous Phases.

Our research result is basically consistent with his
hypothesis.

Reference

Izuho, M. and Sato, H. 2007 Archaeological obsidian studies in
Hokkaido, Japan: retrospect and prospects. Indo-Pacific
Prehistory Association Bulletin, 27: 114-121.

Kuzmin, Y.V. Glascock, M.D. Sato, H. 2002 Sources of archaeo-
logical obsidian on Skhalin Island (Russian Far East).
Journal of Archaeological Science, 29: 741-749.

Sato, H. 1993 Transitional meanings of Araya microlithic in-
dustry at Kanto region in Japan. In The Origin and
Dispersal of Microblade Industry in Northern Eurasia, pp.
147-158, Organizing Committee.

Sato, H. 2003 Early Upper Paleolithic Industries in Hokkaido,
Japan. In TIpoonemsr Apxeonoruu u ITaneoskonorun CeBepHOH,
Bocrounoii u Llentpanbhoii Asum, pp. 243-246, Nobosibirsk.

Sato, H. 2004 Prehistoric obsidian exploitation in the Russian
Far East. In Obsidian and Its Use in Stone Age of East
Asia, pp. 43-51. Meiji University Centre for Obsidian and
Lithic Studies.

Sato, H. 2011 Did the Japanese obsidian reach the Continental
Russian Far East in Upper Paleolithic? In Emlékkoé Vio-
lanak: Papers in honour of Viola T. Dobosi, pp. 206-223,
Hungarian National Museum.

Sato, H. and Tsutsumi, T. 2007 The Japanese microblade in-
dustries: technology, raw material procurement and

— 139 —



adaptation. In Origin and Spread of Microblade Technol-
ogy in Northern Asia and North America, pp. 53-78,
Archaeology Press.

Yamada, S. 2006 A Study of Microblade Assemblages in Hok-
kaido, Japan. Rokuichi Syobou. (in Japanese)

Upper Palaeolithic Obsidian Use in Central Japan:
the Origin of Obsidian Source Exploitation
by
Kazutaka SHIMADA

Meiji University Museum, 1-1 Kanda-Surugadai,
Chiyoda-Ku, Tokyo 101-8301, Japan
E-mail: moirai3sis2@gmail.com

Palaeolithic sites in the Japanese archipelago first
emerged and increased in number after 40,000 cali-
brated years BP (cal yrs BP). Lithic industries were
developed from simple retouched flake and cobble tool
industries to trapezoid and partially polished stone axe
industries. Also, the exploitation of obsidian sources in
mountainous areas and on the ocean island began. These
facts strongly imply that modern humans were respon-
sible for the lithic industries. Thus, the archaeological
record of the early part of the Early Upper Palaeolithic
(eEUP: ~40 ka cal yrs BP - 35 ka cal yrs BP) can provide
significant information with regard to the modern human
colonization of the Japanese archipelago.

This paper examines eEUP hunter-gatherers’ mobile
strategies in central Japan, based on areal differences of
obsidian use. The differences of obsidian use in the eEUP
lithic industries are represented by the distribution pat-
terns of obsidian artifacts derived from five sources (Fig.
1). These sources are: the Central Highlands, Kozu-Onbase
Island, Mt. Takahara, Amagi, and Hakone. The obsidian
distribution patterns are reconstructed in separate ar-
chaeological areas based on the available data from obsid-
ian provenance analysis using X-ray fluorescence analy-
sis (XRF) (Table 1). The archaeological areas of the eEUP
comprise northern, eastern, and western Kanto, Mt.
Ashitaka-Hakone, and the region surrounding Nojiri-ko
(Lake Nojiri), based on the topographic conditions and/
or density-of-site distribution (Fig. 1).

