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Discovery and its Significance of Pyroclastic Flow Deposits on the southern slope of
Mt. Fuji at the Primary Stage of the Younger Fuji Volcano, Central Japan

Taketo SHIMANO*, Keisuke AMANO*, Atsushi Yasupa™ *, Takayuki KANEKO™ *,
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Minoru Yonepa™®** and Toshitsugu Fui

Fuji volcano is the largest stratovolcano in Japan whose edifice consists of the alternation of basaltic lava flows and
pyroclastic deposits, but very few pyroclastic density current deposits have been reported. We found two deposits of
basaltic composition that are interpreted to be formed by pyroclastic flow at localities farther than 10km from the
summit on the southern foot of Mt. Fuji. Each deposit is stratified with dense massive layer, well-sorted lapilli-rich layer,
and fine ash layer, fundamentally in ascending order. Distribution of the three types of layers shows that the lower two
layers deposited only on the bottom of valley whereas the uppermost layer deposited also on the bank. These facts
indicate that generation mechanism of the deposits is pyroclastic flow but different from those reported in previous
studies at Mt. Fuji. The vesicular lithology without any bombs or agglutinate blocks may imply that these flows were
closely related to explosive eruption like Plinian style rather than immediate collapse of pyroclastic cone or fire fountain
such that observed in Stromblian eruptions.

The results of radiocarbon age were around 8400 yBP for charcoal samples in layers just below and above one of
the pyroclastic flow deposits. The other pyroclastic flow deposit is covered by a lava flow of 9 ka. These results show
that the two pyroclastic flows occurred in similar age when the edifice of Mt. Fuji is thought to have grown most
voluminously but moderately by effusive eruptions in its volcanic evolution history of 100 kyrs.
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A BEBHILACA 35 B2 13.2 47, HURE 138 i 40.7 45 O
EE R, R 280m 12 A (Fig.2). B #EHILIL
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DI THRAT 4TS 2 IR, AL s
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SIS & IS T E Lo KILES S £ O
g (TR 8 2 75405 115 - A, 2007) 4597 % |2 B4l
LTCw5., —7, BBEMETIE, 8% oREE T —
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HIIHDER2D L5 4 L THBY, BHEETITHIL
WaE L 3 CRMTIETOHIIES IV, V2 E083E
WATIZ Eab ol E ko klibis L OeiE (HE
WEE 7200 ot - fill, 2007) O B % FE - THAi L
TWh. %35, 20124 6 HOWEST, ABHIZEICHD
REN, BEHEHIZ-HAMEOR S, —EIxHERMEL
TV,
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FlE%y 100m) O TER L) o ) EH I S
m, E3H300m iZH7o THBL L7 (Figs. 2 and 3). A
BUACII B AP IR 100m (As) 12, S22 R E 0
ETLMERY (LT, R X & LR 2sioshs



ELINFEIIB 28 LRI o KRR 0% R & 2 ok 429

T~ v =]

o "»‘&3 =

s 7~ AR = TV SF .- .~ .

37

Pacific Ocean ° ‘;

50 km

Pyroclastic flow
m Pyroclastic surge

Mt. Fuji Volcanic Disaster Mitigation Council (2004)
S SN B a¥

Fig. 1.
and surge predicted currently by Mt. Fuji Volcanic Disaster Mitigation Council (2004). Distances from the present
summit crater are also shown by broken circles. Aok and Wak indicate localities of the outcrops shown in Fig. 3. VE:
Volcanic front. Contour interval is 250 m.

