ISSN 2188-3483

Natural Resource Eiﬁ%ﬁtkﬁ

Environment
and Humans

W X

BYF BEWHTABHOBEIRE
—EBLUB LS 3 RMBERFRMVAOEGREMAA— i - EHKER 1

V934 F, RIVRANKFTHEICETZBEAOEHERFIEY ()
PRE#% - IWHEIH -S. YJ7 V. AFNYFa-9 2

BIARAEARESE —BXE - RABLAHARSOBRHE — AWES 39
W R

SRt & 3 BEE WEE 57
N &EHES

oy FEHEESE 580 B a s LU 1388 G R Il E T HIR RMA N AHRBOEIEE
2 E-2A8WZ 73

RERTHRAGENHFEERBLREMOHATRS
Bl #®-=2R & -BEHEX-E 1 SHES
NH#EE - ARES - BIREE - BNl A 83
REOREVOREMMERZR (2010 ~ 2013 FEXRAFHS) AR 99
m EF
TR FONMBFOANEERE %1%, D.Y1—77—& [FREFKTOZ I b

—7—=7zINEV] (B18), AMAHI560H, 714Uy T T3 - V7—NIVVEE,
1227y 7, 2011 &H) /NEF BB 105

B EEAMEt % —EHRE 2013 113

2014. 3 BEXEREGHA > % —# &




EFERSEE AN B45 1-20H 201443 H
Natural Resource Environment and Humans
No. 4. pp. 1-20. March 2014.

81 B EBME 0 d R O PG

—EINEIC BT % B WIH A 2R RACHIERD 4 8 A M A —

=

HRT e - S ORHR 2

=
B

FEIITEDET B B2 11 SULBOA GO WT, W0, SRR & BIRAEUE &H o 00 X S0
BIC L A FEMIEEZFEEL 2. £ LT, MOad#EL oD 5 2 OMEMAIE D 2 e L, RUIRASERAmEO S
MAHOLEEZBIZONWTEEL:. BFBEFOEN LEOLHHEIE L ~55 070y 7 EHE6 M Iy 7 ED
ORI OND. FHREBLIE TR ETWVEIV A2 7E~% VILRGHFTIHICUES T 5, REAE
FHENTW b DOOREMZERIZEEE L, BREFEITIHE L DH LW VI - VI BGFIMED T S, EHEREA
DA LREDIIEE S, S22 MHRE VERGHE TEIRBEAM S Z AL, BHIHARERO ZE AT DR

WFETICHIEENL ZEDHL PRS2

F—U—FHERGO, Aienod, SRMIRaERAE, ZEILE

1. FC&IC

BSOS E LTI, BUIHG 2 EE A &
BREOPAEOME L THHEINTWS Z LYo T
W5, BREIRE SRR OV TR, BT JE R H B
FEV ARG E~OBRNOIEF BN TR OFEH &
B L CRtmm S LTk (B 2009). T b EIHESR
WEATIE, BMIIHA 2RI 3 - BT & 2 o H 0
EETILCHIS TR SN2 AMTH 505, BUIEAR
e & £ DFHOFM D S 2% o T b DI
FITFEILEICRSNE Lo Tl B2 I LDE
FEHR DRV DN TUE, BRI TR, T2
G TIE BRI E TS 205 EBINEREAOFIH
TR TERHIRENTH S, 1 DO CTHH I BIE
FRHOEAEZE) ZEDNTELEV) HTEEILED
ERIEELZEREZ Do T 5.

2005 4R ICFAT S N 72EF B #ER T b BRIH A ZF R
MBUZMEDS T 5N Attt L, FICBRREA A

mrEbILIoERPB L ESER SR
7o, Z07, FAEBOBBAFHEZHOL,IT LI L
EEEILEOAREOLEY L )T 57201048
ThbrEEZDL, KRTIEET, BV BAEBFOAEHT
2oV, BIEAFEREESOFREZERKL, To
WAEME DT ERT. RIS O R % 2 TR E
e RS RN H D SO AMFIHIZ OV THEET 5
CLEHMET S, B, SRIOEEIMEEOBRIE
f2011) TEO—# AMELLLOLA—Db D
Thb.
ARONETRELIZ L 2580, 3RV61I12D
TIEEA, LSOOV TE A A Ry
HD FLDEITo T

2. BT B BEHOBIE
PER S R§7NES- G S EES Y U S AN
%

¥ 5 RN A SRR S IR O@EI T, BRITEE
ZHRNZ L > THESNHEESHIT STV (E

1 BREEAND A DE
T 232-0033 1 7% 1A e i X A T 3-191-1
2 WRERFEEAMELY 5 —

WA RFRAE Y v & — BRI % T 101-8301 HEHRT-(CH X BRI & 1-1

% EEEE PR (mediovicus@gmail.com)



PRTHER (37

1 JEH AL
2 iR
3 18
4 BRIER
5 ot
6 LTI
7 AR
8 ikl
9 W ILfGRI
10 i
11 HkHtrp et
12 HiKkE e et
13 ke |-
14 WA
15 e
16 ;EFB
17 % 0
18 Yiy
19 K/ AR
20 A/ikB
21 %15 HihG
22 PIG A
23 Y157 B
24 7EFN
o FEHULGEES (1) FREALES | R (9) BLEEE(17) 3B B EEF (16)
Am I8 (V) . -m
PRBE TREH (880) ey
R ey s (i 4 2 4]
e e
BIZIUTH(C) [a 4 a
“m ﬁumém (BBII) - -2m
n n A A A A
ﬁIIIZZI'.(JSTC’ﬂIE (2 & 4
i rewrers 2 a2 4
R e T EEE o B
svmeas® (A2l T ARARAL- o
== = = I = = |
BV 7R (SCV)| A rwwy S
A0 o Lm {MLl[ gg};‘l' e =
e - —— - oy BBIV

BBV-Vila
BBV-VIb

1 ZEEUBOREBOREHFROENEERF



BT B SR AR O TR

RITHEZ B4 2006). MWLM ILEZRE LB, 155
150m QWP & 4 TRY) S N7z BR EICMET 5 (K1),
Z I8 1L B SR IH A SR O BB A% 45 2 #hig
HY, BT BEEASSBREICIREICmA ) LB
AEED S B4, MBE, AH A S, M RGE
B 7 EERINBA SRR O #ER b £,

I8 IO R IBA SRR OHERERG 12 472 2 B 0 —
A FHu—ABIERETFE AT TEEDPKREIZE RS
TR E R L, EARES L OEEL o TnD, &
BIlLoEEM L, B BERAS LT 2EREME T
BBFICERPSHY), EFO— AR THOHIV 22
T EIEEEENTIIBE S (BEO— AR
V—71969). F/z, HEIV~VIROHL EITLAD
V7 RO#EOS,L, LIXLIEFETELREEND D,
MEFTIXEFPBEFTLHE V~ VIRATFIIOWT
BAI)TRICE S THEET A2 ENTET, [V~
VII B E] & ShTwd, o8V~ VIIERS
WAEIEa~cO3IBISMATE LD L TH LA
INEFEV~VIIEOAFOXKRE L ORIEERILAS 2
TlE e\,

B BEHTIEIRE KT TRGRE R U V ~ VI
e E S S BIIHA SR oA SRR L TB
h, FhzngEiite, SUXEE LTHES N
TWwb. 209 bARRTR) 8 I LB oAt IT A
T30, B8 HALHY, AN H B 121 JAsEEA
BWTHD,

3. B BEHE I XLEORBEARAHZD
[FEHETE D4

B BB 1L o BIEA AR OWT, &
I X MRAHTEENS & 2 U b & S L 7. B
ARDRENT 121 HTH AP, BEEEHI OV TR
B ZFD—8 % Rt e Liz7-0, FEBIZHE LG
BHE 108 HTH o 7.

HOb X RO L T A )L F — O X T
il JSX-3100s (HAEFrRASHE) 2 Hw/z X
EEHIZ S —7 v FARh (WYY L) DY RV F
R L7, BB 30KV, EIIIEI —E L
B X HBRREE Lz XIS (51%) /

Li ()Fwa) PRy Lz SRR
BEIZEEFHAT & L, XSRBHHEEZEE 15mm & L7,
g RS 240sec T 5. WEITLHFEIE, FHTITEREI
rA4% S, F4¥ (T), 7= 4 (AD), #% (Fe),
<~y #HY (Mn), ¥~Z 3> (Mg), 1y A (Ca),
FrUYA (Na), 7Y wA (K) OFF9I0H, MET
FiFvey s (Rb), AborFwa (Sr), 4 b
D a (YY), Yva=ya (Zr) Ot4EOEE 13
JuRE Lz T2, X#T7T—F Y 7 M2k, HEK
AL et RE | JsxExt 2 A L 72.

JFHEMHEED HPITE R (1997) (ZHERL, JE I
SED/NT A —F |2 Rb 435 {Rb 5@FE x 100/ (Rb M +
Sr®FE+ Y SEE + Zr 5FE) |, Sr 435 {Sr i x 100/ (Rb
BRI + Sr@BE + Y SR+ Zr BB, Mn B x 100/
Fe i, Log (Fe M /K 5FE) & M7z H5IM {Rb
47# yvs Mn X 100/Fe & Sr 70 vs Log (Fe/K)} OfE
BB LOHNGNEIT>72. 1 0\ 35% 7 iEHXTEE
EARBEBEAOKEY B LMEICEL S, SITHY 7 b7 27
IR RS g Rk B, MDR1.02 %/ L 7z
HARDBREAE T — & N— 23 - Ik (2004,
2006) MR L, Zofmhs, BEOXE - ERts%
2L CBUERA Z AT, AiRAM ISR L Bbiis
SO BN L7z, 2 1ICHES - BT ICB
VB BB o 2 TR A M A BRI (BRIE) L7z
LHEETE D FERERT. K2 IHERB oM EHRE
, R3KREES (EF) Mo~xNT /) EAREEZR
L7z, WEB - BTG 12 B 0) 2 3 7 SRR T RE oD R
HERPLZ D W CTIRBTE RS LR gERT (2011) %2
BLCWi7Z&Ew,

WaE L7588 108 09 &, JFEEHATH T & 7284
13107 HCh o7z (K2, f3R). FEHIMEE DG RIL, 57
e 3 DX T IR - E LR AT 80 11 (75%) TdH 0, K
XA AT 25 11 (23%) T -7z MU HARHIX M5
ROSL R, AR EEERA 1 MRS 5.

4. B B EHE || XL DAZBEOHERE
4-1 BFEBEWE I XEBEOARBEDER

AN LE 1 5~E6 7D 6 2D A%EHTH Y

_3_



AT IR (37

x£1 BER - hEMHICH T IERREREROXS #z2 BAW - hEHAICETIERADAEE (GHEL)
X (area) |F(series) |EEHH (point) [REH Rb#E| SritE l'[\]dgx;e Fe/K
BriEE |EB KGR ;%ﬁi gﬁ’iﬁ‘ﬁﬁ‘)j@fﬂ. BB GE =70 EFf'BJ{{;l; 411493 | 135626 | 97786 07384
o, CE g 10164 | 07052 | 01913 00190
MAESR ]II Eggﬁg.ﬁ{%ﬁﬁiﬁﬂy?*ﬁﬁ' FOEE - L% n=319 F1{il: 561288 | 26243 | 115565 | 0.8201
- — : TF#R Wil | 25107 18145| 10026| 00806
LATES S, RIS BIER 1 ;n=78 Ty 388402 | 148504 | 65109 | 096536
BHAR I :7F’?5 'Emfﬁf. I %4iR, (TRYR- IR magEe. | 20me0| 1576a| oniso| oose
I SR, iEﬂEE Bia@ADIn=50 Tyl 306163 | 210007 | 62736 10818
AT EHE e N A, R, KENLGE (iR RERE 09143 | 10181 | ooso| 00370
LTES BEHE BEER ;=55 F 15 fiE: 4827128 | 79423| Bi1050| 09013
HER KEHE, WFLOE (BHR) wsEe | 20612| 1563 | o4szr| o0e6s
ERLUME |EEUR |F7E KERULSE) ERIE-HWR =175 F il 253616 | 304047 | 45530| 11861
B E MBS ATE mEE: 16941 11270| 01079 | 00578
- = R n=30 THIE: 207864 | 276493 | 49229 | 1.0539
BaER |BER R iR 08904 | 140z | oudsr | o032
Lt2ER 28 EBEILFR n=24 Tyl 96890 | 369465 | 25673| 44703
EZER |BEzERG® (R | os2s4| 24345 o00442| o0a871
Eif X % s R R =67 $i‘£]f|'§: 217018 | 247420 | 25038 | 31308
WERE 09343 | 10681 | ooss4| 001941
BRLBK  |SRLER %J‘Tﬁﬁ’ R, }\ﬁﬂﬁ_' H&R FEHRin=44 F 1 ili: 172458 | 494862 | 66534 | 14825
MEzEME |EBER E.ﬂ!.% ﬁEfﬁﬁﬁE- RIEBE, RREE 04764 | 06433 | 00409 00371
RAE, WERBR B35 R n=27 5 {i8: 451055 | 122712 | 20683 | 1.3455
bt {1 b, E;u‘ﬁﬁ’% REE, WERE 13443 | 12515| 01486 | 00733
RERER BB R n=52 FHyiE: 52873 | 37.4020 | 30904 | 104893
Ta#E Ta% B, TEHII wmmiEse. | o7255| ossoo| ooses| 03396
ExFiE |(BEFE |)IFE HER =36 THy{E: 61314 | 359084 | 30s53| 74312
ERE 08335 | 08504 | oossa| 00887
EEHE =44 15 fili: 80950 | 329557 | 29094 | 49728
@u(EE: | ro00a| 11se5| 00807 01904
R in=24 T 41151 | 543873 | 28200 | 334087
iHie(EeE: | oseso| ososo| oosas| 20088
HalER  n=39 F i fiE: 101214 | 265131 | 22552 42439
R 07365 | 08991 | 00091 | 03043
BELE R n=245 Tyl 226726 | 282785 | 76130 13448
R 10283 | 1asos| o2ees| 00543
FL4RE % n=78 F i1l 265339 | 249492 | 84617 11232
RERE 11087 | 14334 | 01488 | 00231
R ES rRos | s [ M0 | Fesk
BRI n=114 i 534306 | 4s173| 1wzse| osmsz
(NRIR Y FAR - R IFIEER) [RMER2: | 14051 | 14047| 07584 00483
LI @ LL R n=150 FEHyiE: 568163 | 16642 | 121489 | 07753
(HEE) fE4=E N os163| os6i05| oises| o021
HMBERI ;n=55 FHfE: 598277 | 11122 | 125834 | 08803
(TSR AmfEE. | osio2| o06437| os5048| 00151




#

BT B SRR T AR O TR

0 L 69 I 3 0 EH 0
T
2 0 sl . I
69 Sl 0 1 S amE g
m| Fma- I
s snmny| 1 snmny| yanmpy| FBHIE
0 86 00L¥ 0651€ 00LS 88L8 1v0€1 G812 LLS 058¢ 696% 886 866 €LS ySE ves 9¥S1 1€9 L
86 0 LELL LY9L orel GG61 866¢ Iyl 862 09 1col SLy 80¥ 8lL 122 GS¥ 8¥EL 205 FEWNE
00LY LLEL 0 1102 Lyl 43 658 6862 6LLY 0ve A 1602 9ol vELL 8082 GGLE L2EIL 8206 % amBy
06S1E Ly9L 1102 0 8lée 2861 99¢1 902¥1 6EE01 91¥9 8¥8e GEVS £E0Y 9€LLI ¥8LL G216 L8¥08 0.982 ¥Ezd
00LS ovel Lyl 8lee 0 Sii 0sy 619¢ LILIE £9¢€ 14 ¥0€e G081 €LL9 [4r4 8voy LeLv] 99¥6 ¥HET
88.8 G661 vee 2§61 Sl 0 £e¢ 889 G918 [4:313 (5414 0865 090§ 62621 LSSL [47A:} 1e0Le 29561 ¥EY
1v0€1 866¢ 655 9921 0S¥ €T ] 08801 6¥¥9 9EIE 89v1 9vEL 01¥9 IE1El GlyL LL16 0825¢ Go¥91 3=
68le 844) 685¢ 9021 6192 ¥889 08801 0 6252 788 0lée PLS 029 £881 9e01 901 809¥ ¥e0e =30 |
LLS 86¢ 6LLY 6EEO] LLE G918 6¥¥9 625¢ 0 9vee G6lY¥ 0¥S1 ésol 0SSL ¥9¢e 60v clLIEL G119 ¥8d
058¢ 0v9 0ve 91+9 £9¢ [4: 9ELE 788 9¥ee 0 LSC 1601 LS8 G€99 ¥652 LEGT Y561 15011 Emy e
696% 1201 474 8¥8t 8t 1S 89¥1 01¢¢ G61v LS¢ 0 viie 800¢ 80¥L LS1E LiLy 08811 ELIL FMEE
886 SLy 1602 GEVS v0ee 0865 9vEL ¥LS OvS1 1601 YLLT 0 134 0eel 912 G9¢ £09¢ EvEL ¥ELH
Lt
866 80¥ 9r9l EEOY G081 090§ 01¥9 0¢9 250! LS8 8002 134 0 y6LL LoV 609 ¥EBS voLe WMM
ELS 81L vEeL 9ELLL €LLY 626¢C1 1e1el €881 08SL SE99 80¥L \[443 veLl 0 091 €2 0Ll oLz M¥% &3S
¥SE 122 808¢ ¥8IL 202e LSSL 6l¥L 9€01 ¥9¢¢ ¥65¢ LG1E 9le LOY 091 0 96 181e FIL D% HRSE
¥es GGy GGLE Gel6 8voy [4Y4:; LLLE 9ol ¥60% LEGE (SVA4 G9E 609 €¢ 96 0 Svie v I¥EEE
9¥SGl 8veEl LEegl L8¥08 LeLvl 120LE 08¢s¢e 809% clLigl avS6l 08811 £09¢€ ¥E8G oLl 181€ 1 4¥4 0 9L . HHW
1€9 €08 8206 0L98¢ 99¥6 €9561 S9¥9l VEOE SH9 16011 ELIL EVEL ¥0LE ole 47 v8 9L 0 b2 B - 4]
wong|wans| wonlveos|vneT(vEvs| vonvexn| weulymuelvmur| sl 1Y L B L R ark|  amul wesn
, |y u |y Bt | w B | domny| wiogw

(REY Arcve) REEES ASIWEIEK €2E




Mn X 100/Fe

Log (Fe/K)

oo

0.7

A IR

134

A BEFrIER
0OBLA%k
ERILFR
- BEFH
OEERF
X BE R

< MERR

O EEiR HILR

L ITEA
1HER
+EBZER
+ BB R

FEIE-AWER

¢ BLF
° HER
- Fa%
- HBER
A FHIEF

W B B i

BRI LEES
10 20 30 40 50 60
Rb43 28

A BBHER o MEKER
© BT 0OBZAR
O EWK-ALFE  © HER +
X EMIWFR X mRWLFR EZB%R
-~ F2& - BESFR

BER - EARR
0 rERA +EZER T
A MR X BRER
+ BB R ® EEEERN '

=

20

X2

30
Sro &

_6_

40

EF B EHOMFIE (L RbHE, T :SriE)

50

60




ST B SR -4 2RO BB

AT THE SN TWDS, Bl r~E55a%7ay
BN Ao THM L, TORMICH 0m BENTE6
ST Ay I AT A, Bl 5 ~E5 5T 0y
I ORIV Y T 2VADBFERTHY, F6 500
TH 7 Of EEE BEEA AR L A A T ORERTER
o TWA, Hle~HE55 a7y 7IZBWTIE7
Oy 7 BOBENROONLE—F, E6raAmTay Y
F7 0y s NTERET LHEE LIRS TH W
PDEoZens, S EOHEHIZE 1 5~%5
FhAWTAY 7 EE 6 ThRET Oy 7LD 221255 T
WRDLIEDNTEL., ZD200ABEEIZOVTHED
AR, M REHME A RS & K4 - 500 T
BH5. WSOV TUIRTROMERI Y72 ) FaET &
Fhti L7z 7z ot L LR 2 IS E LA 0D
b, EMTLAHREION L, BEARAHIIOWTIIN
ERORMIC "] HETRL, FERBEOREARIION
THUTFORL - TRl Tws

4-2 F1S~FHE55ABTOY 7 DARE

Bl a~E57Aam7 0y 7 ORI 602 MOt
POHEA. AOSHIE 52070y 70 bl 5
CEVACYAE AR/ R ¥ S Ry R e IR
TNEN 1 OOEFHE LTHIRZ T, %5~ Tm OHiP
AL T23000AMERBIrONL L RETIELT

REED
o FOER- LR
= fRIRR

A BBER
+EER

o RV TTIVA

1/200

EZ)ThHbD. BEEREIFIVY 72 VABART32
BEMERSNTBY, EPREICRSEEL DR v
T EH S BRIk S e —iEER L LT R
TEweEzons (K3).

