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Fig. 1. Map showing geochemical distribution of obsidian sources in Kirigamine, central Japan
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A secondary source

+ chemical group
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2 EREAREMICEITZIEME (primal source) & E#lE (secondary source) DFERRIDITHRIARM D ELER
Fig. 2. Diagram showing chemical comparison between obsidian from primal source and those from secondary source

DEFD7E Rb DA HRE L, WARICE T 5 LHED
HAIZRb D10 FERESC KRS, ko>T, 22T
V35 7 I o/ NEER (IHERG ) oREn (K1) %
G TED & Nz BRI A EEERR R (PESERL AT O T
FRHTFAT) TH 3 IR-1 OHESEE (Imai et al., 1995)
THEILEDOEARZRIELL, AR IS5 0%
DEAZTELREZTH—LL 7.

J5 PEHLERL D B R HHE I 2L — 7 2 L IRt %
BHL, 20628 ME[E Lk, Zhs ofiz X
FRiemg e, wiFho 27— 76 BN 05 B EL g
fili (GEHER) 205 DEEE 0.3 DfIMNTH 5. 2L T,
% 7N — 7 DATMEERHRIO S oA, 2 SE 1T
DFtFTRYT L E L &E, RIS T EHE IR
M 212815 Z20EFND 7N —7OREES O (K
X, fitdif:Y) TH5.

BHU : 7" F 7R AR « AR - 7y IR - Hor
N (X=4.97, Y=2.31)

MT : Hifif= - il (X=1.78, Y=4.10)

BH : 7'F iR - AREMR (X=3.45, Y=2.89)
H: ARG R (X=2.06, Y=3.92)
T:vFYiRERE (X=2.84, Y=3.26)

W : AR (X=1.62, Y=4.88)

200

B: 7 FwiRkR (X=2.38, Y=3.57)
HH: 278 - Bra (X=3.03, Y=2.07)
M : EIRIRA R (X=4.01, Y=2.52)

FS : il - =/ R (X=1.41, Y=3.92)
O : ¥r iR (X=5.89, Y=2.16)

e\, EHE RO B HTE & [F U BRI i
7avy bL, 0o Okl EHE OGN Bk L 72
HOPHERL 72 (K2). £ 112 Zh 6 Dilklo s Hifs
£ (chemical group) #7RF., T2 &, 243k 254
B (BURHE S © On-5-2601-1, Hm-2-127-1) 23HEHE
6 DEEEELY 0.3 DA ZEZ T 7 ay b I,

B On-5-2601-1 1%, 27 )L—7" M D EHE S IC R BT
CZDHiEEZ 0.39 TH D, ZOEDHIEL T 54
¥ - H S OUTBEIC 1 7L — 7 MACHS $ 2 J5 P o
Akl (On-6-104, -107) 2345 L (K1), Rb, Sr, Y,
Zr DA DITLHEDEHRIZ I O 7V — 7 M ofiNIc 7
ny bEN, koT, WUV —7L L CiFlic
2 it 0.3 OHEIPH I A T 3532 o Btk o kHZ,
RO JFHIPE D FURHC R LT 2 ATREME DS .

—77, 3B HmM-2-127-1 3o 7L — 75564
RELHNEBRIC 70y P, —FEw B oL
Do DOlEX 059 THH BOIV—7L LTHHET



=1

REAREMFEOME & EENTER

Table 1. GPS coordinates and results of WD-XRF analysis of obsidian from primary and secondary sources

Sample No. Hd-1- Hd-1- Hd-2- Hd-2- Hd-5- Hd-6- Hd-8- Hd-8- Hm-1- Ht-2-
178-1 180A-1 213-1 203.1-1 491-1 476-1 479A-1 479B-1 116-1 156-1
Lat. (N°) 36.11607 36.11542 36.10979 36.11115 36.12436 36.1196 36.12183 36.12183 36.14851 36.12651
Long. (E°) 138.15337  138.15395  138.15489  138.15517  138.14814  138.15146  138.15298  138.15298  138.14994  138.13451
Occurrence primary primary primary primary primary primary primary primary primary primary
(surface) (surface) (surface) (outcrop) (surface) (surface) (surface) (surface) (outcrop) (surface)
Appearance ob9 ob3 ob7: . ob3 0b71 0b71 ob3 obl ob3 0b71
ususumijo setsurijo setsurijo setsurijo
inwt.%
SiO, 7712 76.82 75.94 77.04 76.96 77.03 7715 7131 76.28 75.98
TiO, 0.09 0.10 0.09 0.09 0.15 0.10 0.10 0.09 0.07 0.09
ALO; 12.63 12.69 12.57 12.66 12.67 12.67 12.66 12.70 12.56 12.56
T-Fe,0; 0.64 0.64 0.64 0.64 0.91 0.64 0.64 0.65 0.68 0.64
MnO 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.07 0.10 0.07
MgO 0.09 0.09 0.08 0.09 0.12 0.08 0.09 0.09 0.07 0.08
CaO 0.49 0.49 0.48 0.49 0.69 0.49 0.49 0.50 0.49 0.48
Na,0 4.02 3.98 3.97 4.00 3.76 3.98 3.96 3.97 3.92 3.94
K,O 4.72 4.75 4.66 4.74 4.80 4.65 4.74 4.68 4.90 4.67
P,0s 0.01 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.02
total 99.88 99.65 98.51 99.83 100.15 99.73 99.93 100.08 99.08 98.53
in ppm
Zn 23.8 239 23.0 22.1 322 242 23.7 239 25.6 227
Rb 142 142 140 142 157 141 140 140 280 141
Sr 412 41.1 41.0 41.5 69.3 421 41.1 41.0 7.9 42.0
Y 26.9 282 282 27.5 24.8 26.6 26.7 26.6 44.7 272
Zr 71.0 76.5 75.8 76.6 121 713 76.6 76.9 88.8 76.4
Nb 9.6 8.6 94 93 94 3.9 9.2 8.7 163 83
Th 7.7 8.7 3.9 8.8 15.9 9.6 9.7 9.1 24.8 3.0
Group HH HH HH HH BHU HH HH HH MT HH
Sample No. Ht-3- On-1- On-2- On-3- On-6- On-6- On-7- Os-1- Os-12- Os-3-
159.1-1 1211-1 1251-1 1281-1 104-1 107-1 194-1 135-1 461-1 101-1
Lat. (N°) 36.12577 36.15623 36.15818 36.15828 36.16297 36.16394 36.15566 36.14314 36.14024 36.14434
Long. (E°) 138.13896  138.18152 138.1814  138.18303  138.18038  138.17905  138.16061  138.17283  138.17726  138.18379
Occurrence primary primary primary primary primary primary primary primary primary primary
(outcrop) (outcrop) (outcrop) (surface) (surface) (surface) (outcrop) (surface) (surface) (surface)
Appearance b3 obl1 obl1 obl1 ob7: ob7: obl1 obl1 ob8 ob7:
setsurijo kaijo ususumijo
inwt.%
SiO, 76.23 76.21 76.06 76.40 71.03 77.11 76.14 76.21 77.04 76.39
TiO, 0.09 0.17 0.15 0.15 0.13 0.13 0.07 0.15 0.08 0.09
ALO; 12.59 12.81 12.67 12.60 12.58 12.62 12.61 12.61 12.59 12.57
T-Fe,0; 0.63 0.98 0.90 0.91 0.88 0.88 0.79 0.92 0.77 0.79
MnO 0.07 0.07 0.07 0.07 0.07 0.07 0.10 0.07 0.09 0.09
MgO 0.09 0.15 0.13 0.13 0.11 0.12 0.05 0.13 0.06 0.07
CaO 0.48 0.73 0.68 0.68 0.66 0.65 0.50 0.68 0.54 0.55
Na,0 4.00 3.91 3.63 3.83 3.75 3.72 4.00 3.72 3.68 3.72
K,O 4.70 4.71 5.06 4.83 4.84 4.82 4.79 4.94 5.16 5.14
P,0s 0.01 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.01 0.01
total 98.89 99.76 99.37 99.62 100.07 100.14 99.06 99.45 100.02 99.42
in ppm
Zn 22.5 349 313 30.2 27.6 28.8 25.1 30.8 25.7 25.6
Rb 141 148 161 162 175 174 278 166 263 251
Sr 41.8 86.4 69.2 66.5 50.6 52.6 2.1 65.7 114 17.5
Y 28.0 249 25.6 25.1 259 263 39.5 249 39.5 36.9
Zr 76.6 139 120 119 106 107 74.6 119 93.9 95.9
Nb 9.0 8.7 9.5 8.6 9.7 94 14.3 8.8 14.8 13.0
Th 8.7 12.5 14.1 14.2 17.9 16.2 25.8 15.7 28.1 249
Group HH (o) BHU BHU M M FS BHU H B
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Table 1. (continued)

Sample No. Os-4- Os-6- Os-9- 0Os-9- Te-5- Ty-1- Wt-2- Wit-3- Wt-4- Wt-6-
427-1 435-1 447-1 448-1 33-1 122-1 6A-1 144-1 143-1 148-1
Lat. (N°) 36.14673 36.14091 36.14585 36.1457 36.14142 36.15185 36.13848 36.13976 36.1409 36.14493
Long. (E°) 138.18153 138.18175  138.17858  138.17881 138.1662 13821092  138.14002  138.13916  138.14072  138.13815
Occurrence primary primary primary primary primary primary primary primary primary primary
(surface) (surface) (surface) (surface) (surface) (outcrop) (outcrop) (outcrop) (surface) (surface)
Appearance obll 0b7f, obll obll ob7: . ob3 obl5 obl5 ob9 ob8or9
setsurijo ususumijo
inwt.%
SiO, 76.62 76.90 76.71 76.75 76.74 76.68 76.12 76.09 76.27 76.44
TiO, 0.16 0.12 0.15 0.15 0.10 0.07 0.05 0.06 0.06 0.06
ALO; 12.66 12.63 12.65 12.65 12.64 12.68 12.64 12.62 12.66 12.57
T-Fe,0; 0.93 0.85 0.92 091 0.82 0.68 0.75 0.75 0.76 0.80
MnO 0.07 0.08 0.07 0.07 0.08 0.10 0.12 0.11 0.12 0.10
MgO 0.14 0.11 0.13 0.12 0.09 0.06 0.05 0.05 0.05 0.06
CaO 0.71 0.62 0.70 0.70 0.59 0.49 0.49 0.49 0.50 0.50
Na,O 3.81 3.81 3.78 3.77 3.78 4.07 4.09 4.09 4.10 343
K,0 4.74 4.84 4.76 4.80 4.99 4.67 4.61 4.59 4.58 5.60
P05 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01
total 99.86 99.97 99.89 99.94 99.84 99.51 98.93 98.86 99.11 99.57
in ppm
Zn 329 273 30.8 31.6 264 24.8 254 259 257 243
Rb 152 200 156 157 229 280 333 335 338 283
Sr 74.0 392 712 70.3 278 7.1 6.4 72 6.6 1.6
Y 239 292 24.6 239 333 46.6 520 524 524 413
Zr 126 102 123 122 975 89.4 874 86.9 873 76.8
Nb 9.2 112 8.6 9.2 12.6 16.0 18.6 19.3 19.7 149
Th 139 19.6 142 159 21.6 255 30.5 30.9 31.6 26.6
Group BHU BH BHU BHU T MT w w w FS
Sample No. Hd-3- Hd-3- Hm-2- Hm-3- Ht-1- Ht-3- Ht-4- Ht-4- On-4- On-4-
217-1 219-1 127-1 128-1 153-1 161-1 163A-1 163B-1 1291A-1 1291B-1
Lat. (N°) 36.10631 36.10679 36.15502 3615424 36.12951 36.12652 36.1289 36.1289 36.15768 36.15768
Long. (E°) 138.14898 138.14793  138.14037  138.14124  138.13985  138.14218  138.14452  138.14452  138.18631  138.18631
Occurrence secondary secondary  secondary  secondary  secondary  secondary  secondary  secondary  secondary  secondary
Appearance ob7: usu: ob7: usu: ob4 0b75. 0b75. ob3 ob3or7 obl5 ob4 ob4
hakusumijo  hakusumijo setsurijo setsurijo
inwt.%
SiO, 77.89 71.36 76.35 76.34 76.46 76.74 76.05 76.28 76.51 7726
TiO, 0.10 0.10 0.10 0.07 0.09 0.10 0.09 0.09 0.08 0.13
ALO; 12.89 12.74 12.83 12.58 12.63 12.60 12.58 12.61 12.62 12.59
T-Fe,0; 0.65 0.66 0.80 0.68 0.64 0.64 0.63 0.64 0.78 0.86
MnO 0.07 0.07 0.10 0.10 0.07 0.07 0.07 0.07 0.09 0.07
MgO 0.09 0.08 0.10 0.06 0.08 0.08 0.08 0.08 0.07 0.10
CaO 0.49 0.50 0.63 0.50 0.48 0.49 0.48 0.48 0.54 0.64
Na,0O 397 395 4.04 4.04 3.98 4.00 3.98 4.00 3.95 3.73
K,0 4.72 4.75 4.62 4.68 4.69 4.63 4.69 4.67 4.84 4.84
P05 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01
total 100.89 100.23 99.59 99.06 99.13 99.36 98.66 98.93 99.49 100.23
in ppm
Zn 23.0 24.1 26.5 264 226 238 23.1 24.1 259 28.1
Rb 143 142 270 278 143 140 140 141 265 184
Sr 427 42,6 269 10.1 414 40.6 414 41.8 13.1 46.7
Y 282 26.5 449 46.0 275 26.5 279 273 39.8 262
Zr 794 77.6 93.7 89.0 711 71.0 76.2 771 942 105
Nb 9.4 7.8 159 15.5 7.9 9.1 9.6 8.7 14.0 9.9
Th 82 8.9 249 25.6 8.7 9.7 8.6 8.2 26.2 18.5
Group HH HH K MT HH HH HH HH H M
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Table 1. (continued)

Sample No. On-5- On-6- On-6- On-6- Os-1- Os-2- Os-3- 0s-9- Te-1- Tc-2-
2601-1 106-1 108A-1 108B-1 134-1 140-1 100-1 451-1 118-1 115-1
Lat. (N°) 36.16331 36.16413 36.16399 36.16399 36.14335 36.14181 36.14372 36.14552 36.14483 36.14671
Long. (E°) 138.17858  138.17967 138.178 138.178  138.17346 138.1796  138.18361  138.18039  138.15708  138.15334
Occurrence  secondary  secondary  secondary  secondary  secondary  secondary  secondary  secondary  secondary  secondary
Appearance obT: . 0b7f, obT: B obll obll 0b7f, obT: . obl ob3? ob8
ususumijo setsurijo ususumijo setsurijo ususumijo
inwt.%
SiO, 77.03 77.03 76.57 76.49 76.53 76.36 76.92 76.51 75.51 75.76
TiO, 0.14 0.13 0.10 0.13 0.15 0.08 0.10 0.17 0.08 0.08
ALO; 12.60 12.55 12.63 12.58 12.65 12.61 12.56 12.72 12.55 12.55
T-Fe,05 0.89 0.88 0.81 0.88 0.91 0.78 0.82 0.95 0.72 0.70
MnO 0.07 0.07 0.08 0.07 0.07 0.09 0.08 0.07 0.09 0.10
MgO 0.12 0.12 0.08 0.11 0.13 0.06 0.09 0.13 0.08 0.07
CaO 0.67 0.65 0.58 0.66 0.69 0.54 0.59 0.72 0.55 0.52
Na,O 3.74 3.72 3.84 3.69 3.73 3.89 371 3.84 4.00 4.00
K,0 481 4.84 4.89 4.99 471 4.90 4.98 4.70 4.64 4.63
P,0s 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.01
total 100.09 100.01 99.59 99.61 99.65 99.32 99.86 99.83 98.23 98.42
in ppm
Zn 28.7 284 26.5 27.7 31.7 255 26.1 324 26.6 26.3
Rb 169 179 235 178 156 261 224 150 261 275
Sr 58.1 51.0 239 515 67.3 115 26.9 79.8 17.7 113
Y 24.7 25.1 345 26.1 24.6 39.0 332 233 43.1 45.5
Zr 114 105 97.5 106 121 95.2 96.8 136 91.9 89.5
Nb 9.1 9.3 12.7 9.6 8.6 14.5 12.0 7.8 15.1 159
Th 174 17.6 229 16.7 15.0 26.1 23.1 15.8 244 26.5
Group nd M T M BHU H T (6] H H
Te-3- Tc-4- Ty-2- Wt-1-
Sample No. 114-1 120-1 12711 7.1 KS MK TS JR-1
Lat. (N°) 36.14796 36.14275 36.14917 36.13792 - 36.05755 36.04475 36.15392
Long. (E°) 138.15098  138.15615  138.20767  138.13995 - 13835805 138.31786  138.14162
Occurrence  secondary  secondary  secondary  secondary - prmary prmary -
(outcrop) (outcrop)
Appearance ob7: . ob3 ob3 Ob7f . - - - -
ususumijo setsurijo
inwt.%
SiO, 76.41 75.76 76.59 76.02 77.55 77.16 76.55 75.60
TiO, 0.07 0.08 0.07 0.06 0.13 0.16 0.15 0.11
ALO; 12.58 12.55 12.63 12.58 12.71 12.45 12.35 12.86
T-Fe,05 0.68 0.78 0.68 0.75 0.84 0.93 0.91 0.89
MnO 0.10 0.09 0.10 0.11 0.07 0.05 0.05 0.10
MgO 0.06 0.06 0.06 0.05 0.17 0.14 0.15 0.12
CaO 0.49 0.54 0.49 0.50 0.81 0.75 0.73 0.67
Na,O 4.06 3.90 4.00 4.07 437 3.90 3.93 4.03
K,0 4.67 4.74 4.83 4.61 3.29 420 421 442
P,0s 0.01 0.01 0.01 0.01 0.03 0.02 0.02 0.02
total 99.13 98.51 99.46 98.76 99.97 99.76 99.05 98.82
in ppm
Zn 25.7 25.7 255 242 24.1 312 29.6 30.7
Rb 280 261 281 324 68.7 103 108 258
Sr 6.9 14.8 8.1 6.1 75.1 116 115 29.2
Y 46.7 39.1 46.2 50.9 25.7 16.7 16.7 452
Zr 88.1 95.2 88.8 88.2 76.6 103 101 100
Nb 16.0 139 15.6 18.6 7.3 6.6 6.1 152
Th 25.2 26.1 26.1 31.2 4.6 7.5 6.5 26.8
Group MT H HH w - - - -
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Fig. 3. Diagram showing chemical classification of obsidian artifacts based on WD-XRF analysis
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Table 2. Result of WD-XRF analysis for selected obsidian artifacts