(Figs. 2a, b, and 3 Ag). FRLOBEFEDO DT 1) V1 —
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T B 72D EBIENE G (Fig. 3 Asg; As HIROD
FH100m). =B, INHHOEEIE, oA, HHEA2S
FEO T 7 EETERE (1968) OEILEHE SR L, AL
DR A RA EEEIA C L RREERISRIES G, &
FIAOTH THAA ST BRI AT A AT
X, EHABRAR T Ldfoa—- TR R L, X0
BICELEHTHLZ s, EoT7 7EEIEIT
SN,

HERE) X UL, FAERWIRE ORI L) I IR~ 2
Fw - TREO3EREIZST 515 (Figs. 2b and 3 Ag).
72720, 3WEMOZEFIIAHEECH 0, HERE R

Locality map of outcrops A and B in the southern foot of Fuji volcano with possible run-out area of pyroclastic flow
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L. MBIEE leom BREOIEDORVRBA D) T 2%
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A AR T CEDNEET IR (As; TR
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BErET 28T A ZOKRIKED 20, Eom O
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Fig. 2. Outcrops of pyroclastic flow deposits. a: Outcrop A, b: Close-up view of deposit X at outcrop A, ¢: Topographical
map of outcrop B with insets indicating the positions of d and e, Contour interval is 10 m. d: Close-up view of the north
wall of outcrop B (By in Fig. 3) where Y deposit lies above the alternation of scoria fall and humic soil layers, e: Close-
up view of the south wall of outcrop B (Bs in Fig. 3) where Y, deposit lies beneath aa lava.
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Columnar sections correlating pyroclastic flow deposits and other layers. Aok: Aokidaira (Aok in Fig. 1), Wak:

Wakutama pond, By: North wall of outcrop B, Bs: South wall of outcrop B, Asw: Southwestern part of outcrop A, As:
Southern part of outcrop A, Asg: Southeastern part of outcrop A. Numbers in parentheses are those of samples in Table 1
and Fig. 6. *: detached lava block which may be settled by rework process. Black scoria is divided into four classes in
terms of particle size; b: > 1cm, ¢: 1 ecm=5mm, m: 5mm-2 mm, f: <2mm.
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b - WD b B HER) Y1, Beh 2t
EL, ¥ A XoXKUKE Tk E L (Figs. 2c, d, and 3
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THROMAEW 2 EHEE ) L2AHRDOONE.

BT 85 3 2 HERE Yald, RIEEDEW S 6 I
FFHNA. TRELD a, b, ¢, d e fEET A (Figs. 2e

B EFREZ - ORE M- BIE

and 3 Bs). a /g3 E B0 % 29 MUK ~1em FD
A3 7oy, EEIFCTEEMTH L. FcHE
752, BAEOBWA ) TR Em, EHIKEY, &
JEE20em BETH A (M ZHE L CTW A 72O FIED
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¢ BIXH RO OMEKILK~Tem FEDA T 7057
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A 3) TIBAILICIAZ T, By T 2R E A 05 E



BRI R BT 2 B KL O KGR O 5 R & £ DR 433

HHEA TV B 728, BUEHCIE SR A R Y JRE R Lo EAL
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To7z. EHIPRE %, Sk3lsk - 2 7 R—L I
THEL, 45213 (P95 %AuS %) TH T AL — F (G
BLEfl=15) 2R L2, &b, KWW TE,
F1-Hem OB T HHEEEE L O TR L. o5k
34 - A (2002) & EIBRD JEE A IV, TR EHLEETSE
Aro s X R oirEEE () H 2 418 ZSX Primus 1) 12T
Motz F7o, WO B, FEAIIEE;HEAT
VLB, AL ARIZIEHIEER D ONL o, b
OHER (7)), $8E (V L) OILFEGH EIT-72.
AL R T 12 2 T W GUR S H B 5257
EPMA (HZARTEF+:# 8800R #l) 12X - TiTo 7.