ZRINLOH 2 A DEEGHRL, AL EbETH
ko 3% 272 (F4), HL ZGREAHEAL -
FALLRT VAN Y T2 VAP FELLAEAM &R - T
WL ELHETHEEZ LN, EEINTREE A%
LA (4D BBEEAOMEI R 2 FM &L,
FERRFFEIRRIC RN T, (B L Z O8R5 EH 72 2 KBS
L2 WSS WHEEDL H2) HH Y, HHRICIENE
NIROMMABEIRO LN D, BIEFARE LA
(2) FEMRBICEREANO KN LARD 5B P, 4
Wz LHARIBT 5 % ELBBIIAHKETH L. F >
7z VABOLZEE LRS- HIEE G~ 7 b1,
EFoq & F &3 5585 (3) LghxEla (4) &,
HBWHEFOLDENRH L 5~7). £/, MEEZ R
POREEL AR H S (8-9). BIXMNGA 5 FHEDS
FIONTREH, WINOHBR b FAEEL, BEHO
REdH 5. B, XD LBERTHA»S
DFEEIZIR SN L DIF Tk <, 90 EOITHIERA 2 &
LEHHND (10-11) 7.

ARAMOMRE RS L, K572 583 HhSk
Vo7 2 VABLT, BRARIEER) D19 ML 8 E 5.

0

E35aR/Avs

B55pR/Ovy

3 F1~55AKTAY I DENIH EEEEF

_7_



AT IR (37

x4 B1~55FHTO v VKK

£l iy _—
AN
% | i 7 | Al P B2 || % | & &
5|5 2 | % 5 Al I |F|# "
& | 2
& | F E e
2 B FELR 1 3. 1| 5
2 s HR 1 11 12| 4
g 178 % 1 1
BEhE R 1 1
RIS TIILA 1] 2] 2 1] 571] 6 583
it 1 11 1] 2| 2| 1| 1|58 7 602

1 WEE (FIEkE | - BLR) 2 MEE (HRBR)
BBMITRTRELR afani

( 51 %ES OHB-015) ( 514785 OHB-007)

4 wITILA
BRI

7 F7TILA
Hi2

@ 5 LT 7 TR &) 6 FIL¥TTIVA
IS SEHRIE

8 w7 zbR
¥t

11 F7zibR
EEHE

4 BT BEWE I XLEFE1~550KBTOY I DOHLAE

_8_



ST B SR -4 2RO BB

BIEAOFEL, IIMEET, B L2/ AR o R
Aot EoTHELTBY, HMIREREAIZOWTIE
HPEN TR FIBES TN R D E 2 b 1. FIH
- EILREEAE S AL Tw57, wmKAE 2cm
DT o/NIOERZIRO NG, Af%E LIhens 1 Hd
B3, NEOMEER SRS lom BEOF FA3F B S
NTWLLDT, AwaFMEIEICED S b O I3EERH T
Ho. MMEeE, BEEERERLE L O IEIFNTOA
HEOFEHAZ L\,

4-3 FEesAFIOV I DAELEH

s

For it 7 0y 7 OAwHEE 1Tl SOAED S5,
B ERHAA I - LR BG4 5k, MisREEA
SR, A7 VA 2MHE AT AEREBENE,
BIKAS 1R SN TV D, EW A6 131E Sm D

BER
o k- FELFR
= HHER
x HEEAA]

o RV T VA
aBETLE
wiREEKE

X 5

FICKE D E & F D o0 ZDFMICOBERIIHAT S
KRERL, BEER L&D TE 15m REOHFANIZ
E% (K5).
“URINTOH 5 A5 EEEOK 13% TH L (£5).
BIEARE, BoPHMTICE 28N 0 (K
6-1), MEROFEM OMMizEsEMFHELzbD (2-3)
RO O—HE ML L7zbD (4~6) LD 5.
T T ARICHEESNG A5 1 Hb b, AL
B L WERTH 2 0 WHHZES O L0l E, 2
ADHLWEZET L. ZOM, #&2E (7), Higs (8-9),
A (10-11), B A (12) 2Lt LTwa.
AMTIRERAD 102 Mz Lo, Z09 5 81 HAFI
i - IR THD. F1~5F5Hm7Tay 7 EERD
BEOOBEAER (16 ~18) »HEFHEL, »oHHEE
OFIFRIBESITON T2 LIIEETH A ).

0 1/200 10m

E6ERKBTOY I DEYI & EARBRF

x5 HeSAKBITOY VHEE

4 — | #®
W o T | &k |4
*g B H  F % R m | H| B 5
- s % BAl5| 85| 8 K| & "
s CIE
A A
= [FHEkE-ELR 6 1] 3] 17] 48] 4| 82
BE ABlER 1 1] 12| 1] 19] 102
A (7T 1 1
RILVTTILA 1] 51 1 53
HSAEERRLE 4 9 13
RIS 1 2 3
it 6] 5 11 4] 3| 19/ 123] & 171




AT IR (37

-] —

1 WG ( FOEE 1 - LR )

lia 2=

(434783 OHB-068) ( 534S OHB-107)

(534733 OHB-023)

. 3 mlg[ﬂ:lfﬂﬁ Il - LR )
2 Q_ﬁéﬂému MILZ) il

4 WERE (FOEHE - MILF) [ 6 MERE (R - ML)
BRAEN 5 RERE (04 I - HLF) [ty
(537 6= OHB-044 L1BS) aiai (43S OHB-052)
(5HFES OHB-058 £ B8)

%?%ﬂ.ﬂf )

/\\\] &F, — _. d TR "y
-— = i, -~

7 BEEE (HMF) 8 WA (REE#H 1 - MUK) 10 WONE (145K N
o o P .~ R
(HRBBOHBI0) (578 OHB101) 9 %= (@S onson) 11 MEE (FIEM | - MUK

REE -
(FOERE I - B ) 13 WA (FEeE | - MLFR) 14 WEEE (FOEM | - mLFR)
IR ($H7 &S OHB-055) ZRMTHE ZRITHE
. ( 534755 OHB-040) (534785 OHB-046)

.ﬁr—’?

sl ;
16 WS (HEE - mUE)
SN

(3785 OHB-092 &3 5)

(1S OHB-044 £ A L)

6 BT BENE I XLEFE6SHRTOY I DHLIAER

5. EEUBOERMIRORFRAMENARIE
B B &M || XML&

1B B B I LB O LRI ETHE V ~ VILAR
L EL ST L b0l L THESIN TS,
ZN L oAV ES T (5 V ~ VII B
MY a ~ c D&M E ORISR L) RSN T
BoT, mE BV EDITR, F1~55h0%7HY
7EE 6T AT Ay 7 EOREMEREZ SIEHL 2T
v, 22T, FEROBROA ML L CTh ikt
DOEERLTHL.
FEILEOEV EBEOW T CORHFHOLELX, BB
L2321 LT bND (P 2012).

e, BEILECHRTICHES T 5N DIEIHEH
IS I fbig o adiE (K71 ~ 6 @i HEER

REREE (DTS OHB-077)

e A
S
S8

18 7R
e

e
o

1 (I]cm

£2011) <, HVIEBAFOTMNOEIV AT TIEE
MR e 35, BRI AEHEIA % <, JERINTLoeHH
Bh# (K71, 2), BGEMEAE (3), shwEbs -
5) 7 CHIEEE, ROKRIL Y 7 2V A DM R RIS S
HhElo - 2 idatk 6) zEPRons, B
FBEBET LEE L ~55hAR7uy 71 EZ0h
HHECE VDS DL LTRESIT LI LR THS ).
LR, B B EBUAICIRENICE L o7
BRIV, RNV T oV AMBEOBRD B VIEh
BRI e &3 VILEAE TH ol e b ik
TERRE RS T SCfbRE (I 7-7; 6 ) VR 8L el S0 b B 7 2 1
FEAT 20000) Ko ROy (R b U S ek ST AL R A BF 2T
2010b) 7% &ETHHEL T A, HHFLILEEE 13t
J& TIEBUR e AR A L X D 38000-37000 cal BP #ij
the, BEILECRYT L 2AERMEIHOLN TN,



BT B SR A SR O B

7 HIVRIJTE~EVIBREFORRE
FHAGLEBRSS T U (1~ 6). RREEMGEBRSS T S0k (7)

8 VI -VIEEBHORAEH
BLAENE T LA st 10 ~ 5), d AES Tk BBVI6:7).
B 1 b asdEd 2 - 38 ~ 10)

9 BEVREHFOAHRH
rp RACHS TaBRAS T SCILRE (1~ 7). PaisERR b X BBVI BL_ESCLRE (8 ~ 15)



AT IR (37

INHIHWTHNEZEZ BN 2 OhGHLE
VI EfaF~E VIRemr2zhtbEfredsb0T,
KW b0L LCEE LAENSE I UbE (K81 ~5,
8 ~ 10; it V-3 el SO L B AR A WFZEHT 2010c) O A1 23 B
WD, EHINTRERAZ 8-9) RHEMKAE (1
~4,10) PHELTBY, AEEARICOWVTIEFHE
HBESSE L -0 LNE. T2, —HTIIHEE
ARmb T T 5. oM, B AAEERE I SULE (B
F] UL 352 ST LB AR T 2010b) R v LA ES T 3R 45
VI Bfas (086 - 7; @2 1994) 7 L OFBRHLED 5.

EIFHEVREamEHEBMETIHERTH L.
WEEME LTREVEREAT THEIrSZDO MO Z T
DTS E L EAEAN DD . BN R
MLOFEL 2B S BEOLORRSONDE LIk
. e BERAGNIEIEAEOEKRTHTT L. BF
LB ERTH Y, BHEGPLVHPNTERO S O
DHEEVE L) TH 5. PRAETAEESE V ULE
(91 ~ 7, WHETHEZAS 1989a), VEilEYR b X5
VIEfmwE LfbE (K98~ 15 BHlEMRELZES
1999), Vi EHREE T S0k (R VRS S Lt 2 > 8 —
2012a), +F Lds GRENHBEERAES1998) %= &0
FIFoN L. BIEEARRICIETE (EH# 1988) s
mlld 725, HEE R T & O LA #
LBobd (491-2-8-9) ALIFLIERSNS.
T72, RVPREREOHRAR (7) PNHERA (15)
D ZOBMOARETIEI RN LA TH 5.

18 B EEEE I SLESE 6 wfiae 7 0 v 7 Of ekt
B EREDE2 - E3D7V—TIEVNEZ D, #h
FEICL2EEFARIE 207 V—TICALNL DL
FOT 50, HTHAREIEIDOINV—TOHEHETE L
HE LTV ERIPLRBEOLDOTIERL, E207 )V —
TO—MOBHFTHEL TVBELADDHLHEDD DT
HHI DD, B2 NV—T$ bbb VII~ VI H
B IR S D T REME DS E .

6. EEMURICH T 2 ERHIBARFAMNENR
HRattFA

6-1 ZELEOERAIBABFFRLIBEDORIEFIC
Ronh32ER

S AR L72BF B #EERO A O G R % o
Ao T—5 La&beT, EEILEOERNIHA R
MBI BT 2AMFHICOWCTEERITH. £613H
IVAI) TREPSLE VEROFIIPIT TOLEROLHT
R Z B L7 D Th L. B FBEBEORE & FFRIZ,
F—3ftE & L THESN TV L2 ERETYH, 58
EERREPL—FLEFNOERE LTRIZONLGE
DAHI B L CHERE L7 (TaREFEPI], Tha#FHET 2
Ll &EL7ERE®<). 72, —HoFMe A%
FNETL—H7T, FEEHOMBILEDOER CTHLME
JFOA PR (ZH 1999) &R PUEER (F i e oAb
WERAIIZERT 1999) & &2 TR L 7.

Z IR B i o BRI E RE # o3 AT 13085 B
BRASHTG R Sty AL R 2R, AL L& B ASTEEE T S
Lty —, ENDANPZARE - B LESFEM
FRGEBIZIZLBHDTHSE. I ANV F -5
I EGE X OIS LB DOTH 5205, GHrE T2k
SATASER S NI X ) BEHL O X552 AN R 72
5. ROIIRLIEMAIIENEBERARZ TEHL
72HbOTHY, TNOHDOMIGERERT LEETDMEY T
H 5. BIZIIERFE AL BIERT O 547 T (705 -
il ELTW2HDIFEARSD [FRETE » BRtl 12
s L, THIHETR] & L2 DEZAKS OG5 T
EATH/NEREELHIE BB I o Twng. 2
ORTHEL 25D TR E LTERLD DT
YRR 2R EER (H- 58108 AR RO (4
WAEAARH] Lxn/zdo (LFLEBBBVEIHED
A2 5) 2EDTWL. RRFAT LM BIZEAT O
FAH Y 7TVICIEEH K S OFIREEEE CRlils A%
BILOEALFIEUT 2 EAIERA ST 2w,
WG RS AL FZERT (2011) ICREIRL TV 5 BEHE
EORENIL, ME0bDLFA—07T 778 (BN
J& ; BTHIZE A 1974, #1637 2006) T 5 W HEMED
WEEAEIRCE T ICE T, MfE RS L 2IZFE— 0L



B

BT B SR A SR O AR

666 | 4d 5 4t T2 2 1A ) 2 381 &7 i () $8°0€ ‘6661
SHEEGYWE =6 9686 SHEE FWEBI07 6661 SHELHWE PICT 2686 SHEE HUFE R 22 22102—5 3 WU X WE HEH 12 '8661 SEHEL FLERI0Z~81 'L00Z
A 3 Mo BEER I Q) 20 T W (R 481 ) 26002 W e TERE I Q) X W BT i mI44°82+ £2+2 1+ 1| 20102 M BE M FERE I A} X T i [RI4E°01 7661 286 00102 W M BRI A X WE i [ldd 91 ~€1-L

-9 "0 1074 3E 4y T (42 1A 1) 20 WU BT 6 (148G "28002 Y 3£ 411 B (42 11 ) 2C WV i i [ 48 12 -+ 96002 M SE I BERE I ) 2 Il by i 48 € W WEY - 000 S H EE W T 8-2 LIS HEE U ER!
0z |2 S [ 061 |02 5L |56 TEHSRTDWNE Y%F| 0F
008¢ |O o) 001¢ L6 TR 1w |ver |6l 0z WPGWIN-NEL R E v LE@| 62
961 (81 £6 [ 1 12 [1g 1 2/ |r 12 z LT 8UKNE Wity 82
81z |z z z 1 e |sz I £81 z VAT 8BANE M (g
vov 9 89z |6zl |99 g 66 (AGE) LD ELLNCYNE| B E s 92
gEr (21 2 ¥ |E9 1 1L (veL [v2 |s8 ¥E 1 B X THLFEINE HqekE| 62
oeL |18 s ol | L s |8 1 9 LBEAE @ VT | BDEAE
69 z 29 1 l HHOE A XAE IM&d| €2
8Ll |g1 v z z zul Li9L |L191 HHVE AL IHEh| 2¢
vp81L |59 1 I 1 ¥ € S vaLL |L1oL |11 08L 9 BAAIE| (FETH)EEE 1T
8Ll |9 4! 8 [ £el |68 |88 |lze  |g£CE 66z [G1 £ 1 0l g SAgg He-PTEF| 0C
566 |Gl | i I 1 ze  |9ve  |SE9  |BLZ [I¥ oz [z |5 I I eS8 He-PTE£F| 61
elz |z £ 65 e |68L  |E1bL |ELG |91 |092 szl |ez s 19 BHIERAGE #He-PpT£TF| 8]
9 I z £ z I [TE7—Oigd YEE| []
ze e |z 2 z TR - B 2N SFE|9]
8 1 1 1 S I v 4ehWR G- B KIE SFE| G|
L 1 £ £ z 1 Schig S - W7 X1 STE|( VI
9 9 peh¥ R - BT X1 STE ¢l RBENE
TRF o e z 1 04LNT- @A ANHE M8 2]
" ) £l 0 B X% %% ~
gl gl |z 1 T R bR T - W K1 2B 01
OLGH 0LGH @ o] & #1ng8 =9 IHEd| 6 HDEINE
) £ £l £5 zolL |1 61 28 GO RS S0 - B0 26XN%E 848 8
9T |6 1 voI  |2El (8l s (g1 ov CThRL - BT KIE S9FE [
ez |e e les v 05§ LehEED - BT NI 9FE 9
z z o LPEINE &8l S =N
st 1 T [ HDHINE~BLNCLNE Hu| v [ LFEINE
9 9 0 B xIE Wi € ~
209 €8s |61 ! 1 2l [ LAOLBRTaG~ 18 B NE 9k ¢ | BlLNCY
8zel o a 1w vezl (68 ol [e2 Lz B A1 MR | NE
= ¥ 8 g - B o R
m m
% | ¥ & ¥
3 | ¥ ¥ . ¥ | @
w | E | ® | ¥ B ¥ | ¥ | #|w 4
B y =28l c B\ 9§ | @ % |2 4 0w B #
H @ 5 2 = | By |~ | 4|k | W | B | ¥ | B B | E | Dx B
# | o |8 W ¥ B | E|& | B | for
S | 2 | 4 | H | ¥ | H | E | £ | H | 4| ¥

MHATFOHRED (HBENE~BL(CY NE) BORYHETHIHBOEMNE - $E 9%



AT IR (37

x7 REBXSOEEER

. BRiAKE 1 -
BEIER [if Ta e W2 an Brig%
ME/NRRE | FEEE
T - IR MELEELE | fEEE
- MWR | Fnmekn-fELR R LB A B
AR MAXESFSIH L
EEE-ALR EHi AILR SRAWLE EHR
Hik R HIER KR HalE
HEH BER EIRmTE Ha7E
BARR BEER EREARE BAaRE
R E TEREH HIRREEN | BRRAR
BEE R BEhE R mEEEEHMBE | MEBIE

FHEERT (BEHIEH2011) doTHL 0720
YARKLOFMBABHLIIELRLZLDEEZLNS.
LRRS OGBS 288 & LT, TRERILEE
EIOHSTOSITHER (BEIZA 2011) T oh, &
i M HE E O I B THTE SR, SRR E R & IX R B IS
27y P ENDEEMAN OIS H L. LoT, Bl
5 1 C O BRE RS S LB FE AT 0 4347 C IR 1S
BEL LA 1 THIDT ARSI A Z LR, 2070
MRS & LBIEAIRER 67 THHEIIRL TH 5.

6-2 EEMUBOEHIBERFAIEICETZH
MFIADEE

6-2-1 ZEUBORBIBARFAIBECAREICSH
i ¥ AAM

G L o CHEMATHHL W2 BRA*EO T, &
J& 1L O BB A SO BB TR ST 2 B
A EEILE L OMERRTHETS L, BBLZUTO
3DNGFTFHTENTES, B 1L, BEILERLTR
WENBAMT, ZMIEELIRAVY 72 )VA, F
B0 Bzl B (MEE), fEoRaiil
HRBWL (HEE) 2Ehains . #2124h0
HE T2 SR LA N AMDBH Y, BN HE
W KuER (RIHIE - L, V65~ e, & - ik
&) ORBANIIILL, E3ICHEEPOHLAE
Nafatnvey, s (BB EREASINICY
725, 81 ORMERA S F TOENE O
bOTHY, %2 30AMIEHBEORE) % % CHEF
WCHLAEFNZLDTH 5.