Round HP-1 HP-2 HP-1 HP-1 HP-2 HP-2 HP-2 HP-1 HP-2 HP-2
Area TP-2 EA-1 TP-2 TP-2 EA-1 EA-1 EA-1 TP-3 EA-2 EA-1
Artifact No.38 No.46 No.47 No.57 No.86 No.141 No.149 No.157 No.181 No.189
Appearance ob3 obs: obl ob4 ob2 obl5 obl2 ob6 ob7 ob7
madara
inwt.%
SiO, 76.61 76.87 76.81 76.64 76.68 76.09 76.70 76.62 76.41 76.75
TiO, 0.07 0.07 0.08 0.07 0.07 0.17 0.07 0.07 0.07 0.07
ALO; 12.65 12.64 12.72 12.61 12.73 12.81 12.72 12.59 12.64 12.65
T-Fe,O5 0.68 0.68 0.71 0.68 0.68 0.98 0.69 0.68 0.68 0.69
MnO 0.10 0.10 0.10 0.10 0.10 0.07 0.10 0.10 0.10 0.10
MgO 0.06 0.06 0.07 0.07 0.05 0.15 0.05 0.06 0.07 0.07
CaO 0.49 0.49 0.53 0.50 0.49 0.73 0.50 0.50 0.49 0.50
Na,O 4.00 3.73 391 3.92 3.83 3.78 391 3.98 4.02 3.93
K,0 4.59 5.00 4.70 4.70 4.76 471 4.74 4.61 4.60 4.76
P,0s 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01
total 99.26 99.65 99.63 99.30 99.40 99.50 99.47 99.21 99.09 99.53
in ppm
Zn 272 27.1 27.8 273 272 36.2 28.2 28.1 27.6 26.8
Rb 272 274 273 274 272 146 271 271 273 275
Sr 7.6 7.6 11.0 7.0 7.7 822 8.5 7.5 7.9 8.0
Y 448 44.6 45.0 444 448 253 44.1 44.6 44.1 449
Zr 88.4 872 89.5 88.1 88.0 131 87.5 89.7 87.1 89.0
Nb 153 15.8 15.6 15.6 16.0 84 16.5 15.1 16.0 149
Th 26.0 27.1 27.2 26.2 26.9 123 28.6 26.3 27.2 27.6
Group MT MT H MT MT (6] MT MT MT MT
Reliability very high very high high very high very high moderate very high very high very high very high
Round HP-2 HP-2 HP-2 HP-2 HP-2 HP-2 HP-2 HP-2 HP-2 HP-3
Area EA-1 EA-1 EA-1 EA-2 EA-1 EA-1 EA-1 EA-2 EA-2 EA-2
Artifact No.210 No.232 No.289 No.325 No.347 No.395 No.493 No.901 No.1321 No.1414
Appearance obll obl0 ob8 ob2 ob9 obl3 ob6 obll ob7 obl2
inwt.%
SiO, 76.24 76.58 76.59 76.45 76.06 76.51 76.63 76.05 76.31 76.64
TiO, 0.09 0.08 0.06 0.08 0.06 0.07 0.08 0.09 0.10 0.07
ALO; 12.72 12.66 12.68 12.73 12.59 12.69 12.63 12.70 12.63 12.66
T-Fe,05 0.75 0.70 0.76 0.69 0.76 0.69 0.70 0.76 0.64 0.68
MnO 0.10 0.10 0.11 0.10 0.11 0.10 0.10 0.10 0.07 0.10
MgO 0.10 0.07 0.04 0.06 0.06 0.05 0.08 0.08 0.08 0.06
CaO 0.56 0.51 0.51 0.51 0.51 0.51 0.51 0.58 0.48 0.50
Na,O 3.96 3.88 4.03 3.69 3.87 3.96 3.96 3.96 3.89 3.85
K,0 4.64 4.78 4.61 5.06 4.80 4.66 4.61 4.57 4.64 4.83
P,0s 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
total 99.16 99.37 99.40 99.36 98.81 99.23 99.29 98.89 98.87 99.41
in ppm
Zn 274 27.8 27.6 26.7 274 274 26.9 272 245 274
Rb 266 274 306 277 305 276 274 265 139 272
Sr 16.0 9.9 6.9 10.0 6.3 8.9 9.0 19.9 412 8.4
Y 439 44.0 46.3 44.7 45.6 45.1 435 444 26.0 453
Zr 90.1 90.3 90.4 90.2 90.4 89.8 90.0 90.9 779 88.9
Nb 15.6 16.0 173 159 16.9 153 15.6 14.0 8.5 152
Th 25.0 26.6 304 25.5 28.8 27.0 26.3 253 9.7 26.6
Group H H nd MT nd MT H,MT nd HH MT
Reliability moderate high nd very high nd very high high nd very high very high
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Table 2. (continued)

Round HP-3 HP-3 HP-3 HP-3 HP-3 HP-3 HP-3 HP-3 HP-3 HP-3
Area EA-2 EA-2 EA-2 EA-2 EA-2 EA-2 EA-2 EA-2 EA-2 EA-2
Artifact No.1556 No.1581 No.1688 No.1691 No.1965 No.1970 No.2014 No.2147 No.2181 No.2247
Appearance 00 ob9 obs: ob8 ob12 obs: ob3 obl1 obl4 ob3
madara moya moya
inwt.%
Sio, 76.52 76.37 76.71 76.17 76.52 76.55 76.77 75.89 76.07 76.60
TiO, 0.08 0.10 0.07 0.06 0.07 0.07 0.07 0.10 0.09 0.07
ALO; 12.59 12.59 12.59 12.66 12.60 12.66 12.62 12.80 12.54 12.67
T-Fe,0; 0.69 0.64 0.67 0.75 0.68 0.69 0.68 0.79 0.79 0.68
MnO 0.10 0.07 0.10 0.12 0.10 0.10 0.10 0.10 0.09 0.10
MgO 0.06 0.09 0.06 0.04 0.08 0.07 0.06 0.10 0.09 0.06
CaO 0.50 0.48 0.49 0.50 0.50 0.50 0.49 0.63 0.56 0.50
Na,O 4.03 3.94 3.99 4.04 3.99 3.97 4.04 3.99 3.83 3.96
K0 4.60 4.61 4.61 4.53 4.61 4.69 4.73 4.55 4.70 4.64
P,0s 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01
total 99.16 98.89 99.31 98.87 99.16 99.30 99.57 98.96 98.76 99.28
in ppm
Zn 259 233 262 262 277 26.8 243 287 274 27.0
Rb 272 140 272 327 273 275 283 261 235 271
Sr 84 413 7.0 6.0 7.3 9.3 6.9 264 17.0 74
Y 459 26.3 45.0 50.8 453 447 46.9 42.8 349 44.8
Zr 89.0 752 88.7 84.2 87.9 88.2 89.4 92.6 972 88.2
Nb 155 8.6 154 185 16.3 152 16.6 152 12.1 159
Th 26.3 9.0 26.7 312 26.0 27.1 259 25.6 242 26.5
Group MT HH MT w MT MT MT K B MT
Reliability high very high very high high very high very high very high moderate high very high
Round HP-3 HP-3 HP-3 HP-3 HP-3 HP-3 HP-3 HP-3 HP-3 HP-3
Area EA-2 EA-2 EA-2 EA-2 EA-2 EA-2 EA-2 EA-2 EA-2 EA-2
Artifact No.2273 No.2359 No.2442 No.2610 No.2623 No.2642 No.2863 No.2945 No.2954 No.2964
Appearance ob4 obl obl0 ob4 ob3 obs: ob7 ob7 ob7 obl5
madara
inwt.%
Sio, 76.48 76.64 76.46 76.50 76.62 76.53 76.24 76.22 76.52 76.33
TiO, 0.07 0.08 0.08 0.07 0.08 0.09 0.09 0.10 0.07 0.09
ALO; 12.65 12.72 12.67 12.59 12.65 12.73 12.63 12.64 12.78 12.56
T-Fe,0; 0.68 0.74 0.70 0.68 0.67 0.78 0.64 0.67 0.69 0.64
MnO 0.10 0.10 0.10 0.10 0.10 0.10 0.07 0.07 0.10 0.07
MgO 0.07 0.08 0.07 0.05 0.07 0.10 0.09 0.09 0.05 0.08
CaO 0.50 0.54 0.51 0.50 0.49 0.55 0.48 0.50 0.51 0.49
Na,O 3.95 4.01 3.92 3.99 3.99 4.00 3.83 3.89 3.97 3.93
K0 4.63 4.59 4.65 4.61 4.62 4.62 4.71 4.62 4.62 4.62
P,0s 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01
total 99.14 99.51 99.18 99.09 99.30 99.49 98.81 98.82 99.33 98.82
in ppm
Zn 26.3 28.1 277 27.6 26.7 27.6 257 25.0 26.8 243
Rb 272 271 271 272 270 271 139 139 273 139
Sr 8.1 137 10.0 8.8 8.1 127 41.6 427 9.5 41.0
Y 443 443 45.1 44.8 44.8 445 26.5 26.6 45.0 275
Zr 87.6 90.9 88.7 88.9 89.0 93.7 76.6 75.7 88.5 76.5
Nb 157 159 152 15.0 162 149 84 8.9 16.7 9.0
Th 26.0 27.6 27.0 25.1 262 26.5 94 94 26.6 9.7
Group MT H H MT MT H HH HH MT HH
Reliability very high high high high very high high very high high very high very high
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Table 3. Results of chemical classification of representative obsidian artifacts based on WD-XRF and ED-XRF analyses

Chemical group Chemical group
Round Area  Artifact Round  Area Artifact
ED-XRF  WD-XRF ED-XRF  WD-XRF

HP-1 TP-2 No.38 MT MT HP-3 EA-2  No.1556 nd MT
HP-2 EA-1 No.46 nd MT HP-3 EA-2  No.1581 HH HH
HP-1 TP-2 No.47 nd H HP-3 EA-2  No.1688 MT MT
HP-1 TP-2 No.57 nd MT HP-3 EA-2  No.1691 W W
HP-2 EA-1 No.86 nd MT HP-3 EA-2  No.1965 nd MT
HP-2 EA-1 No.141 BHU (0] HP-3 EA-2  No.1970 MT MT
HP-2 EA-1 No.149 MT MT HP-3 EA-2  No.2014 MT MT
HP-1 TP-3 No.157 MT MT HP-3 EA-2  No.2147 K K
HP-2 EA-2 No.181 MT MT HP-3 EA-2  No.2181 nd K
HP-2 EA-1 No.189 MT MT HP-3 EA-2  No.2247 nd MT
HP-2 EA-1 No.210 nd H HP-3 EA-2  No.2273 MT MT
HP-2 EA-1 No.232 MT H HP-3 EA-2  No.2359 nd H
HP-2 EA-1 No.289 nd nd HP-3 EA-2  No.2442 nd H
HP-2 EA-2 No.325 MT MT HP-3 EA-2  No.2610 MT MT
HP-2 EA-1 No.347 nd nd HP-3 EA-2  No.2623 MT MT
HP-2 EA-1 No.395 MT MT HP-3 EA-2  No.2642 MT H
HP-2 EA-1 No.493 nd H, MT HP-3 EA-2  No.2863 HH HH
HP-2 EA-2 No.901 K nd HP-3 EA-2  No.2945 HH HH
HP-2 EA-2  No.1321 HH HH HP-3 EA-2  No.2954 MT MT
HP-3 EA-2 No.1414 MT MT HP-3 EA-2  No.2964 HH HH
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Table 4. Results of chemical classification of obsidian artifacts (EA-1; TP-1; TP-2) based on ED-XRF analysis

R4 FEMEMMTICEDWCER ER (EA-1; TP-1; TP-2) L& T2 RBEARAHRDCZNILEER

Round Area Artifact Group Round Area Artifact Group Round Area Artifact Group
HP-1 TP-2 No.l MT HP-1 TP-2 No.69 MT HP-2 EA-1 No.27 nd
HP-1 TP-2 No.2 MT HP-1 TP-2 No.70 MT HP-2 EA-1 No.28 MT
HP-1 TP-2 No.3 w HP-1 TP-2 No.71 MT HP-2 EA-1 No.29 nd
HP-1 TP-2 No.4 nd HP-1 TP-2 No.72 nd HP-2 EA-1 No.30 nd
HP-1 TP-2 No.5 MT HP-1 TP-2 No.73 nd HP-2 EA-1 No.31 MT
HP-1 TP-2 No.6 MT HP-1 TP-2 No.74 MT HP-2 EA-1 No.32 MT
HP-1 TP-2 No.7 nd HP-1 TP-2 No.75 MT HP-2 EA-1 No.33 MT
HP-1 TP-2 No.8 nd HP-1 TP-2 No.76 MT HP-2 EA-1 No.34 nd
HP-1 TP-2 No.9 K HP-1 TP-2 No.77 nd HP-2 EA-1 No.35 MT
HP-1 TP-2 No.10 MT HP-1 TP-2 No.78 MT HP-2 EA-1 No.36 nd
HP-1 TP-2 No.11 w HP-1 TP-2 No.79 HH HP-2 EA-1 No.37 nd
HP-1 TP-2 No.12 MT HP-1 TP-2 No.80 MT HP-2 EA-1 No.38 nd
HP-1 TP-2 No.13 MT HP-1 TP-2 No.81 nd HP-2 EA-1 No.39 nd
HP-1 TP-2 No.14 MT HP-1 TP-2 No.82 nd HP-2 EA-1 No.40 MT
HP-1 TP-2 No.15 K HP-1 TP-2 No.83 nd HP-2 EA-1 No.41 nd
HP-1 TP-2 No.16 HH HP-1 TP-2 No.84 MT HP-2 EA-1 No.45 MT
HP-1 TP-2 No.17 MT HP-1 TP-2 No.85 MT HP-2 EA-1 No.46 MT
HP-1 TP-2 No.20 MT HP-1 TP-2 No.86 nd HP-2 EA-1 No.47 nd
HP-1 TP-2 No.21 nd HP-1 TP-2 No.87 nd HP-2 EA-1 No.48 nd
HP-1 TP-2 No.22 MT HP-1 TP-2 No.88 MT HP-2 EA-1 No.49 nd
HP-1 TP-2 No.23 MT HP-1 TP-2 No.89 MT HP-2 EA-1 No.50 MT
HP-1 TP-2 No.24 MT HP-1 TP-2 No.90 MT HP-2 EA-1 No.51 nd
HP-1 TP-2 No.25 MT HP-1 TP-2 No.91 MT HP-2 EA-1 No.52 MT
HP-1 TP-2 No.26 nd HP-1 TP-2 No.92 MT HP-2 EA-1 No.53 nd
HP-1 TP-2 No.27 MT HP-1 TP-2 No.93 MT HP-2 EA-1 No.54 nd
HP-1 TP-2 No.28 MT HP-1 TP-2 No.9%4 MT HP-2 EA-1 No.55 MT
HP-1 TP-2 No.30 B HP-1 TP-2 No.95 nd HP-2 EA-1 No.56 nd
HP-1 TP-2 No.31 w HP-1 TP-2 No.96 MT HP-2 EA-1 No.57 nd
HP-1 TP-2 No.32 nd HP-1 TP-2 No.97 MT HP-2 EA-1 No.58 nd
HP-1 TP-2 No.33 MT HP-1 TP-2 No.98 MT HP-2 EA-1 No.59 w
HP-1 TP-2 No.34 MT HP-1 TP-2 No.99 MT HP-2 EA-1 No.60 nd
HP-1 TP-2 No.35 MT HP-1 TP-2 No.100 MT HP-2 EA-1 No.61 w
HP-1 TP-2 No.36 MT HP-1 TP-2 No.101 nd HP-2 EA-1 No.62 MT
HP-1 TP-2 No.37 MT HP-1 TP-2 No.102 MT HP-2 EA-1 No.63 MT
HP-1 TP-2 No.38 MT HP-1 TP-2 No.103 MT HP-2 EA-1 No.64 MT
HP-1 TP-2 No.39 MT HP-1 TP-2 No.104 nd HP-2 EA-1 No.65 MT
HP-1 TP-2 No.40 nd HP-1 TP-2 No.105 MT HP-2 EA-1 No.66 MT
HP-1 TP-2 No.41 MT HP-1 TP-2 No.106 nd HP-2 EA-1 No.67 nd
HP-1 TP-2 No.42 nd HP-1 TP-2 No.107 MT HP-2 EA-1 No.68 nd
HP-1 TP-2 No.43 nd HP-1 TP-2 No.108 MT HP-2 EA-1 No.69 nd
HP-1 TP-2 No.44 MT HP-1 TP-2 No.109 nd HP-2 EA-1 No.70 nd
HP-1 TP-2 No.45 nd HP-1 TP-2 No.110 MT HP-2 EA-1 No.71 MT
HP-1 TP-2 No.46 nd HP-1 TP-2 No.111 nd HP-2 EA-1 No.72 MT
HP-1 TP-2 No.47 nd HP-1 TP-2 No.112 nd HP-2 EA-1 No.73 MT
HP-1 TP-2 No.48 MT HP-1 TP-2 No.113 nd HP-2 EA-1 No.74 T
HP-1 TP-2 No.49 MT HP-1 TP-2 No.114 nd HP-2 EA-1 No.75 nd
HP-1 TP-2 No.50 w HP-1 TP-2 No.115 nd HP-2 EA-1 No.76 MT
HP-1 TP-2 No.51 nd HP-1 TP-2 No.116 MT HP-2 EA-1 No.77 nd
HP-1 TP-2 No.52 nd HP-1 TP-2 No.117 nd HP-2 EA-1 No.78 nd
HP-1 TP-2 No.53 MT HP-1 TP-2 No.118 nd HP-2 EA-1 No.79 nd
HP-1 TP-2 No.54 MT HP-1 TP-2 No.119 MT HP-2 EA-1 No.80-1 MT
HP-1 TP-2 No.55 nd HP-1 TP-2 No.120 MT HP-2 EA-1 No.80-2 MT
HP-1 TP-2 No.56 nd HP-1 TP-2 No.121 nd HP-2 EA-1 No.81 MT
HP-1 TP-2 No.57 nd HP-1 TP-2 No.122 nd HP-2 EA-1 No.82 MT
HP-1 TP-2 No.58 MT HP-1 TP-2 No.123 MT HP-2 EA-1 No.83 MT
HP-1 TP-2 No.59 K HP-1 TP-2 No.124 nd HP-2 EA-1 No.84 MT
HP-1 TP-2 No.60 MT HP-2 EA-1 No.3 MT HP-2 EA-1 No.85 nd
HP-1 TP-2 No.61 HH HP-2 EA-1 No.8 w HP-2 EA-1 No.86 MT
HP-1 TP-2 No.62 nd HP-2 EA-1 No.9 K HP-2 EA-1 No.87 nd
HP-1 TP-2 No.63 nd HP-2 EA-1 No.21 nd HP-2 EA-1 No.88 HH
HP-1 TP-2 No.64 MT HP-2 EA-1 No.22 MT HP-2 EA-1 No.89 HH
HP-1 TP-2 No.65 w HP-2 EA-1 No.23 MT HP-2 EA-1 No.90 MT
HP-1 TP-2 No.66 MT HP-2 EA-1 No.24 MT HP-2 EA-1 No.91 MT
HP-1 TP-2 No.67 nd HP-2 EA-1 No.25 nd HP-2 EA-1 No.92 nd
HP-1 TP-2 No.68 MT HP-2 EA-1 No.26 nd HP-2 EA-1 No.93 nd
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Table 4. (continued)