Table.1 Results of obsidian provenance analysis of eEUP industries using XRF

Obsidian artifacts derived from Mt. Takahara, Amagi,
Hakone, and Kozu-Onbase Island decrease in quantity
as the distance between the sources and the residential
areas increases. The exploitation and use of obsidian
from these four sources tends to be linked with specific
areas. Mt. Takahara obsidian was mainly used in north-
ern and eastern Kanto. Amagi and Hakone obsidian was
mainly used in western Kanto and at the base of Mt.
Asitaka-Hakone. Obsidian from Kozu-Onbase Island was
mainly used in Ashitaka-Hakone and eastern Kanto. In
contrast, the Central Highlands obsidian was distributed
over each of the five archaeological areas. In particular,
the Central Highlands obsidian accounts for 100% of the
obsidian artifacts analyzed at the Nojiri-ko site group (N
= 11,160). The exploitation and use of obsidian in north-
ern, eastern, and western Kanto, and Ashitaka-Hakone
are composed of both major and complementary sourc-
es. Only at the Nojiri-ko site group was obsidian derived
from the Central Highlands exclusively exploited and
used. The distribution of eEUP campsites in the Central
Highlands indicates that hunter-gatherers had the skills
and equipment for survival in mountainous areas higher
than the timberline in the last glacial period. Radiocarbon
dating of a lithic industry from the Ide-Maruyama site
in the Ashitaka-Hakone region reveals that the exploita-
tion and use of obsidian from Kozu-Onbase Island dates
back to as early as 38 ka cal yrs BP, indicating the exis-
tence of sea navigation and water transportation.

The discussion and conclusions are as follows: First, it
is considered that the areal subsistence activities in the
eEUP included the exploitation of marine resources in
the coastal areas of Ashitaka-Hakone and eastern Kanto
now submerged by the sea transgression in the early
Holocene. Second, both the general use of the Central
Highlands obsidian and the complicated webs of comple-
mentary obsidian use reflect that the eEUP population
adopted a wide range of mobile strategies among ar-
chaeological areas, using the Central Highlands as a focal
point of their mobility. Five archaeological areas are
interconnected by multiple river systems via the Central
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Fig. 1 Distribution map of sites and obsidian distribution pattern in eEUP (~40-35 ka cal BP) in the central part
of Japan. A bar in each archaeological area shows a ratio of obsidian artifacts classified into a source area
by provenance analysis (XRF, NAA). Topographical map is made by Kashimir 3D and the numerical altitude
data (10m mesh) provided by Geospatial Information Authority of Japan. Longitude and latitude data of sites
are based on JPRA’s database (Japanese Palaeolithic Reseatch Association 2010)

Highlands. Also, the homogeneity of the lithic technolo-
gies among eEUP industries supports the notion of a
wide-ranging mobile strategy. Regional identity does not
become obvious in eEUP lithic industries. Third, the
Nojiri-ko site group at which the Central Highlands ob-
sidian was exclusively exploited and used comprises a
dense distribution of particularly large-sized residential
sites among eEUP lithic industries. It can be inferred
that the region surrounding Lake Nojiri was a place
where eEUP mobile groups seasonally aggregated via
the Central Highlands to pursue and hunt large mam-
mals, exemplified by Naumann's elephant (Palaeoloxodon
naumanni) and Yabe's giant deer (Sinomegaceros yabei),
both of which became extinct by the terminal Pleistocene.

Acquisition and Consumption of Obsidian
in the Upper Paleolithic of Kyushu, Japan
by
Kojiro SHIBA
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2-9-1, Nijyocho, Nara city, Nara Prefecture, Japan 630-8577
E-mail: shibak@nabunken.go.jp

Introduction

In the prehistory of Kyushu, obsidian was an ex-
tremely important resource that had a high degree of
frequency. This paper will examine the state of obsidian
acquisition and consumption in upper palaeolithic in
Kyushu, while focusing on the following three points: 1)
when obsidian use in upper palaeolithic in Kyushu began,
2) how the frequency of obsidian use changed through-
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Fig. 1 Distribution of Obsidian Resources in Kyushu

out upper palaeolithic in Kyusyu, and 3) when obsidian
from northwestern Kyushu made its way to southern
Kyushu.

Obsidian Sources in Kyushu

Even though there are approximately 30 known sourc-
es of obsidian in Kyushu. They can be broadly categorized
in the following manner: palm-sized high-quality obsidian
from northwestern Kyushu (Koshidake, Hario, Shiibaga-
wa), small high-quality and large low-quality obsidian
from central Kyushu (Oguni, Zogahana, Aso-4) and obsid-
ian from southern Kyushu (Nitto, Shirahama, Kuwanoki-
zuru, Kamiushibana, Mifune) (Fig. 1, 2). Obsidian from
central and southern Kyushu bear close similarities, but
source locations are more numerous in the latter. The
two regions also differ in that central Kyushu sees a
dispersed distribution of high-quality obsidian, while in
the south the stone is more concentrated in specific loca-

tions.