E6OOMMEE, o 3 OOMIIIZIT TR S
&, BIVAIYTREILEVREEE TOLRN%ZE
LCE¥% 5020135 1 OFE LER AR AT
Y, 2L TEBILEDY S 3R Ic Y7558 2
3OMIBOAMOFHIRIIZ LD KE LIV HEZ 5.
DFTiE, #B5HiClRIAMRHEOLEBIININT 5T
AMFHOERBIZONWTTE LD 5.

6-2-2 FIVAOAUTE~FEVIBREBHFEOAEH
BIV AT TE~E VI B TEoaRE o
TIE, S AA IR AL 15 L8 0 CEREUTT B 70
RNV T2 VARFEERTH L. BEAPELLTHEH
e LIRS 1 s0fbE, 61 B B RS
ILEE 1 ~55am7ay 7, JLHEBE IV 23
VTRE - 8 VII B OLAEENH ), KV 72V A
EROABGRIECRIBAD VLS T b, BIEAIZEM,
MG, Wi, MEEL VSR EROLORH Y, ZEIL
BRI E R 2R O B AS B3 2 B C R B 7 I
ABEEMDS T TICFH SN TV &350 5. Lo L,
EIVAT) TEILEVIEGHETHTEWThon
WHCTLBBOOFHIIRENTH L. BINED BV IE
ol B e A LI RS TSkl T 1 iR L
TEARE, TNOOEBHAS 6 SN AMIE
Hld 2 BT o0 Th Y, BRI TR AR
SEVTONTRESZ L, HBEORKERORELS
2 5. TOHOEIOFBHIRIA S R TLEELE,S
VA AT DLW 2T B A T 0
DIFAEDSRIRE WEELZ LT 555, BT fd e



BT B SR AR O TR

D5 DOEMOWADD ) 30 b A2EEEILE LR
RV T2V ARIZ LD & 5EE LR LD LF T
DNTVDLIRILTH 5.

6-2-3 FE VI~ VIEBHEOREH

ORI O AT, B BESE I LES 6 =
A7 0y 70X, 12FiofqAaHERICEE T
AT T 200 SUBRREEICINE 5. 50 g
AL FIFREEI TN & B 5 B DS EEGED
SN, B LaOENE I LB a e L F adgEdh 2-3,
BRI 1T LESE 6 5 hds 7 1 v 7 22 ECTHIHIE -
EILAORBAVFH SN TS, $7/2, mRASEE
BREE VI BT O ERFED X ) (S E BRI A 4R
L DRSO AT 5. HER OO RN %
EDA SN, AMOHBEP IO DRI O5ND.
BL, %< OmPTERILERLO A2 N
Lo, ASAMOTERE 2o TV HIFEDL S .

6-2-4 FEVEREETOARBH

8V ROW TIREPBENRE SR, 8 VI~ VI
BEFOAHEETIIR O N o 72 A% A 300 M %
BI#BSLHAONE L9127k 5. FHAMIZOWT
g e L CEEBILERZOAM O IEN G —FTE
JH i FR IR R0 IS e R L2 X 0 R RBED T T b 7z
&R B MEAFIET S V)R TH S, HL, i
BB K& C o 7212 b b & PEMERRA I,
1#EHEH720 L TH 100 MEAL LBz 2HRE L AT
N7, VI~ VIBOHOLEFEEKELRVE LMY
BInTwiwv, EMNEREROETEES » IERRP LR
- IR SN, 8B VI~ VI BREF O AT
FHASN TV HIHEE - BILROEREAIZIZEALERS
Nl s, —77, MERPHIR L Vo - F IR
BRIZEET A BIEAICOW TR BE M T 2 HHI05 R S
N5, MEBEREEAIZOWTS +F FEE I #S
Y, WTEBDBLWEBEDPROONL. oM, 77
BROLIIERKEE, e Y, 58 VI~ VIEQG
WOAMETIIEN T IXFIEAERSN > A
OFALBIML TW5. EEILEELO LM % i,
FIHAMOL AP EATVERNE TR 5.

A A HED RHEAL A & (LR O FI SR EE D BN A5HE 2
S, TAEMRILEEC SHEEISEFO DAL LD
COBATH B, FIFAM OZ AL ERE LS 0 H
DEIFZFEDTRIL S R E LTI Z 5 b W RetEd’

7. ¥&8

%N 1L O B R A 25 R0 B o0 1 288 O A A b
&, ARHOLEBEL ELIZUTO BB TEEL TS
Z BRI T,

B i CEBILER TR EEZONDE IV AT
TR~ VI BOH FRO AR CIIEMNOMES % &
FZHEOBBAAT TIRH SN CTWed, Zomiddk
FICBR SN T W/, B B#EEE I fbfEsE 1 ~5%5
A7 0y 7 OR S OB oMM 2 R FT 5 0%
HO1DOTH5.

55 VII ~ VI B A TSRS LB o E i T3 E FL
Ao BE RIS & o CRIF FIBED TS X9 12
Y, TNOEBILEND S OAMAPARBIIFH S
L9l holcbnEZ 5N 5. B BEERE T
fLRE% 6 T h% 710 v 7 Of#IE Z ORI AL E D1
S, EMNE (FIHEE - BILR) BRI X 23 3k
PTG ETPERINT WS,

BV RO TIE, ARBEORBIAE LD
2, 7 AEBRGRIE, MWEERRA, AR
Vo 2EINERLOAM, KO EERRL 2 L
ORI TB Y, MHAEM DL AIAEAT NS,

BIVAIY THErLEVBAFETICRONL A
FIHOZALT M FER O FFE I HE) L 722 EZ 6N
B, BAPSEMPMHES 2 EOEBAFH ST
=7, I AHBOEINEE L CORA A AR
BICBZE S N5 OIZEIFA 2, BB KEL AR B58V
Bl EF CT 2 e 0 ol BT T AR AR
WEZEEA, AV y 72 VA LBATI OBRABRAMN
ELTCEELRMEL HOLAMTH L. BRIWIHAZEHRRA
DEREOIME L 7 2B A S T2 A
D ONEV BBHTHY, BV BEIFE I Lo 2
DOAMWIIEL Z T TORTHEAEZ R ER & L TE



AT IR (37

SIFoNs. BELEBICBWTIAMFIE2S RS &%
WIHA SRR S RO E IV A2 TR, S5
V BT Tl IR L2 LA T X 5.

RRNEEZ BSOS CRIITER 05T - Bigok
KxG ATV WERFAERIROMERERRIZE
SHFICE LT ZREB V7275w 7z, RS LB IR etk o1k
FRIASE - BB T - B EO LRI E0 X Mo
O¥MEE B L7z, F72, A D O IIEROUEE A 4%
HARAY MRWnelini, RELRNL I IEHOEELEL
Ede

% B, AW TIESREHA A AL R MRS I 78 2 A B
IAREHE CPRL 23 FEE~FR 27 %) [k b - BIRBER
DFELZEBIZEED e RUHR OS] (WFgefiss:
INEF OB B OB E ZT 7.

&

1) WA (2011) TIEFEH S & 0 SEERHE S & SR
FOTELAROGHRHREZMEL TV 5.

2) B B EBREE 11 UL O GO /33O v TR
E2 (2006), EHEHEWAE (2006: pp.14-15) DLk LS
ZiZ L7

3) MG TILIX 44 - 6 OFEHRIFE A LSRR A, 7 OHI
I/ v FLENTVD, FMEESE 28 [N 42 O
BABHIART CTIHIZRICAEL TV 5.

4) WER b X (HETHEZRESR1999) OAHEL [4
VIBf@iiE L] HtheRBES N TwE2s, iy
PEVIBAHEOTCLORBPOMELZZE2RTD
DTHDH. ZOWAEDERITIIE VERBETH T, 2
DOTRDOAT) TREPSAFEFHTELTBY, [HV
By ] ot L SN2 AR IIEMN 2T
v, Al ed [ VIRaT ] BtorasEl i
G L CMLEDIT ENLERELDTH S,

5) EEIEEALTHH SN ZEEAM TH LTI AERE
ZIERENV Y 72 VADEIZOWTIRLE - LA
(1998), Hifli - #:1 (2003, 2005) = W2 F L O HNT W5,

6) T EAEHHILLEE DA O 1L O s B CIRnE
B (4 850 (Ff B R0 SO L B AR AS T 22 2008b), &
AR (3R (R IR ELE LM+ > 4 — 2012b), L
Rt Br (1 80)  (Ff A U8 e SO L B 3R A RF 22T 2009¢)
THELZZEENRTWEA, Ihbidvndnd o
AERPSOHTTH 5.

7) EWAHE SNDERDD D0 EHER TBITAH TS
B, ARIZFERA 7 5 T 2 EFF 0 E LB L2 20 & Jife
T5HE, BIZIELTF LEWE LA TIEASHR L 72
EFLO 9 BASINEREA2%) 79% T2 g B O
B HT 5 &4 111 5 EARMILEE TN E B
A 922% CRMA ORI EHNT 2 L 119 e Fak F
ns.

51 A3k

FEo— L7 V-7 1969 [ZEILEOT — A8 R4
EEER TR L e LT [l 8 () -
10-21

FEMAR S - BHRERER - WRIFZ 2006 [ KOS mEEE
RIMMEO R EEE] [Em7 +—F 42006 /> v RY
v [EEEREESEFTEND 2 T)IE—AERT
MOBERE] TRE] GmEmeE - E167 + — 7 £ELT
ZH%  pp. 1421, B

WaEZ - EAWE 1998 [EEILEIC B 2 AR O%E
B [HrREEE R ERZE] 30 2144

HEEWEE 2006 [4 42 MAeEE [EEE e s F o
a2 EREE] | 53p, B

M 3 - BrmER - AHBSE - BHEMEL 1974 [FEEHIC
B HEMWRF O T 7 5 Oxtih & F 2o R
[Hb25EEE] 83: 302-338

SR - FEELIR 2003 [RAVy 7 2 VADAFLEEH
SNIT 5] (BRI Z 7] 35: 1-12

HISHIR - fREEI 2005 [# 9 AEROZINEDAFE
OIS 5] THFFek 2] 11 1-13

BIE K S LB ZE T 2010 5056 XM AF 38 12 &
5 BEA Y O FE BT T -y HE<2>]
294p., B

SEWHBEERS 1999 [955 7 FUEER), 444 p., ##F

EAAE 1997 [H#6 X M X 5 - BT o R
WA R ORI [X AT oted] 28 157-168

EHMHE 1999 [HO6 X BT & 2 0055 o B BiEe 4
ORMEAEAGOEIEE ] [0E » EEE], =51h&
HERES, pp419-430, #HiH

RIFHER - 3k o - S0 fi- EER 2011 (468
ERIRAORLBE AN - AR RE . B
Yoo J5 R M B\ B S B SRR BT gE | [BRBEh & A
4: 67-89

ERITHERRS 2006 [ B i) | 142p., #H

FRRERS 2011 [ IL A ey o S BE O RERTE : 45 VI B
R o] (A scbirse] 17: 7694

HRRIERS 2012 (220 - AEAULEE Ot IE A S e (X a2 T A
FEONLRHEOME] NHAZE] 8 105-122

BETHERES 1988 [HF L - b RACE 1T - 45 111 #k
PR EREE (ESRENol-6-7#Br)], 361p.,
e

BHNHEEES  1989a [ R T & PRSI AA RS H],
284p., HH 1]

HERTEEZES 19890 [E 7KW B 58 4 i A e i 8 2
® 2], 873 p., Hli]

BETREZES 1998 [1F Lk (d-elX-2) A
FREE], 294 p, B

PHENHEEREES 1999 (VH R (b [X -1) FsH8 iR Al s ),
333 p., #Hlif]

BETHERES 2011 [FF AL RS 0 A s 2],
134 p., B



BT B SR AR O TR

ez 1988 [ ATk aaT e [t aataE] 73 (3) :
1-37

BHFE 2009 TEEAGFHEO A+ =78 & HARYEAE
ko | [Beiss] 135: 5170

M R SO 2 v 4 —  2012a [VHIRGEER I 45 R4
No8 #iri [HAGRAR - #CRIE], 254p.,

FiE R E L v 7 —  2012b [B-LAEBF T 45K
% Nol42 #uri MSCEEALIRERR), 333p., B

B ) VL el SO B BAS 2T 1999 [4: 2K IRGEBR), 55p., B
i

i ] WS e SO B B AR GE I 2007 [ A s #5235
% No.140 #u£7], 260 p.,

B R RS SO BRI SR AT 20082 [JCEraltlr 45 =4
No.19 #i£i], 394 p.,

i ) VRS SCI L R AR SE BT 2008 [HEEF &R - HkE o
MENEE] 362p.,

B B VRS R SO B A GERT 20092 [HE 2 ARG ER 1T (1H
18R 45 R4 Nol43-2 #i s, CR-35 #if), 212
D., il

F ) VLS SO LI GRS TR 20000 [RREEMGEER T 3R
% No.25 #i2 (IHA 2R~ MR AU HTHR) 1, 532 p.,
(&2 51) , b

i ) VLS el S LI R AS IR 2T 2009¢ (AL AL TEBR], 258,
e

B iR R LR SO AR BT SE AT 20102 MR EER 54

No.141 #152), 311 p., Hhl

i b VSR SO AL B AR AR SR BT 20100 R85 Bt - o338
BE T4 NO.26 #h), 502 p., B

I R SO L AR ZEAT 2010c [BELASBT S0
% Nol42 Hupi  [HA#EE (AT Th7) ##l, 480p. (&
255 | #A

MEE R - GORER - 5RO T5 - BB - LGS - &K
Fld 2011 [FRAR TR ARG &SR L T B Y o Ji
FEMIEE ] (AT ARHAICEBREE O #hsT), HETHRIEL R
AL > 4 — | pp.180-191, HE

RIS - AREAE 2004 [k &Y o BRRHAI 50T 12 B
TAME: BRAERLT— 7 X— 2| [HHEHEKFAL
FHwrsearii %] 55 1-83

AEE S - RZEE 2006 [0k o BARBHAI 5 HTIC & B
ALEOWFZE] TGRS A SCRHEFZEAT#L 22) 59: 43
94

EAGIER - RS - PATEF - BHHEE 2006 [FIARAL
HOH - T R O R R O g bR TH AR
FOCH A B ARRL A FE AT FEAL 2] 41: 151-186

R 1994 [ZEILEE - AR EORHIRA&HFA
FMER AR [ — e BIG R amE Ml e &
WEE] pp1-29, AR, ISR e A R IE R AR TI TS

(20134 11 A 20 H3A) 7 2014 4 1 A 14 H52#)



AT IR (37

i BF BEHE | LR OREARAORFOFEEMBEE IR
Mn x Log Bt |Fo &

FHES |RAE |STHE (IR 100/Fe |(Fe/K) <00 FEE (JERE | 1R FEE (FERE EBE |ub @ B &
OHB1-001 56.63 204 18.88 11.91 -0.08 |FNEeE- LR 100 053 |B@RED 0| 138 |3503 2|27E37 b
OHB1-002 56.94 1.34 19.80 1138 -005 |FOEE- LR 100 | 468 |Bw@HRD 0| 106 |3762 3 it
OHB1-003 55.83 232 19.92 12.09 -0.08 |FOEbE-FLR 100 | 256 | BE@ERID 0| 167 |3785 3 BB
OHB1-004 57.38 258 18.38 1221 -0.09 |FOEbE-FLR 100 134 |BE@ERD o 1743831 5 BB
OHB1-005 10.85 24,98 52.84 220 059 |{HiER 100 | 272 [HMLUFR ] 67 | 3840 4 b af Y
OHB1-006 986 | 2505 5278 2.35 057 [EIER 100 | 657 |EMLFR 0 57 13895 5 s
OHB1-007 2383 | 21865 34.20 7.53 014 |BENBF 100 | 158 |EhERUS TR 0| 107 |3896 5(24E16 | SHMELE
OHB1-008 1070 | 24238 52.21 237 057 |dakFR 100 | 586 | EMLFR 0 73 | 3899 5 BE
OHB1-009 10.52 2571 5267 242 057 | R 100 | 405 EMEILER a 61 (3901 5 s
OHB1-010 10,89 2476 5297 2.36 057 | R 100 | 389 |EMEILE L] 75 | 3908 5 )
OHB1-011 10.83 2518 52.50 237 058 KR 100 | 248 [EMILUFE L] 64 | 3959 5 B E
OHB1-012 10.08 24.91 52.20 234 053 |}akkFR 100 | 1537 [EMILFE L] 89 | 3961 5 #E
OHB1-013 11.73 2367 52.86 23 059 |HiEFR 100 | 959 [GEMLFE L] 92 | 3966 5 B
OHB1-014 395 | 3604 47.04 313 1.00 [{RTE F 100 172 |EEBR 0| 184 |4008 1 A
OHB1-015 57.20 1.86 19.31 12.09 -001 |FIEED-MLFE | 099 | o7 |HIEER I ] 10 4012 1|23E8 LB
OHB1-016 11.62 2350 5281 235 057 |HEEFR 100 | 926 EMLUFR ] 99 4025 5 BB
OHB1-017 10.01 25.26 5248 228 057 |{HiER 100 | 747 [EMILFR ] 62 | 4041 4 BB
OHB1-018 10.97 2537 5219 2.44 056 | $EiEFR 100 | 504 |HMILFR 0 74 4071 5 s
OHB1-019 57.50 117 19.15 1248 =001 |FNEMED-MELFR | 099 | 450 |HIEKRI 0 13 |4206 6{26E032 Bk

4109 6[31Es54 3K 3

4273 6[31Es54  |BK
OHB1-020 5171 1.60 1853 12.18 -00% |FIEAOE D -MILFR | o098 | 488 |FIAWRI o 13 4112 6 BE
OHB1-021 57.73 117 18.84 12.14 -0.00 |FIEMED-MELFE | 100 | 189 |HEAKRI 0 13 (4113 625E22 | BABRIRER A

4114 6[32-33EE56| 3

4115 6|32-33[E56| ¥ K
OHB1-022 1009 | 2434 | 5244 23 056 | bR 100 | 1120 [EMLZE 0 74 |4133 6|32+ 33s6| B} & 5

4134 6|32- 3356}

423 6|32-33[E56| B %
OHB1-023 | 5712 243 | 1817 | s | -0t ORI -MELFR | o094 | 381 |FIEERI 0 9 4122 6|23E2 BREEE
OHB1-024 57.27 124 2025 1183 -0.00 |FQEME D -MELF | 096 | 562 |FIHERI 0 12 |4123 626E028 | HIEE+
OHB1-025 55.71 161 1949 | 1232 | -000 |FNEMED-MELFR | 100 | 445 |FIEER I 0 16 4125 6(26E33 | SHERIEER A
OHB1-026 5718 217 19.42 1nz -0.07 |FIEbE-FLH 100 | 063 BEZERI o 133 (4126 6 BE
OHB1-027 57.25 153 19.02 nes | -00s |FELE-ELE 100 | 086 BEERD 0| 1304127 6|26@26 | SAERIAER A
OHB1-028 | 5694 071 | 1940 | 1200 | 0.0 |FOESED-MELFE | 100 | 371 |FOEER I 0| 15 |4129 6 TRAERIRE R
OHB1-029 51.01 239 19.26 12.26 -00% |FIEE-FEILFE 100 | 066 |BAEED 0| 178 (4131 6 AR R R
OHB1-030 57.08 1.68 19.63 12.40 -0.10 |FIMEET -MEILFE | o099 | 450 |[FOAEERI ] 13 14132 ] A
OHB1-031 11.85 24.29 51.20 235 0.60 |HiEFR 100 | 901 [GEMILFE L] 87 |4135 ] B
OHB1-032 | 5874 177 1810 | 1214 | -010 |FOEEED -MEILFR | 097 | 1004 QBRI o| 18(4136 6 HA
OHB1-033 11.04 2426 53.35 242 056 |HHbEFR 100 | 585 [EMLUFR ] 82 (4189 62412 T8 1