Round Area Artifact Group Round Area Artifact Group Round Area Artifact Group
HP-2 EA-1 No.%94 MT HP-2 EA-1 No.162 nd HP-2 EA-1 No.231 nd
HP-2 EA-1 No.95 nd HP-2 EA-1 No.163 BH, T HP-2 EA-1 No.232 MT
HP-2 EA-1 No.96 nd HP-2 EA-1 No.164 MT HP-2 EA-1 No.233 nd
HP-2 EA-1 No.97 MT HP-2 EA-1 No.165 MT HP-2 EA-1 No.235 MT
HP-2 EA-1 No.98 MT HP-2 EA-1 No.166 MT HP-2 EA-1 No.236 MT
HP-2 EA-1 No.99 MT HP-2 EA-1 No.167 MT HP-2 EA-1 No.237 MT
HP-2 EA-1 No.100 MT HP-2 EA-1 No.168 nd HP-2 EA-1 No.238 nd
HP-2 EA-1 No.101 HH HP-2 EA-1 No.169 HH HP-2 EA-1 No.239 MT
HP-2 EA-1 No.102 nd HP-2 EA-1 No.170 MT HP-2 EA-1 No.240 MT
HP-2 EA-1 No.103 MT HP-2 EA-1 No.171 nd HP-2 EA-1 No.241 MT
HP-2 EA-1 No.104 nd HP-2 EA-1 No.172 nd HP-2 EA-1 No.242 MT
HP-2 EA-1 No.105 MT HP-2 EA-1 No.173 MT HP-2 EA-1 No.243 MT
HP-2 EA-1 No.106 nd HP-2 EA-1 No.174 MT HP-2 EA-1 No.244 nd
HP-2 EA-1 No.107 nd HP-2 EA-1 No.175 MT HP-2 EA-1 No.245 nd
HP-2 EA-1 No.108 MT HP-2 EA-1 No.176 B HP-2 EA-1 No.246 MT
HP-2 EA-1 No.109 nd HP-2 EA-1 No.177 MT HP-2 EA-1 No.247 nd
HP-2 EA-1 No.110 nd HP-2 EA-1 No.178 MT HP-2 EA-1 No.248 MT
HP-2 EA-1 No.111 w HP-2 EA-1 No.179 MT HP-2 EA-1 No.249 MT
HP-2 EA-1 No.112 MT HP-2 EA-1 No.180 nd HP-2 EA-1 No.250 MT
HP-2 EA-1 No.113 nd HP-2 EA-1 No.181 nd HP-2 EA-1 No.251 MT
HP-2 EA-1 No.114 MT HP-2 EA-1 No.185 HH HP-2 EA-1 No.252 nd
HP-2 EA-1 No.115 nd HP-2 EA-1 No.186 MT HP-2 EA-1 No.253 nd
HP-2 EA-1 No.116 MT HP-2 EA-1 No.187 MT HP-2 EA-1 No.254 MT
HP-2 EA-1 No.117 nd HP-2 EA-1 No.188 MT HP-2 EA-1 No.255 MT
HP-2 EA-1 No.118 K HP-2 EA-1 No.189 MT HP-2 EA-1 No.256 MT
HP-2 EA-1 No.119 MT HP-2 EA-1 No.190 FS HP-2 EA-1 No.257 MT
HP-2 EA-1 No.120 MT HP-2 EA-1 No.191 nd HP-2 EA-1 No.258 MT
HP-2 EA-1 No.121 nd HP-2 EA-1 No.192 FS HP-2 EA-1 No.259 MT
HP-2 EA-1 No.122 MT HP-2 EA-1 No.193 MT HP-2 EA-1 No.260 nd
HP-2 EA-1 No.123 nd HP-2 EA-1 No.194 nd HP-2 EA-1 No.263 nd
HP-2 EA-1 No.124 MT HP-2 EA-1 No.195 MT HP-2 EA-1 No.264 nd
HP-2 EA-1 No.125 MT HP-2 EA-1 No.196 MT HP-2 EA-1 No.265 MT
HP-2 EA-1 No.126 nd HP-2 EA-1 No.197 nd HP-2 EA-1 No.266 MT
HP-2 EA-1 No.127 nd HP-2 EA-1 No.198 MT HP-2 EA-1 No.267 nd
HP-2 EA-1 No.128 MT HP-2 EA-1 No.199 MT HP-2 EA-1 No.268 MT
HP-2 EA-1 No.129 H HP-2 EA-1 No.200 nd HP-2 EA-1 No.269 w
HP-2 EA-1 No.130 MT HP-2 EA-1 No.201 HH HP-2 EA-1 No.270 nd
HP-2 EA-1 No.131 nd HP-2 EA-1 No.202 MT HP-2 EA-1 No.271 nd
HP-2 EA-1 No.132 nd HP-2 EA-1 No.203 MT HP-2 EA-1 No.272 nd
HP-2 EA-1 No.133 MT HP-2 EA-1 No.204 MT HP-2 EA-1 No.273 nd
HP-2 EA-1 No.134 MT HP-2 EA-1 No.205 MT HP-2 EA-1 No.274 nd
HP-2 EA-1 No.135 MT HP-2 EA-1 No.206 nd HP-2 EA-1 No.275 nd
HP-2 EA-1 No.136 MT HP-2 EA-1 No.207 MT HP-2 EA-1 No.276 MT
HP-2 EA-1 No.137 nd HP-2 EA-1 No.208 nd HP-2 EA-1 No.277 MT
HP-2 EA-1 No.138 MT HP-2 EA-1 No.209 MT HP-2 EA-1 No.278 MT
HP-2 EA-1 No.139 MT HP-2 EA-1 No.210 nd HP-2 EA-1 No.279 MT
HP-2 EA-1 No.140 MT HP-2 EA-1 No.211 K HP-2 EA-1 No.280 MT
HP-2 EA-1 No.141 BHU HP-2 EA-1 No.212 MT HP-2 EA-1 No.281 nd
HP-2 EA-1 No.142 MT HP-2 EA-1 No.213 MT HP-2 EA-1 No.282 nd
HP-2 EA-1 No.143 MT HP-2 EA-1 No.214 nd HP-2 EA-1 No.283 MT
HP-2 EA-1 No.144 nd HP-2 EA-1 No.215 MT HP-2 EA-1 No.284 nd
HP-2 EA-1 No.145 MT HP-2 EA-1 No.216 MT HP-2 EA-1 No.285 MT
HP-2 EA-1 No.146 MT HP-2 EA-1 No.217 nd HP-2 EA-1 No.286 nd
HP-2 EA-1 No.147 nd HP-2 EA-1 No.218 nd HP-2 EA-1 No.287 MT
HP-2 EA-1 No.148 nd HP-2 EA-1 No.220 nd HP-2 EA-1 No.288 nd
HP-2 EA-1 No.149 MT HP-2 EA-1 No.221 nd HP-2 EA-1 No.289 nd
HP-2 EA-1 No.150 MT HP-2 EA-1 No.222 MT HP-2 EA-1 No.290 MT
HP-2 EA-1 No.154 nd HP-2 EA-1 No.223 MT HP-2 EA-1 No.291 nd
HP-2 EA-1 No.155 nd HP-2 EA-1 No.224 nd HP-2 EA-1 No.292 MT
HP-2 EA-1 No.156 nd HP-2 EA-1 No.225 MT HP-2 EA-1 No.293 MT
HP-2 EA-1 No.157 nd HP-2 EA-1 No.226 MT HP-2 EA-1 No.294 MT
HP-2 EA-1 No.158 nd HP-2 EA-1 No.227 nd HP-2 EA-1 No.295 MT
HP-2 EA-1 No.159 MT HP-2 EA-1 No.228 nd HP-2 EA-1 No.296 nd
HP-2 EA-1 No.160 MT HP-2 EA-1 No.229 nd HP-2 EA-1 No.297 nd
HP-2 EA-1 No.161 w HP-2 EA-1 No.230 nd HP-2 EA-1 No.299 nd
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Table 4. (continued)

()

Round Area Artifact Group Round Area Artifact Group Round Area Artifact Group
HP-2 EA-1 No.300 nd HP-2 EA-1 No.365 nd HP-2 EA-1 No.431 nd
HP-2 EA-1 No.301 nd HP-2 EA-1 No.366 MT HP-2 EA-1 No.432 nd
HP-2 EA-1 No.302 MT HP-2 EA-1 No.367 nd HP-2 EA-1 No.433 MT
HP-2 EA-1 No.303 MT HP-2 EA-1 No.368 MT HP-2 EA-1 No.434 MT
HP-2 EA-1 No.304 nd HP-2 EA-1 No.369 MT HP-2 EA-1 No.435 nd
HP-2 EA-1 No.305 MT HP-2 EA-1 No.370 nd HP-2 EA-1 No.436 MT
HP-2 EA-1 No.306 nd HP-2 EA-1 No.371 MT HP-2 EA-1 No.437 K
HP-2 EA-1 No.307 nd HP-2 EA-1 No.372 MT HP-2 EA-1 No.438 MT
HP-2 EA-1 No.308 W HP-2 EA-1 No.373 nd HP-2 EA-1 No.439 nd
HP-2 EA-1 No.309 MT HP-2 EA-1 No.374 MT HP-2 EA-1 No.440 nd
HP-2 EA-1 No.310 MT HP-2 EA-1 No.375 nd HP-2 EA-1 No.441 MT
HP-2 EA-1 No.311 W HP-2 EA-1 No.376 nd HP-2 EA-1 No.442 nd
HP-2 EA-1 No.312 MT HP-2 EA-1 No.377 MT HP-2 EA-1 No.443 nd
HP-2 EA-1 No.313 MT HP-2 EA-1 No.379 nd HP-2 EA-1 No.444 MT
HP-2 EA-1 No.314 MT HP-2 EA-1 No.380 MT HP-2 EA-1 No.445 MT
HP-2 EA-1 No.315 w HP-2 EA-1 No.381 MT HP-2 EA-1 No.446 MT
HP-2 EA-1 No.316 nd HP-2 EA-1 No.382 MT HP-2 EA-1 No.447 MT
HP-2 EA-1 No.317 MT HP-2 EA-1 No.383 nd HP-2 EA-1 No.448 MT
HP-2 EA-1 No.318 nd HP-2 EA-1 No.384 MT HP-2 EA-1 No.449 nd
HP-2 EA-1 No.319 MT HP-2 EA-1 No.385 MT HP-2 EA-1 No.450 MT
HP-2 EA-1 No.320 MT HP-2 EA-1 No.386 MT HP-2 EA-1 No.451 MT
HP-2 EA-1 No.321 w HP-2 EA-1 No.387 MT HP-2 EA-1 No.452 K
HP-2 EA-1 No.322 nd HP-2 EA-1 No.388 nd HP-2 EA-1 No.453 nd
HP-2 EA-1 No.323 MT HP-2 EA-1 No.389 MT HP-2 EA-1 No.454 nd
HP-2 EA-1 No.324 nd HP-2 EA-1 No.390 MT HP-2 EA-1 No.455 MT
HP-2 EA-1 No.325 MT HP-2 EA-1 No.392 MT HP-2 EA-1 No.456 nd
HP-2 EA-1 No.326 nd HP-2 EA-1 No.393 MT HP-2 EA-1 No.457 MT
HP-2 EA-1 No.327 MT HP-2 EA-1 No.394 MT HP-2 EA-1 No.458 MT
HP-2 EA-1 No.328 nd HP-2 EA-1 No.395 MT HP-2 EA-1 No.459 nd
HP-2 EA-1 No.329 MT HP-2 EA-1 No.396 MT HP-2 EA-1 No.460 nd
HP-2 EA-1 No.330 MT HP-2 EA-1 No.397 nd HP-2 EA-1 No.461 MT
HP-2 EA-1 No.331 MT HP-2 EA-1 No.398 nd HP-2 EA-1 No.462 nd
HP-2 EA-1 No.332 nd HP-2 EA-1 No.399-1 nd HP-2 EA-1 No.463 nd
HP-2 EA-1 No.333 nd HP-2 EA-1 No.399-2 K HP-2 EA-1 No.464 nd
HP-2 EA-1 No.334 nd HP-2 EA-1 No.400 MT HP-2 EA-1 No.465 MT
HP-2 EA-1 No.335 nd HP-2 EA-1 No.401 MT HP-2 EA-1 No.466 MT
HP-2 EA-1 No.336 nd HP-2 EA-1 No.402 nd HP-2 EA-1 No.467 MT
HP-2 EA-1 No.337 nd HP-2 EA-1 No.403 MT HP-2 EA-1 No.468 MT
HP-2 EA-1 No.338 nd HP-2 EA-1 No.404 nd HP-2 EA-1 No.469 MT
HP-2 EA-1 No.339 nd HP-2 EA-1 No.405 nd HP-2 EA-1 No.470 MT
HP-2 EA-1 No.340 MT HP-2 EA-1 No.406 HH HP-2 EA-1 No.471 MT
HP-2 EA-1 No.341 MT HP-2 EA-1 No.407 MT HP-2 EA-1 No.472 MT
HP-2 EA-1 No.342 MT HP-2 EA-1 No.408 nd HP-2 EA-1 No.473 nd
HP-2 EA-1 No.343 H HP-2 EA-1 No.409 nd HP-2 EA-1 No.474 nd
HP-2 EA-1 No.344 nd HP-2 EA-1 No.410 BH HP-2 EA-1 No.475 nd
HP-2 EA-1 No.345 K HP-2 EA-1 No.411 MT HP-2 EA-1 No.476 nd
HP-2 EA-1 No.346 MT HP-2 EA-1 No.412 nd HP-2 EA-1 No.477 MT
HP-2 EA-1 No.347 nd HP-2 EA-1 No.413 nd HP-2 EA-1 No.478 HH
HP-2 EA-1 No.348 MT HP-2 EA-1 No.414 MT HP-2 EA-1 No.479 nd
HP-2 EA-1 No.349 MT HP-2 EA-1 No.415 MT HP-2 EA-1 No.480 nd
HP-2 EA-1 No.350 w HP-2 EA-1 No.416 nd HP-2 EA-1 No.481 MT
HP-2 EA-1 No.351 MT HP-2 EA-1 No.417 MT HP-2 EA-1 No.482 nd
HP-2 EA-1 No.352 MT HP-2 EA-1 No.418 nd HP-2 EA-1 No.483 HH
HP-2 EA-1 No.353 nd HP-2 EA-1 No.419 MT HP-2 EA-1 No.484 nd
HP-2 EA-1 No.354 MT HP-2 EA-1 No.420 nd HP-2 EA-1 No.485 MT
HP-2 EA-1 No.355 nd HP-2 EA-1 No.421 nd HP-2 EA-1 No.486 nd
HP-2 EA-1 No.356 HH HP-2 EA-1 No.422 MT HP-2 EA-1 No.487 MT
HP-2 EA-1 No.357 MT HP-2 EA-1 No.423 nd HP-2 EA-1 No.488 MT
HP-2 EA-1 No.358 MT HP-2 EA-1 No.424 nd HP-2 EA-1 No.489 nd
HP-2 EA-1 No.359 MT HP-2 EA-1 No.425 MT HP-2 EA-1 No.490 MT
HP-2 EA-1 No.360 MT HP-2 EA-1 No.426 nd HP-2 EA-1 No.491 MT
HP-2 EA-1 No.361 MT HP-2 EA-1 No.427 MT HP-2 EA-1 No.492 nd
HP-2 EA-1 No.362 MT HP-2 EA-1 No.428 MT HP-2 EA-1 No.493 nd
HP-2 EA-1 No.363 nd HP-2 EA-1 No.429 nd HP-2 EA-1 No.494 nd
HP-2 EA-1 No.364 MT HP-2 EA-1 No.430 MT HP-2 EA-1 No.495 nd
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Table 4. (continued)

Round Area Artifact Group Round Area Artifact Group
HP-2 EA-1 No.496 MT HP-2 EA-1 No.563 nd
HP-2 EA-1 No.497 nd HP-2 EA-1 No.564 nd
HP-2 EA-1 No.498 MT HP-2 EA-1 No.565 nd
HP-2 EA-1 No.499 nd HP-2 EA-1 No.566 nd
HP-2 EA-1 No.500 nd HP-2 EA-1 No.567 MT
HP-2 EA-1 No.501 nd HP-2 EA-1 No.568 nd
HP-2 EA-1 No.502 MT HP-2 EA-1 No.569 nd
HP-2 EA-1 No.503 nd HP-2 EA-1 No.570 nd
HP-2 EA-1 No.504 nd HP-2 EA-1 No.571 MT
HP-2 EA-1 No.505 MT HP-2 EA-1 No.573 MT
HP-2 EA-1 No.506 MT HP-2 EA-1 No.574 MT
HP-2 EA-1 No.507 K HP-2 EA-1 No.575 nd
HP-2 EA-1 No.508 HH HP-2 EA-1 No.576 MT
HP-2 EA-1 No.509 nd HP-2 EA-1 No.577 w
HP-2 EA-1 No.510 MT HP-2 EA-1 No.578 MT
HP-2 EA-1 No.511 nd HP-2 EA-1 No.579 nd
HP-2 EA-1 No.512 nd HP-2 EA-1 No.580 nd
HP-2 EA-1 No.514 BH, T HP-2 EA-1 No.581 MT
HP-2 EA-1 No.515 HH HP-2 EA-1 No.582 MT
HP-2 EA-1 No.516 MT HP-2 EA-1 No.583 MT
HP-2 EA-1 No.517 HH HP-2 EA-1 No.584 nd
HP-2 EA-1 No.518 MT HP-2 EA-1 No.585 nd
HP-2 EA-1 No.519 nd HP-2 EA-1 No.586 MT
HP-2 EA-1 No.520 MT HP-2 EA-1 No.587 MT
HP-2 EA-1 No.521 MT HP-2 EA-1 No.588 MT
HP-2 EA-1 No.522 B HP-2 EA-1 No.589 MT
HP-2 EA-1 No.523 HH HP-2 EA-1 No.590 nd
HP-2 EA-1 No.524 HH HP-2 EA-1 No.591 MT
HP-2 EA-1 No.525 MT HP-2 EA-1 No.592 nd
HP-2 EA-1 No.526 nd HP-2 EA-1 No.593 MT
HP-2 EA-1 No.528 MT HP-2 EA-1 No.594 MT
HP-2 EA-1 No.529 nd HP-2 EA-1 No.595 MT
HP-2 EA-1 No.530 M HP-2 EA-1 No.596 nd
HP-2 EA-1 No.531 nd HP-2 EA-1 No.597 MT
HP-2 EA-1 No.532 nd HP-2 EA-1 No.598 nd
HP-2 EA-1 No.533 nd HP-2 EA-1 No.599 nd
HP-2 EA-1 No.534 MT HP-2 EA-1 No.600 nd
HP-2 EA-1 No.535 MT HP-2 EA-1 No.601 MT
HP-2 EA-1 No.536 MT HP-2 EA-1 No.602 MT
HP-2 EA-1 No.537 MT
HP-2 EA-1 No.538 HH
HP-2 EA-1 No.539 nd
HP-2 EA-1 No.540 MT
HP-2 EA-1 No.541 MT
HP-2 EA-1 No.542 nd
HP-2 EA-1 No.543 nd
HP-2 EA-1 No.544 MT
HP-2 EA-1 No.545 MT
HP-2 EA-1 No.546 MT
HP-2 EA-1 No.547 nd
HP-2 EA-1 No.548 HH
HP-2 EA-1 No.549 nd
HP-2 EA-1 No.550 MT
HP-2 EA-1 No.551 nd
HP-2 EA-1 No.552 MT
HP-2 EA-1 No.553 MT
HP-2 EA-1 No.554 MT
HP-2 EA-1 No.555 MT
HP-2 EA-1 No.556 MT
HP-2 EA-1 No.557 MT
HP-2 EA-1 No.558 MT
HP-2 EA-1 No.559 MT
HP-2 EA-1 No.560 nd
HP-2 EA-1 No.561 HH
HP-2 EA-1 No.562 MT
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The provenance of obsidian artifacts from the Hiroppara site group

(Kirigamine, central Japan)

Yoshimitsu Suda ', Moho Tsuchiya

With this presentation we report on the obsidian sourcing analysis we conducted on the obsidian artifacts from the
Hiroppara site group. The Hiroppara site group is located in Kirigamine, one of the most important and best-known
obsidian source areas in central Japan. The results of the quantitative analysis by means of WD-XRF (destructive
method) indicate that obsidian sources in this area are geochemically classified into 12 types. The geochemistry of these
types is characterized by the variations of Sr + Ti + Zr versus Rb + Nb + Th contents. On the basis of this geochemical
characterization, we analyzed obsidian artifacts from the Hiroppara site I and II using the destructive procedure. The
number of analyzed artifacts amounted to 40 samples in total, which were geochemically classified into 6 chemical
groups by the variation of Sr + Ti + Zr and Rb + Nb + Th contents. The qualitative analysis conducted using the ED-
XRF method is a more preferred way of performing provenance analysis on obsidian artifacts, as it is a non-destructive
procedure. Therefore, we decided to conduct qualitative analysis on 30 specimens from obsidian sources that would
also be analyzed using the quantitative analysis. The results were plotted on a Mochizuki (1997) diagram. In total 12
types of geochemical groups that were identified by the quantitative analysis appear on this diagram. Moreover, the
validity of the geochemical classification of the qualitative method is estimated to be 85% when compared with the
results from quantitative analysis of the 40 obsidian artifacts. On the basis of these results, we conducted the qualitative
analysis of 689 obsidian artifacts recovered from the excavation of the Hiroppara site I. We performed the geochemical
classification on 414 obsidian artifacts (60%), while the rest of the artifacts (40%) remain unclassified due to analytical
reasons. The Mochizuki (1997) diagram is specialized in the identification of the wider region of obsidian sources in the
Kanto-chubu region: Chubukochi (including Kirigamine), Kozushima, Hakone, Amagi and Takaharayama. Therefore,
if we are to perform provenance analyses on obsidian artifacts from Kirigamine, we must propose a new method of
classification designed specifically for the obsidian sources of this area.

Keywords: obsidian sources; obsidian artifacts; provenance studies; X-ray fluorescence spectrometer; Hiroppara site
group; Kirigamine.

1 Department of Geology, Nagasaki University
2 Center for Obsidian and Lithic Studies, Meiji University
* Corresponding author: Yoshimitsu Suda (geosuda@nagasaki-u.ac.jp)
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Table 1. The number of non-obsidian raw materials from the Hiroppara sites

Hiroppara site Il

CL TR SH-T CH TU AN SA-F SA-A SH-P
Layer Chalcedony Tremolit Tuffaceous Chert Acidic tuff Andesite Fine-grained  Arenite Shale  Total
e rock shale sandstone  sandstone (older)
1 1 1
2a 1 1 8 4 1 1 16
2b 2 3 5
3 2 2
4a 2 1 3
4b 1 1
total 1 1 3 9 2 7 3 1 1 28

4. JERBENOMORR (F2, K1~3)
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No.l (X 1-1+2;EA-2-63) %, A&V — 7 KA CHid
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FY—FrThB, HEBfAEE&E. No2 (K1-3;
PEIX—f5) 13K CHIEZ b TLICE LD, Tl
ieiR23d O, FEHEDRH 2 REDF v — b ThH 5.
No.3 (X 1-4 ; EA-2-371) 3K CHiFLZ & 9, 59
WIRIYEIRD D O, BHEDH 2 REDF ¥ —+Th
%, BEL TR T v — MZEIEED & b & T 7 i
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KAt F v — k Nod (¥ 1-5-6; EA-2-196) 13,
KRV REECTHEZ S &L, RBdba 28T,
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HEEBREE S 4afBIc 1 M b, Nob (119 -
10 ; EA-2-1237) 1%, IKAMR DMLY L 7T, #&
L% GOBEKNKEED S DTH B, KRk,
wILTTEROEE C2 (B, 2011a) & X O L/ JEGE R
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Table 2. List of non-obsidian lithic tools from the Hiroppara site II
Upper Palaeolithic stone axes made of tremolite rock D2 from other regions are added (No. 14-19).