Chronology of Upper Palaeolithic in Kyushu

The upper palaeolithic of Kyushu is typically divided
into the early and late stages, at the boundary of the
Aira-Tn tefra (ca. 25,000-24,000 RCYBP). The early and
late periods can be further divided into three and five
stages, respectively, based on previous research in layers
of archaeological excavation and the morphological char-
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Fig. 2 The Relation between quality and abundance of lithic
raw material in each obsidian resources in Kyushu

acteristics of stone tool typologies (Miyata 2006, Mori-
saki 2010)
Stage 1: Denticulate and pebble tool Industry
Stage 2: Trapezoid and edge-ground axe Industry
Stage 3: Backed blade (Kyushu-type) Industry
Stage 4: Stemmed point Industry (Stage 4-1)
Tanukidani-type bitruncated point and Ima-
toge-type point Industry (Stage 4- 2)
Stage 5. Bilaterally backed tool and Kou-type point
Industry
Stage 6: Small blade point and small trapeze Industry
Stage 7: The first half of Microblade Industry
Stage 8. The second half of Microblade Industry

Changes in Obsidian Use during Upper Palaeolithic
in Kyushu

1) When did the use of obsidian in the upper palaeoli-
thic begin?

A small amount of what can be considered to be piece
esquillee, flakes of Aso and Hario obsidian, have been
excavated from Stage 1 remains in central Kyushu (Si-
zume site, Ishinomoto site locality 8). Trapezoids made
from Koshidake obsidian and the Zogahana tuff have
been found in the Stage 2 Magano site, where there was
also stone tool production. These sites are located in the
open plains of Kumamoto, but it is important to note that
the stone materials they exhibit are from areas of north-
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west Kyushu which are 100 km away from the site.
Around the Aso region as well, the Seta-ikenohara site
and Mimikiri site have produced trapezoids manufactured
from Aso-4 obsidian, the Zogahana Tuff, Oguni obsidian.
In addition, there were small numbers of Koshidake
obsidian (even though these were not found as formal
tool). From this, we can see that even in the case of
central Kyushu nearly all of the known types of western
and central Kyushu obsidian types were in use in Stage
2, and that there is a high possibility that Zogahana tuff
and Hario obsidian usage extends back to Stage 1.

There are no remains in southern Kyushu which ex-
hibit definitive Stage 1 obsidian use. The first evidence
of obsidian usage appears in Stage 2. The Chikegamine
site and Ushioyama site in Hitoyoshi basin have yielded
small flake tools made from either Nitto or Shirahama
obsidian. There are also stone tools at the Uwaba site
located near the source of Nitto obsidian, and a few of
these tools were manufactured from Kuwanokizuru and
Kamiushibana obsidian. Evidence of these obsidian types,
together with Mifune obsidian has now been found at
the Maeyama site on the Satsuma peninsula. The use of
Nitto and Kuwanokizuru obsidian has also been observed
in the eastern part of southern Kyushu among multiple
locations found in the Miyazaki plain, such as the Kok-
kobaru site and Ushiromuta site, and the Takanoharu
site Locality 5. None of these, however, has yet yielded
evidence for the on-site manufacture of stone tools. In
southern Kyushu, the development and use of nearly all
of the currently known obsidian sources began in Stage
2. However, the amount of obsidian accounting for stone
tools is not particularly high as distance from the source
grows. Furthermore, at this point in time, it warrants
mention that the obsidian of central and northeastern
Kyushu was not yet being used.

2) How did the frequency of obsidian use change
throughout upper palaeolithic period in Kyushu?