HWRUERE D720, W O bR B L O EE
TIEO WS RPN L BERBE R T 72, BT
WRF Y v 7 LML HERE (MALT) @ Pelletron
5UD Ini#s % Fv T AMS #:T1T o 72 (Matsuzaki et al.,
2007). MC/BC b ERMEL, 6PC T —25% & L Tht
HERFEE TR L AARWEICH NI UT 0@
DVTHDH, T, ABHETIIHEY X 0L, BETFICE
FACARFZFRD SN o 72720, HEREY X IR L TF
Ot - TROESED EAIIAET 5 B4R (Spo2, 05, 11,
14) DERWPE X 4T o 72, B BRI TITHERED YE Lo
MIEER I OTEs Y v —hB X0, HEY Y,
T ORET KPR G D) FIC R L7z iRALAR A
(2009040502, 2009040509) DiE% 1T 7z, 4ralkHzD
W CLLF @ de Vries and Barendsen (1954) (2 & % FJET
f - 7Vh Y - BRI E T o 72 F 9 60T TEERTE,
80T T IM $HERIC L V) MRILH A%y 14 FEiAT - 7. F
MRS 7z Sp02, 05, 11, 14 (22w TIE, 2 80T T,
IMOBEB WY 202 CHRLAEE 1T 72 72
2009040502 3 & U 2009040509 (22w Tld, 0.0001 M 7>
5 1M @ NaOH T7 V7 ) LB %2475 72 Sp02, 05, 11,
14 13 0.0001 M %5 0.001 M @ NaOH T 7 )V 71 1) L %
fTo7z. 20k, ETOFEEHIOWT 1M, 80T DIl
T 12 BB BUS S, #lK TREE 2 1 iR & 3 72,
Sp02, 05, 11, 14 I2DWTCIE, REAFEF L Thiho /e
28, T ) EEICER LT I U IREIERR R T L
T L7z,

5. DIRER

HeFEW X, Y1, Yo ORESAild Fig. 4 ISR L72& 8D
THb. HEdmm) Zp ATr—NVTERLTWVDS (6=
—logyd). A FBIATHR® HNAHEFEY X O T ROR S
Hild 0~2¢ fHITIC ¥ — 7 % Fo % ikId LRy

MBI E I E T (0,=2~3; Fig. 4a, ¢). &R
TR mm (—2~—3¢) FEIC Y — 7 25Kk R
W (0,=2#21). 1mm LT OMREIE T RIS
L, EBORESHRIZOWTIE, PR E— 272
HTWPEBOWLNE L7 &) BlEE LT, Mk
BUZE &, WIKDPE (0,=2~3). —77, BEHIZBIT
LHEREW Y ORAES AT B o 72— 7 R 5Nk
v (0s=2 fJE; Fig.4b,c). WM Y,DI) Ha, ¢, e f
[BOREGANLH 572 ¥ — 2 2E Tk 4 L <
%<, 1mm LT OMKWEICE T (04=2~3). b, dF
ORFESIR AR mm IZ ¥ — 27 285K B <, #
BB IZZ LW (0,=1~2). HEFEW X O T, HefE
YD a, cfE, WEIEb dfE, FEide fEBIOHEM
MY, EPUTn5, B, KREICBNT, £HE (- -
TR a~f ) ORIEOEBIEICT S I & A
oA (K da, b OHEWmUIOR) & FIF7-HEOMRAT
RO A 55 R X, Yo& L CO A X554i)
PRESEDLE, X, Y2 b2, mLEHIKOE N
EBTHHTERa, cBE LT A X5hE o7z
(Fig. 4a, b D45 DX ; all). Walker (1971) @ Mdp-op
K CTIEHERE Y X O g B L OHEREY Yo b, d B Fall
OIS, ZFOMOFRE K N 4fE Tld Fall & Flow O E
B9 58I 70y b &7 (Fig. 4e).