No. Rock name Artifact no. Color Munsel - Magnetic Magngt?g Gloss Remarks
system test susceptibility levels
. Similar to
1 Grayish chert EA-2 63 Uenohara(5) CH-19
2 Grayish chert EA-2 west Greenish gray 10GY6/1 1- 1 2
. Similar to
3 Grayish chert EA-2 371 Uenohara(5) CH-19
4 Reddish-brown chert EA-2 196 Dull reddish brown 7.5R4/3 1- 2 1
. Bluish gray and s
Gray and reddish-brown ’ 5PB5/1 _ Similar to
5 chert EA-2 351 dark reddish 7.5R3/2 1 2 5 Uenohara(5) CH-14
brown
- Similar to
g Siiceoustuflaceous  gpp 1257 Light gray 75Y72  1- 45 1 Uenohara(5) SH-21
shale
Nozawa C2
Similar to
7 Acidic tuff EA-2 800+949 Light yellow 2.5Y8/3 1- 3 1 Uenohara(2) TU-
10,16
8 Fine-grained sandstone EA-2 1825 Gray 5Y5/1 1- 6.5 1 Ryrite
9 Arenite sandstone EA-2 1539 Brown 7.5Y4/4 1- 5 1
10 Shale (older) EA-2 1696 Gray 7.5Y4/1 1- 2 1
11 Chalcedony EA-2 191 Light gray 7.5Y4/4 1- 1 2
12 Aphyric andesite EA-2 511 Olive black 5Y3/1 3 1 1
13 Tremolite rock D2 EA-2 2550 Light gray 5Y7/2 1+ 15.3 1.5 Specific gravity: 2.85
14 Tremolite rock D2 :g‘ﬁ‘f‘bayas"' B Light bluish gray 1- 70 Specific gravity: 2.82
. Hinatabayashi B Yellowish gray- _ - oo
15 Tremolite rock D2 No.25 bluish gray 1 5.4 Specific gravity: 2.73
' Hinatabayashi B Yellowish gray- _ - oo
16 Tremolite rock D2 No30 light bluish gray 1 6.2 Specific gravity: 2.88
. Hinatabayashi B Yellowish gray- _ - o
17 Tremolite rock D2 No.35 dark bluish gray 1 5.7 Specific gravity: 2.73
: Jizouden . . . o
18 Tremolite rock D2 No.2154 Light greenish gray 1- 11.5 Specific gravity: 2.78
19 Tremolite rock D2 Yokohari- Light greenish gray 1+ 3.0 Specific gravity: 2.80
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1 Grayish chert, No.1: EA2-63, x80 2 No.l: EA2-63, x20 No.1: EA2-63

3 Grayish chert, No.2: EA2 west area, x40 4 Grayish chert, No.3: EA2-371, x20 No.2: EA2 No.3: EA2-371
5 Reddish brown chert, No.4: EA2-196, x80 6 No.4: EA2-196, x20 No.4: EA2-196
7  Gray and reddish brown chert, No.5, X80 8 No.5: EA2-351, x40 No.5: EA2-351

9 Silliceous tuffaceous shale, No.6, x100 10 No.6: EA2-1237, x20 No.6: EA2-1237

1T ERIESOARAMEER 1
Fig. 1. Microphotographs of lithic raw materials from the Hiroppara site II (1)
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11 Acidic tuff, No.7: EA2-800+949, x100 12 No.7: EA2-800+949, x20 No.7: EA2-800+949

13 Fine sandstone, No.8: EA2-1825, x80 14 No.8: EA2-1825, x20 No.8: EA2-1825

\

15 Arenite sandstone, No.9: EA2-1539, x100 16  Shale (older), No.10 : EA2-1696, x40 No.9 Nol0

17 Chalcedony, No. 11: EA2-191, x80 18 Noll: EA2-191, x20 Noll: EA2-191

19 Aphyric andesite, No.12: EA2-511, x60 20 Nol2: EA2-511, x40 Nol2: EA2-511

2 ERIEHOARAMEE?2
Fig. 2. Microphotographs of lithic raw materials from the Hiroppara site I (2)

224



Tremolite rock D2, No.13: EA2-2550, x80 22 Nol3: EA2-2550, x40 Nol3: EA2-2550

24 Nol3: EA2-2550, x20
RELATED SITES

25 Tremolite rock D2, Hinatabayashi B site, 55 1y pinatabayashi B site, No.25, scale A No.14 No25

No.14, scale B

27 D2, Hinatabayashi B site, No.30, scale C 28 D2, Hinatabayashi B site, No.35, scale C No.30 No.35

29 D2, Jizouden site, No.2154, scale C 30 D2, Yokohari-maekubo site, No.263, scale D Jizouden Yokohari-maekubo

3 BRAERAFDOAMEE
Fig. 3. Microphotographs of edge-ground stone axes of tremolite rock D2
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Non-obsidian raw materials brought into the Hiroppara site group

Yoshikatsu Nakamura

In the obsidian source area of the Central Highlands of Japan, the amount of non-obsidian lithic tools and flakes from
prehistoric sites are usually very rare, although not uncommon. These non-obsidian raw materials, which prehistoric
people brought into Central Highlands, provide us with significant clues as to where the group had traveled through
before arriving at the source area. This study examines the provenance of non-obsidian raw materials found in the
Hiroppara site I and II. One of our most interesting finds was an edge-ground stone axe discovered at the Hiroppara
site II made on tremolite rock. Non-obsidian raw materials including tremolite rock and siliceous tuffaceous shale were
usually used for lithic production in a region distant from Hiroppara, more than 100 km to the north. In particular, the
intensive use of tremolite rock has been documented at the Nojiri-ko (Lake Nojiri) site group, Nagano Prefecture, with
a wide distribution area extending from Akita Prefecture, Tohoku region to Ishikawa Prefecture, Hokuriku region.
Therefore, the existence of tremolite rock at Hiroppara strongly suggests that the Upper Palaeolithic people who
inhabited the Hiroppara site II had close ties with the coastal region of the Sea of Japan.

Keywords: lithic raw materials; obsidian source; non-obsidian lithics; tremolite rock; Palaeolithic.

1 Center for Obsidian and Lithic Studies, Meiji University
* Corresponding author: Yoshikatsu Nakamura (naka-m@opal.plala.or.jp)
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Fig. 1. Topographic map of Hiroppara bog showing study sites (after Shimada et al. 2016)
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xR FAENBORE  RE—B
Table 1. Location of the study sites

Site Latitude (N ) Longitude (E) remarks
TR-1NE 36°09' 21.42476" 138°09' 11.00538" |northeast corner
TR-1SW 36°09' 21.38796" 138°09' 10.99145"  |southeast corner
TR-2 NE 36°09' 21.8588" 138°09' 11.59969" |northeast corner
TR-2 SE 36°09' 21.82313" 138°09' 11.59597" [southeast corner

HB-1A 36°09' 21.78723" 138°09' 11.66927"

HB-1B 36°09' 21.76389" 138°09' 11.67905"

HB-1C 36°09' 21.73553" 138°09' 11.67662"

HB-2 36°09' 15.95293" 138°09' 03.89334"  [beside EA-1 site

HB-3 36°09' 20.99521" 138°09' 07.42021"  |beside EA-2 site
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Fig. 2. Columnar sections of the sediments along the trench
sites in the Hiroppara bog
Number beside TR-2 column is the bed classification
shown in Fig.4.
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Fig. 4. Cross sections of the TR-2 trench in the Hiroppara bog
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Table 2. Convertible formulas from the core section depth to
that of the composite columnar section in the HB-1A

cores
Section no.| core length (cm) d;l;“;:izi:g ' ciee?:?o:'? (ii?)h Standatrrc]Jedceoprt: t(!f;n) from
section (cm)
1 96.5 0-96.5 a =a
2 95.7 0-89.1 b =b+96.5
3 99 55.8 -62.5 c =c-55.8+185.6
4 97.6 14.6-97.6 d =d-14.6+192.3
5 99 0-99.0 e =e+2753
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Fig. 6. Columnar sections of the drilled cores (HB-2 and HB-
3) beside the EA-1and EA-2 sites
As-YP: Asama-Itahana yellow tephra, AT: Aira-
Tn tephra.
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Fig. 7. Physical and chemical features of the sediments from the TR-2 trench, Hiroppara bog
WC: water content, TC: total carbon content. TN: total nitrogen content, TC/TN: weight ratio of TN to TC.
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Fig. 8. Physical and chemical features of the sediment core (HB-1A) from the Hiroppara bog
WC: water content, TC: total carbon content. TN: total nitrogen content, TC/TN: weight ratio of TN to TC.
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Fig. 9. Physical and chemical features of the upper part of the sediment core HB-3 beside the EA-2 site,
west to the Hiroppara bog
water: water content, sand: sand content, TC: total carbon content. TN: total nitrogen content, C/N: weight ratio of TN to TC.
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Fig. 10. Age model for the sediments from the TR-2 trench
in the Hiroppara bog.
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Iik (2016) LOEMKILL T3IA.
Table 3. C dates of the sediment from the TR-2 trench in Hiroppara bog

After Kudo (2016).
. Calibrated dates( cal yr BP+20) [ remarks
Sampling average ) (o rq, . |MeEBSUrEd .
Loc. Sample no. depth (cm) materials | §°C (%o) G gate from to Median (cofloc/ioe):nce
TR-1 25cm 25 grass -27.31 -280 - - - Modern
50cm 50 wood -28.1 870 800 730 775 (87.8%)
81cm 81 wood -30.12 3,275 3,565 3,450 3,505 (95.4%)
TR2 |no.1366 (49-50cm)| 49.5 grass | -26.99 | 590 645 585 600 (71%)
C-6 (105-110cm) | 1075 grass | -2821 | 1,360 | 1,305 1265 | 1,290 | (95.4%)
“C-4 (140-145¢cm) 142.5 wood -28.51 3,875 4,415 4,240 4,320 (95.45%)
%C.3 (170-175cm) | 172.5 wood | -27.67 | 8605 | 9630 | 9525 | 9555 | (95.46%)
4G5 (205-210cm) | 2075 wood | -30.1 | 8810 | 9940 | 9,690 | 9,850 | (87.8%)
“C.2 (210-215cm) | 2125 wood | -32.38 | 8815 | 9945 | 9695 | 9860 | (85.5%)
4C-1 (260-265cm) 262.5 grass -28.24 7,110 8,005 7,920 7,935 (73.4%)
£4 ERERICEFIZR—UYIHMHB-1A 70 “CERAEE—E
Table 4. C dates of the sediment core HB-1A from the Hiroppara bog
After Kudo (2016).
depth on the :
Sample no. standard | materials | §'3C (%) r?fasured Callbrated dates (cal yr BP420) rfedmarkso/
column (cm) C date from to Median (cofidence %)
HMR-1(Sec.2, 2cm) 98.5 woods -27.8 3,575 3,930 3,830 3,880 (91.5%)
HMR-2(Sec.2, 55cm) 150.5 woods | -25.83 | 12,420 | 14,830 | 14,190 | 14,510 (95.4%)
no.155(Sec.2, 54-55cm) 151.0 wood -25.13 12,280 14,430 14,040 14,205 (95.4%)
HMR-3(Sec2, 67cm) 163.5 wood -25.09 13,190 16,025 15,690 15,855 (95.4%)
281cm(Sec.3, 84cm) 208.6* wood 24.97 15,980 19,490 19,100 19,295 (95.4%)
391cm(Sec.4, 91cm) 267.8 wood -29.97 | 22,940 27,480 27,085 27,290 (95.4%)
no.461(Sec.5, 61cm) 336.3 grass -28.22 2,700 2,850 2,755 2,800 (95.4%)
HMR-4(Sec.5, 78cm) 353.8 wood -24.45 12,980 15,725 15,305 15,520 (95.4%)
* out of standard column
Age (cal.y.B.P.)
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Fig. 11. Age model for the composite core HB-1A from the
Hiroppara bog
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Drilling for late Quaternary sediments in and around the Hiroppara bog in
Nagawa Town, Nagano Prefecture, Central Japan

Fujio Kumon '

Trench excavation and scientific drilling were performed in and around the Hiroppara bog to reconstruct the
palaeoenvironment of the central highlands of Japan during the late Palaeolithic and Jomon periods. The lower parts of
the sediment cores taken from central Hiroppara bog consist mainly of grayish gravelly sediments and organic clay, and
they date from the period 30 ka to 17 ka. The vegetation during this period was alpine badland with meadow grass on a
gentle slope. On the contrary, the upper part of the core consists mainly of black peat with sandy sediments, dating from
17 ka to the present indicating that wetland environments were dominant at the time. The vegetation around the bog
became Betula forest at first, transforming into a mixed forest of subalpine conifers and deciduous broad-leaved trees
from 12 ka onwards. Brown loam sediments of a few meters in thickness covered the gentle slopes around the bog since
~70 ka ago. Palaeolithic archaeological sites were discovered in the upper loam bed.

Key words: Hiroppara bog; Palaeolithic period; Jomon period; peat; loam; Last Glacial.
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JREESR D B Ly F TR-1 & TR-2, &=V ¥ 27 a7d HB-1A, L IHEBOEHT 2 W THEEE 19 SO BUR TR EER

HIE % S L 7z,
Bohmdot,

TR-1 TR 81 cm ¢ 3275+20 "C BP (3565 ~ 3450 cal BP) ThH b, Ii&KIo Rir 2 Hefsix
TR-2 ClE, EEE 49 ~ 50 cm DYRRE T 590+15 “C BP (645 ~ 540 cal BP, 1305~ 1410 cal AD),

VEFE 140 ~ 145 cm DI T 3875+20 C BP (4415 ~ 4240 cal BP) ~CHESCHEMUBIANTEE MY 3 2 4% 57,
PERE 170 cm ~ 210 cm R D Je e E 35 L OB 13 8605+30 “C BP (9630 ~ 9525 cal BP) ~ 8815+30 "“C BP
(10120 ~ 9695 cal BP) T& b, FSCRHRFEIIRTIED 5 b3 3 24ECH -7, HB-1A TIE, HE 98.5 cm D
BeEC 3575420 ''C BP (3965 ~ 3830 cal BP) T&H b, HECHUAIIREICHYS T 2EMR A2 2, B 150 cm D
JB B JE T 1x 12420+40 "“C BP (14830 ~ 14190 cal BP) ~ 13190+35 "“C BP (16025 ~ 15690 cal BP, HMR-3, %
B 163.5cm) DERDR SN, BINIHASRRROMBEAD S FUSCRHREAIICHYS 3 2 FRTH - 7. HE 208.6 cm 0 ff
BEEIRMIE T 1% 15980445 C BP (19490 ~ 19100 cal BP) 23451, BIAIHA AR L o RS wE D o Ml e A
HEBEOI DEAUTIT ., YRR 268.7 cm DMEEE Tl 22940+70 C BP (27480 ~ 27085 cal BP) DFERNE S,
IR SRR MY T 2, A IDEMR O EA-2 TR 20 H s (HE THRELE 1L AL D 4ERIZ,
26550+90 “C BP (31020 ~ 30625 cal BP) THh -7, Ziud, BIIHASEARECH Y 2ERCH - 7.

F—7— N REME, R IDERS, BERPERSRAERHE, SO, REIEDERR, ok

1. ZC®IC

I E CAEREOHEREY TIx, 2011 4 LI T8 i
L 72RO TR-1 8 KN TR-2 b L v F, 2012 4F
JEICERIUL 72 R —Y > 7 a7 HB-1A > 5 43T 18 4
DR BAEARMNE %2 FEfE L 7. £ 7, JAJR HEBR
EA-2 O 4b J&CTHRILL 72 AU 1 52D W T oRBU
RFAERME 2 FEhi L 72, BFRTIEZ ORERICOWT
WEL, 2o OFEMRWRMED T IOV THRETT 5.

2. W R

2-1 TR-1
2011 FPLIC A S N7 P RERICBOE & L7 il

FLYFTHS. 100 cm F EED T, JeRiED
WOl OMEEZK T L (A3 2016). TR-1 TIEHE
JE-25 cm, EE-50 cm, #EE-80 cm @ 3 DD gk
670y 7 THBEYZRILL, KEENNC X > THl
ER OB M L 72, —25 cm OFRHI FIAKEY), #
DAbIFAMATH 3.

2-2 TR-2

2011 FFEICRE S R SRR E S Nk b
L v F ¢, TR-1 QAL 20 m ofzEICH 5, HuFEh
5#9 300 cm i D NV, RAEFZJeRE OHER & iR L
7o, AERNERENE, 48 (B~ RaleiiE, %
J¥105 ~ 110 cm, "“C-6), 5 (K8t jeRE,
£ 140 ~ 145 cm, "“C-4), 88 (BjgiEmbiE, %

1 BN SRR i
BT LB (kudo@rekihaku.ac.jp)
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170 ~ 175 cm, "C-3), 11 @ (ReEjepfE, wHE 210
~215 cm, "C-2), 138 (KEAVINERDIE, HEE 260 ~
265 cm, "'C-1) 255t 5 Mo 7 uy 74V PRI 7.
7, 11 JEH S 3EERICEI Lot 1SRRI 72 (F
J£205~210 cm: “C-5) (K1), 7, THERESHTY
YNy ELTCLET VY LVTERL YD 5 6, 49
~ 50 cm D& THEHBYI ) H L, THICEAM L7 (No.
1366).

2-3 HB-1A

JRJEREIR @ TR-2 I Bz 3 2 i ¢ 2012 FEEE ISR L
7, AmBoOR—Y vy 7a7idkTth s (B 2014,
2016). T @ a7 6 X E L KH No. 155, 281 cm,

Profile of north wall

391 cm, No. 461 @ 4 o
7.

AR BRI L, THREICXEAL
ZDH, HEBESV—T 0RO T, HiziZ HMR-
1, HMR-2, HMR-3, HMR-4 ® 4 15D B3I E 1,
TREICEARZ R L 72,

226 2N
=]

2-4 R I1

SRR A S5 i o VR A P 12 1 T % ) D TR
EA-2 0 4b @ CHRME N Rk Th b, (BHIEH,
2016), WHERFBEIEATIZEE v & — 3 F R AR I HLD
P THEBRRE L o BRI Th 5, FUEED T CE
CONIED & BRREBEHGREMELELCE Y, 20
TS Nz, [t vy —7 o 7L RGBT
HEAE B R R THERZ T - 72, &S 1E C-5

Profile of east wall

~ Surface
om
1 o
g 2
M No.4 2 ('g L(_::’_
_ '3_\}5;
Il No.6 w >
1| No.1366 —osm No.1366
W Nos8 ) 590+15 '“C BP
W No.10
W No.12 3
W No.14
M No.16
M No.18 =5 || —m s
4 o B 1360+20 “C BP
M No.20 ENo22
mNo.24
M No.26 “C-4 1398.900m 14G-4
- SN B . T s S —45m 387520 ““C BP
o mneds T . T R
LN . 0. - o o " '
8 :\3:\_ ) CRPY P NP D 14G-3
L9 Nwam | 8605+30 1“C BP
11 Nosom W~ 1 _white cl 14G.
Whiteclay Noz7m "% Z e C—a}iz m c-5 14
12 B No.41-44 8815+30 “C BP
N W Noz5 mnvw [ "2Q3 [:j/ " “C-2
° " oo, MNoAS o B
White clay oo s o ow:%oo. No46.1 g "; o 8810+30 “C BP
13 No.46-3 =]
D> “m #:.46-2
< M No.4g —-25m
Brownsand * 14C-1
ST  esem (7110+30 “C BP)
N 14
—-3m
- Sampling spots for tephra analysis D Sampling spots for *“C dating
1 RREZR TR-2 OMENE & SRR FNE R ORIIE

REOHROIE A BIFENZENERE (A) &777 (B) 2IMAORNOEGNFIEZRTY.
Fig. 1. Profile of the Hiroppara bog TR-2 and sampling spots for the radiocarbon dating
Sampling line A and B indicate continuous sampling positions for environment (A) and tephra (B) analyses.
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ELTHLY EiFenzbDTH 25, TR-2 OilklRs
EHET A0, EHOWEEME S 2 H T 2015-
016 & L 7-.