Obsidian use is observable throughout southern Kyushu
following Stage 3. Yet there is a marked decrease in the
use of obsidian in the stemmed point industry of Stage
4. These stemmed points, which are pivotal to hunting,
were made primarily from materials such as andesite,
rhyolite, and shale, with obsidian being used in their
production in only certain areas of northern Kyushu.
Obsidian is used, however, for the manufacture of small
flake tools such as Tanukidani-type bitruncated points,
Imadoge-type points and Harunotsuji-type trapezes, which
is thought to date from the same, or perhaps following,
period (stage 4-2). In what is considered to be the next

period, which marks the Stage 5, bilaterally backed tool
industry, there is a large amount stone tool manufacture
remains found near obsidian sources in central and
southern Kyushu (ex. the Shimonjyo site near the Oguni
obsidian source, the Kobarano site near the Nitto obsidian
source)(Abe 2007). This reveals an increase in obsidian
usage compared to preceding periods. It is in Stages 7
and 8 that the highest frequencies of usage are observed
in upper palaeolithic of Kyushu. During this time, obsidian
use not only rises throughout all of northern Kyushu and
the west of central Kyushu, but tools originating from
northwestern Kyushu are made with obsidian almost
without exception. Though non-obsidian artifacts account
for tool types seen in the eastern part of central Kyushu,
there are also a few obsidian tools as well. In southern
Kyushu, primarily obsidian industry spread throughout
the entire region, and there is an increase in the use of
Kuwanokizuru obsidian. From this, we can see in Stage
7 the exceedingly active selection of high-quality obsidian
(Shiba 2011).

What remains important is that obsidian usage changed
intermittently, and this was accompanied by changes in
the source of obsidian as well. For example, obsidian use
in southern Kyushu, first observed in Stage 2, saw an
increase in frequency in Stage 3, a decrease in Stage 4,
and yet another increase in Stage 5. Stage 6 then saw a
trend towards the use of other stone materials, only to
have this completely reversed in Stage 7, which marked
the onset of the peak of obsidian usage. This trend is
even more striking in those regions which lack an obsidian
source of their own, such as the Miyazaki plain (Fig. 3).

3) When was obsidian from northwestern Kyushu
brought to southern Kyushu?

The diffusion of northwestern Kyushu obsidian to
southern Kyushu is an important point in debates dealing
with the topics of human group relations and territory
between the two regions. The use of obsidian from
northwestern Kyushu is first observed in Stage 4. Though
there are no traces of its being used in production at
either the Harunoyama site or Dozonobira site in the
western part of southern Kyushu, these locations have
yielded finished tools made of this source material. The
next verifiable evidence comes in the form of small backed
blades and trapezoids from Stage 6, yet remains here
also consist of only finished tools and lack the detritus
associated with stone tool manufacture. The rise in fre-
quency of use of northwestern Kyushu obsidian begins
in Stage 7, and reaches its peak in Stage 8. It is during
this period that obsidian from northwestern Kyushu is
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first found throughout the entire southern region (ex.
Azebori site, Tateyama site). This phenomenon is quali-
tatively different from other occurrences of bringing
materials from northwestern Kyushu. In other words,
up until that point, microblade-cores were brought southward,
and it was in the south that they were then worked into
tools. Based upon the characteristics of the microblade
technique, as well the usewear observed on microblades,
it can be thought that these remains were left by the
human group of southern Kyushu rather than the northwest.
The fact that stone materials are being excavated from
archaeological remains 200 km or more from their point
of origin speaks not only to the long-distance moving,
but also to the contact and exchange of goods, including
stone tools, between these human groups.
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With many of the conference participants discussing
the exploitation and circulation of obsidian during earlier
prehistory, this paper aims to provide an overview of
what characterisation studies can contribute to the study
of pre-Neolithic / hunter-gatherer societies more generally.
Taking a global perspective, it considers the significance
of sourcing work on early obsidian assemblages associated
with African Homo habilis and Eurasian Homo erectus
to debates on the cognitive capabilities of early hominins.
In turn, with Middle Palaeolithic assemblages of Trans-
caucasia containing obsidian from sources over 300 km
distant, our data strongly supports the view that not
only were Neanderthals highly mobile, but also that in
certain cases we might be dealing with evidence for
exchange, yet a further indication of their social complexity
and comparability to Early Modern Humans. Finally,

characterisation studies are beginning to play a major
role in studying Pleistocene and early Holocene colonisation
processes, both terrestrial (in Patagonia, Siberia and
Armenia), and maritime, as attested by recent work in
not only Japan and Sakhalin Island, but also Island
Southeast Asia, Melanesia, Sardinia and Crete.
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