4137 6{30Es52  |BKE
OHB1-034 11.96 24.25 51.47 238 060 |fabEFR 100 | 1088 EEILER o 86 |4138 ] A
OHB1-035 58.03 1.37 19.41 12.16 -008 |FIMEET -MEILFE | o094 | 990 |[FOAEERI L] 16 4139 6|26E29 HlE*
OHB1-036 9.94 25.01 5283 235 061 kR 100 | 483 EMLE o 44 |4140 6(25E20 | SRABTIREH e
OHB1-037 55.39 197 21.17 1163 -0.08 |F1EE-FLFE 100 363 |BEEERED 0| 115 |4142 6 A
OHB1-038 58.13 0.96 19.11 1227 -001 |FOEED -MLFE | 100 393 |HIEEFR I ] 14 |4145 6| 2625 PUAR ) RE ) Brx
OHB1-039 58.25 054 1870 12.14 -010 |FOEGED -MEILFR | 100 | 445 |HIBEEFR I 1] 15 | 4146 6| 2947 Bit
OHB1-040 57.54 1.25 19.61 11.97 -010 |FIEGED -MELF | o9 | 213 |HEERI 0 12 14147 62411 TN T B
OHB1-041 57.36 088 19.76 11.87 -008 |FIEMED-MLFR | 097 | 704 | HEKRI 0 14 4149 6 ES
OHB1-042 56.79 060 20,14 12,14 -0 (FNEMED-MELFR | 100 | 462 |FIEMNRI 0 15 |4153 6[23E7 HAEN A
OHB1-043 57.56 1.70 19.20 1163 -007 |F1EbE-FILE 100 108 | BAERD o 115 [4155 6 B
OHB1-044 5713 238 18.86 1229 -009 |FIMbE-FILZE 100 075 | BAZ@RD o 180 (4161 6 BE

4162 6[23E4 SHREES 4

4237 6|32[s55 |BA

4241 6la2@Ess |E#
OHE1-045 56.67 1.33 19.10 12.18 -001 BT -MILFE | 100 | 064 |FOEKEFR I ] 12 |4163 [} B
OHB1-046 56.65 152 19.45 12.26 -001 |FIEED -MLFE | 100 | 050 |FOEEFR I ] 12 |4164 6| 2415 T
OHB1-047 10.57 2570 5182 235 056 |HHEFR 100 | 599 [EMLUFR ] 71 |4166 [} g ot
OHB1-048 57.50 1.05 19.57 12.36 -001 |FOEGED -MELF | 100 306 |[HIBEERI ] 15 |4167 [} BB
OHB1-049 10.22 2448 5356 2.37 059 |HEEFR 100 | 623 |HMILFE 0 54 4168 6 # A
OHB1-050 56.95 1.16 19.92 1.91 -0.08 |FIEMED-MLFR | 097 | 64 |HEKRI 0 14 |4169 [ SIS
OHB1-051 56.55 154 19.70 1237 -008 |FIEOE D -MLFR | 099 | 550 |FIAWRI ] 15 (4170 6 BE
OHB1-052 56.69 125 2002 1196 001 |FNEMED -MEILFE | 099 | 153 |HIEMRI 0 1" [417 6|23E6 LRELRS
OHB1-053 58.33 135 1893 1206 | -0 [FOEAGRI ML | o099 | ase |FIEMFRI 0 144173 6|24EE18 | SAERIAER A

4174 ] jodicE=t ]
OHB1-054 1077 24.45 53.38 238 056 |fHiER 100 | 5T ERILFR o 80 17 o BIEHS 43
OHB1-055 57.59 082 18.91 12.24 -0.13 |FQEMED -MEILFE | o099 | 609 |HIAKERI 0 15 |4176 624E14 |#ReEH
OHB1-056 56.39 130 | 2002 | 1195| -010 |[FOEGET -FELFR | 099 | 253 |HIEKEER I 0 114177 6 B
OHB1-057 57.10 2.03 19.04 12.03 -0.10 |FIEEED -MILFR | 088 | 197 |HEERI o 94178 6 A
OHB1-058 56.18 220 19.15 1227 -011 |FIEEED -MLFR | 088 | 176 |HIEERI ] 10 4212 62417 Bl B+ 2

4182 6[23E5 =hicii 2ok
OHB1-059 980 | 2520 5275 2.27 062 |HElER 100 | 428 |HMLFE 0 40 4183 6 s
OHB1-060 1063 | 2519 52.75 223 060 |dakFR 100 | 284 |ERMILFR 0 57 4184 6 BE
OHB1-061 1113 | 24868 51.36 237 059 |dakFR 100 | a8 |[ERELLFR 0 71 |4185 6 BE
OHB1-062 55.76 214 2050 1145 -009 |FNEMEE I 099 | 598 |FNEMEI-MLUE 0 15 |4186 6{26E31 B+
OHB1-063 56.20 3.08 20.24 1186 -008 |FOEbE-FELE 100 | 058 |BAEEN 0| 156 |4192 [ B E
OHB1-064 51.76 131 1858 12.08 -008 |FIMAGE D -MEILFGE | 098 | 64 |[FOAMKRI o 15 |4193 6 A
OHB1-065 | 5586 152 1973 1189 -ooe [FNEMEN -FEILE | oss | 682 [FOREEERI 0| 13 |4194 62521 | BiEP R e
OHB1-066 10.11 25.08 53.36 2.40 048 | 3R 7] - - - - - 4195 6 B




BT B SR A SR O B

Mnx  |Log it (Fo i
FHES |RAE |STHE (IR 100/Fe |(Fe/K) <00 FEE (JERE 1R FEE (FEAE EBE |ub @ B &
OHB1-067 571.95 117 19.78 1212 -0 (IR -MEILFE | 100 | 195 | HIAKERI o 13 |4196 627634 | BRAERERH Fe
OHB1-068 57.17 1.05 20.71 12.18 -01 BT -MILFE | 100 13 |[FIEKER I L] 13 14197 6|23E1 BHRHRS
OHB1-069 56.05 138 20.99 12.15 -010 |FIEED -MLF | 100 | 250 |FOEEFR I ] 14 4198 62736 A ]
OHB1-070 5828 123 18.36 1204 -001 |FNEEED -MELFR | 099 | 358 |HAKEFRI 0 14 (4200 6|25E23 | AR R B
OHB1-071 5847 179 1831 11.75 -008 |FIEbE- LR 100 279 |BEERD o 115 |4201 62627 SR B B | e
OHB1-072 57.50 140 19.81 1242 | -0 |FOEEGE D -REILFR | 100 | 250 |FNEKER I 0 13 4202 6256024 | SRAGRIRERI
OHB1-073 57.99 087 18.99 12.28 -009 |FIEGE D -MLFE | 09 | 753 [FAWRI o 17 |4203 6 T
OHB1-074 571.68 129 19.16 12.25 -0 |FIEeE D -MLFE | 100 15 (AR o 13 |4204 6 TS
OHB1-075 57.90 1.84 18.29 191 000 |FIMEeE T -MLFE | 096 | 530 [FAMEI o 12 |4207 6 TS
OHB1-076 57.12 1.21 19.37 1150 -000 |FOEMED -fEILFE | oss | 212 [HEER] 0 10 4211 626630 | GUIBRIREH
OHB1-077 56.55 223 19.06 12.06 -000 |FIEAGE D -MEILFE | 097 | 162 |[FOEAKRI o 94213 62413 | #MRsEH
OHB1-078 55.47 1.08 2087 12,02 -008 |FNRAEED -MEILFE | o099 | 152 |HAKERI] L] 21 (4214 ] #E
OHB1-079 58.25 1.66 1819 1222 -001 |FIEeET -MILFRE | o099 | 470 |FOEERI ] 14 |4215 ] B
OHB1-080 57.65 155 19.12 1154 -000 |FIEEE-FILFR 100 202 |BEERD ] 8B |4216 [] #HE
OHB1-081 5793 095 | 1804 | 1202 | -008 |FIEGED-MELFR | o008 | 172 FIEKRI 0| 18 [4217 6 #A
OHB1-082 55.08 338 | 1865 | 1208 | -008 |FIEEE-FELFR 100 | 284 | BEERM 0| 180 [4218 [ B
OHB1-083 56.66 197 19.83 11.92 -007 |FNEEbE-FE LR 100 | 140 | BEERI 0| 147 [4221 6 A
OHB1-084 9.24 | 2583 53.38 245 PERE:ES 100 | 547 [EMLFE 0 43 |4224 6 ES
OHB1-085 51.75 191 19.54 11.78 -0.10 |FIEbE- LS 100 | 204 BEZBRI o 104 (4225 6 ETS
OHB1-086 51.78 213 2015 1198 001 |FOE0ED -MILFE | 097 | 48 [FIEBRI a 12 | 4226 ] BE
OHB1-087 51.75 1.33 19.40 1182 -0.0 |FOEGED -fEILFE | o099 | 263 [FIEHERI L] 114228 ] A
OHB1-088 56.74 1.88 19.62 11.79 -009 |FOEME-FELE 100 o022 |Ba@EN o 117 |4229 ] A
OHB1-089 58.31 150 | 1757 | 1230 -0.1 |FOERMED-FELFR | 009 | 472 |[FOEMEFR I 0| 15 |4230 6256019  |SRIERIER h*
OHB1-090 56.91 143 19.60 12.04 -0 |FIEeE D -MELFE | 099 | o4 [FIAMRI o 10 |4238 6 T
OHB1-091 56.83 2.08 19.67 11.76 -0.09 |FIEbE- LB 100 02 | BEZERI o 114 (4239 6 TS
OHB1-092 56.40 125 19.87 1224 | -010 [FOEGET-MELFE | 100 202 |FOEKEERI 0 15 | 4240 6(27E35 | GAERIAE R A 8

4304 62046 |EH#

OHB1-093 57.42 1.23 18.25 1207 -008 |FNFAEET-MEILFE | o099 | 572 |HAKERI ] 14 4242 ] #E
OHB1-094 | 5807 193 | 1900 | 1232 | 015 |FOEAGED-FEILFE | 095 | 1487 |FOEKER | 0| 21 |4246 6 #R
OHB1-095 1207 23.78 53.30 232 057 |{HiEFR 100 | 935 GEMLUFE 0| 106 |4259 [] B
OHB1-096 51.79 151 18.36 12.35 -010 |FIEEED -MILFR | 099 | 443 |HEER I o 14 4268 6 't
OHB1-087 58.42 110 17.93 11.70 -008 |FIEbE- LR 100 195 BEERI o 102 |4269 ] B
OHB1-098 56.89 1.85 1872 12.16 -008 |FIEE-FELFR 100 125 | BE@ERD o 166 4271 6 S
OHB1-099 56.75 208 19.00 12.14 -0.00 |FOEME I -MELFR | 096 | 367 |FIHERI 0 10 4272 6 ES
OHB1-100 56.16 1.35 2001 11.95 -008 |FIEOE D -MLFE | 098 | 686 (FIAMRI o 14 (4274 6 T
OHB1-101 58.50 1.54 18.61 1209 001 |FOE0ED -MILF | 099 | 55T [FIEMRI a 15 4275 6|24E10 | 4088
OHB1-102 143 | 2511 5223 232 057 |Habk R 100 | 400 [EELE 0 81 4279 6[23E9 fit]
OHB1-103 57.35 192 19.04 1081 -005 |FOEbE-FELSE 100 387 |Ba@ED a 68 4313 ] A
OHB1-104 58.13 0.68 20.46 12.40 -0.00 QAT -MEILFE | 099 | 770 |HIAKERI L] 18 4317 ] #E
OHB1-105 57.39 154 19.05 1228 -012 |FIEMED-MILFE | 100 129 |FOEKEER I L] 12 14318 [] B
OHB1-106 57.52 167 19.54 11.93 -009 |FIEMED -MILFE | 095 | 586 |FIEAKER I 0 12 |4320 [} B
OHB1-107 56.41 175 19.13 12.12 -010 |FOEGED -MILF | 099 | 065 |HIEKEFR I ] 10 (4321 6|23E3 ERHERE
OHB1-108 57.40 210 19.07 11.91 -000 |FIEEE-ELFR 100 06 |BEERD o 130 |4323 6 #E
HIGHERILSEOSFIZELE2ORBICASLEES. NAMES IRER (BRRTATEAL2006) 2BV TEL2ORDIHEZATVSESTHE, [TOvs)-

TE)-TH#E ) FREEEMROT—2ERLE. RS I0FSHABETLLORBEFOESHRIZEFIILERT. (BT, SEOBRHTHERORKLALLS

BELT=EDIZ DT * | ETRLT=.




Natural Resource Environment and Humans
No. 4. pp. 1-20. March 2014.

Oudaira B Revisited: Lithic raw material exploitation
at the foothills of Mt. Ashitaka
during the Initial Upper Palaeolithic
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Abstract

Oudaira B is an Upper Palaeolithic site at the foothills of Mt. Ashitaka in the Shizuoka Prefecture, central Japan.
This paper revisits the distribution and classification of stone tools, as well as the obsidian provenance using X-ray
fluorescence analysis (XRF). The lithic industries of Oudaira B Cultural Layer II are divided in two assemblages based on
their technological characteristics and location in the field: the lithic concentrations No.1-5 and No.6.

At the foothills of Mt. Ashitaka, scoria and Black Band layers (humic soil layers) were alternatively deposited, a
geological phenomenon that helped to establish the chronology of the lithic assemblages. The lithic concentrations No.
1-5 are attributed to the first phase of the Upper Palaeolithic, which ranges from scoria layer IV to the lower part of
Black Band VII. A few types of obsidian were already being exploited during this phase. The lithic concentration No. 6 is
presumed to be contemporaneous with the second phase, i.e. industries from Black Band VII and VI. Obsidian from the
Central Highlands (Nagano Prefecture) was transported to the foothills of Mt. Ashitaka and used intensively. Thereafter,
during the third phase, the industries from Black Band V contained a wide variety of lithic raw materials. Almost all kinds

of lithic raw materials used in the Upper Palaeolithic in the region of Mt. Ashitaka were exploited during this phase.
Keywords: obsidian; lithic raw materials; Initial Upper Palaeolithic; the foothills of Mt. Ashitaka
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Preliminary report on obsidian petrography from the
Transcarpathian region in Ukraine
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Abstract

This paper reports the field occurrence, mineralogy, and whole-rock chemistry of the obsidian from the Neogen

Carpathian volcanic arc area. The study area encompasses the Transcarpathian (Zakarpattia) region in Ukraine. A mafic

xenolith comprising of a plagioclase, amphibole, and olivine mineral assemblage was found from the obsidian in this

area. SEM-EDS analysis indicates that the olivine has high magnesium content. The forsterite (Mg2SiO4) content

varies from 77% to 80%. The chemical composition of plagioclase remains constant, and is enriched in calcium. The

anorthite (CaAl:SizOs) content varies from 89% to 94%. The amphibole is classified into the tschermakite following

the nomenclature of Leake et al. (1997). Based on the compositions of the amphibole and the plagioclase, pressure and

temperature conditions of the mafic xenolith were estimated to be 4.5-7.9kbar and 1185-1358°C respectively. These

results indicate that this mineral aggregate is not genetically associated with the rhyolitic magma from which the obsidian

was derived, but is considered to be of an exotic xenolith originated from the gabbroic rocks of the lower crustal level of

the Carpathian volcanic arc. The finding of mafic xenolith will help in characterizing the obsidian from this area, and is a

key in understanding the tectonic and evolutionary history of the Carpathian volcanic arc.

Keywords: obsidian; Transcarpathian; Ukraine; geology; petrography; geochemistry

1. Introduction

The Carpathian mountain range in Ukraine is located in
the northeastern part of the Alpine orogenic belt (Rosenbaum
and Lister 2002; Schmid et al. 2004, 2008) (Figure la). The
subduction of the European Plate beneath the Pannonian
Plate formed the Carpathian arc and Pannonian Basin during
the Mesozoic era (Mason et al. 1998; Seghedi et al. 2004;
Pecskay et al. 2006, 2009; Rasser and Harzhauser 2008). The
Carpathian mountain range is generally composed of molasses
and flysch belts. The components are the equivalents of an
accretionary complex that formed by the subduction of the
European Plate (Foldvary 1988).

The Carpathian volcanic arc is situated between the

Pannonian Basin and the Carpathian mountain range, and it is
characterized by the occurrence of the Neogene calc-alkaline
volcanic rocks with andesitic to rhyolitic composition (Pecskay
et al. 2009; Lexa 2010). The Pannonian basin is the back-arc
basin that formed by the upwelling of the upper mantle due to
the subduction of the European Plate (Konecuy et al. 2002).
Most of this basin region is covered by volcaniclastic deposits
and sediments (Foldvary 1988; Oszczypko 2004).

Pecskay et al. (2000) indicated that the Carpathian volcanic
arc in the Transcarpathian (Zakarpattia Oblast) region is
divided into the three areas: 1) outer arc volcanic area, 2)
inner arc volcanic area, and 3) intermediate area (Figure 1b).
The outer arc volcanic area is composed of a chain of volcanic
mountains. The whole-rock K-Ar age of 13.4-9.1Ma is
reported from this area (Pecskay et al., 2000).
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Figure 1 (a) Map of Alpine orogenic belt in Europe. Modified after Rosenbaum and Lister (2002).
(b) Geological map of Transcarpathian region in the study area (Pecskay et al. 2000).

In August 2013, we performed a geological and
archaeological field survey targeting the obsidian sources at
the Tolstoy-Tupoi volcanic mountain (Pecskay et al. 2000).
This mountain is a part of the outer arc volcanic area, and
is located in the northwestern part of the Khust City (Figure
1b). Whole-rock K-Ar age of 10.6 = 0.5Ma (Pecskay et al.,
2000) is determined from the pyroxene dacite in this volcanic
mountain.

Previous studies have revealed that a cluster of obsidian
sources can be found in this mountain area (e.g. Rosania et
al. 2008). The obsidian in this area has been widely used
as the lithic raw material for the production of obsidian

artefacts in the Central Europe and Mediterranean region (e.g.
Yamada 2012, 2013). Furthermore, Lower, Middle and Upper
Paleolithic occupations at the archaeological sites Malyj
Rakovets IV and Rokosovo V seem to be closely associated
with this cluster of obsidian sources (e.g. Gladilin and Sitlivyj
1990; Sitlivyi and Ryzhov 1992; Ryzhov et al. 2005, 2009;
Stepanchuk et al. 2010; Ryzhov 2012).

Therefore, the geological characterization of the obsidian
source in this mountain is significant for the provenance
identification of the lithic raw material used in the manufacture
of obsidian artefacts found in European archeological sites.
This paper reports the preliminary results of field survey, and
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Figure 2 Topographic map showing the exact locations where
the specimens were collected.

petrological analysis for the Carpathian obsidian in this area.
Obsidian is defined as “a black or dark-colored volcanic glass,
usually of rhyolitic composition, characterized by conchoidal
fracture” after the definition by Jackson ed. (1997: p.441).

2. Specimens
2-1 Field occurrences

We collected obsidian samples from six sources in the
study area (Figure 2: CAU229, 230, 231, 232, 239 and 251).
Obsidian in the study area occurs naturally in the form of
nodules within clayey loess (Figure 3). Their specific locations

(i.e. longitude and latitude) are listed in Table 1.

Table 1. Locations and mineral assemblages of samples

i hodule in‘loess
(CAU239) .

Figure 3 In situ specimen from the CAU239 site in the study

area.

All of the specimens collected are rounded in shape and
their size varies from a few centimeters to several tens of
centimeters. The specimens of larger size are found around a
mountain ridge (the site of CAU239). The smaller nodules are
mostly found around a valley (the sites of CAU229, 230 and
251).

2-2 Appearance and texture

The specimens collected are shown in Figure 4. Their
surface is somewhat white due to hydration. The banded
texture becomes even more distinct by the uneven weathering.
Underneath their weathered surface the samples are
completely lustrous or glassy with the characteristic black
color.