3. Wik

TR-1, TR-2 OHEREARHE TREDS BRI L, [H
N7 JEE S AR P B A AR o BRI BR EE 1 3 o TR P
Mz, TR Z S L 72, TR-2 @ 45 ~ 50
cm DR BRI THEDVKPGER %2 1TV, AN A
ZERIL 72, §RTOBEHIFER U 78, FERBEMET
TCHEEEEZITY, FRARARDIBAYEZREL
Db, REKICEZWEEEEB I ho7z, RiT, HUS
HUSAERR - IRA L7 S VB RIEE 72 & % VAR - B
ET 270, B-TVAY - (AAA) WEEfT- 7,
7LA Y ALELE, 0.005 ~ 0.1 mol/l % L < i 1.2 mol/
1 OKEE{LF bV 74 (NaOH) KiggIC X b, =ik~
S8O°COUBEZ T o 72 (i, 2004). AAA MLFEHE DK
BHIuZ S, FERL 7.

=1

WM L 72 AAA LB O3Bt D CO b5 777 7 7
4 MeEcid (k) SvA - 7 RICEGEL, IESE
|OWE OSv A - 7R, 3 v 87 b AMS : NEC #
1.5SDH) %M\ "CHEZ M L 7. HFonk''C
IREEIC D TRBAR T HIZN R O REIE 2 1T - 782, T3
PERFEA, BERZRELL 7,

4. WERCREF TDELE

PR R ERMER R 2 £ L IR Lz, fBonik
st R AR R IE OxCald.2 (Ramsey, 2009) %
T IntCall3 (Reimer et al., 2013) D IE IR % {5 1
LTRIEL 72, £ L ICRBEFER ORI D 2 0 D
HiPHZ R L7, 72, BonERE, BN R
WXy e/ (T, 2012) Eoxtlbziro7%, BT
ISR IIEAERIZ 2 0 D22 R L TWw 3,

4-1 TR-1 (4 2)
TR-1 L v F 2 5L 23R RS, HIE 25

EFRERS L OLRR IHERIC & 1 2 SR RERIESR &OERER

Table 1. List of samples and results of radiocarbon dating for the Hiroppara bog and the Hiroppara site II

Sample

4C date

Calibrated date

: 130 (0 o M
Location name Sample Depth 8"°C (%o) (yrBP10) (cal yr BP 20) (%) (cal yr BP) Labo code Remarks
TR 25cm  Glass 25cm - 27.31:0.15 _ 280%15 - - - PLD-19328 -
900 - 870 7.6
TR-1 50cm  Wood 50cm - -2810£0.15 87020 oo C O 775  PLD-19329 -
TR-1 8lem  Wood 81cm - -30.12:0.16  3275:20 3565 - 3450 954 3505  PLD-19330 -
645 - 585 71.0
TR2  No1366  Glass  49~50cm - -26.99:0.15 500415 el 600  PLD-21769 -
TR-2 GG Glass 105~ 110m - 2821014 136020 1305 - 1265 954 1290  PLD-19187 -
TR-2 o4 (l\)’:’:::h) 140~ 145¢m - 28.51:0.14 3875:20 4415 - 4240 954 4320  PLD-19185 -
TR-2 “c.3 (t‘)’:’::cdm 170~175cm - 27.67:0.16 8605:30 9630 - 9525 954 9555  PLD-19184 -
10120 - 10060 9.2
TR-2 “c-2 Wood  210~215cm - 32.38:0.12 8815:30 10005 - 9990 0.7 9860  PLD-19183 -
9945 - 9695 855
10120 - 10065 7.3
TR-2 “C-5 Wood  205—210cm - -30.10£0.13 8810:30 10005 - 9995 0.3 9850  PLD-19186 -
9940 - 9690 87.8
. “ 260~ B ] 8005 - 7920 73.4 _ B
TR-2 c1 Glass 200~ 2824:017  7110:30 5000 7 7920 134 7935 pLD-19182
3965 - 3945 3.9
HB-IA  HMR-1  Wood  985cm  Sec2,2cm 2780:0.11 3675520 oo | some org 3880  PLD-23961 -
HB-1A  HMR-2  Wood  150.5cm Sec2,54-55cm  -25.83:0.21 12420£40 14830 - 14190 954 14510  PLD-23962 -
HB-1A  nodss  Wood 150cm  Sec2,55cm 2513:012 12280:35 14430 - 14040 954 14205  PDL-22991 S3Me Sample with
(branch) HMR-2 ?
HB-IA  HMR-3  Wood  163.5cm  Sec2,67cm .25.00:013 13190:35 16025 - 15690 954 15855  PLD-23063 -
HB-1A  281cm  Wood  208.6cm  Sec3,84cm 24.97:014 15980:45 19490 - 19100 954 19295  PLD-23965 -
HB-1A  391cm  Wood  268.7cm  Secd.91cm 20.07:012 22940:70 27480 - 27085 954 27290  PLD-22093 -
Grass plant inconsistency
HB-1A no.461 (ster%) 336.3cm  Sec5,61cm -28.22+0.14 2700425 2850 - 2755 954 2800 PLD-22993 between age and
depth
inconsistency
HB-1A  HMR4  Wood  3538cm Sec5785cm  -24.45:0.10 12980:40 15725 - 15305 95.4 15520  PLD-23964 between age and
depth
Layer 4b around
Hiroppara Il 2015016 Charcoal EA-2west edge-ground  -26.12:0.12 2655090 31020 - 30625 954 30825  PLD-20280 -

stone adze
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Calibrated date (calBC/calAD)
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Fig. 2. Results of radiocarbon dating of the Hiroppara bog TR-1

cm T -280+15 “C BP TH b, #IEHIIREEIASTH - DRREDNE &, TS5 ZDTFRICH B HE 190 ~
7o, BURHIBIR O FARMY O RGO ATREMEA E . TR 210 cm i o BajeiRfEiE, 8605+30 “C BP (9630
F£ 50 cm (X 870+20 'C BP (900 ~ 730 cal BP, ~ 9525 cal BP) ~ 8815+30 "'C BP (10120 ~ 9695
1050 ~ 1220 cal AD) Thh, BE X% 12 il cal BP) T3 RHOMEMEVLR —K LA i,
DHERTH - 7. PEE 81 cm T 3275+20 ''C BP(3565 TSR AT EE D o P EEICH M T 24T H 5.
~ 3450 cal BP) Tdh b, MSCRHRERIHZIEICHY S SCIRFARFIH D PR SC 87 & JA 51T 58 B5 TP-3 - EA-2 T
BERTH T, FEINTED, FEE 170~ 210 cm HiBORKEIED
DLEo & 9 iz, TR-2 TR 81 cm T b MR eI BB X Z2 oo HREZ R T b0 L LT
BIBEFTCLLEREL TB 5T, REOKMO Rif7%s A5, B, TRZOMWEAHERLHEVLDT
RIS S e o 7, 8815+30 ""C BP (TR-2 "'C-2) Th b, MFETH2 m
THRBKIHE TR TORWI Exbhot, %

4-2 TR-2 (M1, |3) £ 260 ~ 265 cm TERHL L 7= 18 @ i+ g o HERiY 7
X, TR2 12DV T LoD 5 HTw» &7 0y 7 &EH L, SEAEOREE HIE I e (MC
W, 9, TR2ZOLFE7 VY72 6 BIL 72tk 5 -1, 7110+30 "“C BP, 7950 cal BP #ii#%), _bfizoik
RHLL 72985808 (EFZ 49 ~ 50 cm, No. 1366) 725, BB LWL TV 3, 24U o5 DR AL L,
590+15 '“C BP (645 ~ 540 cal BP, 1305 ~ 1410 B IC D B - AR E 2 s, L,

cal AD) DOHIEHEREZS7. ZDEMIZ, BB X2 MR R Dy HTClE, TR-2 DR A MIS2 1224
B DD D 20 & BRI 2> T ORI ARG 3 T LEMINTE D (el - 1%, 2014), WHAEARAE

3. RIS NTORVY, & NG RAEOKIN YT W
TR-2 b L v F OHERE I 1%, % 150 cm ~ 170 ZHREEDSH 5 Z L 2R L T <.

cm iZdh 2WEERATETCRELAELEDH 2 L%

26N, WHEO LMo aen (FEE 140 ~ 145 cm, 4-3 HB-1A (X14)

TR-2 ''C-4) 13 3875+20 ""C BP (4415 ~ 4240 cal 2012 FEFEICHEEI L 72 AR O R —) v 7 a7 Th
BP) CHRESCRBIIRTEEICHYS T 5 R Th o7, Z % HB-1A \37EM 3.7 m 1 ECHMRICEREL T3, 2
DRI, JRFRRE FEIC B B SRR AT N E T HB-1A TIRAFHT 8 s DEMRMEFEHE 2 57,
WL SBEONRE M2 EoEELEETH L, — RIEE 98.5 cm CIIRIED & BRI L 7- RH i 3575+20
i, WEOTMICH 2, HE 170 cm ~ 180 cm R "C BP (3965~ 3830 cal BP) T&H b, #ECHAHMN
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Fig. 3. Results of radiocarbon dating of the Hiroppara bog TR-2

IS T 2R TH B, ZDIRKRIEIE TR-2 DFEE
120 ~ 150 cm fF¥T I & - @i x D ER>, TR-1
DL 8L cm DK DFRE bIE W LA 6, [k
HNCHERTL 72 eiE £ B2 6N 5.

HB-1A @K 140 cm ({5 3 ERH D, 20
Wg o T Az D % T3 12420+40 "C BP (14830 ~
14190 cal BP, HMR-2, # % 150.5 cm), 12280+
35 'C BP (14430 ~ 14040 cal BP, ¥ 150 cm),
13190+35 "C BP (16025 ~ 15690 cal BP, HMR-3,
REE 163.56 cm) OERPE SN, ZHUIBBIHASR
IR AR D HEAR D> & RESTRFAR R A D B AL S -2 D IR 1
AT 245 0TH 2.

TEIE 208.6 cm DA FEEDE Tk 15980445 ''C BP
(19490 ~ 19100 cal BP) 23§50/, ZHudiziiiH
FrenRe R o RS A #RED S Ml A A B O]
Moy, £72, EE 268.7 cm O bR D
KM TIE 22940+70 C BP (27480 ~ 27085 cal BP)
DERDE SN, ZHUIBRIIHA SRR 52
ARG L, S2)lle— AIVE T2 5 VIEO T St 4
RiCiEv, s R E»rThHIUE, F—V v 7
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a7 HB-1A IC I3 RAOK IR G O & £ T
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ZHOPIZ LTV BT, SREELERLE LS5
9.

BB, Ik NEAHED o IS L EmARDE (Glk
No. 461) &, HERTD 5 ENiH S DIRADI TS 4T
WS, [ JEHECRE L R 2 YR ENE TR T
ol Z 6, PIMMICHEL ik ch 5. &
5 N7 EAUZ 2700425 C BP (2800 cal BP Hif%) &
O THLOWERTH %, T &iF, BEREEIC
AH L TOREREDORYOZPWRD, 2% ) O
JEEFTRALTVEZEEZRLTED, s Dk
FIAEMEIC B W UIERRIERRL E L TAREYSTH
5L HERT AR5 E o 7,

W 353.8 cm O AM ik (HMR-4) (% 12980+
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HMR-1 [(98.5cm ; Sec2,2cm) J_
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Fig. 4. Results of radiocarbon dating of the HB-1A boring core from the Hiroppara bog
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TRBE FI D3 e S 3T 1 — 2 D VI BERE O 11 2 iE
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RS 5NTED, 30009+189 cal BP & T
% (Smith et al., 2013) (X15). A5 IEPED EA-2
TN N R IE ATIE T ORHlOb D EEZ TR
Wwizs S, LA RBENGROERBIL S A S L
PRHLOCHRSS Y, RBERAROENEZRT D
DO E I IO TE, 5%, HEEEE BEASD
BRI B ETH B .

51HISCHR
TEIE—RE 2012 TIHA s - RESCRHR D BRET UL 5L
TR FERBCR PR B SR AR ARNIE & & %% -0, 376p., #T
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Fig. 5. Results of radiocarbon dating of the Hiroppara II site
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Radiocarbon dating of the Hiroppara Bog and the Hiroppara site 11

Yuichiro Kudo "

Radiocarbon dating was performed on 19 samples from the Hiroppara bog (Trench TR-1, TR-2 and Boring core HB-
1A) and the Hiroppara site II. For TR-1 the results show that the layer at 81cm depth dates to 3275+20 '*C BP (3565-3450
cal BP) and also that no Last Glacial sediment was available in the trench. With regard to TR-2, a sample from 49-50 cm
depth was dated to 590+15 "“C BP (645-540 cal BP, 1350-1340 cal AD), and another from 140-145 cm in depth dates to
3875+20 C BP (4415-4240 cal BP). The sediment from 140-145 cm therefore belongs to the Late Jomon period. The
chronology for the samples coming from 170-210 cm ranges from 8605+30 "“C BP (9630-9525 cal BP) to 8815+30 '“C
BP (10,120-9695 cal BP). These belong to the early and middle phase of the Initial Jomon period. In the case of HB-
1A, a sample from 98.5 cm was dated to 3575+20 "“C BP (3965-3830 cal BP), coinciding with the middle phase of Late
Jomon period. Samples from 150 cm date to 12420+40 “C BP (14,830-14,190 cal BP), and 163.5 cm date to 13,190+35
"“C BP (16,025-15,690 cal BP). These dates range from the final phase of the Upper Palaeolithic to the Incipient Jomon
period. The sample from 208.6 cm dates to 15980+45 '“C BP (19,490-19,100 cal BP), and therefore belongs to the point
industry phase and the early microblade industry phase of the late Upper Palaeolithic. The sample from 268.7 cm dates
to 22,940+70 "“C BP (27,480-27,085 cal BP), which is during the late Upper Palaeolithic. A charcoal sample collected
from the vicinity of an edge-ground stone adze at the Hiroppara site IT was dated to 26,550+90 '“C BP (31020-30625 cal
BP), which places it to the Early Upper Palaeolithic.

Key words: Hiroppara bog; Hiroppara site II; radiocarbon dating; Palacolithic; Jomon; Last Glacial.

1 National Museum of Japanese History
* Corresponding author: Yuichiro Kudo (kudo@rekihaku.ac.jp)
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Fig. 1. (A) Location of the study site within Japanese archipelago, (B) major obsidian source areas and archaeological sites
during the Paleolithic and Jomon periods in central highland, Japan,(C) trench and drilling sites at the Hiroppara bog with

geomorphological and archaeological setting in local scale
The figure is after Yoshida et al. (2016).
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B 312 HB-1A a2 75 613 & N7 AL HUEN 2 723 7,
BT ORI ED &, fkfa Tl 84 8lE, laTt
Bl 43R AE L. BRI 7 7 25 =41t
DfERE I, Thik b 6 {Lka (HB) 12X L 7.
E5IT, HB-4#fiZa & bd 2 WIS LA, BT
BAC T DRI OV TR B

HB-1 47 (BEF 326.0 ~ 73.0 cm) : = B ¥HHEE
Wi j# Pinus subgen. Haploxylon 73 38 ~ 16%, 7 AJ@&7H3
26 ~11%, b7 EEI24~8% &, SHEEBTCH M
BT 2, EEILEBTIR AN XEPRAT 25.4% &
LEN BB L &Y, a) g AN Lifcam
T2HED, BEANHE X Oy S ETIE 2R NI
FHRTH L, &I, aTZAFXF 7y EFiIci)» - T
RIMEr b %

HB-2 4 (Y 326.0 ~ 166.5 cm) : &3 7 X |@HS
AR B51% L @EFET, vVBEBREEHRTES MY L)E,
v @ E BRI D o TRAME 2R 9, £/, L
INERB O LA IERTH D, o) FilliEs
DEDTEINT B DHBHEHD, FALH &> ¥ ET
T, AT AX I UPRARTITR EEHRLERD, AT
V) 7B EHE F v R 7 7 B} Ranunculaceae 23T # TR
T35,

HB-3 #f (FF 166.5~134.5 cm) : AN/ ¥ @M
THTRKT73.2% 7% %, FiHTESL TNy
X @ L BEERNE B o TR E R T, ar
A¥ 5 v %Y E Umbelliferae 23 FERCIRA T 5. A ¥
VU RN EEBIC D o THRA 3, BRI 128
e Bfflc AL, mRTT1% LRk %

HB-4 4 (£ 1345~ 18.0 cm) : 2+ 5 i@ »°
185~60% LT 2. 72> TI@— 7% 58 Carpi-
nus-Ostrya & = U J& — 7 X ¥ |& Ulmus-Zelkova |3 % 1%
NWIRKT16.7% & 11.4% &3, EAIEHOE G
BKETH2, »VEHTIEIERERS, 8, AR
4a & 4b © 2 DOUMFICHlr S5, HR-4addr (R
134.5 ~ 74.0 cm) T3 HFFESFZEB O LA X
RHHEEcH H, HR-4b4F (KIE 74.0 ~ 18.0 cm) T
i3 A 22.9%, AFXJE Cryptomeria 73 10.8%, €
SEDY9.7% & ESI SRS D RS H 37D,

HB-5 #f (%)% 18.0 ~6.0 cm) : = ¥V @ #EHE&
ifiJ& Pinus subgen. Diploxylon 73 KT 70.5% & 5% %
AT, ), aF7HERFELIEA TS, S XT3
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Sphagnum D35 FH8CT29.3% £ 7% 5.

HB-6# (FJE6.0~0cm): & I~ VE Larix I3
11.4~15.2% & 20N 5. BiFcEL Lz~
JEAEHER IR X K T 63.7% LKA L L TEETH
%,

4-2-2  HB-1A HixiDGARLERy & BBiBE D AR IHERT I

X 4 12 PARt £ MCAR %# 7" 9., HR-2HTlaxh 7=
VERHBLL, & 512 HR-P2 3k <3 PARt @ 2%
BB RD SN L5, ADIISEDEDIA
JEME IS B 2 BRMRER & A 7 =Y DRk Z R L
T3, L7dd->T, WEFEIICE T %50 HMmIS
& AR A 9 2 B R fE & LT, AT
HR-P2 ikl PARt i % > 7z,

W2 3 THEMICE T 2 AT O PARt 1335 L (&
FHLTEY (M4), 20 ka cal BP LAAiTD PARt (2}
iz K& TH, # 20~ 17 ka cal BP IZi3 &
HANL, #9917 ~ 14 ka cal BP I i3fifiz K% < kI
2X912% %, ¥113~ 11 ka cal BP IZ PARt fii »—Ii
222D 5 s, 2D, 11 ka cal BP B
K PARUiEIZ, 3 ka cal BP AR e iiid % &
I, MESICEIfE R A . F e, PHORBRE O A HE
i (MCAR) OZE) I PARt Db D £ —3T 3 (X 4).
Tbb, §30~20 ka cal BP I 3K 124 < W
H &7\, #920 ka cal BP LU MCAREIZBIIN L,
#J 13 ~ 11 ka cal BP iRy 228 23t S iz,

5. % %

5-1 JapfERF D REE

ML BT B ORI S, IREREICE
3R E HR-1 ~6 23 E L7 (K5). &8,
FACE O, MEHERE Y ONE I I BRI T &,
Yoshida et al. (2016) I &k > THERE T AR I N
HB-1A 2 7 OHERDGEJE % FE 12 LTk 7z, HB-1A a
TORIZED S, FEEBHER & AN XEO B
T % b HB-1 2 HR-1 4 (9 30.0 ~ 27.5 ka cal
BP), A3/ XIBOHEN L SIEEBHER O HBlD> & 10k
HB-2 # HR-2## () 27.5 ~ 16.2 ka cal BP), A3/
X B O R LS EBILN O WA TR 5 1Bk
H# HB-3 % HR-3 % (%716.2~11.2 ka cal BP) & L
7o, A ZHiEO AR & EELEBHE O 85 2> S 46
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IREEDEBKIRIC KT 2EESEANRY NETRT. READ=ZAKE, ZhZPNRIEENRSHBNBIERARY MUICL2ER
fE%7RY. NGRIP OEREMAZEIIRIE Anderson et al. (2004) ICEDWe, PYH—RUFZIES ARV N (124 ~
11.7 ka cal BP, Stuiver and Grootes, 2000). Yoshida et al. (2016) (CHIZEU 7z,

Fig. 4. Accumulation rates for tree pollen and micro-charcoal at HB-1A site, Hiroppara bog

Gray shading shows a cold reversal event during the Last Glacial Termination. Black and white triangles show age-control points

determined by calibrated ages and regional pollen spectra, respectively. Oxygen isotope curve in NGRIP is modified from Ander-
son et al. (2004). YD; Younger Dryas event (12.4-11.7 ka cal BP, Stuiver and Grootes, 2000). The figure is modified from Yoshida

et al. (2016).