ST EEEL, A ZBEHOWRY X OFEIZEEND X
a7 (BifE ¢=—4.0~—3.5) T 500£200kg/m> (HIE
¥n=9), BEHEOMEY Y0 dERIZEETRL 20
7 (CRifE ¢=—4.0~—3.5) T 1107£100kg/m®> (n=7) T
Holz, WEBOZZOIZEHNL-GMERE T A3 7k
940+ 140 kg/m® (n=25), KNIRKHFHHER+HONE (1
7T - i, 2007 @ SYP-2) 1$ 1820+560kg/m’ (n=10) % /K
L, R X, YaO A 3) 7ORPTEEPET) = —
XKD (BB Aa) 7TaE) LR%ERWL
[ B (i AEo A

A LSBT Table 1, Fig. 5 IR L72E BN TH A,
WREM X BLOY, YL2HhOAaY 7I2onTiE, wi
MUZDWT D Si0,, Ca0, Nay0 %2 EDILE DN &b o
T, F=F VEOEW S D b £\ (Table 1, Fig. 5a,
b). ZAUL, BT COBIGHRLEET L L, Bt
RSB LY LA T AR R OERAHEA TV
L2 THLEEZOND. 1221, ZERLHEREME
MO % 2T WiE TR ETCE O ITHE LIH
WEaoInE CoMEELIZIFT—HL T (Fig
5d). —h, WX BLOY,, YL,0L - THOESED
SEALFHELE, N FE TICEE ST A IHIEE O
SR (86 - b, 2003; 1UA - i, 2004) & (F1F
—HLTwh. 5, ABERBICHAT HHEEICOWV



434 WBEFE N - REFRUG - 2l #- &z - oKkE B - B

o \
(Wt.%)20 upper [ middle lower |20 all
¥ 1 15 15 15
£ S0 10
2 &s 5
< 0 0
420 2 4 68 420 2 4 68 420 2 4 6 8 20 2 4 68
P upper % middle lower | all
% E1s 15
£ £ \
s B10 10
3 g \ ey
385 5 \
< L M
"5 202468 "4202468 042024068 1% 20212673
[0) ) (0] ‘ [0)
c [ all .
up A
6 . . . . . . < Nl mig =
& low v
5 S all .
.. : = up A
grain size (D) S{S|mid =
fraction (wt.%) al | Llow ¥
Yl all A
-
© 3 2 [#9
o
b S|y, d =
S O
(Wt.%) b o
20 1k ] a v
= 1
2"%10 0
£ 4 3 2 -1 0 1 2 3 4 5
=S5
g Mdé
R o
420 2 4 6 8
\
wt.%)20 layer f 20 layer d PO layer ¢ |
15 15 15 |
10 10 10
Q
=25 5 5
o) 42024 68 44202868 4420024763
2 layer e layer b layer a
& 15 15 15

._.
“w o
“» o
T

4202468 04202468 " 420024°¢67%
[ ) )
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Fig. 5.

Representative diagrams of the whole rock chemical composition analyzed in this study in comparison with other

rocks of Fuji volcano. Data of all plots are in Table 1. pyfa: scoria fall of deposit D, pyfl: scoria in deposit X, Y», lava:
lava flows below and above deposit X, and above Y», *: Range of Younger and Older Fuji (Takahashi ez al., 2003), **:
Range of Sobina and Obuchi lava (Yamamoto et al., 2004), ***: Range of Motomurayama lava V (Yamamoto and

Koshimizu, 2007).

TUL, HHEEY X O TR OEEIEA 2L 5T %
Kiass QLA - fl, 2004) OFBEHEFIZFEEIL, A7
OBFEIEBIAAT 5 EES (7)) 1233573
LA TH - 72,

PALAARRO T B L) 2 OMKHE T Fig. 6
WCRL7: WX BLOY, YoaFoRxa) 7iI2EF
ND0A L AABEFHIX, Mg# A3 7 T 76~80 T2,
) AT 7682 FEJ& & BHE R M R & o9, £70, %
DN L OPD X LR aET ATy 7 & X LB
TALEPR 2 D, 72k 21E, ZOHE—T IR < R
THERESNTHLMIUET A 7 (ATH (1964) O
iz R, 19T - fill, 2007) 1I22WTiE, AL AL
KO 7, 1) Ak LI Mgt Y 78~80 I24£H§ 5 (Fig.
6 D Mu). F72, BEHIZBITAM AT 7 B2X B3
DDPAHAABEEOMK D L SPTWE. I L7232 E
DL, WM X BLOY, LHorASARE R
HDIEBL B4 DICEENLDNAL AAMETH S