Thin sections of all samples were prepared and observed
under a petrologic microscope (Figure 5). The texture of all
specimens is characterized by the foliation or the banded
texture, in which minute phenocrysts (measuring some

millimeters) are observed.

phenocryst
glomeroporphyritic isolated
Name latitude (N)  longitude (E) ol-ag opx-ag pl-ag pl opx ilm hbl
CAU229 48.22826 ° 23.19027 ° x o o o o o] o
CAU230 48.22967 ° 23.18628 ° o © o o o o x
CAU231 48.23048 ° 23.18591° x © o o o o %
CAU232 48.23162° 23.18454° X o o o o o) %
CAU239 48.23829 ° 23.18453° o o o o o o %
CAU251 48.24856 ° 23.15961 ° x 0 o} o o} o x

Abbreviations: b/, hornblende; ilm, ilmenite; pf, plagioclase; opx, orthopyroxene; ol, olivine;
pl-ag, pl aggregate; opx-ag, opx-pl-ilm aggregate; ol-ag, ol-pl-hbl aggregate.
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Figure 4 The specimens used in the present study.

3. Mineralogy
3-1 General components

The obsidian samples are composed of the matrix glass,
crystallite (microphenocryst), and phenocryst. The major
components for each of the specimens can be found in Table
1. Modal composition of the matrix glass is 95-96%, that of
crystallite is 3-4%, and that of phenocryst reaches 1.1-1.6%

for all of the specimens.
3-2 Matrix glass

The matrix glass is the most abundant component in the
specimens. When observed under a polarized microscope, it
is possible to see that the glassy matrix is characterized by
colorless with high transparency under plane-polarized light
conditions, and dark non-transparent under crossed polars.
These results indicate the characteristics of the optically

isotropic body.
3-3 Microphenocrysts

According to the glossary of geology (Jackson ed. 1997:
p.155), crystallite is “a broad term applied to a minute body of

unknown mineralogical composition or crystal form that does

not polarize light. Crystallites represent the initial stage of
crystallization of a magma and of a glass”. On the other hand,
the microlite is defined as a “microscopic crystal that polarizes
light and has some determinable optical properties” (Jackson
ed. 1997: p.407).

These definitions indicate that the microlite is relatively
larger in size than the crystallite, and the microlite can be
identified as a mineral with the help of polarized microscopy.
The microphenocrysts that occur in the specimens cannot
assign them as any type of a mineral under the polarized
microscopy. Therefore, the microphenocrysts found in the
specimens are all classified as “crystallites” following the
definitions of the abovementioned glossary (Jackson ed.
1997). The occurrence of crystallite in the specimens takes the
form of fine needles of a few microns in length. The foliated
or banded texture developing in the specimens is characterized

by the alignment and aggregate of these crystallites.
3-4 Phenocrysts
3-4-1 Occurrence

The occurrence of phenocrysts in the specimens is roughly

classified into 1) isolated crystal, and 2) glomeroporphyritic
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Figure S Thin sections of the specimens used in the present study.

aggregates (i.e. clot of crystals). Both types are found in all
specimens. The mineral components of the phenocrysts are

shown in Table 1.
3-4-2 Isolated crystal

The phenocryst formed by an isolated crystal includes
plagioclase, orthopyroxene, amphibole and opaque minerals.
The plagioclase phenocryst is found in all specimens, and it
has a characteristic euhedral shape with a length of 0.5-2.0
mm. The orthopyroxene phenocrysts are also found in all
specimens and have a euhedral shape with 0.5-1.0 mm in
length, and it sometimes coexists with fine grains of ilmenite.
Euhedral amphibole is found in the CAU229 specimen. The
grain size is 10—100 um in length. The opaque mineral is
composed of ilmenite and pyrite. Their grain sizes are several
tens of microns. Ilmenite can be found in all specimens, while

pyrite is found predominantly in the CAU229 specimen.
3-4-3 Glomeroporphyritic aggregate

The glomeroporphyritic aggregate is divided into three
types on the basis of their mineralogical composition: 1)
olivine + plagioclase + amphibole (Figure 6a: ol-bearing

aggregate), 2) orthopyroxene + plagioclase + ilmenite

(Figure 6b: opx-bearing aggregate), and 3) multiple grains of
plagioclase (i.e. plagioclase aggregate).

The olivine-bearing aggregate occurs in the CAU230, 232,
239 and 251 specimens (Table 1). This aggregate is <2.0 mm
in diameter, and composed of euhedral and subdural olivine,
plagioclase and amphibole grains. The modal composition
of the olivine in this aggregate reaches up to 40%; whereas
amphibole and plagioclase are ca. 30%. These occurrences
indicate that this aggregate corresponds to mafic rocks with
ultramafic composition (SiOz <45wt.%). According to the
classification of the gabbroic rocks (Streckeisen 1976), this
aggregate is classified into the amphibole-bearing troctolite.

The opx-bearing aggregate occurs in all specimens
(Table 1). This aggregate is <2.0 mm in diameter, and it
is composed of euhedral to subdural grains of plagioclase
and orthopyroxene. The mineralogical composition of this
aggregate relates to a norite according to the classification of
the gabbroic rocks (Streckeisen 1976).

The plagioclase aggregate is also found in all specimens.
The aggregate is 0.1-0.3 mm in diameter, and it is composed
of the aggregate of several euhedral plagioclase grains with of
10-100 pm in length.
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Figure 6 Photomicrographs of the phenocryst of plagioclase
(pl) + olivine (ol) + hornblende (hbl) aggregate in
the CAU230 specimen (a), and that of plagioclase (pl)
+ ilmenite (ilm) + orthopyroxene (opx) aggregate in
the CAU229 specimen (b).

4. Mineral chemistry

4-1 Analytical method

SEM-EDS (Scanning Electron Microscopy Energy
Dispersive Spectroscopy) analysis was performed to
determine the elemental composition of the minerals in the
specimens. The analysis was carried out with the non-standard
method using the software of the JED Series Analysis Station.
Accuracy and reliability of the results generated with this
method are approximately estimated by the comparison
with the results of analysis by the EPMA (Electron Probe
Micro Analyzer) method (Appendix 1). The representative
composition of plagioclase, clinopyroxene, olivine, amphibole
and ilmenite in the specimens are shown in Tables 2—4.

SEM-EDS analysis was carried out using a JEOL JSX-
31001I housed at the Center for Obsidian and Lithic Studies
(COLS), Meiji University. EPMA analysis was carried out
using a JEOL JXA-8200 at the National Institute of Polar

Research (NIPR), Japan.
4-2 Crystallite

The crystallites are distinguished in the backscattered
electron (BSE) image by its brightness, while the matrix glass
is darker, because of the chemical contrast between these
portions (Figure 9c). The crystallites are relatively rich in
heavy elements with respect to the matrix glass (Figures 9d-f).
From this BSE image, the modal composition of crystallite in
the specimens was estimated to be ca. 3.0%.

The result of element mapping further indicated that
calcium, iron and magnesium are enriched in crystallites with
respect to the matrix glass. The results of element mapping
suggest that the crystallite analyzed in the present study
would be the equivalent of the Ca-pyroxene or clinopyroxene

crystallite.
4-3 Plagioclase

4-3-1 Occurrence

The BSE images of the plagioclase in the specimens
indicate two types: 1) the plagioclase with zonal structure, and
2) the plagioclase without zonal structure (i.e. compositionally
uniform). Both types are found in all specimens. The zonal
structure type can also be identified by means of a polarization
microscope.

4-3-2 Plagioclase with zonal structure

The plagioclase with zonal structure occurs as isolated
phenocrysts, within opx-bearing aggregates, and plagioclase
aggregates. The zonal structure type is completely absent in
the ol-bearing aggregate.

Results of BSE imagery indicate that some plagioclase with
zonal structure have distinct core, mantle and rim portions.
The core is several microns in size and it is characterized
by its irregular shape, or edges with inhomogeneous
compositional texture. The mantle completely surrounds the
core, which is also of irregular shapes or with inhomogeneous
compositional texture at its edges. On the other hand, the rim
is characterized by the distinct texture of oscillatory zonal
structure. Occurrences of these kinds of structures suggest
that the core and mantle portions experience the dissolution
and chemical diffusion processes, while the rim portion
experiences the normal crystal growth from molten magma or
melt (e.g. Shcherbakov et al. 2011).

The results of elemental mapping can be found in Figure
7. The results indicate that the concentration of sodium (Na)
is clearly decreasing from the core to the rim. On the other
hand, the concentration of calcium is increasing from the core
to the rim. The elemental analysis by means of SEM-EDS
indicates that the anorthite (An: CaAl:SizOs) and albite (Ab:
NaAlSizOs) content of plagioclase is varied from AnsoAbao to
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AnsgsAbi: in the core—mantle portions, and from AnsgAbs: to
Ane2Abss in the rim portions (Figure 8; Table 2).
4-3-3 Plagioclase without zonal structure

The plagioclase without zonal structure occurs as isolated
phenocrysts, and within ol-bearing aggregate. This type of
plagioclase is completely absent in opx-bearing aggregate and
the plagioclase aggregate.

Their BSE images indicate that this type of plagioclase
does not show any compositional inhomogeneity, as it is
completely uniform. Results of the SEM-EDS elemental
analysis indicate that the composition the plagioclase grains
are varied from An89Abl11 to An94Ab6 (Figure 8; Table 2).
This means that the compositions of the plagioclase without
zonal structure do not overlap with those of the plagioclase
with the zonal structure. Namely, the plagioclases with diverse

origins coexisted within a single specimen.

4-4 Orthopyroxene

Orthopyroxene occurs as isolated phenocryst, and in
opx-bearing aggregate. BSE images indicate that some
orthopyroxene occur as isolated phenocryst have zonal
structure (Figure 9a). The core portion is relatively bright
in comparison to the rim portion. The results of SEM-EDS
elemental mapping support this conclusion as well, because
the concentration of magnesium is increasing slightly from
core to rim (Figure 9b).

Compositions of orthopyroxene are shown in the
wollastonite (Wo: Ca:Si20s)-enstatite (En: Mg2Si206)-
ferrosilite (Fs: Fe:Si:Os) ternary diagram (Figure 10a). The
compositions do not have a wide range. The compositions are
varied from Wo42Fss5Ens to Wos9Fsi9En: (Table 3), which is
classified into the ferrosilite (Figure 10a). The orthopyroxene

with compositional zoning texture cannot be detected with the
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Figure 7 Backscattered electron (BSE) image and result of line analysis by SEM-EDS

for the plagioclase with typical texture of oscillatory bands from the CAU239

specimen.
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Figure 8 An (CaAl:Si>0s)-Ab (NaAlSi;Os)-Or (KAISi;Os) ternary diagrams indicating the compositional variation of the plagioclase in

the CAU229, CAU230 and CAU239 specimens.

Table 2. Representative compositions of plagioclase by SEM-EDS analysis

sample CAU229 CAU230 CAU239

occnrrence lated  isolated  isoluted  pl-ag opx-ag ol-ag  isolated  isolated  isolated  opx-ag olag  isolated  opy-ag  opx-ag  opx-ag

point uni core mantle rim rim uni core mantle rim rim uni core mantle rim rim
Si0, 45.24 53.53 4712 5547 54.14 44.81 49.60 52.94 52.95 54.73 45.46 48.41 53.23 56.32 53.14
Tio, 0.00 011 0.08 0.00 .00 015 0.14 0.00 0.00 (.14 0.00 010 0.08 0.10 0.00
AlLO; 35.01 29.79 34.07 28.43 29.73 3531 32.26 30.28 30.16 28.57 34.48 33.20 20.75 27.83 30.08
FeO 0.51 0.00 023 0.13 013 0.63 0.29 0.15 0.31 0.33 0.73 0.19 0.42 0.24 017
MnO 0.03 0.04 0.02 0.06 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.06 0.00 0.00 0.00
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (L00 0.02 (.00 0.00 0.00 0.00
Ca0 18.20 12.01 16.67 10.22 11.55 18.43 14.90 12.39 12.15 10.55 18.15 15.75 12.06 9.74 12.41
Na,O 1.00 4.33 1.78 5.22 4.25 0.67 272 4.03 4.22 5.26 1.1 227 4.26 5.39 4.05
K0 0.01 0.19 0.03 0.47 0.20 0.00 0.09 0.20 0.21 0.31 0.04 0.04 0.20 0.38 0.15
total 100.00 100,00 100.00 100.00 100.00 100.00 100.00 99.99 100.00 99.98 99.99 100.02 100.00 100.00 100.00

0= 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

Si 2.089 2418 2.161 2.498 2.439 2.070 2.263 2,395 2397 2472 2.101 2213 2410 2.530 2.403
Ti 0.000 0.004 0.003 0.000 0.000 0.005 0.005 0.000 0.000 0.005 0.000 0.003 0.003 0.003 0.000
Al 1.905 1.586 1.842 1.509 1.579 1.922 1.735 1.614 1.609 1.521 1.878 1.789 1.587 1.473 1.603
Fe* 0.018 0.000 (0.008 0.004 0.004 (1.022 0.010 0.005 0.011 0.011 0.025 0.007 0.014 0.008 (L.006
Mn 0.001 0.002 0.001 0.002 0.000 0.000 0,000 0.000 0,000 0.003 0,000 0.002 (.000 0,000 0.000
Mg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000
Ca 0.900 0.581 0.819 0.493 0.558 0.912 0.728 0.601 0.589 0.511 0.899 0.772 0.585 0.469 0.601
Na 0.090 0.379 0.158 0.456 0.371 0.060 0.241 0.353 0.370 0.461 0.099 0.201 0.374 0.469 0.355
K 0.001 0.011 0.002 0.027 0.011 0.000 0.005 0.012 0.012 0.018 0.002 0.002 0.012 0.022 0.009

An% 90.9 59.9 83.7 50.5 59.3 93.8 748 62.2 60.6 51.6 89.8 79.1 60.3 48.8 62.3

SEM-EDS method of analysis. The reason for this may be the
limited resolution of the EDS method.

4-5 Olivine

Olivine predominantly occurs in the ol-bearing aggregate.
Compositions of the olivine are shown in the tephroite (Te:
MnSiO.)-forsterite (Fo: Mg2SiO4)-faylaite (Fa: Fe:SiO4)
ternary diagram (Figure 10b). The compositions of the olivine
in all specimens are varied from TeoFor7Fazs to TeoFosoFazo
(Table 3). These are characteristically rich in magnesium

contents.

4-6 Amphibole

The structural formulae of amphibole are calculated based
on 0=23 per unit cell, and the Fe*"/Fe*" ratio was estimated
on the basis of total cations excluding Ca, Na and K (Leake et
al. 1997). The results of this calculation can be found in Table
4. Amphibole occurs in the phenocryst of ol-bearing aggregate
that was analyzed.

The results indicate that the Si [tetrahedral site] content
varied from 6.04 to 6.21, while the Na + K [A site] content
varied from 0.27 to 0.44 (Table 4). According to the
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Figure 9 (a) Backscattered electron (BSE) image of the orthopyroxene with zonal structure in the CAU230 specimen. (b)

Results from the SEM-EDS elemental mapping for the orthopyroxene (a) with banded texture. Concentration

of Mg is increasing from core to rim. (c) BSE image of the crystallite in the CAU229 specimen. (d—f) Results of

elemental mapping for the crystallite in the CAU229 specimen. The composition of crystallite is rich in Ca, Fe and

Mg with respect to the matrix glass.

nomenclature developed by Leake et al. (1997), all of the

analyzed amphiboles are classified into the “tschermakite”.
5. Whole-rock chemistry
5-1 Sample preparation methodology

The whole-rock chemistry for the specimens containing

ol-bearing aggregate (i.e. CAU230 and 239 specimens), and
the specimens free from ol-bearing aggregate (i.e. CAU29
specimens) was analyzed by means of WDXRF (Wave-
length Dispersive X-ray Fluorescence Spectrometer). The
model Rigaku ZSX Primus III+, located in the Center for
Obsidian and Lithic Studies, Meiji University, was used for
this analysis. Following the methodology was developed by
Suda (2013), where the fusion bead with dilution rate (flux
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Figure 10 Ternary diagrams indicating the compositional variation of clinopyroxene (a)
and olivine (b) in all specimens.

Table 3. Representative compositions of minerals by SEM-EDS analysis

mineral olivine orthopyroxene ilmenite
sample CAU230 CAU239 CAU229 CAU230 CAU239 CAU229 CAU230 CAU239
ol-ag  ol-ag  ol-ag olag olag ol-ag  opx-ag opx-ag opx-ag  opx-ag opx-ag pl-ag
Si0, 3893 3893 3839 3836 3832 3832 50.74 50.32 50.78 0.24 0.17 0.16
TiO, 0.00 0.12 0.09 0.12 0.00 0.00 0.11 0.09 0.06 49.96 50.40 50.15
AlLO; 000 000 000 005 0.00  0.00 0.72 0.96 0.67 0.18 021 025
FeO 1993 2056 21.71 2137 2260 22.15 32.07 32.79 3243 4734 4670 4743
MnO 0.28 0.32 0.50 0.33 0.24 0.30 1.06 1.04 0.93 0.76 1.02 0.75
MgO 40.68 39.85 39.17 3971 38.64 39.05 1424  13.60 14.05 1.27 1.40 1.10
CaO 0.16 0.21 0.12 0.07 0.17 0.19 1.02 1.13 1.08 0.09 0.04 0.10
Na,0 0.00 0.00 0.00 0.00 0.03 0.00 0.04 0.04 0.00 0.15 0.06 0.05
K,0 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.01
total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00 100.00
0= 4 4 4 4 4 4 6 6 6 3 3 3
Si 1.001 1.004  0.997 0994 0998 0.996 1.990 1.982 1.993 0.006 0.004 0.004
Ti 0.000 0.002 0.002 0.002 0.000 0.000 0.003 0.003 0.002 0.953 0.958 0.956
Al 0.000  0.000  0.000 0.002 0.000 0.000 0.033 0.045 0.031 0.005 0.006 0.007
Fe* 038 0399 0424 0417 0443 0433 0.947 0.972 0.958 0.903 0.889 0.905
Mn 0.006 0.007  0.011 0.007  0.005  0.007 0.035 0.035 0.031 0.016 0.022 0.016
Mg 1.559 1.532 1.516 1.533 1.500 1.514 0.833  0.799  0.822 0.048  0.053  0.042
Ca 0.004 0.006 0.003 0.002 0.005 0.005 0.043  0.048  0.045 0.002  0.001 0.003
Na 0.000  0.000 0.000 0.000 0.002 0.000 0.003  0.003  0.000 0.007  0.003 0.002
K 0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000
Fo% 79.9 79.1 71.7 78.3 77.0 77.5
Fa% 19.8 20.6 21.7 21.3 22.7 222
Te% 0.3 0.4 0.6 0.4 0.3 0.3
Wo% 2.4 2.6 2.5
En% 45.7 43.9 45.0
Fs% 52.0 53.5 52.5
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weight/sample weight ratio) of 4.000 was applied for the
measurement of the whole-rock concentrations of the major
oxides (SiOz, TiOz, Al:03, T-Fe:03, MnO, MgO, CaO, Na:O,
K:0 and P:05). The Merck Spectromelt A12 (di-lithium
tetraborate 66% + lithium metaborate 34%) was used as the
flux. The heating temperature was 120°C and the time for
the absorbed water (H2O ) in samples to be removed was
12 hours. The pulverized samples were prepared using the
methods detailed below.

Weathered and altered portions were removed with a rock-
cutting saw (Maruto MC-420). The specimens were cut into a
thin slab with ca. 2.0 mm in thickness using a precision rock-

cutting saw (Struers Accutom-50). The cut surfaces were then

polished using a grinding machine (Maruto ML-110NT and
3M 400 mesh diamond disc). A total of 10-15g of the thin
slabs were roughly pulverized using a vibratory micro mill
(Fritsch P-0 with agate ball mill). The vibration time was ca.
3 minutes. Subsequently, the samples were further pulverized
for ca. 3 minutes using the beat and mortar machine (Ishikawa
AGB with agate bowl and agate beetle). The pulverized
samples were kept in a glass bottle with 20 ml capacity.
Additional description for the sample preparation can be
found in Suda (2012, 2013, in press).