¥t TR2-1 ~ 3 & HB-4a % HR-4a 4if (9 11.2 ~ 2.9ka
cal BP) &L, EIEeviE, AXELEoHbE
SHEEB O EML A D HE 2 & 16 TR-4 & HB-4b %
HR4b # (129 ~0.7kacal BP) & L 7. ¥ 7=,
~ B HEE R E o A LD S B TR5 &
HB-5 # HR-5 4 (#J 0.7 ka cal BP ~ AD1918 4 ),
A5 = JEOBIIND S LK HB-6 %2 HR-6 4 (AD1918
E~BIE) L LT,

5-2 AU & AERRD & A 7R EREHERIYI D i T
TRIZ 3BT B AR

IRIERRIE DACK 53T 7 — 2 1%, EeA& KM AR o vl
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LIS B T 2 A E 2 LB L T (IK2-3), &
WEIZH> (2015) 1%, HB-1A 2 7ICHEE Tn ALK (AT)
WCHERLL 22N 700 — VLR ILA S A3 & 3
ZED6, avi FBOERL MIS3 (>30 ka cal BP)
FTMlLELTWS, L2LAids, a7ilbBloi T
W "CHEMRMERT 7 712X 2ERMEIREORT
E67, arvihcid—XHmE L ToT 7 7P
KA 7 ARERIEFRD STy, F7o,
2 (2015) T, KA 7 A DJRITRPEIL 2 EI3R
XNTwhv, X512, AT ORBIKIENRZH 26 ~ 29ka
cal BP L ST 328, B¥i7T— % Tlix 29 ~ 30ka
cal BP &£ LTHELZZRIN T3, #lz1F, Miyairi



Dominant pollen

& HR- HB-1A core TR2
Local Pollen zone 5 /HB-6 ------
0 + [ PinusDipioxyion)-Larix |5 HB-5 | TR2-5
] Querucs-Tsuga
. forucs. 15ug 4b HB-4b | TR2-4
R TR2-1~3
] Quercus-Carpinus |43 HB-4a
10 -
0- -
m -
S - Betula 3 HB-3
S _
é -
i i
S:’ ]
20 -
] Betula-Pinus(Haploxylon) | 2 HB-2
i -Tsuga-Picea
— (Selaginella selaginoides)
30 1 HB-1
X5 LERERICETZEFHIEMEDRE

Fig. 5. Establishment of local pollen zones at Hiroppara bog

et al. (2004) (ZSUMEEEBD AT KIERHERYI DOIE T IC
B 3 Az o T AMSHC FERHIE Z TV, AT 0
FEPCAEAR % 4 29ka cal BP &8 L TV %, Smith et
al. (2013) %, WHEAHMOERHEE OFHNL S,
AT @ K448 % 30.009+189 SG062012 ka BP & #i
HBLTw3,

HB-1A 2 7Cif, REFERFMTLED SN EH 27
~ 29 ka cal BP (AT &Ktz DWlAHERY) 12815
a7 i otk oMot X 41 % (Kudo and
Kumon, 2012). 2416 OFERZREICHERT 2 &,
NTIWT x = VELKILA Z ADY AT ISk 3 % TRg M 1
H5H, FERMEPHERH2 S RTYH, IBFEEFED a7
HEHCE EN B KILP T R F XM TH B, L
D35 C, JRERIE ORI T — 1%, 2L AT
REIKERETRTH 28 3 THME T2 Z LN TES
LD EHEESI NS,
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5-3 % 3 JIERIO PRI I 1 B A AE & A
251
5-3-1 #93~ 2 JAENTIC B 5 w5 ili4r o i 2k 5t 8l
HR-1 # (# 30 ~ 27.5 ka cal BP) & HR-2 #7lf]
(#727.5 ~16.2 ka cal BP) 2%, AN/ X@e~Y
BYEE RSB T2 (K3), 2y AEe b
v eE, EIEA EDOHEMOIEEMLa RS . A
132> (1999) % Noshiro et al. (2004) %, EWpEF
HR OB IS B 2 KWL A D &, HRIKI2 A
CTYDREoO TV IEEHHBL VWS, ZoRHIcE
\J %~ @ BHEE A E O L LA 13N A = Y Tk
T2 uREMEDSE. 5, 30~ 20 ka cal BP icE1) 3%
HB-1A 2 7® PARt I3Bfii % K& { Tl (K4), &
512, 2 ORI I EILA O R S AN I A E T
%27 A¥ 7 vORFaRLRICHER L7, Lichio
T, 930~ 20 ka cal BP 0 Ji 5 {5 o520 13 5 1L 1c
MELTEY, N 2y PEILEE, #HhrE-> v



11.2-2.9 ka cal BP (Jomon)

Cool temperate deciduous woodlands

After AD1918 (Modern)

Plantation of Larix kaempferi woods

Deforestation

17.0-11.2 ka cal BP (Paleolithic / Jomon )
Mixed woodland of boreal conifers and Betula

Deglacial warming
Tree line (=1,400m)

0.7 ka cal BP-AD1918 (Historical)
Increase of secondary woods of Pins dens-flora

Deforestation

30.0-17.0 ka cal BP (Paleolithic)
Alpine vegetation

Cold / Dry

‘T.’??.".”.e. (1:490m),

2.9-0.7 ka cal BP (Yayoi)

Temperate conifers and cool temperate deciduous woodland

Disturbance of fire events

1. Siberian dwarf pine 2. Alpine meadows 3. Spikemoss 4. Boreal conifers (Picea, Abies, Tsuga etc.)
5. Betula 6. Marsh meadows (Cyperaceae, Gramineae etc.) 7. Deciduous oak and Japanese hornbeam
8. Temperate conifers (Tsuga, Abies, Cryptomeria etc.) 9. Japanese red pine 10. Larch

6 |HASBRAUEOFMBEMICH T DEEEE L RELREDERK
Yoshida et al. (2016) ZME LTz
Fig. 6. Models for vegetation and climate changes since the Palaeolithic period in central highland, Japan
The figure is modified from Yoshida et al. (2016).

boltEZLNS (K6).

HEH (1990) 1%, EEPEAAZ LD KRN (B
i 1,800 m) (BT 2 mARIEH & IEEARIEK D Hh
5, KN IE SR T D FMBAE L T H]
RMEZIERL Cwa., Lo L, REOKIHEHE (LGM,
% 23 ~ 19 ka cal BP ; Clark and Mix, 2002) 2 &
B IR M O el O RBLUE, PR A DA
RERET =S oIFENn s, HlzE, b7V
AN BV A K L, SR IR I o Ak

PR HME S 1,000m fHEEF CE T LA 2R LT
% (WM, 1987 ; /NBE, 1988). EEPELEF LS H D
SHUIGERE (25 1,400 m) 2B 287 —%
W&, IRFOKIIBARIINC ARSI L, NN B
A EEILEEBIER > T Wil 2R LTWwS (%
H, 1981, 1982). L7#»->7T, #30~ 20ka cal BP
I IE S D IE I, S SR O RRAR R 1%
# 1,000 ~ 1,400m ITfE T L Tt EZ2 615 (K
6).
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5-3-2 #12~ 1.1 HEEGTOMIEILIC Xk 2 kA O |-

s & PPERILA RV b

HR-3# #] (#916.2 ~11.2 ka cal BP) Tlx 5
J XEEEERL, U Y B dOE S b
v elg, vAEBHENET S (M3). 512, HR-24F
HoLIEEFCEETH T AX 7 otk
HR3WHIc 22 L F L QAT 2. 0o RENE
DT T — 2 1%, BokiicZz D (§9 18 ~ 8 ka cal
BP), MK MBEANRIEN L 72 2 & T, RO
AR AEPBIICEL L7 2 L 2R L CTw2, HB-1A
a7 ? PARt 1359 20 ka cal BP DARIC 72 2 & il & 7]
217, $17~14 ka cal BP Iz izfiz K< =
F2X91c%2 (M4, Thbb, HRRERAIZE 20
ka cal BP (13 #E5 1,400m (3T ICE L, £ 17 ~ 14
ka cal BP DI A3 2 @ L dliElaifko v e g
PV AIE R T E T 2B EER ORI DE U D %
BolbnrtEzons (K6). £, HIHEAKHIM
DK IHT T — 2 1%, #9115 ~ 14 ka cal BP ISP EEIA
WEBMROILRZ R L T3, Lichd> 7, JRERE
N2 EF 5 17 ka cal BP IEOFRMLIT RN 2 b D
T, PROABEESH DR E LR T bDTH
5.

#7113~ 11 ka cal BP i2% % &, PARtfEIZBifEi% T
mY, Z ORHHIC R O FRMR R AL 03— IR IV IR T
L migtEsE e (M4), ZoRoR 7Y 7icE
2% D& T — %121, ACRVEFERE O Y v 4 —
F1Y 7 A2 (YD; 12.4 ~ 11.7ka cal BP ; Stuiver and
Grootes, 2000) & —3(§ 2 HEmbA N b 2GRS
T3, (Yoshida and Takeuti, 2009). iz 1,
ElF Hulu Cave D44 %) % FH > 72 e 70 i o [ 35 7]
PLARHZENE, YD OBICLVHT S TEV A—V
DR AT, EFORBKEIRHA Lz L&l
LTw3 (Wang et al., 2001). #&IHILK F I 4 f
HEFE IS BV BB R AR I 3D < By 2 Sttt 1,
12.3 ~ 11.2 ka cal BP ic/MBIB 2 FHoE w4 X > b
BELZEZRLTWw3 (Nakagawa et al., 2003,
2005, 2006), IO X 912 EE L O KRR O
R TR, W7 7o RREET —% L3
LTEY, YU A—F)7RAE /A Ry blawfb s
L5 ATHEMED O,
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5-3-3  #9 1.1 JFSERGLARE D % TEIL TERTRE & ARG B D
W

HR-4 4] (# 11.2 ~ 0.7 ka cal BP) (32 Jillig
L=y TlEE LT 2EEILEROMLRMUA O EHR
TR s (M2 3). sweFitobih (F11.7
ka cal BP, Walker et al., 2009) % HR-4a 4 D #J5H
BT aFr 7HiEOLBIIRINTWDS, DR
D PARt fHO LB ZENTH D, MfiicBfi% Lml
32 (K4)., 2o o, it RFRERL T
TR DIHEGE IS, #911.2 ka cal BP 12Kl of&
BIHES TA N X8 & i L Ve S ZE8 0 R3S Mk B>
5 a7 7HllifE% Ei L T 2 IR ETE SEA SRR &
2oLzt Ez2on% (IX6), %7 HR-4a il
ICE 2 aF 7HiEoE LRI, SR~
IR %R LT 2 RENED D B

HR-4b #] (#7 2.9 ~ 0.7 ka cal BP) (213 2 ¥@%
it kg, ~ 7 elEs £ ot Es o ntah
WiNd 2, oW 2 L REDOHRLR AR S 1,
IR R B\ TR ST U 7 RE D& O,
—fgic, FEFTIERIc oMM ER R ORI, &
EomwEl Bt EZ R T b D EEZ 5N TER (Tsu-
kada, 1988). LU, IIKHDFEAEHEIZ, <RI
Rl & izt & BRI MER S T 3 (Bowman
et al., 2009). b b, A EBRO LA
A A - I, (LK FEORIN IR T SO i
Al - L E RESFE L T 5, REREICE T
% MCAR OZ @)%, Wik o A o B
L0 bEEPICRITT S (K4). Thbb, iEE
B DIER DA, &fEOEE - kT 2% <,
KIS X 2 HEELASE N L 22 il 2 (1K1 6).
HR-5 #7 1] (%7 0.7 ka cal BP ~ AD1918 4f) 12 1%
<V REME KR O LA EELE 25 (K2 -
3). 20, HR-6##H (AD1918 4ELIE) i, # 5
< VIEDEM LA DORIMD R &5, ADI9IS4ED A 7
< ViiRICHR T2 b0t EZ 6N D (K6). 5
BN BT 2 ~ v J@EHEE RilE o kA o 213,
HAZE ORI T — % TRD 64, ARIEENIC X
DML, TAHRY "R RL b D E
# Z 6 3 % (Tsukada, 1988; Sasaki and Takehara,
2011, 2012 ; #H - #AK, 2013). #70.7 ka cal BP IX
B PAR fHIFAZEIC R D, 5wt L b b



€722 (K4), LEnoT, IAEEERLDORFKZ,
HEEM DR RO L DI, WMok Ens &
%z613 (X6),

6.

=

B LA JFOR R O HEREW IS BT 2 46K 3T & BORLIR
GINT S, 2% 3 JTAEHTLARE O R b o) Rl A 42 &
RAEEEPBAS Lo, THbb, 30~ 20 ka
cal BP 113K DIEMALIC X D ARMBRA MK L,
RS TN A = Y LR, B2 & o &Il o i
ERBDIAD > Tz, #9920~ 11.2 ka cal BP 12,
oK 35 0F 2 M IC & > THRHIBAES ER L, #
N X & iEILA HEEB ORI DN S X 9 (12
ot $911.2~2.9 ka cal BP 2%, BRI
BICX22MAEE LT, aFTHiER s>
TIE % TR LT LA S IR & o 7. 9 2.9
~0.7ka cal BP ICIZAXEPLYAE, FtVEEAED
T P B EER R Y A 2 BEK L, #9 0.7 ka cal BP ~
ADI918 fFFITIEFEMAD ABINT I L 27 A~y
ARG U 7z, Z D%, AD1918 4E LU I IE AR
EREAATbN, JNERE ORI TIE A 7 < Rk
Eol,

ke

AR EMED 512H 7Y, HILKAREYIRE O KL
BRI 3P HAD KRB ICOWTHR A TYE 2
JHW7e, e, HARYEREAONA LYY —DRY v
7 DS ANTIIRRA I3 2 LCIHW 72, A2 I
J% 22 ~ 27 AR FESCE R A B TR A BRI RIS L2 T
BRECHESE (S1101020, fFZRfREE © /NEF 1H) oif
BB ko TE I,
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Vegetation history and climate change during the past 30,000 years
from pollen and micro-charcoal records
at Hiroppara bog, Central Japan

AKihiro Yoshida"", Atsuko Kanauchi’, Chiho Kamiya’

We have reconstructed vegetation and climate changes covering the last 30,000 years at the central highland in Japan,
using the well-dated pollen and micro-charcoal records from the Hiroppra bog. The pollen and micro-charcoal records
at the site show that alpine vegetation, such as patches of Pinus pumila (dwarf Siberian pine) and alpine meadows with
rocky areas surrounded the site during ca. 30-17 ka cal BP. At ca. 17 ka cal BP the growth of woodland began due to a
rise of alpine tree line elevation corresponding to the deglacial warming. The pollen record at the sites shows that mixed
woodland consisting of Betula (birch) and boreal conifers covered the area during ca. 17-11.2 ka cal BP. At ca. 13-11
ka cal BP the alpine tree line in this region descended temporarily which can be attributed to the sudden cooling of the
Younger Dryas event (12.4-11.7 ka cal BP). Dense mixed oak woodland flourished under warm climate during 11.2-
2.9 ka cal BP. The temperate conifers expanded during ca. 2.9-0.7, and it is likely they were frequently disturbed by fire
events. During ca. 0.7 ka cal BP-AD1918, secondary woods of Pinus densflora (Japanese red pine) increased as a result
of extensive human activity. After AD1918 Larix kaempferi (larch) were planted in the area.

Keywords: pollen; micro-charcoal; Hiroppara bog; central Japan.
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Sasa community
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1 EEEROME (BHEIEH, 2016 &EIHIEFRR—LAR— //www/gsi/go/jp & H & ICER)

Fig. 1. Location of the Hiroppara bog (after Shimada et al., 2016 and the Japanese GSI website://www/gsi/go/jp)

BT 5.

SR 2 D P s C U A F =Y Larix kaempferi
AL L M,
XY Kalopanax septemlobus 7% £ D VEIEINTERIDNRAE L,
ZDOMIKRITIZ 7 = A Y'Y Sasa senanensis (F = % Y Y i
Eusasa) MEL LT3 (FZh, 2013). RFFEH
HRIC BT A DIEESTAIE, 760 ~ 1600 m 23111
M (FESEILSEMIAR), 1600 ~ 2400 m »3iE Lty (#
HEBIAR), Z LT 2400 m DL EASEILAFIC Xy S (5
M, 1985), ZaUfEz X, FAAHEL by EE8
WKAE L, ZOHARMAEIZI RS 7R EDS 72 5153
[REERItR EHEE I LD,

IR RIS X, X < Y Moliniopsis japonica, A 7
/ A" X R Calamagrostis langsdorffii,

2 X ) 7 Quercus crispula, 7NV

3 ¥ Phragmites
australis, 3 7 X% 2" Rhynchospora alba, T.>)'7 7

B Scirpus asiaticus, 7% A7 Carex dispalata, 't X >
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3 R 37 i Sphagnum spp. 75 E
06 7 BRIREEENIC > F /128 Betula platyphylla, /)
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% A A ¥ Miscanthus sinensis \ZFEE 05 BB 512230 T,
AL, #iELTTIEA I 3 F Fifikl Pooideae / 'Y

%" Thelypteris palustris,



Y A& Calamagrostis (£ 7 /)X A7 L) MBMELT
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JEFE D 5 g i) T ca. 4.3 ka cal BP, % 173cm (3
REF D 8 i 1) T ca. 9.6 ka cal BP, ¥ 208
cm (FEAEFO 11 JER Ti8) < ca. 9.8 ka cal BP 23
FonTws (L 2016). FHTICEERICGC TE
S 1 ~25cmDEITY DL T,
3-1-2 HB-1A

=V v rarid, RBRPEBET 2 L (R~
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Rz L T, i BE AT (108, BRE,
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%1  Phytolith record
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[ Pooideae
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Fig. 3. Ages of regional opal phytolith zones of TR-2 trench, Hiroppara bog
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300 cm DEIEHL3 (TP-3: M 1) o 1#EE, 2L T,
HINEBCHEMA—Y v itk B o hkEE 390
cm DO+Ea7 (HB-3: K1) Ths., %, TP-1 (i
WEH, 2013) 122V T, TP2ICH#L 36D E LT
R TIIEMET 2.
3-2-1 TP-2

+HEE I, BOriHe v BBEE (hER~EE
60 cm) gtz iFH L 32 FTHtE (FE 60 ~ 245
cm) IK74rEns (K6), LikhJEidmR~RE 15
cm 23 TP-2 o EEARJE R (EHIZ2, 2016 : X 4.1-B,
DUFSIHEER) o 158 R OB O aEiE), HE
15~ 60 cm 2SHEARJEF D 2 8 (FESCRHGED) & 5% 10
BB OE O WEE) 4T3, —F, FEt
J& 1%, YEFE 60 ~ 100 cm 23 TP-2 OXEAJER D 3 & (H#
IREGEY) & B IIHA S RAGEY O &), HEE 100
~ 190 cm 2HEAEF O 4 |8 (BYIAH SR EY O
WEE), VEE 190 ~ 225 cm BHEAJEF O 58, *

Age (cal.y.BP)

0 5000 10000 15000 20000 25000 30000

*1
depth water content

L CHREE 225 ~ 245 cm 23K MF O 6 i (BIIIHG
w OB OWEE) SN T 2, A&k, W 220 cm
B (TP-2 DIEAREF D 5 JETH) 12 AT HRAET %,
HTRIERENZ 5 om [EIFE TEREL L 72,
3-2-2 TP-3

HHEE N, BariHE T BB EE hR~EE
80 cm) t#BLEMFE T35 TFHERF (B 80 ~ 300
cm) 2 2grEng (K7), BEEIEFE~FE 20
m %' TP-3 OFA+JE (BHIZ2, 2016 : X 5.1-F. B
T AR o1&, HEE 20 ~ 80 cm DEEAEF D
2 J&g (U UEY O W EE) ICHY4 5, TH1JEE,
PEFE 80 ~ 170 cm 78 TP-3 DHEAJEFF D 4 8 (BN
Fa OB EEE), W 170 ~ 190 cm 2SEAREF
D5 JE, VEEE 190 ~ 235 cm 2SHEAEF O 6 8, EE
235~ 270 c DSHEEAFETF O 7IE, Z L CTHE 270 ~
300 cm AHEARJEF D 8 JFICHIM T 2, &k, HE 140
cm (3 (TP-3 DIEARSEF D 4 @) 1< AT BIF A 7 A