B e SRS £ B AR OIS R AL Table 2 3 1)

Th b, WEFEFIL OxCal4.1 (Bronk Ramsey, 2009) (2 &
D, BIEHE IntCal09 % I\ TIEAECEIE 21T - 725 D
RL7z. A BENOZEORBIGAT 5 EEE L SR
L7 B, Wi d B X2 4500~6600yBP & \»
) 4 (5632-1782 calBC) & 72 - 72 (Fig. 3 @ D~@).
—7, BHEHEHIZBWTHERY Y 2O BALICEENT
WeARRIZWI LD B X Z 8400yBP O fii (7587-7191
calBC) Z/x L7z (Fig. 3 ®~®). %8, Spll O
T O KGE G5 0 F R PEHAE (B 2 1F 14180 =70
yBP; IIJC - fil, 2005a) 12N THWEZIRL TWD.
COERELT, ZOTENEMEAESICEDLTICH
WHENHEF L CTB Y, HAAD LEF Y ORATED 5
NAH0, L YWEMEIZHh > TEWESL 2272720
THhHUREIEZLONS.

6. BEE
6-1 7B - HEEEENE
DRIRLZzEBY, WRIX, Y, Y. 25T 5
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Fig. 6. Histogram of Mg# (= Mg/Mg + Fe) of olivine
phenocryst in the products at outcrops A, B, Aok, and
Wak. Mg# at core and rim is shown. X (sample name
=0104pfl) : deposit X at outcrop A, Y (three grains
of scoria=011301, 011302, 011303) - deposit Y; at
outcrop B, Y.up.a: sublayers a, b, and d of deposit Y,
at outcrop B, D: Deposit D at outcrop B, Mu:
Murayama scoria fall at Aok and Wak shown in Figs. 1
and 3. B;-B 4: scoria fall layers at outcrop B shown in
Fig. 3. Number on the right corner of each histogram
indicates the total number of analysis.

KOG, HaFHREEBITVINS L UTW S,
T2, EEMIORERILL TWD 2 L, FEEARD
RETHREL T2 2, BIKPEWT L (Fig.4), A3

VTR TAABELTWAZ L, REbEL M TS
L. HIZ, BB E,L R ACRE AR RS T
Tk, DV M A XOMKRF AR DI TE ST,
BB L LD LNV LR, BiRO LS K
WCHIFI L 72U K R & HZE 212w, 2ok
AR S, MR X, Y, Yo W Fd Eio K
WL BHERTH LIRS E W EFEmOT o5, D
TCl, A, BEHZHT LKW 2z [RRX
e, [FHLAFER] LR 2T 5.