5-2 Results

The results of whole-rock analysis for the CAU229, 230

Table 4. Representative compositions of hornblende in CAU230 specimen, and

results of P-T calculation

Sio, 43.85 43.37 42.07 43.59 43.58 43.73
Tio, 1.99 2.36 3.09 2.89 1.75 2.75
ALO; 11.93 12.04 13.23 12.16 12.83 11.74
FeO’ 15.10 15.85 15.36 15.30 15.67 15.26
MnO 0.36 0.23 0.27 0.08 0.03 0.23
MgO 13.31 12.43 11.73 12.25 12.56 12.85
CaO 11.07 11.38 11.69 11.14 11.31 11.05
Na,0 1.80 1.71 1.81 1.84 1.67 1.81
K,0 0.58 0.64 0.74 0.74 0.59 0.57
Total 100.00  100.00  100.00  100.00  100.00  100.00
.T-site .
Si 6.18 6.18 6.04 6.21 6.17 6.20
ALY 1.82 1.82 1.96 1.79 1.83 1.80
M1, M2, M3 sites
AV 0.17 0.19 0.28 0.25 0.31 0.16
Ti 0.21 0.25 0.33 0.31 0.19 0.29
Fe®' 1.29 1.07 0.78 0.87 1.16 1.11
Mn 0.04 0.03 0.03 0.01 0.00 0.03
Mg 2.80 2.64 251 2.60 2.65 2.71
Fe 0.50 0.82 1.07 0.95 0.69 0.70
M4 site
Ca 1.67 1.74 1.80 1.70 1.71 1.68
Na 033 0.26 0.20 0.30 0.29 0.32
A site
Na 0.17 0.21 0.30 0.21 0.17 0.17
K 0.10 0.12 0.14 0.13 0.11 0.10
Tus (°C) 1216 1256 1358 1226 1185 1229
P (kbar) 6.4 6.6 7.6 6.7 7.2 6.3
P, (kbar) 49 5.1 6.0 5.2 5.6 438
P, (kbar) 6.4 6.6 7.9 6.8 7.3 6.3
P,, (kbar) 6.1 6.2 7.3 6.4 6.8 5.9

Abbreviations: Ty, Holland and Blundy (1994); Pg, Schmidt (1992); P,

Anderson and Smith (1995)
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and 239 specimens are shown in Table 5. The methodology
used to determine whole-rock composition with the WDXRF
method has recently been described by Suda (2013). This
analysis was performed to make the two fusion beads per
one specimen. The measurements were repeated three times
for each bead average value of all the results is used as the
final result. Precision and errors in the final values were also
estimated in order to calculate the standard deviation (2¢) for
all results.

The compositional variation diagrams with respect to
the concentration of SiO: can be found in Figure 11. The
Na:0+K:0 versus SiO: diagram (Figure 11a) indicates that
the samples have rhyolitic composition, and can be classified
under the subalkaline rock series (Miyashiro 1978; Le Maitre
2002). The SiO2 wt.% contents are quite uniform, ranging
from 70.71 to 71.15. On the K»O versus SiO: diagram (Figure
11b), these specimens are classified into the high-K calk-
alkaline rock series (Le Maitre 2002). The K20 wt.% contents
range from 3.70 to 3.76.

Whole-rock compositions of the mafic xenolith
(ol-bearing aggregate) were estimated after the modal
compositions of the olivine, plagioclase and amphibole, and
the chemistry of these minerals (Appendix 2). The calculated
compositions of the mafic xenolith, and the composition of
Ukraine Transcarpathian obsidian (i.e. analyzed specimens)
are plotted in the MgO+T-Fe:03 versus SiO: diagram (Figure
11c). The result indicates that the whole-rock composition
of the MgO+T-Fe:0s is slightly influenced by the modal
composition of the mafic xenolith in the specimens. Indeed,
the specimen with the most abundant quantity of mafic
xenolith (CAU230 specimens) are relatively enriched in the
MgO+T-Fe:03 content and plotted on the mixing line with the

mafic xenolith (Figure 11c).

6. Discussion

6-1 Origin of ol-bearing aggregate (mafic xenolith)

The compositional relation between olivine and
orthopyroxene is expressed by the following chemical
equilibria (Enami 2013: p.35):

(Mg, Fe)2SiOs (olivine) + SiO: (quartz)
— (Mg, Fe)2Si20s (orthopyroxene)

This relation indicates that the olivine cannot generally
coexist with the SiO: phase. Therefore, the olivine will
predominantly exist in basic and ultrabasic rocks (i.e. SiO:
poor rocks). On the other hand, the Fe-rich orthopyroxene

becomes quite unstable under pressure and temperature
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conditions that fall below the solidus line of general felsic
magma. Such conditions are not favorable for the occurrence
of orthopyroxene, but they provide a suitable environment for
the Fe-rich olivine with quartz. Therefore, the occurrence of
Mg-rich olivine in obsidian of rhyolitic composition is quite
unusual in the context of it textural setting.

Microscopic analysis indicates that the olivine is
found to occur predominantly in association with the Na-
rich plagioclase and amphibole. Such occurrence and the
composition of the olivine suggest that the ol-bearing
aggregate is fundamentally an exotic material, or that the
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Figure 11 Variations of Na:O+K.O (a), K20 (b), and MgO+T-
Fe:03 (c) contents with respect to the SiO: content.
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crust beneath the Carpathian arc.

On the basis of the elemental composition of the amphibole
and the coexisting plagioclase, the pressure and temperature
conditions of the gabbroic xenolith were estimated using
geothermobarometry (Hammarstrom and Zen 1986; Hollister
et al. 1987; Johnson and Rutherford 1989; Schmidt 1992;
Holland and Blundy 1994; Anderson and Smith 1995). The
results of these calculations are shown in Table 3. We followed
the methodology of Suda (2004: p.356) for the calculation of
the temperature conditions (Holland and Blundy 1994), which
were calculated based on the An90% in plagioclase.

The result indicates that the estimated temperature is 1185—
1358°C, while the pressure is 4.5—7.9kbar. These conditions
suggest that gabbroic xenolith found in the specimens is
solidified at the deeper crustal level of 20-30km in depth. This
depth corresponds to the lower crust or lowermost crust of an
island arc (e.g. Takahashi 2007). The genesis of this gabbroic
or mafic xenolith does not correlate with the genesis of the
rhyolitic magma that became the source of the obsidian in the

Carpathian volcanic arc region.
6-2 Origin of Ca-rich plagioclase

Microscopic observation has shown that the Ca-rich
plagioclase (i.e. An content >89%) is characterized by
compositionally homogenous crystals lacking the zonal
structure (Figure 8; Table 2). Furthermore, these plagioclase
grains are found either as isolated phenocrysts, or in the ol-
bearing aggregate (mafic xenolith). Elemental compositions of
this type of Ca-rich plagioclase do not overlap with those of
the plagioclase with zonal structure.

These results suggest that the genesis of all Ca-rich
plagioclase occurring in the specimens is homogenous, even
though their occurrences vary. Ca-rich plagioclase occurring
as isolated phenocrysts would have originated from the ol-
bearing aggregate or the mafic xenolith, which is also a relic
of the lower crustal components underneath the Carpathian

volcanic arc.

7. Conclusions

1. The obsidian in the Tolstoi-Tupoi volcanic mountain, at
the northwestern part of Khust City, is characterized by
the occurrence of mafic or gabbroic xenolith comprising
of Mg-rich olivine + Ca-rich plagioclase + amphibole
(tschermakite).

2. The temperature and pressure conditions of the mafic
xenolith are estimated to be 1185-1358°C and 4.5-7.9kbar,
respectively. The conditions are the equivalent of the
conditions of the crust of 20-30 km in depth, which

corresponds to the lower crustal level of an island arc.

3. The mafic xenoliths found in the obsidian originated from
the lower crustal components or gabbroic rock underneath
the Carpathian volcanic arc. This mafic xenolith would
become a key in reconstructing the tectonic history of the
Alpine orogeny in the Transcarpathian region, and would
also help to reveal the petrogenesis of the obsidian or

rhyolitic magma in this area.
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Appendix 1. Comparison between SEM-EDS and EPMA results

Sample JOR-1 (Shirataki, Rubeshibe) JOSH-1 (Shirataki, Hachigo-sawa)
Mineral plagioclase ilmenite olivine glass
Method SEM-EDS EPMA SEM-EDS EPMA SEM-EDS EPMA SEM-EDS EPMA
SiO, 58.80 57.42 0.56 0.15 30.53 29.96 80.39 79.32
TiO, 0.03 11.63 10.45 0.10 0.14 0.08 0.06
ALO, 26.24 26.33 2.44 2.27 0.28 0.13 13.32 13.03
FeO 0.15 0.18 84.35 80.76 64.18 65.35 0.32 0.37
MnO 0.04 0.19 0.61 3.43 3.30 0.16 0.07
MgO 0.05 0.00 0.41 0.30 1.33 1.38 0.02 0.01
CaO 7.96 8.40 0.11 0.16 0.00 0.07 0.53 0.52
Na,O 6.40 6.54 0.20 0.04 0.07 0.03 0.47 1.52
K,O 0.41 0.38 0.10 0.05 0.08 0.07 4.71 4.20
total 100.01 99.32 99.99 94.78 100.00 100.43 100.00 99.10
= 8 8 3 3 4 4
Si 2.625 2.592 0.018 0.005 1.014 0.999
Ti 0.000 0.001 0.277 0.266 0.002 0.004
Al 1.381 1.401 0.091 0.090 0.011 0.005
Fe™ 0.005 0.006 2.013 2.054 1.605 1.639
Mn 0.000 0.002 0.005 0.018 0.097 0.093
Mg 0.003 0.000 0.019 0.015 0.066 0.069
Ca 0.381 0.406 0.004 0.006 0.000 0.003
Na 0.554 0.572 0.012 0.003 0.005 0.002
K 0.023 0.022 0.004 0.002 0.003 0.003
Appendix 2. Calculation for the whole-rock compositions (in wt.%) of mafic xenolith (ol-bearing aggregate)
fraction Sio, TiO, ALO, *T-Fe,0, MnO MgO CaO  Na,0 K,O total
Plagioclase 0.30 45.35 0.03 34.97 0.52 0.02 0.07 18.12 0.91 0.01 100.00
Hornblende 0.30 42.37 2.44 12.19 16.86 0.28 12.28 11.19 1.74 0.64 100.00
Olivine 0.40 37.67 0.06 0.00  22.90 0.28 38.89 0.19 0.00 0.01 100.00
Calculated composition 41.38 0.76 14.15 14.37 0.20 19.26 8.87 0.80 0.20 100.00

*: Fe as total Fe,O,
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Spall removal type biface: a reconstruction
of the Omegura-Higashiuchino fluted points

Takashi Suto'*

Abstract

The purpose of this paper is to discuss spall-removing techniques in bifaces by means of reconstructing two types of
fluted points, the Omegura and the Higashiuchino, the pointed burin, and the Omegura technique.

Spall removal type biface include diverse morphological variations such as bifaces, faceted tools, faceted burins,
fluted bifaces, burins, faceted points, shouldered bifaces, shouldered faceted tools, backed shouldered points, and
shouldered faceted points.

Spall removal type biface technique refers to a technique that features spall removal including facet removal and
fluting. This technique allowed the rejuvenation of bifaces as well as the utilization of the spalls removed, enabling a more
efficient long-term lithic resource management, and thus, wide range foraging.

The Last Glacial Maximum triggered a climatic change that altered the faunal and floral habitat, leading to the
reorganization of the existing foraging territories of hunter-gatherers of the Palaco-Honshu Island. The hunter-gatherers
who encountered each other in these new resources would have shared information about their techniques, allowing
therefore the development of diverse stone tool types that were better adapted to suit the resources in the new foraging
territories.

On the Palaeo-Sakhalin-Hokkaido-Kurile Peninsula (Palaco-SHK), the biface spall removal technique was developed
for the production of microblades. In the northeastern part of the Palaeco-Honshu Island, the Odaiyamamoto-Omegaura
biface, as well as the Sugikubo point, were developed by adapting the spall removal technique from Palaco-SHK. In the
southern Kanto region, the Shibukawa-Hiraga biface and the Sunagawa-Higashiuchino point were developed by adjusting
the technique from the north-eastern region.

The spall removal type biface technique responsible for the development of diverse tools suitable for the exploitation

of diverse resources represents a techno-informational complex of several hunter-gatherer groups.

Keywords: spall removal type biface technique; shared technology; faceted point; faceted burin; shouldered faceted point
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W RE BE O BEA O JFRE M B S 2 WF SRS ARG 1Y
WHODMEND L) Ik o72D1%, 2000 4F12 A > THh
5Ta % (Poupeau et al. 2004; Le Bourdonnec 2007).
ZNH ORI L IUL, TknlZ EEENZZE 2 AHIZH D

IS

Balchit XL ? %% Melka Kunture s #REED F144 O 8
—REHTH Y, 772 2R Z DA L 72 ik
JEA3EE Ik EHTH 5 (Poupeau, et al. 2004; Negashe
et al. 2006). 2004 fE12iE, TNHOE—REM & FEZ
KEEH O BREA RIS, FEEENBI hbhiz
(Le Bourdonnec 2007). ¥ 7z, Balchit I2 & - 72 fi %%
BEOIEPICOWTOHE D% 7z (Piperno et al.
2009).

LT, Melka Kunture S #ED R %, BIELIZE
HELRTHEPOBMBL TP, BRIz L) %
WAP LM EN TV DD TIERVOT, FHOZE)
HTLE)DRERGE/LZNVEIATH D,

2-1 Gombore | & (1.7-1.6Ma)

2-1-1 &M

At oEIEE, BEAD19%, ZOMmoKILERE A
D81% THAH. TDHL, Fav8—7x EOMAEE
EIZHWbENz01L, MIiE % EOKIERD LA E
BT (58%), BEAIX10%IELICEEEE. —HIh
EXRIBIG 2 DD AT, BIBA S ER L 2D (50%),
FNLAOFERIZ AN 727 vy (Piperno et al. 2009).

2-1-2  FHF8

VL EPROF R RBERAT ORI, Otk (K 2.1
6-7) MOHWTIUEL, INSIEE—~KERDODD LI
SVhzv, QBEERLED VLD (2.2-3-4 -
8:9) ARLTWVEDIE, 1o DA RREEDRIK
WZREW TIE %R, HPFHBEEDEEY L) 2L
TH»H, QFTHOFENTHILTWAE (Piperno et al.
2009), ORI BT OHMEHH FTEOINZ S 72510 = F Bk,
TESTAEEM) I LTPHTL
THEES 2 A NR (FEEEORE S A2 IZEEST 5
OBRED 2HELLFIET S L) BERTHY ) OF
HEE (Nod) »HHIW 5 &, #1/48, FTHOFEIIINZ
T, HROMES, FEOFHINS 0 2EE b T
WIS RREAYE V, @FIBEENC I OB D 5 2
&, O EDERBEMISTEATT S5 L o4 L 2 DDFEEHE
(FHRY & SN EY), o BI3RBEHEIT L C
BZEH B VIR B BN WS OTH S, FIHEM

%L DBV T %



IR B 2 B

2 Gombore | BEMOEREAROFIBEEEY (Piperno et al. 2009)

DOHRIUZALE T B R S WFEER 2/ S ORIBEDTD B
TV S (No.2), ¥T6 - $TH - 75515 O
2 & o TR 2B FF S T2 e
HHIND, CHHOHEPTHREIELDE, Wb L[
Jalyl (recurrent) FEDOWREETH 5. FIMEEHOK
1o 7RI HETH % FIBEH IO L CHZEH 5 \WVIEHIET 51
BHYNS WRIBEC X o THREE L, E£7223 v 2 08 L#%
ol ZHAELTHHL TV ERZTIEHNTE
B ETE, TP, FEER & ATH &R L
7o LN A RGET A MR AR EE (discoid) ¥ & A0
SHLWTIEB2Z .

2-2 Garba IV & (1.5-1.3Ma)

1972 R 12 FE R S 7= MR BRI, 1982 4F £ THHRAS
bl W20dbbtr>arOhTDEIF K
LEELRERTRML (1900 L), ERE (78 5) &
HHZ 2L, FHIREEREEATNS,

2-2-1 AH

RRAO L LA FELLDOTH S, FIHBEEHEICE
15, BIEALZNDHOKIEROLEL BLZ2
M1 ThD, AL shii3e A ETXTORBAIZ/N
BTHY, ETWRERD» SRS NZS O LHH L TR
0 72\ (Piperno et al. 2009).



3 Garba IV @HOEBEREOAR  (Piperno et al. 2009)



I B 2 B

2-2-2 HRFg

DL A LD DPRFIELARGETDH L, QWi z 3
HES N2 AL N D, @R P OFTHAHE S LT
% (Piperno et al. 2009), WHBOFIEET % FHET 515
FPEDMER, ©AORBERIAAHANC SR S W, A
FEMEEET 2 L)1 >oTwd (M3) . Hi%EbRC
B % FIEERATIZ, Gombore 1 #&BFCA L N-HBEA
MIZ X 2318 (discoid) & REDLDTHS ).

2-3 Gombore | yEHF (1.3-1.1Ma)

Gombore 1 y & B, Garba IV i&PF & Garaba XI®
IEBoORMICMMES TSNS, ¥ g 77— A (Biface/
hand-axe) # T L&V, BARICET S DO EK
D3IFD1ELDL. ZOH) LD 1HEHIZENFBIELARD
Fav=Ths HHEEIIETLLOTHE, HEO
¥13502, HREOFFUEFRBAMTHL. FF
F##iE 472 (Chavaillon and Borthelets 2004). ¥ H
FREWE, T FAZLAR=5009 5 3 ahBiEn
BCTHY), A NTEEYVITRET ALV 2 ETH S,

BEGEINCBWTIE, FPEEOEZEED, BaiED
Ik Lo Tw5 (f V5 A M) =20 60% 12K
). FAFCZEKMIDMA SN B VDAV KT Vi
ThHoHEVZ LN, BROAROT Y FAZ L A=y
TR RIS T 5.

2-4 I\GE

T R 7 A MRS CREIE, Gombore I % 4 )V
K74 %A M) —, Garha IV & Gombore I y & %
[FZE L7724 )V K7 ] (Developed Oldowan) 1 » %
A M) =244 5 % (Chavaillon and Chavaillon 1980).
C O RIEL, B A BT O W ISR 2 BT IS LT
VRAND RPN S~ ¢/ S

REAICEAZHTTEYLTAL). OLMa D
EICEEA A ED0ME LI2A V7 A N =AY
%, QEBICHIEELAME LTz, GORBEAIHA
HEE Oz OAM & L CEER GEIRM) ICFH S,
B SR I PIAMICRE S izl & T 5, @F
A RIBERAT L, Gombore T OEFEICB T A - ¥T1H -
HEFMOFEE, FEEROBEZ &% ER L TWAHD,

Garba IV #EFOBER TIZ 2z & A LRSI LTW
72\, (B Gombore 1 y BERIZEB VT I ¥ N7 EFENH
ns.

2-5 Garaba XIi&

2-5-1 Level J (1.07Ma)

JEOTEMEIA N T RO T 2L T y~D [FAT
Wil Lfi@EoiF 55 (Chavaillon et al 1980) . DA
YTAN) - ORLEBET 5D BEALE, BT
FayNX—=Thb. WMHMLOF 3 v/8— (Fav¥Er
T —=)) T, &LOD%Y OGN (FIEEE) T
HOONZHAENPE 4 77— AD [58R] (Chavaillon
and Borthelets 2004) & &N 2D THDH, JEOD
[EEE] 28235307 EL ) (Chavaillon and
Chavaillon1980). @Y 1 7 7 — A, ZMIIKERH %
FEMELLT ) —N=PERENDEH, A VT AN —
LRI L ® %71 13 (Chavaillon and Borthelets
2004). OFIBELEFED S 2 “KINTOMENE £ 5.
@A FEBO LR TIEY A FAZ LA /S—HLRITH
%, OEREAROF T OFTHIIHIK, 52V IE8ERE R
3% (Chavaillon and Borthelets 2004).