Phytolith record

Phytolith zone (Depth, Age, Event)

o ) (cmz) 0 50 100% [dominant phytolith]
5
1]
E hsiad
2 Moliniopsis
-2 Pooideae
50 =
<
©
J E
(82cm, ca.3.2ka, Succession
| { from low moor to transitional moor)
100 HB1A T (98.5cm, 3880 cal yr BP)
~ g Phragmites
c Pooideae (126cm, ca. 5ka, Start of
& N 5 Sasa y continuous deposiotion of peat)
g_ 1 T i ] (138cm, ca.10ka, Shift from glacial phytolith mode
8 ~O P € ¥ to post-glacial phytolith mode)
Seo B . .
3 (146cm, ca.14ka, Top of late glacial peat deposit)
150 ‘\ /{‘ 2 (151cm, 14510 cal yr BP)
\ % (163.5cm, 15860 cal yr BP)
Q (186cm, ca.18ka,
Ve = Bottom of late galacail peat deposit)
200 [ F HB1A-III
1 { [ Pooideae J
250 £ (254cm, ca.15ka, Boundary of
2 phytolith zones HB1A-IIl and HB1A-IV)
o 2 - HBllA"V ————— (268.5cm, 27280 cal yr BP)
;00"1339 ————— (274cm, Dominant AT glass)
asa
. *2 Moliniopsis
@ calibrated *C ages j y ?
300 4 O dates from the age model $

i veat [EE sand [EEclay, siit L] humic/black % 1: Kumon (2016) *2: Kudo (2016)

5 HB-TA 37 DEYERRETOER
Fig. 5. Ages of regional opal phytolith zones of the HB-1A core, Hiroppara bog
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P oKz Rd (FH, 2016), 7, BE 200
~ 220 cm AhE (TP-3 AT D 6 J&) 13 ZILEE
DFBEDAET 5. T AEARHE 5 cm ARG TR L 72,
3-2-3 HB-3

F=Vv7arik, BazrX#Heys B LE (b
R~TEEES8 cm) Ltaz e T2 T (RE
58 ~391 cm) 2= ns (X8), =E, HE176
~ 184 cm GGlE} 44 ~ 46) DOEERAIIHT 7L /87 — b
ChrE8i4y 0.1 ~ 0.01 mm) < AT &EA T 22 O
MR Z /RS, AR 2K 2RI AE T2y 1/4 ~ 1/8 mm @
ghrcbiosisd (FRH, 2016). iz, &A%
HELEDBLEIHIC 4 cm B F 12 2 cm JETY O
Skl (A3, 2016) D% 4THLL TH 7223,
FEMPREAL TV B 100 ~ 110 cm &3 Hr 5%k}
KOG L T2,

4. Srbihiik

ST D TR, WEHEREER RN DTS 2
w2207k (650 °C, 6 RefmEy) kb, —J
e E R RS 2 S i RV S S P R £
B % o344, eiliiZ 0> (2008) 1 HE U THEMIERIR (R (1
T, EERgfk L WgEL) ZHhE (10 ~ 100 u mEi5y) [F
E L7, F7o, BEERE TR & TR-2 OlFHERTE I
DV TIFEERR AL (W21 1 g 247 ) ORI ERRR AR B
ZEHE (2000) 1THEL TR 7,

5. HREHER

5-1 hiYyHEg A RE 28
5-1-1  lstihig
(1) TR-2

1A SR D 4 D DIEYEREEHICK I s (K
2). DUTMIC S REY)EERR AT ORI 2 5L T,

TR2-14 (b2 SEEE 119 cm) @ 7 7 ¢ (Fan
shaped) TlE X <4 Y JE ¥ £ 7 (Moliniopsis type)
N2z REESCHRINGD, avEY AT
(Phragmites type) 1312 & A RSN, Y48
% 4 7 (Sasa type) \Z XAV IEY A4 7ML, HH
TBCHAMRIC B S 412 DUAME H L 72 e v, AT R
¥ (Short cell) Tlix¥ % (Panicoid), &% > N\l
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(Chloridoid) 237 7 vHBIX = ¥ @& 4 7IIZIERIG
LCmiiEn, vy /7 798 (Festucoid) 25 E
CTHICIE I NG, F B Y 7 ViR O 03,
77 VY YES A TITn L TRIBE NS,

TR2-II 4 (R 120 ~ 210 cm) : 7 7 Y BT,
AVEYA T, JBEHHEEL VWAV L D0,
FIFER LTINS, —J, X AYES A T
TR2- T HARTH S D s RME, Yy Es A 7
VR OIS L Ot S B, A R R R
TR e 7 AN RN L TRt S s h3, el
DORHHEIL TR2-T AR THS 2 ifEv», vy /7
7Y RNL TR oS K, 2 7RI 7 » R
JB% A4 7IHin LT R ctici s g, 7,
U Nk 2 729 3 o I (Phragmites culm)
LHE SN EBEPFRICHE NS,

TR2-II #F (£ 210 ~ 288 cm) : 7 7 ¥ BT
WIS R IE A CH 2. EERIREEE T >
27 RIS ISR S 10528, fIE AR CH B,

TR2-IV 4 (B 288 ~ 297 cm) : 7 7 » BIFETIZ
XRAXIATEYHEY A 7D, FHEIZE R0
sz, EHlagEck > 2 7 2ot
Bcdhzpy, ¥7rbIRIEdEREL TR ng. ik,
ETTE SN IR i g g

LU, SH0Rd e, SR owTER 5,

TR2-1 #7 P % br & 7 7 Y HIBEC, X< AYVESY
A TERp ORI I, —, IVESA
TBFEAEMBEIN W E TR o NS, £
7o, BT MR 7 7 VEIEX v A YIRS A 7
WCHIE LTS N 5723, Z OEBED LE 2GR &
LTX»AYEREZ6NS (s, 2013). L
Do, N CRBEDRFERETALNL L) X
X % FERERESE LT 5 A 2R % & T b R
REZE DR ROT. - MkGE L 72 2 L e s s, —FF
TR2-I T 7 7 VRO X~ Y IEBY A 7D 7
IVOSE THHICEERTH S 28 e aolc i L, Y|y
A TOHE ORI S, 51, av|sy
AT DT T F VBTN TH 2 2 L3R T
Ho, miEEECEaYBEREERECcCH LS
SNSRI S, £, YRS 7
WHIETH DI L, XA VBB EELHBIR L% 2
SNEXERD Y 7 F Ui [HICHERTHS 22590,



B, MAFDERE S N7 120 ~ 210 cm T
NFDOEREDIAD, DO E#HEREDIEL,
RN T OBEE 2N E RS, ool eps, 1
HCIEBREERED © D LD DA 4 B E 5 NLE
ZIRWD b LT, ATVIE TR 55 A FEHEY
B % & TS R R A2 23RO, - ke L 72 2 & 23 HEE
S n, TR2-1 - A ORUE, 114 2 8E L 7 HERG e
D P DOEEE 208 cm 13T ca. 9.8 ka cal BP Td
52 s, seHitt GEEBERNAER 7 —2 (MIS)
1) PIEMEICRIET 2 L EZ2 6%, ZoHT, KiE
M JE AR 2> & R E~NE D B 223, ZO
RAAEZCRIEEE 118 ecm BT ICdh 72 5. 2 DFERUL,
I 143 cm DAEAS ca. 4.3 ka cal BP, % 50 cm
DIER A ca. 0.6 ka cal BP ThH 2 Z Lo L T,
ca. 3.3 ka LiftEI NS (K 3). %k, HHENEFEIVAHE
DRI ST L CTHEEE 159cm 1T D & JeBé skt L
THERZ MG 5. ZOFEREIMEL TRk % & cabka
Es (M3).

Az TR2-N KM RE D 7 > 2 7 779 B3R & ¢
S, 7 7 YRR DA HKcH 5 2
L6, A5V XMl (Pooideae) 23 THEHA
nA FPHEYBE R GOMAEEZ R T, 20 k) RifER
HEAF B Lt ons boTh b, TR2-I D
BRI, W72 B8 L 7 HERSE o 18 E o YR 208 cm
fhETca. 9.8 ka cal BP TH 3 Z Lp 5, ZDEbDH
FEOKIRIHOE & & 2 s s, BIfE, JAERE I X
2 A3 Y TR S NS I OWE T H 5 A,
BOKIAWIBE DU X F 72 W LA B ISR % A
F X F FHRI OO TEE L A 2 BHEY TR
LNLWMHETH-> T LHEES NS, & M TR2-1V i
AR T > 2 RIS T H 5 DI T,
FArR Moy S FALb RO o, 77 BT
bY V| A TS, 2V IA TBRESIND DT,
A F 2V F XHERPMBEAL T THI L XA 2D
A FFHEPIREZ S OREZ R T, o0 k) A i
BEILHACRIGE L T3 vz & 9. TR2-IV MRz
DWTIE, b 2HEREOFEMNEIB SN THRVLD
TWHENZ Z I3V A Rw, #Hilko X9 ic HB-1A &
DX & MIS3 D R[EEMEDE Z 615,

(2) HB-1A
RS 4 Dol 2 BE L2 (K14), M

277

T SRR R DR 2 BT

HBIA-I# (MbR~VEE 82 cm) @ 7 7 Y HIRETIX
X2 AXIEY A THES» MG I s, —
Ji, AVESA SIREEAERBE NG, e, W
HIEY A T DO T FERIT . R T,
YN X R v SR TG B
WKL CTRINE NG, —Ji, YOy 7PV
FEI o>,

HBIA-IL 4 (/% 84 ~ 142 cm) : 7 7 Y EECIE
VHIESY A TOER»OMRICEIEI NG, £,
V@Y A 7D 7 F I HBIA-T 472 R THHE©
Hb, —J, IAYEY A T DY 7 F )Lk HBIAL
HHZHARTHS 2255, AR Tl e 7oA
B L - el IRl G, v 2 7 7y
BUIEf et s, 72, Z7BoRHIR&ET
P CHETH B, —H, FERDY 7 F L3 HBIA-T
HICHRTE <, FHEFTETIE L A RIS N,

HBIA-TII 4 (YERE 142 ~ 255 cm) @ 7 7 > RIBE IR
FEA LIS NG, BRIy 7o
YHIMES D DM ICRIb S g, —7, ¥ El%
BoOFER, e/ "B EA EHEB IR,

HBIA-IV # (255 ~336 cm) : 7 7 v HRET
BYYESYA S, X2 AYIES A TSN, R
[FHF T8 Tl 0 > 7 9 )L D3I 0> D B IR &
5N %, MR CIkFAS TRy s i, vy
2 T RO 7 VSR BN,

DU, &0 B, FRUC O W TEATH 5.
%69, HBIA- 14 & U409 b, 1HTIE7 7 v BIRE
TXRAVIEY A THMERD DRI S 1% 23,
AV A TP EA LRI N LI ERHETH
3. ¥, GHEBETXAYREEEIONS X
ERIASHH IR L RIS s (2, 2013).
L7235 T, HBIA T CIRBIEDRFRFETA SN S
L) XYk FEMRER LT 2 A 2 RHEYIEET
RO & 5 R IR AR DSBS - kG L 72 2 &
BHEE I NS, —J7, HBIAIII ¢z 7 7 VD 2
2 AXIEY A T D7 FIVDNE LI TR TH S 21258
WDIZHL, SYIESY A T ORI B X
n, 62, AVB/YA 7D I, L IdR 0D
[HACHAIUIIIECH 2 Z L T H 2. il
JRRETIZ e o NI IR R - TR eI I R



M N3, ZOHBAOEELBHE LTI TED
HCBboTw3 (EilEs», 2013), %7/, v /77
- RpEG IR SN, sy Moy 7L
WHFECTH Z2DIZR L, XA PEIBIHEEZoN
X MDY I FNAZTHACHRTHS I8, & B,
HBIA-II #i 233% € S ML 72 VE B 84 ~ 142 cm @ HB-1A
a7 DT T HANEDBEREIHD L, MY
KT OWEE RN ZRT, ZhonZ s, HBIA
H TR O — R I 22 AL P B R R > & O 1 ib D
MADE L L E ZARLERRID S LT, FVE, A
Fa v > XlikE B E LA 2RHEYRE TR

5 U 2 R R ST - kG L 7 2 & MHEE &
%, HBIA-L - 14 @ REfRIZ, T Ao 11 4F 25 MIS2
BRIRBT2EEZoND L5, RIT5EHIH,
MIS1 ICHE % 5 ThH A5 9. ZOHT, (REREFE ML
S EIREAE~E D 2o 20, ZofitZkiza
TYREE 82 em fHECRE 2. 2 DEMRIL, TRROHERE
M A o & B3 a 7% 98.5 cm DERD ca.
39kacal BPTH2 I 6 MHTL Tca. 3.2ka Lz
% (K5). 7%, PHHEEREREEDOEALICHT LT
J& 126cm fHE TR H3MkGE L CTHEREZ IR 5. C 04
RZEFABEICRD S E ca.5ka &% (M5).

HBIA-II #1122V TR D 5k 2 288 & b
DT 2 TR T TEZ S, BRPEHET 2
RS eEHEN DI, 77 YT YEY A T
D, FrEMEEEETR YT EOY 2PV ERE K
WHT, HBIAT- I E RESERRL L THS, W
WIE 2 & BIEACKRRE Y Tl R v, Eo—
RFINEZ AL A A 9 5 B D T IF N~ D 3 A 0 B2 Ik
D6 D TR OWANS K 0 YV U o B 4 23 )5 HE
BocfimEnsg, Lidio7T, ¥l ids
B S w Lid, WEBEEREEZ SO TV EO
Wi o> C A A DAL % R T %5, £ 72, HBIA-
M#D7 7 YHIBETEI YIRS A4 7 LRI AT
By 47, avEgy4 7oy SF NI THEL, &
5 IR Tl A F 2y F X HB OB TH %
D FY RIS s, FER, v
SANBD Y T FVAE Y r BIFIRRICIR D T, 2D Z
ElE, VHVYREREDA F Y FFHRLANADA
FRHEPICZ L iDL 2R T, ZoX) R
AR FH S LA L E TR N DTH B,
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HBIA-IIL #5 |2 13 HB-1A 2 7 T 137 ~ 146
cm ITAET Bk GO L FEDONED 5 EE 186 cm
DAV v EE EEToOMMIch i), FE 151 cm
Cca. 15ka cal BP, [AEF 164 cm T ca. 16 ka cal
BP B onTw 3, JBRSHKT % % 146 ~ 186
cm OHERTHREZ —E & WAL 2o DfEd S 4MHF L T
5N % HBIA-MI 4 B0 £ D O4FR0UF ca. 18
kaThs (X5). —7, #&bhHDFEMRITOVTIEIRD
I ICHEET 2. £7, K LRGSOV M EOJER (%
J£146 cm) OFERZE Lo X ) ICHHEL TRko B &
ca.ld kaTh s, ZOFEMRELITRKD7ZHEE 126 cm
DA (ca. 5 ka) %5 W#fi L T HBIA-IL &b H D
F B 138 cm) ko 3 L ca.l0.5ka 743 (K
5). L7257, HBIA-MI # DRIz E B & 2 ik
MR (MIS2) o Fh 6%k (MIS1) ¥
VICZ 5, DEDZ s, BIfE, LT LBz
T 2 JREIRE X, MIS2 #2~ MIS1 #JHHIC > CTHligs
s B3 o =i icd h, 4 F 3y FXHES O
A 2FRHEY 213 L A EED e iR A2 L,
JR D FABE Tl 3 3 B0 TR T bh - 7z L HEE
Nz,

RIZ, HBIA-IL 48 & HBIA-IV 4f 13 HB-1A 2
7 CREER DT 2 FEIc 3, 2 2 TIIERYE
DWbHEEIRIE % ety b O O AR TRIRDTRD S5\ v o
T, KELBEEEO R % e 722w, e
DIWADFE DR L 205 DHERE RGN 22 SN2 50T
H i A OFR 2 e AR ETE DSBS e &
EZ2oN 5, ALEEMEREEBL 72 Z 0RO
REAIZ DT, 3 2 YRR AT 2> & I D35e A4 &
NBTHAI D, T, HBIAIIH T A3 A B2
LRBRICA F 3 F XD > 7 9L 3B IRICEE
21T, $VEEEOAF Y FXHEBLIND A F
BHEVIO > 7 F A 3E & A RS S\ 2 L TR
dFens, ZDX) A XFloMRI, &Lk
B~ OB Z R L Twb EwRx 5, RElL
72 & 912 HBIA-IIL 47 BRI MIS2 #2210 wfE§ % &
EZZoh, i, HBIA-NI WHWRE I N/ a 7H 5D
o (PREE 255 cm) X b FALOEEE 269 cm D EAR
Aca. 27 ka cal BP TH %, L7=25->7T, HBIA-II4F
TR MIS2 BB IZIEELEZ E L TLWTH AT,
HiGE L 72 HBIA-III 4 B2 dH o HLC, TR 5 e



13 MIS2 %z L cHlim iy EE~@iasicd b, 45
Y F BN DA FEHEY & 1F & A EfED R
BV L Tz EEZ 65, 2D X9 il d
CH, MIS2 Hiif 3882112 MR BREE DAL E Tl bk
DHERE T 2 IHDOTEEDHIR I N RPLcH -7 2 &
DPHEEE NS, RKICHBIAIVAHIZY Y, 4 FavF
Xfifl, 2eAvEOS SFADPHBICHEEINS 2
ETCREO T s NG, 2D X A 2RI,
BIHICRIG L TWwW 3 EwA X9, FEsRESINL
a 7RO CEEE 269 cm DAEDS ca. 27 ka cal
BPTH Y, £/ I OEEMNIETAT OFREELDH 2
BW BRI A 7 A ot K3 i 415, L
72735 CTHBIA-IVHIZMIS3 IZ)RE T % L £ 2o 5,
5-1-2  BhReg

(1) Tp-2

B2 & 3 D DRHYIEERE AT & B
R AT ORHEE DUTICEE T,

TP2-14F (HhFE~FEEE 60 cm) : 7 7 VEIFECIE Y5
JB5 A 7DMERTH 503, FESY riliEhE)R (Non-Bam-
busoideae) WABtICHIH SN2, F7-, FffLIEEE
(Short cell) TRYV /YA 72T T 35 7 RIDER
mpe, XM, vy RS BRI RES .
TP A B 13 0 30 Ji~ 100 JifE / g, b2F
8T 170 i~ 230 il / g # ¥,

TP2-I1 4F (ZEFE 60 ~ 185 cm) : 7 7 Y HIFETIZH
VIEY A 7, IS r MEHREIEEGE L TR 5523,
Z ORI M 0 TR, SRR T 8 7 B
GBS AT, T 7 7 RIDNRIEE R L TR E
N5, LaL, ZOMHEEIZGD TR, WS
REIEEIX1313 6 A/ g Rl OEMETHER &

TP2-II 4 (PEHE 185 ~ 245 cm) : 7 7 v HIBETIZ

HIES A 7, Iy BR300 b BB IR
INg, EfgE Ty rRlyYyEs A 7, v
RN E SICHB ISR S 5, R EERR R
W TP2-IT 7 & b &<, TRERClE 20 i/ ¢ 28Z 5.

LURC, S OR B, FRICOWTERI TR S,

TP2-1 4713 TP-2 t3E g o 1 Jgic47- 228, 2D
HikomowHEFIIER 7 LEEEZ oD, —IC
BRI OB Z R R CRA 2 LENERT 3
Dlzxf L, WHFRMWAE A T clkEt B otk E B2
(Z3H1E2, 2013). L7=d-o7T, TP2-14rd Bt

wL7e (X6). %
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S ISR RS E 2SOk L 72 2 L 2R T %,
2 ZCHOL L BRI A L, TP2-1 1554 9 | D i
W T FVERTOT, SHEEREMBREEZE L T2
LD ThH-olEEZoNLH, EHICA» Y, JEY T
HRlD > 7 F VSN T 2 AR D 515 2 L9 b,
BEICE D I2N, AAF 7% 84 2R 2355 Y
FAEIC KDDL L) ICh>TELI ERHEES
%, TP2-1irDiIE MIS1 ICBE b 5 2 & I3[ 72
VWS, Z DBIRAENRIZVOEIC B 9 B, AR
BT 7 750 ZALERE oM INTE
57, FLREFERMEGE SN TRV, FHSCRR
B0 EY I IH SRR OEY L RE L TR0
+ EAREFD 2 ) oL w3 2 e (BHIE2
2016), F7z, UHbigE RIS TH B ILHATIE
BR7 LEOARBIRRELA 10 ka K h i v L
(Z3iiE2, 2013) 25, TP2-14#DIAE Y i3 10 ka D
ELEZEZTARGIE RN TH A .