WM AR BTl 2 < RSB 1201 b s 2
EZOVWTIE, DToX) Ic@mans. 3, ARH
OHEFEY X IOV T, F - - REOIZ, Zheh
S DOKIERMEREY (1 70 —2=v ) IZEDHLNT
W B KIRGEARES, ERER, K — DI X
KEEDR 2RO &2 e (728 21E, Wilson, 1980), &
KIEFAZDNT D, KT DG T I > TRIE - B
FN L DM e SITAER, RO PG5 L
72b0EEZOND. FFICPBILILEEIKA RN A 2
VT IETH BN, FEARMICHROMER R L, — k%
FEF AT 7ISHARS EMRKILIKD ZmIcE EFN T
Lo Fl, A TRTIEESHEL WS B, REDR
Bem ES5FTTHLDIZL0b b ¢ ehE LT
FITWE IRl Cnh. Doz s, 25m
TEAGLBETHELZIDEVWI L), EZHNLT -
= KT PR TIRAT 72 AT 2 o T R 5124 L sk
BCHRLAboLiEfllsng. —F, B&EHE &<
HeFEW Yo l2 oW T, TEB a~d @O BB L O
SATHER X o - TR E XM b0NEE L Tw
% (Fig. 4). E 52 EHMAO e~f B OEMB L O£ 5
AOHWEW X O LFE LI PMTnwD, Dkizk), B#
SHClE, A FEUH & Bk KW 2 & Pl iy J 0 I M 5
D=y ML bEBLWc,dE), Ttk M
KL 72 72 O \ZHERE R DIR KW — DFB (e, 1) A¥HERG
L7z BT 52 EDTRETH L. HREY Y IZEILO
HEFEW Yo D e, £ L EAHRRED A AT L CTED,
KINKE O — 2B L O L8 & T KSR O E O 7%
TEIVAESTHERBLTWS, $habb, HEDY,
WZLA7d EUUT &2 3R S 972 K AR B LU &
BERIE, TNOOEmENICE) BIFE LR R
MolebDEFEZH5NE. THIIHLT, e fREEME
ENDHHERED Y IE, BIKOARHFSNDLZ LR LR
WAEFEDBZ TIRD > 72K =V OHERE L 722 &8
IRIEEND.
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Table 2. Results of '*C dating for charcoal and humic soil samples below and above the pyroclastic flow deposits.
Calibration to calendar age was done by OxCal4.1 (Bronk Ramsey, 2009), using IntCal09 as calibration curve.

3 BIEBER
R 1E N . -
5 wes mEem HE RN e Calibrated age (cal BO) R
sample Sample name Locality material (yBP) 8 analysis code A B Likelihood stratigraphic level
No. Y 954%
GRS BREREAD L L0 L
O Sp02 SW humic soil 4628+94 MTC-13233 3636-3097 Upper level than Sobina lava I
< FEfE 3 SP02 & V) BT EAL
® Sp05 ﬂ% & sw humic soil 4505+533 MTC-13234 4464-1782 Upper levelthan Sp02
Q I -
< 5 FRR T3 3 g S BRI
® Spll 8 SE humic soil 4968+50 MTC-13235 3939-3649 Upper level than Obuchi lava
L R FHEBAR L L0 AL
@ Spl4 S humic soil 6635£50 MTC-13236 5632-5486 Upper level than Sobina lava I
i) AR HERY B LS ) o —
©® 2009040502 m N charcoal 8399473 MTC-13164 7587-1201 Inside lava clinker just above deposit Y,
Be 5
2 dtEm  (BRR) HRY,ETRETA=Y 7
m & _ . 1
@ 2009040509 8 N charcoal 8371+74 MTC-13165 7579-7191 Inside scoria fall just below deposit Y
(powdery)

LR OERIE, H2 EEHTOREHRICLLZHDT
Y, A= T HEAOF T A TOEHELIZONTD
A H mAREREN T (A BB 2 KO BERROFEH)
THEATREZR 7210 C, LAbRELRERIIADONT
W\ (Fig. da). F72, RRLO &9 g L7z ki e
Pz, chEC, KBBBEAFZEEHERE~ 7o/
BB AIZ L 2HMED T LA ETH Y, IR LA
B~ 7 ORKIZE DO XD 5 KT O L 7%
L72A5 T, TOX) KB ED L) IZHT - Hifk
T HDOPIZOVTIEEHEOBE 2 ET 545, K - Hil
KRR 2 B S 2 A 3 ) 7RO S E I3n T
B, APUEELE LR EALEREORA EED
vz, ZO XKD AT KB O N A =X
DIHELTHL00b Lk, WU L THHE
BECTIE, FET T (M =X 5) %R
TELIFEBEPTETCVDLERELRVDT, 514,
LD A BRET N, Hic e BHEOFRR, K-~
TRER EETIVEND L. B, KEROE IR
RKELGESOESE% H, KFPHEY L& L2BE0
H/L Jid LIZ LIRS O  SofgiE s LTHW
SNTWD, THERIIZ DWW, AR % B TE
L (BEHEICOWCIEER), INTHE BEHOESE
H, AKFH#EEZ L & L72¥E0 L i 02-03 TH D
CINFE T ST D LB/ INRBL O KR Ol &
[[A2EECdH 5 (Sparks, 1976; EH - fll, 1993; Calder et
al., 1999; Yamamoto ef al., 2005b; HK - fi, 2007).