2-5-2 Level H, D (0.8Ma)

HEL DB, NI IuloRFMIMEST LN
% (Chavaillon and Borthelets 2004). Z 115 O & 3,
FERDPBRENTH L DT, FESMFEZOFHEiE 2%, HIE
DFFEEWI LV EFIZRY, PRI R->T0D, B
A0 BT, TGRS ) —N—DPEETH 5.
D EOHFAEMIIBWTIE, XIRER, 2L CRIEA
HOLONHIND., FavX—REAT7—AD L)%
KEARDPRONBL 250, ERELI-5EREDOH
R ERIC L o CHAE NS &9 (Chavaillon and
Borthelets, 2004).

2-6 Simbiro Il & (1.07-0.84Ma)

2-6-1 Level D

QP EEOAM TIE, BIEAA54% IZELTWD,
ZTOWNERZAR (35%), TnUSNOH %L (67%)
EVIHHETH O, AOEIEEV. Q8 1 77— A (1



H) L 70) == (45) TAEHEERT35%, Bawe
RTIX155% % LD5E. ¥4 77— ATEBEARTH S,
@EEAEOREHF (110-150mm) HHFEAEL TV 5.
@FF 270 86% T EEAMTH 5.

BIEAROKILH P OFAEE, BB 5SS O,
BE—REMD S DIAME SNDL L) o722 L 2l
Ff LT3 (Piperno et al. 2009).

2-6-2 Level C
OaMDIZEAEPRERARTHL, Q¥ 1 77—
(60-110mm) AR 35% Tdh 5, @FIEEAFEW O 7%
2, AN 8, INEN @A) EEND, OFF
A (270 ) DI AEPEBAETH D,
MEBICBWTE, AME L CERBEAZ®RIT 2 &Lw
LD D, IrDOEAEHERET S L) B iRATEAE
HTXDLTHL).

2-6-3 Level B

ORBAO LSO 2EE (19%) 2584 L, FiECHEE
ENTLZRERZDIEPDOKRINVEROAMBPLZH I N L
£ %b. Q477 —A (71945) &7V —/3— (63
M) o %#FEIDET2H CEBTIEASIZ»ro
2T, EDOTHRWTHL., ZDH)HD2HOE
MAsa > NUBGEIRET 23 Th 5. @A AT H)
DI NT, FIFLEEDEEY D 25% HERIBAHTH 5.
@WE 1 77— 2ZOBIBEE L T, [FINT.] (reshaping)
WD Rz L7z,

LEEFICB W TBE SN REOHHOBAE, A
e LTORBOOMESKT LIZEW) EDD, 20
FERORBEIC L > TWADOTE WAL HEINS,
[FINT] X 2HARIEZDRLETHS )

2-6-4 Level A
D4 77 =AW HOAKRT, 7)) —"—3HEIN
TWiaw, QABE &GO EEICET2b0EBL
LRTHBARTHL, @A FRAZ L ANR—7EDF
AAOMIBREARTH ), BARICRBLIIHRER L
WHWLENTWS,

COREE, FEWASRENTHLOT, IILDEEDL

IS

BT LRETH A ).

VBB O LT oL bFEHIREZLIE, CER
S5BREANOZEATHL. TNaWITET 2L RDL IS
%59,

OEEAOFHAPBIEET 5.

QY177 =R, 7)=N=0HIIT5 HBEOREMD
—HH T Y NRTEIFITIREL T 5.

@FEN, WNEHNORBIU G S 5 P A Bl 358
T5.

@Y1 77 —AZHLND [HINL] 2WIC L7225
IMLOEAM OFERE. # YR LT bR HEA~DOIEEIC
£oT, L DEMSNIREDER SN, ETTEO
BHEOBlERILIN TR0 THA ).

®Y 1 77— ADBEOLIHLIEZ L. [RE (H5
WILGIETE) | S BIETE 00, SEHHE &N & 23
BRERICOME L 2w 2 TH Y, [ARIER] 2o
BTE DO, WmAREIZR 722 8T, HEllhtEF
NibnwHZeThsr, INLOBREICHBELTNED
&, ETHEOMFREIEA Y T <, WSREO BB &
LIEHONE ZL T, ZOZO0MARETLED
HIHLET B L (RO N) ~OE®RTH D Y.
COL)BEEEWREICLAZ OO, F&GE L2 Z)InT
OEMTHY, VI I —, HHWVIE, BREEON—

PN <w—OfHIZE 2D Eb s,

CRE»SBEIZPITT, AFTELREAHAL
722 b 5T, FIARBEEEICET 2 RO OEE
HEILLAEEF o T2 METIE B LIS R
rEME TESFIR] LES &2 HaESRO N5
TH ). FHUE, H 12, FRNITEC L > THEEE
EABIlholzl &, #2120, WBMAREIZBWT, [F
MIENZ Lo THEZHAET L V) ZEITEETNAS.

2-7 Gombore Il & (0.8Ma-0.7Ma)

Gomborell # ¥ i& 1966-75 4F 12417 C, % L T 1992-
95 fE N2 2\ CHEIWF AT e b7z, Localityl-5 @ 5
B H, T (Lower part) & &hadDiE, Tuff B
& Tuff CIZ#FREN T W7z Locality 1, 3, 4, 5TH Y,
EJE (Upper part) & EN5D95Tuff D IZ&FNTW



I B 2 B

72 Locality 2 T# 4 (Chavaillon and Borthelets 2004).

AR OEYIL, Locality 1 #PRAY 666 &, Locality
3RS 742 55, Locality 4 #5205 134 &, Locality 5 &
73350 T 5. 1974 4E12 Locality 1 22 538 H &1
72D, FE-TLZ PAOFRTHY (Chavaillon et
al. 1974), 7V —n—, HER#OY 77 —A, FF
AR VAR S E Y (A QYA

2-7-1 TR : Locality 1, 3, 4, 5
OAEMEEITE O 2 BIEAOEE 1T Locality Z & 12
B bW, 36% — 47% OFHICILE 5. F v A4 B4R
WCBES 2 &, BIEA A EE S 5. @OBEAZRBTR (4
YHAM) —EERICED L EED33%) EFEICF a
N2k o TSNS, NEOWIEINLO, FELEHO
BELZHSVPZRMLEN-ARIEEARTHY, A
BOFARATHL. @7 ) —N—EZREHRTHY), B 1
77— ADBEY IR THL., €177 —A1F50
- 130mm OKREETHY), kL LTHFRTHD. &
DREBUE, H11S, 20 70% HSHEfh o> i gL B i KR
MELTEY, Bl &5z fkiieiEs v
CENEHREINTVD. F212, HIBHIBEH (twisted)
L72b O v, $312, 7B, BH - BEMAE
LB TH D7, HE41, T NTHEFEICRES 53
ArblEEN TS, 512, =05 ] KREFF
XA X 912 (Chavaillon and Borthelets 2004), —&
ML EALLTEY, Z0I3E A SITHEICERRT S
Tz b oTwa (KM4), 2LT REIEETX
&3, FRAAERICILET 5/ (30mm BUT) o BRE
BoOMEM LA 2258) OFETH), 50N
MOBHL TR EW)ZETHL. BOKNI DD
59, MEMLAHONIIX [S] FHREBEL WAL Z
B

2-7-2 _LJE : Locality 2

5% & Br L, & 2N (hippopotamus) @ ff 1R ¥ T
HolzlFMEND, AGHEHKEBFEOLDOTH 5
(Chavaillon and Borthelets 2004).

OFEM O 61% BLIERTH D, BRI IE 10% (2
727, QEAEBROTR T, ABENKEE HO S,

@Y1 77 —AREREHOLD 1 HTHL. @FF 4
ERRTIX, PEOAB 2% L REOHFREDE
Y (58%) &\ MR TR TH L. @F A
wHE, BEAHOTA FAZ LANS=L ) v FRARS:
EBRZTTH B,

2-7-3 OAM &Wh

2001 4E12 4 & ) 7 OFRERRIC &L o THIE Sz OAM
PO BT, EHFNEDE L BET 20 TED
L#THD. Ba 77 =A% 7 ) —N— % EL AR

Y—A b= & LTHOWS N RER 2 RIE§ 24T
EDH B bD%EE) H55059 &, ByEAEAH 896 T
Hb. KE-TL7 FAOFEHFETL T2 (Galloti et
al. 2010).

2-7-3-1 &M

A O ERER T 2 DIZBBATH Y, ZOMIIX
mE, HEXRE, Hiis (7=r7I54 Mok
WERTH L. FFAmERERICE L T, 1146 59 306
HO(21%) BEBATH Y, 840 51 (73%) HIEERER
Thrb. LIAW, Ea4T77—ACHETSLE, #70%
PEREATH- T, FREAOHTEEHTL L)%
% (Galloti et al. 2010). FIFEFEIZBIT 5 BEH & JE
HIEAOEE X, ORAT29 % 345 1T, Wk At 29 &F
136 5 TH A (Galloti et al. 2010). @ KINLD 3 5 F)
K., Y4 KA 7 L A= v F, EEEAEE 11
15 THY, /v FRFEHFAGICWVzo TE, 2T
FEEARTHL. QY1 77— A3 4957T, B
BANEELTwE, @7 —N—I3 X CIEREAH
TH 5 (Galloti et al. 2010).

2-7-3-2 B« 7 7—REEOHE

YA 77— ADEME Lo - BEEAIIETIEAR L, K
BORFCTHotehd, H—RETRINS Nz #RNE
AR, MR O T Az B, H—RETHER L7
REH DS 3 > N7 FEFEICHEKT 2 KIEOF R % 26
L, N [S) FIRICEMLTws s 77— A% 8
fELTWwz (H4).



I &)

4 Gombore Il BHFOER U 1-#5:058% & DBEARE 1 7 7—X (Gallotti et al. 2010)

3. BiAJVLRT7> (Pre-Oldowan) &FJILRT >

20Ma 25812, WAV KT Y EA NPT Y ERET S
FLf#1Z (Roche 1996 ; Piperno 1989), FBEIEE L WD
BUEDREIAT, TR E V) HIRD LRF &) EEY
ORRBEFEATHICEBE I N TR WERF &, FHEm
GRMAEEZER L TWEB 2 XTI 550TH D,
WM 2 AL D N H5 12722 b DTH S (Roche 1996) ¥

=77, 29 LTI BOos§ % RBEiE, 2.0Ma BUEio
AYFA D) = DR RF A REEZ EZIH L w2 L
AL, BN ELONEE &SR (Semaw et
al. 2009a ; Torre 2011) .

3-1 1K (2.5-2.4Ma)

WHEMRRETOAHEREZB LT L01E, W77 HD
KWiEFOT T v v 2 INRFICH % B CTH SH. Gona
PR L, T 12 H B EG(East Gona) 10 & EG12(EG10



I B 2 B

5 300m (I &I fiziE LT 4) (Stout et al. 2005),
M T8 5 OGS (Oanda Gona South) 7 &E257% 2%
(Semaw et al. 2009a). AMFIHIZIEH L TH B &, EG
WIKOBAB RS 201k, OfstE @QXRE, #Hl
i, ZOMEVINETH B0, fitke LTHHASH
72oix, OMEs & ikca, @A & IR E I
% (aphanitic volcan) T&» 4. —7, OGS Hiisk o kA
X, OACE, @744 b (lataite) £\W) bDTH3
A, A E L TR S zEA 1T, OMRS, s,
@754 b, FEHESEKEDOIETHS (Semaw et al.
2009a) . TAEHEE b IRBEE S £ IR ISR L
TWaHrZETIRE@MLTVEA, OGSIZBWTIE, 7
TAEDORIEDVEG & ) dEEH SN, EGIZBWT
(&, OGS &) bHIEEAEETH L L) MEDNDH L.

EGI0 o H#Wix . k%, #iv, £ LTHA»EL
bOT, ZKMTOH 5L DIFITEAEARLNL N
EGI2 & TN E RO T, A RIBEMESED S URAE L
TWEbDDEENEHE HDTw5E, EGI3IZBWT
(&, FERSNIBEOK A FIPRBEHRTH Y, HmsE
1ERTH HA, Agse LTI, AIEA 3 EES, HEN
#) 5 %) & BIFRANIEL T 5.

MR AT Lo L35 70% L EoARIE, TH TR
WEnrBETHY), WGE Z L TGI3 &M% & THA
ENTF X — PO L) %Ak oA, PIS S
FThob. 20, LN, EBETHERTELH
MO %206 EEICEEN b D% EIRL Tni
DTaH Y (Stout et al. 2005), A #HIVEIZ B AT 2 A
OB L Tzl vwd) 2L THD (Jones 1994 ;
Semaw 2000).

3-2 FE2ERE (2.3-2.2Ma)

C OBRFEIZHE S NS EPE (Omo #PF, Hadar i
B, West Turkana Oz &) oA ¥ 5 X M) — Dk
Bz, OAMERT 2 TELBREFRLEL WD L,
@R OIREN 2 PHALDSER SN TB 53, L
Eb7ehnl, QR FBITAEOR— OB 5
TIbNBOAKT, FlRINTENALON LGN L, HET
&% (Torre 2004).

3-3 B I (2.4-2.3Ma)

COBEBICEBLLE, ANVET YA YT AN =
&, Omo & V) & 5127 @ #iid (Howell et al. 1987),
Turkana Basin % EOMIBELTL ROEND L HI2% 5.
NSO TRHICEZE 2D, 1991 FICHfE s
Lokalalei 1 & (2.34Ma), Z LT, 1997 FFIZHRAES 1
7z Lokalalei C EHFOEHRTH 5. FFIZHEE I, 3000 16
UL E oY), 60 FILL EOBADTRELR BRI CTh -
T, IhHid, BEMORAGREEDD ) T2 iR 50O
B E VW) ZEDTES (Roche et al. 1999; Delagnes
and Roche 2005).

Lokalalei 2C O A #FAFEDIFEIIRD 4 HiIZE L DD
LENTED.

1) Heafr) 2 Z 12 HE D CAESE AR IS o Th s e DS
M shTwizz e 2hid, OMgEOfaEBE L,
QBN % 7% E L (& ) PG 0% 5%), @Rk,
EEMZITRIZL 2 —EOF T OREE, L) o
LpoTWwh,

2) AL, MRV LGRS B FIE S
Ar% % RS 5 2 & TR 4 ICHIBER % 321 7. KT
135, RATIMDP LI O2OABITHESE LI Ehs,
1R S P L C 1A DR T ANRE L T /e,

3) MEOBERFT 2 LICE o THEEL, Ny —
A b= OfERETCHBERMA 2, T8 (HE)) -
) S v/,

4) BRI 50 m OFF AN TES S Nz INEER RIS 5
», REhbozgpELT7ay s CFHLTES
56cm, E&2%3cm) KIZT2O»A s, &
Shie. ARIIAEE L THHENS ZEITLEAL
72 72 (Delagnes and Roche 2005).

INHEDZ ENLHEILTE B, 2.0Ma LT ORI F A e
TR, OFEM (REELTNHAYY—A =) O
W, @QAOE:, @y~ —A b—r 0itF (T8
AT DEE), OO OWFTER T D 5E, O DHIT,
©FEE, ORZOERYE L, ©F MR OREE, OFFHHE,
LV LDTHAHY). ZOFETIROREIE, BEZER
L, 7E$ 2 L) EEZFHRICHBES TS Ev )
ZETHY, TAE, BHAOEE (HIZRZAb0) T



<, BHOOFIZL s TEY HI#A (HICRZ RV
LD) L EICHMMTH LA DEELREFIMT L2 &
MTEEWVWHTETHAH.

3-4 FEAERRE (2.0-1.7Ma)

COERICRBE, ANVFT AL VFTAN) =L, F
VK% 74 (Leakey 1971), Z Ot #iis (Saknouni
2004), X 5ZIEE 7 7Y H (Kuman 2007) T A5

NaEHhdb ¥a77—ANHBETS.
3-5 ESERE (1.6-1.4Ma)

MR, FFAEEIIBTLZREZEME LS. ¥
WY FIHANY 18 # (Texier and Roche 1995),
FLTCH =70 bu riiEIC$ 5 Peninj # B
(16-14Ma) (28T, [HEED R4 2 LTI % 3E L7z,
MR EED, o), 2R EEY i (hierarchical
bifacial centripetal and polyhedral method) J,
iz AE, T AR (discoid) ) 3 BE O Hk7 1 72 2k ik
(Boéda 1994) 1ZHHE$ 2 EFENBIN L. T4,
Wbhbw b [ TENERE
U2, FEEEIC [EAH (volume) ] #7285 L)
W7 )i CTd % (Torre et al. 2003) 2.

l:l

#15E (predetermination) | 2@
9

~

4. FIWWKRTET2alLT >
F. Bordes OHBIAE-ICHAEZ B ANV M7 7 A #fi4E I
BT, ANVFT RS T YL T A VT AN —
A& - EERICRAT T 5 L AVHE S, EE]
DAYFTAP) =L LT [FEELIZANVET V] PR
ENTWBEDIXENDOEZATH S (Leakey 1971) ¥ |
Bed IOFNFT 744> %A M) —(18Ma) iE, F3 v
=T EOBAHREF GBI ENDE LDOTHY,
KMLOBHHFIE %L, AR aiELE LTHHES R
5. BedlOLEEOL Yz V12T 7Ok -Ef 77—
AL BN, Dk €4 77— AHMBIT S Bed IO
ThRY [EL-4FVET Y Al (17-16Ma), LT
e FREE [SELZA VT B (1514Ma) & F
L, FNVEFT7ACBIFLFINEET T2 LT
YADERIE, €1 77— AHTEREMIC TR S L (“full

IS

mastery of their materials”), 1 ¥ % A M) —D7%MT
LEMIZ (40% LA 1I2) 72 B 2 & 38 (Kleindienst
1962) & 3hTw3

HEMONTVWIREDT a2 LT YA VTR —
(176Ma) &, =7 - M w7 FI2% % Kokiselui 4 &
HaAsmt LA, WR=Z/AE - WABOY Yy 7, ¥ g
T r—Ar G A AT EREE TS5 (Lepre et al
2011). ZD4EARIE, Bed I & Bed II OHRHICHIE LT
WL LI RADT, [FEEL] ANFT UL, Tra
BRI HRAT T 2 DI1E % <, FATLTw/zbw
VLD, FI, AN KT A YT AR =1 14Ma

TS ADENS, ZOHIFIZBWTIE, FIVEY
Vo BELR] ANVET Y, TYaLT YA Y FT AL
) — SRR 2 BEBRICH 20 TIE L, BB
blzo THEL T2 EIlk 5.

TYaLT Ay FA M) —OEFRbEATNS
O, TFFETOREAERICAE L T % Konso i# Bk
HoOFGITHS ). UEHEIFEICBWTE, &€ L
7 P AOFEFHE LB (14Ma) 280 L TORBTT
AL T AV AN) = HHERRENTBY, &0y
A LAY E, >19 - 08Ma Th 5.

EHETAFLZEREDPSEEINIE S 77 —AD
B REBICEDE, ROLI BT T2 LT VRED
R—EEINTWDS (Beyene et al. 2008).

DO KGA6 : (- 1.7Ma)

@ KGA4 : (- 1.6Ma)

@ KGA12: (- 125Ma)

@KGA20 : (- 0.85Ma)

Hamm  BERICEH L AL L, 16 Ma & 1.25 Ma
OMZEEHEL, O - @7 V—7E@ - @F V=TI
KT HIENTED759.
R EOIBEHEON - HwaZ kickh, OfE
(roughting-out) 2B WT, ETFMHEZFHRICL, 8
b L, @t Y (finishing) [2BWT, MELRFEEIZL -
T, L (FH) % AEPOEMRMITT 2 L) 12
7val7Ty (10 - 03Ma) HREUICIEHT 2 b DT
H5.