6-2 FEERHE - EHAOICOWVT

T, AT KRR O W H 2 T 5 A 31) 714,
AN R AT EE LTI T 500-1100kg/m® TH D
FOSEITEEUROZOMmOKINZBI 28 T)
=R L BBETAT) 7O5AE L RS L0
DTHD (728 ZTEME AT 71X 940kg/m’,

Fok A1) T (ZIEMEEE) 1 700-1000 kg/m® A2
Miyaji et al., 2011). —7, TN ZF TIZELKILITHE S
T2 KRR T I & E N2 K O Fp 1 %)%
ORI T 1820 kg/m®, FEIRAKHEHE T D 1900-2200
kgm® (MBS - fill, 2004) TH Y, WH & HHESPIZHE
DENKIED DS 72> T WA, F72, RIFVKFERICIEA
I EZ < &N, FIRARERIZ A GHES X Ok
EERRL T/ eEX LN T 7 VT A — N OFIN
EENDLOIK LT, KE, HILARRIZIEI NS DA
b AR ) K e LI 70 W A R HERE M 1 4
CEENTVRY, ThooFEEE, hETiEsh
TV A RIR, TR AT L N 2 R 3812 S b
O (BB DL ALK —HAGH F 72133\ R L 72
bDOIWZHR) THoooixt LT, KM, HILK#Eo
FEHERRREAT T ) = — A D & 9 2RI B
LD THo7-Z L aRET 5.

=77, K, ALK R ORI B B T AN
THhb. A BWEEMILDINTEMIZI VEHLWES
IZSEAEICEDLNTBY, BARBEICL 2BHSIZEAL
RWHETH L. B EHOWRY Y\ DA ELERATH
SEMET AT 7R D Xk M LA
e EOMBHR TR G DR & KIEEH S L CoR
FoRs, B CTHRICEAFREEIMEL, BEAHRAE
LY, MKBROAT) T I3 RRL5ETH
BT END, TS DK & FEE S K OB
EFEZI, F e, WKRTEHER 23 A R
KILFERRBD SN &, A, BHIESKOA» S
R ED B km U N TWAZ L 2RIBLTWA, T
H (1964) (£ KWPEGRs AR (Faak) & FBHEIZ &7 50
MELT 7 I USRI L) ECHERT 2 2
ERRLTWS, UL, MEIZHMHT 2 KIELIZow
TIIHTEA L TAM I~ B B O BN T CTE82E L 72k
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$BEEZOND720, WEICHMTL2EWNELT 77
L DOREABIRE D DIZHEETH 5. K OAG IR A
BAEDINTEKLATIZ S - 72 &0, KRR o T #
ML 10km 22, Bl TInF ClcmsasnT
WK OPTH RO EANFREL TWDEDD—D
LWz A,

—J5, FETAIY 70554 (LUICIE 2, 2005a;
2007) R@EEKILATY 7 EAE (EH - /A, 2007) ©
JBhr2 o, FELIHg (5 »i2iloe - B 2007) OEL:
EHD ORI LD TEERIE AT A L 2
EPfRIE SN TS, LT - B (20052) (L& LHVEEE T
OELELE (FB) HIEHLOERSEED NI T
HEICEWIEZRLTBY, A LT TORK
OFAENROFIFEOIGEX T2 L2 RmT O LT
X, IS OBKIC K o THPKBRAEEAE L T THA
BTz, Lo L, @iz ovwTidafbo
WEIL ) BTy 0B onT, 72, PALAA
BESG AL DWW TR LA Z L w7z, KEFFEnsy
WG R S BRI O T 7 T g & KWEHERE ) o %t iz >
WT, INUEOHGEMEEHES 2 L3RR o7
MEHGEF A 22 X 1R B 201213, BEIC BT A e
LTI TORET - SRR VD S,