LT

BEE VI MUY —

=
==X

Melka Kunture ###ICBWTIE, E4 77— AN



T EHIE B 5 B

I $ % D%, Garaba XIT#EEFO J & (1L.07Ma) T

D, AYFAP)—L LTEHETE R L) 125D,
Simbiro ITT ## o> CE (1.0Ma) THA. Zhsb E il
&1L, Gombore 11 #EHF (08Ma) THALNA, I~
N LTS L 7R A AT S 7z, TS
FRER L 2B E LSO, 77— A2 EGA VT A
M) =B EMEMTLZENTELESD.

Melka Kunture #¥#ICBII L2727 A4 %
AR =L, FLIL, TOEBIFELIERDLZE, &
212, Konso EH#E TS SN EH (1.6 Ma-1.25 Ma)
7%, 10-08Ma HIZFRD 5N B 2 L, H312, BT v 2
L7 YHNCHET 5 0%, HloRwe 77— A%k
T h, BB A VA N)=Thotzl ) LT
HbH. ZOLH) BRI, AL L TORBAIREL
FHRHLTWAzZ LIEEEL L) A awn

b EBRBOOBEBRIZBVWTERINEZLOE
Lix, MHEDRMDIEZVAF VT 7 444X b
(18Ma) DEEIIBI o/ \nw) T ETHY, H212,
Gombore 1 #EED A )V K7 >, %L T Gombore I i
DY vaLTyAYFAP)—LbEbFRE - LY |
ADVZOHNFEZ o/l ) T ETHY, E312, H
WBAFHOEREDS, T2V Ty A YT AMN) =K
FMIC R 2 EEL o TVREEWVW) 2 ETHL, B
WA AME UCHMLZZERE, AV F7 2812,
Melka Kunture I #EASME—FI TH 25, 72 2L 7T
YHNZ BT, 1L007Ma IZHE SN D 7 =7 OEf
(Kariandusi) THH SN 5B X H12% 5 (Gowlett 1993;
B — UL~
DHBEDO RN 295K Tdd %, Kariandusi ¥k & BHEAH
CEitt 4tk 15% % 560 %) DI £ T O HEEL 50kn
THY, FMLL7 =70 Olorgesailie ##F (0.97-09Ma)
2BV TIE, EpEEH (Idoinyo Nyegi) F TOREEEAY 26
kml3&TH 5 (Isaac 1977). 72 a LT yHlICR s L,
BREOOE—REM TOEBDIABES 5 L) 1T D
T W, MER L oM, HETLTxmEnIH
BFER L C o e etk 2 ZE T 2 LEDNHHH P

Gowlett and Crompton, 1994). #5412,

1)

2)

3)

4

fag

5

=

6)

8)

E
2000 4F, 77 v ¥ 2 )IIEEB O Dikika-1 EHRIZBWT, [k
5 L (Selam) ] &MHEN 2 Z L% 25 BILA A5
&7z (Alemseged et al. 2006). WEDEZ A, Th
Lo ta LEER () OBRIEDY» > TWiawvg, 3
P2 H13, 340 HERMOBEO—H» S, [Hy b~—
71 EREINEAEDOERES R SNz EMEL TW
% (McPherron et al. 2010).
Balchit iX, K-AriEi2d & O ERBPETIE, 437 =
007Ma EHOMBE 1Y &% 2 51T 5% (Le Bourdonnec
2007).
M) (discoid) F#% % Fi V> 72 U BESAIT 1%, #1213,
Olduvai (Leakey 1971), Omo (Torre et al. 2003; Torre
2004) 7 ETHERINTWD LH1Z, Fv FT IR
CRLBNDLDTH 5.
I RTPEGEIIBWTIL, 2k EIEEL L-0ED
D FTHEEDEATT 5. FHEES N zRAL, M - &N
- BHEZR ET, RIEED L D47\ (Texier et
al. 1980). L CH2EME LT, #EINITHE /-
7o &, FIHEH & ENBHFOEHE P LR = [F4Ek] (7
J ¥ AFE® support, HFETW 9 & T A O blank (ZHHY4
$5) BRBSIND. ZOELEORR G RIL, B4 E
WMOIRED, H—EEOFFrORESIZL o THIERE
L, [PEWICRESINDL] 2LETH5S.
25Ma s, #< &) i)y, HEMIiERT A8
AP —=DFERIIL T, MERMY — 7 1 ¥ T3S
J % A & (traditional Darwinian paradigm)] O3 &
Hans 7 (Leakey 1971; Wynn 1981) 2%t ooH 1
ZDEHNDZ L1l 5725 (Torre et al. 2003; Semaw
et al. 1997), 25Ma 5 E2DIF-> T L Y FHER, Hi3f
WaA YT AP =& LKRD D &) WREHEIIKA &
LCHERENTYDS .
Yyt 77— ADORENZEMHEEZ 726 LEEROU L
2, T aL T YRR Tho/z D Fhiud
Yy 77— ADEME LR DRI 2 EARTDITH
MAEMEICES, MM EHWCTET (Bt L D),
METHHEL-EEOH LN —A =V 2R T A
FTEWILDOTH L (Stout 2010). T OHF, WED [&
Bl oFgle R -5 L3, KIERA I, W m
DEBZFFOZ &R Y, TIEMES () kol
TR S 5.
FBordes iz, [V &>~ F (Limonde)] W) ¥ 77—
ADF T T) — %S, FNE ovalaire (FFHIE) %
discoide (M#IK) 2HXHILTWAE. VE Y FOFFE
ELTROFBHEZIEHL TS, ORSBE ;1 (EX)
/m (KIE) OMEA164%Z25b0, @LTHATFHK
ThbI L, OQMWuEHARL LI IMESNTNDE I L,
@FFDEHAEM LT WD & (arétes torses), B4
SOBMAEMT L2 L7 VBT AL, ETH
% (Bordes 1961).
OO LOOE DL, e OFEELFHAER,



BEZIEPZEV) ZTTIER L, @ R22HADL

FEEMRL BT LI ENLESH. ZoHMEI,

—ETwRIE, ERaELHANORERE V) T ETH

L. FNUE, BOPSHRNLKIRE o /2@ TH UH S

Ty TOLEPIEPN, KEFLEFLTwoT, 28

T T v, ER, WM ERGTICVwT 5

HFHNFED VTG, BEFLIZTELTWEELLIC

LoT, #bEF, TREosAETHUMS T ELN

LZKDEIRODTERL, HDEEIFE, FFL, 2

EEIHDEV)LDOTH L. —F, WHER R ELRRIC

Eo TR R DL, R GEIT3 5, HHiT2bH0

DEFRLEDTVD) OFEEEAYTLZLTH 5.

[Tuo bt 77 =) [FEELILANVET V] BED

WalE, oL wpitdhs. LrLars, BlfE Inh

LOMETOLDOEENFFES TV DE WD ED 21G

72\ (Semaw et al. 2009b; Torre and Mora 2005, Torre

et al. 2011-12).

INSOMBEEMET 29 2 TEEII 00, H#iL

MEOCLHERTH DL . THEOMEIL, »OF v -V

X F=4rxMFE L, HTHLVWHELZOTH

5. WHEFORLEFIAAOHMEAER TE VLWV

BEZRICLT, F—w 1 v ABIIE, R

DOARSEEM, LT, BITHOZRIDE Lo THET

Exv, LWIHRFHTHS (Darwin 1859). ¥—7 1

YOERT L [RbELH ] (CRFwmEBRZ S, SI U —

VRSO TWHEEEH] &, B [RE) T 12285

MIc) BB EERT D, oIS LUE, B LRI

AN, B 7, 0L L7, M OERIZBWTEA

WI2H: U % (very rapidly in small, peripherally, isolated

local populations) O TH Y, #Hid, [TXIC% b0

OFTRTHMHAERNICEK L T < DT\ (does not

arise from the slow transformation of all its forbears) J

(Eldredge.and Gould 1972) & # z 4. http//www.

blackwellpublishing.com/ridley/classictexts/eldredge.

pdf #ZM. B, B, ZoOFF—HWFEL STV

% (Gould 1980).

[REiLEz] LiE, VY7 OTEEICALND XD

12, HBEREFTHZ ZNENEITLIETHY, [Hhik

gy &k, MEH LI, e oDHBER DL

ZIEr o CHBZ#EDEL, BEOHA 2HEST 2 L v

HTETHY, [ZHmHEE] L&, FoRBEm %R

HIEND T L, HEOHDbS MR 2 TET L L

Lo THET LI LTHY, MEIIC (HAICD)

blzo THEMIMEREABI ) ILEEKRL TS

(Torre et al. 2003).

10) BifE, 26-16Ma OEMMIZ b4V FT Y727 /0
V3B ETH o) [HATHER (technological
stasis) ] @ 2% B & L C v % (Semaw et al. 1997;
Semaw 2006).

11) ANV T 7 A OFRMIE, BELTOXKLEESY TL Y
FMROT7T Y 7 & L TORIEE PLICHE SN Tz,

9

=

MFIE T EET, BE5 3 dnOfPATES S TY
7o O LaRE, ANV s T2 LT M
2T ThFEVEILL T b L7-DiL, HEIC
BWC, AMERATEID L DM, RIS L
WHZETHE. TYaL Ty iZBwTIE, FIVEY
YNGR S Nk o KIS E R 2 i b 4TS
END Lo/ ENY THL, AMERTERL T
WL ITRE SN OB IGER SN G816, #k
(blank) Z L C¥ 7 7 — A % &0 72 KU A 25 (large
cutting tools) 23 S N7-D 72572 (Torre and Mora
2005)

12) BB AM E R o BHE & B2 R - RETEB O
HEZWPICEBRDITLRETH L0\ 2 Eids
BIFHAL T RERETH L. BRAD LD 2 AM
TER IO L TL A ARMVK & W &) Hadl
(Carter in press) I ZEETH A ). W NOREHEY T
FHENDZLDhh o2 RBAHED [S] FROMBD
Wrdb o4 77 —ADS, 2205 KHENGICBERT 25
PEE, IPDOAZRIZHERTREP72EITTHS.
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Obsidian exploitation during the Lower Pleistocene
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Abstract
The first obsidian lithic industry in the human history was developed at the site of Melka Kunture in Ethiopia after
the Olduvai event (1.8Ma). Homo erectus procured obsidian pebbles to produce the Oldowan industry. The Acheulean
industry first appeared during the Jaramillo period (1.0Ma). Homo erectus exploited an obsidian source to produce this
industry, and in particular Acheulean bifaces. The Acheulean industry was characterized by the development of integrated

production over a wide region, including primary source areas and the exploitation of obsidian.
Keywords: obsidian; obsidian; Olduvai event; Jaramillo event; Melka Kunture; Oldowan industry; Acheulean industry
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Sourcing microblade assemblages of wedge-shaped microblade cores
from the Nakappara 5B and 1G sites of the Nakappara site group

Takashi Tsutsumi'™ and Akihiko Mochizuki?

Abstract

In this paper we present the results of energy-dispersive X-ray fluorescence analysis (EDXRF) performed on samples
from two microblade assemblages with wedge-shaped cores recovered from the sites Nakappara 5B and 1G situated on
the Nobeyama Plateau in the Minamimaki village, Southern Saku County, Nagano Prefecture.

The analysis of 550 lithic artifacts from Nakappara 5B identified types of obsidian coming from the source zones of
Wada, Siwa, Tateshina, NK, and the Geroishi region (Yugamine-Rhyolite obtained from the southern Hida Mountains).
In contrast, the sourcing analysis of 500 samples from Nakappara 1G suggests that obsidian from the source zones of
Tateshina and NK was used. Interestingly, both assemblages have high proportions of obsidian from the NK zone, while
obsidian from the Kozushima zone has not been identified, even though it has certainly been found at the Yadegawa site

near the Nakappara site group.

Keywords: Nakappara 5 Location B of Nakappara sites; Nakappara 1 Location G of Nakappara sites; miroblade

assemblages with wedge-shaped microblade cores; Energy-dispersive X-ray fluorescence analysis
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Trial excavation and field survey of the Wada-toge-nishi obsidian sources
in the Kirigamine region of the central highlands,
Nagano Prefecture, Japan
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Yoshimitsu Suda®, Kyosuke Hori?, Kenji Imada’,
Yuya Kawai!, Shunsuke Kawachi!,

Hirotoshi Tsunohara! and Sho Fujikawa!

Abstract
This paper presents the results of a trial excavation and field survey of the obsidian sources in the Kirigamine region,
central highlands in Nagano, Japan. Our main research objective is to develop a model of the prehistoric exploitation of
obsidian sources that would correlate with the consumption patterns observed at sites distant from the sources.

At the Wada-toge nishi obsidian source and specifically the Furutoge-guchi site at 1,420 masl, trial excavations
revealed geological raw materials (nodules) from layers 3 and 4, belonging to the Pleistocene period.

During the general field survey we found both geological raw materials (nodules) and archaeological artifacts at the
Wada-toge nishi obsidian source at 1,600 masl. The source seems to have been used during the Upper Palaeolithic and
Jomon periods, as indicated by the lithic tool types found in situ. Additionally, we identified many surface depressions
which suggest possible obsidian mining activity.

The results shed new light on obsidian distribution and procurement patterns at the obsidian sources of the

Kirigamine region.
Keywords: Kirigamine region; obsidian sources; obsidian mining site; trial excavation; field survey
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Appendix

PMEREEH—E
JbifEE (Hokkaido Prefecture)
- JUHCFHE PR (Kawahigashihaneda site)
25 1 #BF (Shibishiusu 1 site)
25 3 B (Shibishiusu 3 site)
25 4 B (Shibishiusu 4 site)
- #1310 33 FaEPF (Momijiyama 33 go site)
- #5HE C #\BR (Wakkaoi C site)
- [HE S BEE R (Kyutoyohirakahan site)
-+ Kk 22 B (Oasa 22 site)
- ¥ Z 4R (Kiusu 4 site)
- ¥ 2 9B (Kiusu 9 site)
- F 7 =— 1:&¥F (Chipuni 1 site)
- F 7 =— 2 &P (Chipuni 2 site)
- %4 3 &R (Bibi 3 site)
- 7% 7 <A Bi#EHr (Usakumai B site)
- %7 <A D@k (Usakumai D site)
- M1 3 B (Umegawa 3 site)
- M) 4 &BF (Umegawa 4 site)
HHE (Aomori Prefecture)
- I FEIREH (Bouzusawa site)
T H (Iwate Prefecture)
- KHME I #&PF (Ohinata I site)
- FEPFEWF (Uwanotaira site)
- J3¥%&E PR (Chikaramochi site)
- FJUKH T &BF (Kamiyagita I site)
- KABE PR (Ohashi site)
- Ml _E3& R (Youshu site)
+35E B (Doba site)
- &K » BPaE PR (Shimizugano site)
- {E7KIE R (Shimizu site)
- I OMHEEE #L (Kawasakinosakugiteichi)
- HHEEY Kiyotadai site)
- F/ IREWF (Ainosawa site)
- By R & Wr (Satogoya site)
IR ILA T A HLX
(Tougeyamabokujo I site A chiku)

Lo

- BT &Pk B #1X (Mimitori I site B chiku)

- #5 / RABF (Unoki site)

- /N ER (Kobayashishigenaga site)

- JITH A #¥FES 6 Ik (Kawame A site dai 6 ji)
- 1 _FiEPREE 3 %k (Dounoue site dai 3 ji)

- Tk I B BR (Houroku IT site)

- A VIIT# B (Honnami VIII site)

- FIIHEEYR (Sainohabatateato)

- FEERES 1 %k (Tochu site dai 1 ji)

18 B (Fukushima Prefecture)

- JBJIHT &R (Kitakawamae site)

- A6 PR (Hanabatake site)

- FEHEYR (Kubota site)

- RIRGEDR (Fukasawa site)

BB (Gunma Prefecture)

- IIHEPR (Takel site)

B E IR (Saitama Prefecture)

- FTEEBR KA 5 (Okkoshi site KA chiten)
- BER Y @R (Kuriyatsu site)

- AN HIERES 4 #5 (Honme site dai 4 chiten)

- BERY @EPRE AR (Kuriyatsu site nishimatsubara)

- IDZE PR (Yamamuro site)

- IEHER PR (Shouamiminami site)
- KT EYR (Hikawamae site)

- BEER (Minamidouri site)

- FRAFHTER (Inarimae site)

-\ r il (Hakeue site)

- fitRET R %E No.121 i#PF (Hannoshishitei No.121 site)
T-#15. (Chiba Prefecture)

- EA= J HiEPF (Nagakuramiyanomae site)
- ARG E S EDF (Nagakurakajiyadal site)
- FF PR (Terakata site)

- /NFETEBF (Kozukamae site)

R HHIFEE 1 - 2 R (Tobinodai kaizuka dai 1-2

ji chosa)
- A A #EB (Kowadadai site)
HEGALEYR (Yakuendaikita site)

HHER (Tokyo Metropolis)
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AR O FE R (2010 ~ 2013 4R EEAR L)

(Houseidaigakutamakochi sites A-O chiten)

EBIE (Nagano Prefecture)

- L )IEWR (Yadegawa site)

[ (Okayama Prefecture)

- BFEEPR (Nobara site)

< KL 72 72 & @ PREE (Taiseitatara sites)

- PP (Futano site)

- il o B&BR (Toigahana site)

- H1L&F (Danyama site)

- JURG L& PR (Yahatayama site)

- KN EBR (Okouchi site)

- HZSH P E R (Tamasutanaka site)

- EEBR (Michikuchi site)

- I BEEYR (Yamanooku site)

- P R EBR (Nomuratakao site)

- KHZ R #E PR (Odachaya site)

- KHKIEBA &R (Odataishobiraki site)

- FAHIEE B (Koujinzako site)

- B REPR (Miyao site)

- EEYEPF Houjibou site)

- B SO DX A AR A
(Shitorihigashichiku shikutsuchosa)

Jis BB L (Hiroshima Prefecture)

- TWEE P CE-1 (No4l) (Kanmuri sites CE-1 (No.41))

- R B #h5 (Kanmuri site B chiten)

- WP C #b 4 (Kanmuri site C chiten)

- EEEER D Hb 5 (Kanmuri site D chiten)

- KEFHFEHR (Onogou site)

- MATHLERE B (Monzenseitetsu site)

- MIH &R (Wadahira site)

- HIo—H 3% (Hyugaichirizuka)

- ISR (Kanakuchi tumuluses)

- FIENH BB (Wachisiratori site)

- BLE PR (Dan site)

- RN 1 BEE (Mukouizumikawahira 1 go site)

- HEPJE 3 5 &P (Tadanohara 3 go site)

- HANE &R (Tsunenoubara site)

- FE B & PR (Hanazono site)

ZIRIE (Ehime Prefecture)

- RN R B (Nakaderasuo site)

- SEHGEPR (Hirai site)

- RAE /NSRS R (Asoshogakkouminami site)
- EHEPr (Nagata site)

- 3%/ A& B (Jounomukai site)

- ENAME DR (Miyauchiohata site)

- EE4A ISR (kamimitani tumuluses)
CHEEFEYF (Joujouii site)

- O ARG E PR (Kakinokisaihouji site)
- BRI E R (Nakadaba site)

- BR)ITE / &R (Sarukawanishimori site)

- RFEEER 2 A (Inuyoke site 2 ji chosa)
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Results of sourcing obsidian artifacts

from Japanese archaeological sites (2010-2013)

Tarou Kannari'

Abstract
This CD-based report is a compilation of numbers of analytical results that were not yet published on excavation
reports of various trusted organizations during 2010-2013. The details of analytical instrument and methods are provided
by the Meiji University Cultural Properties Laboratory (2011). Further general description and characterization of the
method is cited at Kannari et al. (in press). Unpublished analytical results of obsidian from cited archeological sites are

possible to refer from this CD publication.
Keywords: obsidian artifacts; source; Energy Dispersive X-Ray Fluorescence (EDXRF); Japan; X-ray intensity
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