6-3 REFRICOVT

PEERM AT L 2232220 c L 2 b DTH B A
FEBRIIEAROIRER THEOMEER L LS FEF LR
MEEED DD, INFTICHEINTVLHELED,
G TR & B ARAURER RIS X BOE PR E O E
ERH L ETIUE, SROERITINE THES LT
BN L CREEN LR TH L. T4b
b, ABEHTIIHEMNEZE D BLFICH LT 4500~
6600yBP & W) HIEMATTHEY, TNHIRELEEDOT
MOEFHAEESR L, RESRIZOWToREHE (2
211 9030£40yBP, 14180+70yBP; [LIJC - fifl, 2005a)
EEENTH D, L2 >C, MEEmIcHE L KM
KFFHERT 1L 9000~14200 yBP DFIZHERE L 72 b 0 &
HWTE5, &5, KR LB CH L Z L
WA T, BAoEEEER LICEbN B LALT
FAEYIELLSF I L D BEAHEECTH D T L, AHERE
WASILIE iR £ 255 <, HERE 14 FL B 4 IR [ T B 0 1%,
b b LALOEMRAED FLEY 9000 yBP 17T\ FEH]IC
FIABER I ICELN I EPmREEns. —Ji, B
BUCIIHERY Y\ o ZNE L, EFICMET 55
B2 ) U — B LU T KESER b O AR 12O
T, Whd 8400yBP & WO EAHT WS, 2B, (L
IC - Al (20052) Tld 2 OAFEIZFRD &S TEAF LA H
[ZDWTC, 8670+£40yBP & 5 ) A/ C5. BEEH

TICH LA E AT LA 2 B> CTB Y, BEICIES
DL TIET 205, FARAEB G ERE O HEE DD
LT, BIFEANTHLENZL. 277, BE
SHRHE T, FERORLLEE;EE - RELTBY,
BV EDODARSE b THE L v, SEHEIZBVWTH S
DFHEDEEDFADHED R LFHER - BHIN TS
R EAE QLA - B, 2003; LG - 1, 2007), I
FROERMBEOSNEE LR 5B EOFERMEE LTV H
LTHLMREM D HETE v

6-4 ARROEE - FE-XREEYI/YEHEICELD

REEGR

YREE Y 7~ EBET 2T, BRI
5 e, KOS AR LTI 72, 72
& ZIE, ZaE 2000 FEEACTILTHEDRGE 7 VT T Ok
KEBNFSAE L 7R (T - B, 2001), = b K
T~ 7 < KRERBEAKIZE > TEHAEL 72K
(Behncke er al., 2008) 7 &2 X V), X9 R FOELENH
FELTHRESINL I ho721E00 T, F2384L
I BKBEFHDOEFIZOWTHIRL TW 5D L IFEVEEWL
LAL, 000l ZBRSREIIUTE LD TH
KAEREIZEET LWREMERH L. GE-> T, KFEHEOFE
A A N S A LRHBIBE, FEED Y A I 7S R
LTBLLENFS Y, BEHEOD LN DO L) 2L
FHBLZGE &50IEE0EME I L 25461210F,
FTLo0CT— I 2BRL T ZEPEETH D,
Aoy, AREIEIC X B KEERHERE L, chET
BELKIZB W THE ST L KIEFHERY & 13k
By - HEFE X 1 = XL RHEIR E 7 2K REL Y, T
) ==K D &9 B BEIEAIENIZAE - THAE L 721 HE
Pehidp b2 & &R L7z, LanL, BERETIE, KRk
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