RIAZ, TP2-I1 45 T VLN RS (A 25 B2 3 & TR < #fE
B3 52006, HBICIERICZ LB Zhb 2k B
Bk L7 2 EMEE S NS, 2 & effid

REDEHZIZEA G TR VEBO L OHEREROE
RD—D2ThHho7ce A L), om0 o 3%
Mo s fEmsE 328, £/, Thio TP2-1

IZBb 218t 1o BEBIC AT 28t 2 25, TP2-1
HIXIZEMISZ ICHE T 2 L EZ NS,

B N0 TP2-IIL 45Tk, RHYEEA (A% B 23 TP2-11
HWICHRE WS DD TP2-1H & DS 1K\, 20
T, YHESA F Y F XM O 7OV IR
BitEns, 2ol Enrs, TP2-AHIXETHFIZE
SAEDEEL K %K, YYE, A F 2y F Xk E Rk
& LA 2R % & LBl & iR O BN MEE S
k9. TP2-I#7E, kil k) iczotfEo Lific
AT 28t 2 E06, MIS3ICIRET 2 B2 6N,
(2) TP-3

A2 S b oofEgRAT 2 RE L (K7). &
R ORI DU ISR T

TP3-14 (M~ 80 cm) : 7 7 Y RIEETIZ ¥4
B8 A TDMEBATH B, IS MBI b BRI B
mans, £/, MEREERRCEYYES A 7% E
LT 27 OB R, R, v ) R
bR S, R BRSO D . RV EE G R
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(T 50 7~ 200 JifiE / g, EAEEEC 200 T~
400 il / g 2T,

TP3-I1#f (VEHE 80 ~ 140 cm) : 7 7 Y HBECIEY
FIEY A 7L C, FIES o MRHRIE A 1E 5
Bt L CROH 6N D2, ZOMINBEE IS TRV, 5
MR Clk s r RS Ey 4 7, v 7 7
B E g, L L, ZOBEHEE 6D TELY,
RV AR L 131215 Tl / g R OASAE THERE 5 5.

TP3-III #f (PEJE 140 ~ 190 cm) @ 7 7 Y EETIR
FHIEY A 7, Y BRI O D BRI
IND, IR Ty 7y E S 4 7 HHIE I,
T ) S RIBORHEICRIE S s, MR (A
EJEIZTP2-114F & b & <, 5~ 10 /i) g CHERE 9 5.

TP3-IV 4 (JEFE 190 ~ 260 cm) @ 7 7 ¥ HEECR
FHIEY A THEE LT, IRy WAL IZIE
Wil L CRO 65, Z OB EIZHRS T
HAEEIERECIE Y 7RIS E S 4 7 HNIEEE L T
s, LaLl, ZoBEEE I TR,
PIEERRARTE LS 6 T / g Rl DARAETHERS § 5

TP3-V & (%)E 260 ~ 300 cm) : 7 7 Y AIEECIEY
HIEY A 7, EY MBI O D B ISR &
N5, MR cix s rlyEy 4 7, v 7
JHRIHHE ISR S 5, MY IR R 1% TP2-11,
I, IVAF & D, Bda 20 il / ¢ 22 CHERE 9 5.

PUFC, o, RRUCOWTHEZTARS,
TP3-147, I+, Mt oH#E%IE, THFOm MEBic AT
JEE %GR % RN RHEC REY EERR R IR I B v ¢,
HiEd L7z TP2-145, 114, MIAHFOHERE X {ITw3
L7d3-C, TP3-14F, 114, HIHFo HBREE, BRI
DWTUE, WY 5 TP2 #Hir L AR Z &3 2 &9,
Thbb, TPII4HIVVEE TEAMRER L 355
BG4 %2 78 L MISL (Cfils, TP3-I1 45 1 AR M0 70 il
ABREE 2R L MIS2 Icdw)@, TP3-II 4, ¥4 )@, 4
Fav Xkt e R E LA 2EHEY 2 & DB S 72
MEAEBREZRL MIS3 IRET 52 &2 65,

TP3-IV HHZ D W TSR RS R % S 2383 8D TR &
Lo o BN 2 B HEE SN D, SIS b 518
b BRI D b £V Y 7 5 7Y 3 VNG H
ThHo I EERTLHOMEREEN TS, BT
o> TP3-V 4ifid TP3-IV 4if & b T FERR A% A% E <
HHE, A F IV FXMBOY S FALBHIETH S 2
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&5, TP3-IViFE EICHEI DL C E B WwAED b
ETHHIESLA F 3 F Xk & A 5 A D AT 03
EEN S, TP3-IVHF & TP3-V # AR ¢ 28 I3 A E:
BRRIE 12 X D HEE S 12 %D & MIS4, MIS5a ic
G S 7 (ISP - e, 2014 ; {23 - #%F, 2014),
L2 L, LHEOHEREREZ —E &IRE L THEE 300 cm
DHERZ BT 5 & MIS3/4 BiFUZiTVs 62 ~ 55 ka 23
Bon, EAEETILI = AEES &V (T2,
2015) ¢, TP3-IV i & TP3-V #ix MIS3 IZfitls 9 %
bDEL Tz iEd %,

(3) HB-3

EBh 6 5 DY A A RE L 7 (IK8), &
EERB R ORI RICFLT

HB3-1 47 (MbE~FE 58 cm; B () ut) 1 77
VHRIBETCRY YIRS A TR TH L b DD, YT
MRHEE b Rt S s, 74, HfllEiEREc
bYHEY A T2 T 28 r Moz FTc, XU
B, oy 7oL RIS g, MR IR X
TR T 50 J5~ 400 Fifil /g R

HB3-I1 #f (PEE58 ~ 184 cm ; #Bfat) 1 7 7
Moy YESY A 7, £y flRHRIEANZ IR L <
RO oD, ZOBMBE IS TR, R
BECRY 7By SHEY A 7, 7> /7 Y REIRNIZIE
LTINS, Lo L, ZOBRISEE M) T
Vs, REVIEERB RIS (31313 5 Jifl / g R R4l CHE
AR

HB3-III 47 (184 ~ 271 cm; #®taht) - 77~
REECIEYYIEY A 7, 7 rfiBhEEE» W3 b
ot S s, MRy 7By yEs 4 7
DY ICRD SN, v 27 VYR X RS X
N5, HHYERRAEIEIX HB3-IIH L s, 12IF6 5
~ 10 Jifll / g THERE 5.

HB3-IV 4 (271 ~290 cm ; #Btat) : 77 v
RPECIEY v ESY 4 7% L <, £7IE8 riifhE
JRDGERD SN B, Z OMESEE IR TR, Al
NI HECTlE T OB HIBEE b k) TRV, fEEER
FRAREIL1E 5 A/ g RiliDIEHTH 2

HB3-V #f (ZEJE 290 ~ 300 cm ; #Ba-t) : 7 7 M
HcxyyEs A 7ol I n g, £, JES
r ERHEIR & TR IcRE S, S NBY A 7R Wik
WAES . IR k& r By Y E Y 4 7D HIE IS
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BOS, Y7 7YELZIIEERE L TRl E s,
THPFERR (A2 13 HB3-II, 11, IV X D, B8k
Z 10 75~ 20 Jifil / g THER T %,

DUNC, S 0mR T RE, RRICOWTEZL TR D,
YRR R D HERS 12, TP-3ICHB 1 2R & & L
Tkbh, IHICHB3 UFOR FHIIC AT Bi#E%2 o
2 AN IR D & 25415 O B BREE, RpfUcowTiE, o
T B TP-3 £ LAk Z EwZ L), Thbb,
HB3-1 #1134 ¥ @ % F 3 A RS & T 2 R IAE 4
% L MISI (28, HB3-I1 45 I35 72 B 2 R L
MISZ Ic#ET 2 L ZEZ 6%, HB3-4E, Y&,
4 F 3V FXHRE B E LA 2Rl % & ik
HB3-IV 4713 iy 2 Bibs, 2 L ¢ HB3-V 473 )&,
AF Y FFliRlz EERE L NERELEL A 2R
T %t Rl 2R L, Wiy MIS3 IZIRET % &
EZoN5,

5-2  hpEERRIRT ORI
5-2-1  JJsihk

TR-2 £ HB-1A X ED X ) IckthE s Th 5 9 2o,
9, BRPEET2a7 EficowTRTARS L,
TR-2, HB-1A @ \>$ 30T & §if 21 o K i i J5T 19 A 4 14
Lo h R E R A I S S s, i g
5 4ERIE, WiELL 72 X 9 12 TR-2 T ca.3.3 ka, HB-1A
Tca.3.2 ka TH Y, (FIFFREICARE IR A D> &
HRBERREE~NE D Ebokt Wi k). Lkdo
T, TR2-14F & HBIA-1 47, TR2-114F & HBIA-I % %
ZNFNNT 3 i KEE v EEZ NS (X
10).

RIZ, ZDOPHUCDWTHTA S E, HB-1A a7
R 5N 2 EAKIRFER IR (MIS2 #1) Dk
Hig (v b, RROREE) 2, BiET 5 TR20
FEREEHC RO s NI E3FEH IS, 2
iz D722 5. TR-2 HARGAEIARI S 172 TR-2 D
7y a v (A3, 2016, DUFBIAFEER) ik, @t
FFDIERI S 4L 72 SBET T 12 PREEAY 200 ~ 270 cm D
HTHEANRRA NS, JORAERZID 5 HEEE
ZEI)BEMERE (TR2X® 7 aryKolljg) 56
PR X =M D4EMUZ ca. 10 ka cal BP (T, 2016)
THHI EDH, TR2 a7Iicid MIS2 % 1cBb 28
REPERICEOIREL W EBbNS, TR2D
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HORE /e LR IR B I NPk S L B g i+ e
(TR2%k 7 avKo 13 &) & HB-1A THERE 255 ~
275 cm (HEDHEEBIZ OB b DTHHIH. D

ZEiE, 77 M TR-2 JbBED 13 JE@7 & FRELE

NIGRAB O HEB AR Z AR L Ay 7
BOGNHZE (M9 LHETSE, DEoZEhr

5, XD EH %A =1 =T %, MIS3 225 MIS2
A7, TR-2, HB-1A fHECIEABEE % B 223 & b
PR DSHERT L, MIS2 £ 13 U RS S0 2> 7 HERSBRES &
BYOIRKR, v ORBEPTER S e, Bokifis o
BIOKII AT S 2 W, M 52 S Wi uA & oA (Val.
3EWMT?) »FRAEL, RREZEDHFEE 280 cm (1K
FTAL6N, ZoWEHATHERY (DE)E : TR-2
tryavo 12 Ik iziFEs s, 2LT,
HOR AR 0 B HEREBR B CIREL R - JeikfE (11 &) 23
HEf L 7218, sefittofiEd ca. 5 ka (M10) o
BEDTRAMERE DN D IR S 4 5 ANZEE Bt 72

CDAF—Y—I3TR-2 D 11 J@x N IeE g%
SN HEYEERR (R BELE HS HB-1A O i i K 1 9E 445 10
BB O 2 R E OREYIEERE AT & BRI
DB TA F Y FXHR DM Y SF L ERT L,
11 i Mo e B 3 AN I & HB-1A 0 R E JE
W owEm S L FEICEMT 5 2 8, FRERD
IZHFIE L v, Lzds> T HBIA-II 4 & TR2-IT 47
BRIk cEsEEILNS,

TR2-IV 4 & HBIA-IVAFIZ D W TIE, Wind ¥+
H, 2=AYEDY 7 FLBHEICRD 5B HET
2R S5 XL S TAEEIE RV TH S ).

DLEoxtiic 0%, 5RO HEREIE 1< i A FERR &
WaERD X HIZET 5 (1K10), TR2-14%7 & HBLA-1#f

Z 4 LT HW-Ia ## 12, TR2-II # & HB1A-II # % #&
4 LT HW-Ib #fic, TR2-II#f & HBIAI 24 L
THW-I# iz, % L T TR2-IV 4 & HBIA-IV # % #&
AL THW-IIAF L T %, KO EERR R ORI
HW-Ia 45 & [A Ib 4 A3 MIS1, HW-II ## 4% MIS2, HW-
II1 #5538 MIS3 12 IZIEHIY T 2 .

BAE, INFIREIE 27 6k “ EAHRE ” o %
SLHMV -7 FARDWAIZR S v, Lo, #
J& DV g D TIPS & L iR 23 sk 4
5 L6, JRREHRE L THERTZ 489 2 BTG 7S
AR DTAVAAIT & 0 Bfr L HERTDHE D IR S 4l )5t



Bulliform cell Prickle hair Short cell
(Fan shaped) (Point shaped)

11 layer (white clay)
13 layer (46-2)
13 layer (48)

k: Kumon (2016)

9 TR-2, JLEEQIEYEREAEMR
Fig. 9. Opal phytolith diagram from the north section of the TR-2 trench, Hiroppara bog
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Fig. 11. Correlation between the bog deposits and the soil sequences at the TP-2 of Hiroppara site |
and the TP-3 of Hiroppara site 11

512, TP3-1IV#F & HB3- V4, TP3- V4 & HB3- V
WA S, ZoMicHEoE, Wl R
HEICRAMYHERATZXO L) KT 5 (K11
). TP2-1#+, TP3-147, HB3- I 4% #4A L < HL-I
W, TP2-114f, TP3-114%, HB3- 14 %#4 L T HL-I
W, TP2-III4, TP3-II+, HB3- Il %#fa¢ LT HL-
I &, TP3-IV4f& HB3- IViFZ#& L ¢ HL- Vi, 2
L CTP3- VAif &L HB3- VAii 2 L CHL- VAL 3 5.,
FARO YRR AT O RERIE, HL-1 4728 MIS1, HL-II
Ay MIS2, HL-II ~ V#rds MIS3 12 iFHH4 T 3,
5-2-3 MElThEHERTRE & BRI O, B X
O A 2 FHIY) D Hi BB D> & A 7= i B D488
T HERG e & B RERE I LI o X 2 K 11 ISR L
7o, g o MIST (8% i) (< B o 2 HW-la 4,
HW-Tb 4 (%, W5 Bzl < W U < MIS1 1cBb 5
HLIHICH S g, s cld, (i ol & L
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TERE R E T EREE (HW-Tb 4F) 2> & v J5 1 B B
(HW-la #7) ~&HZEb O 23S RKEPHERTL 72, —
T, BEERCIIEEREAE S EE L, BR 7 LA
L7z, ZORKR 7 LJE 6 3R RGEY 2 H S 4,
NZ DO T CRFENIEDIBIAE RS, R
Aoy LEREARINEEZ NS, B, IO
BRAR I IZ D D 3 E IR & LT b > Tz,
¥ 7-, HW-Ib 47fi-cig, BfE Val. 1 & Val. 2 O] Cci%
5D k) mBEERD S DLW OWAIBHEI E /2,
Z 0z e U C A o Je S 12 I3 AR I EAEY) T 13 %
WY DAL TR S B,

5T MIS2 (K IR v i) 12 Bi 2 HW-II
TrE, BEREREECE U < MIS2 (2B b % HL-IIFF iz 3tk
SN 5. WJEIETE MIS2 o i TR O Fit AHERT
PRED IR I N, B B ERROHER D H T
2 k917, Z ORI I b i LA~



ELAF ISR L, PRI 28 U c Z L v
B R BREICH o 72, — 07, T, v, %
2 HY, ALPHEMTA F Y F XU O D THES
A 2RI SOOI L Toze

HEIs o MIS3 1B 2 HW-IT 471, BEiEbEs ¢ H
U< MIS3 icBb 2 HLAIL A Ic b & %, T
VERDBETE D WA DR D K X 2 R AR e o e
JEDER S /o, BRI O SAET 2 BRI
BEEPERL 72, ZoRURHEiE LA ICOE L, W
JFikcix, 9, A FayF Xk, 2o vnED
A FRIDNRTET DAHAED, —, BEE Ty oA F
oy ¥R, CNELR A 2RO AR S
nr.
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T T
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Fig. 12. Size distribution of fan-shaped phytoliths from some
species of Sasa (after Sase et al. 2015)

length of fan shaped phytolith (um)

30 40 50
T —— (20) ' 'y
~— (41)
MIS1 | lengt
| v
___________ TG N
— (1)
length
v
2
MIS2 R &
(10) £
—— (number of samples)
confidence
interval
(95%)
(5)

13 LREEREBHEERTIRE (TP-2) hoRbBShicY
gk RERGE (77 VE) oWEtRS R (EE
(Fh, 2015 ZH &ITERK)

Fig. 13. Size distribution of fan-shaped phytoliths (Sasa type)
from TP-2 samples (after Sase et al. 2015)
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5-3 HHHOMLNEE L A Y LEAEE» S WA
52t

FHHEHOEF I EFSR (WT) 17 °C - HBLEAS
QL EINB (FEIED,, 2011), BIfED KRS
B ClEy Y (7 =4 ¥Y) OESRLEFTVPERONS
73, EROK IR FES I MIS2 1281 2 A = BHEYIAH 13
TV, oA F Y S XM TEATH -
e, 2D X)) A X BHEYM OIRDED &, HIELD & 9
1 MIS2 D A 55t ik J5E b el 03 o 5 LA ~ o L 1 70 L
TWwhtFEZl, B, YVIIHEOMHER Lic
DOHMFET B L WEAHZDD 2252 EIAAETH
%, K ORE BRI - IVICBIE L D HEHTH -
7EEZOENTVWEDT, ZDOI LD, MIS2IZE W
THHOERICHEELZ G A LRELH L. 20Tk
%ﬁ@%ﬁﬁauewﬁﬁmﬁﬁtokwﬁéévﬂ

YV FIIEERBICOHE L <afbL, BEEES0 cm %

IZZ N X Y DEIGIC 2 Y a Vi Crassinodi, %5518,
1213 F = XYY Eusasa 230543 % 2 EDFIS N5 (85

K, 1978). BIEDIAFERFEHISICAEE $ 594135
X YO 2 APV TH D, BHIRDOEE L 50
ecm P ETHZIERZRT, DO ED S, KD
JRJEI R RIS A L 225 OFEEL iU, 4
OEFREZMLEL LV TELTHS ).

21l (2000) 1%, ARG GREBbMINE) FIE O Hg
ROTERERE R D> & 5EFT IR ISRV A S b a
FHE» S F 2 FFHHAZNT 2 L2 AL, 58
WD LT 2 IR RT3, I - B (1986), i
(2010) (2 XU, Y a ¥y HEHiORMITEIT O
HIZ T < X VY EIC TR 23 <, IR R
VRS D 5. % 2T, FHITERILL 72 S v a ¥y fi
F X HHEIRE T 2 B OV Y ITOnTZ D
PR e 5 P R o> T T AE SR & S M S B e ek 1 348
Jg@ (TP-2) 7ok & iR Es 4 7

Bk (7 7 VBl OfftR%z 202 gl L <k
AT, K121pR Lk Hie, Blto 3 v a
TELDR A B A IR R 1A D 6= 13 0 A v UL 28 40 0 m B
TIicdhh, 200340 um Pl EicdH 3 F < F Vi

R THWHADZER O o, BEROER 2R 2 2
EWTE e, — 75, BEECIRE b o KAl i s

&% A TERME (7 7 > BY) ORMERHIE DR 13
THD. ZoopfmhifEx, BA 7 LE Gt L)



gt LR (RFEOKIE) T/ S O35
Z, AR O R FERFE S AR LT h3 S
YavyyflizFEE Ll L2RBTE, 2O ED
5, IRAOKI O A JF R IR O B3 A 50 cm 2k A
ol 2 EDPHEESI NS DY, MIS2 ICE\W» Ty it
TREERRAASEIE DS D TR WD 5, S Y a v yiibhdH
TERVIFEDEFREL >R H 5. DLk
RC&ERZ &6, MIS2 A FF I 3R S BB I
MABEERBEICBWTO YT DOAEFICE > THEL Wk
HERMichot-Z B EZOENS,

JRJE R B AR 7 LI ib i Tw s,

o (HEF - Vo, 1997). MIS2 o )4 J5 i J b 1%,
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Fig. 14. Temporal changes of warm index, maximum snow depth, and index gramineous plants since marine isotope stage 3
around the Hiroppara bog (after Sase et al. 2015)
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Palaeo-environmental developments since the marine isotope stage 3 based on
phytolith records from deposits in the Hiroppara bog and soils
at the Hiroppara sites, Nagawa Town, Nagano Prefecture, central Japan

. 1* 2
Takashi Sase ', Mamoru Hosono

In this paper we discuss the palacoenvironmental changes around the Hiroppara bog since the marine isotope stage
(MIS) 3 by employing phytolith records. The bog deposits can be divided into the following three periods from top to
bottom: (1) the mountain bog period (MIS1) composed of the transitional moor sub-period of the upper peat deposit
characterized by the dominant Molinia and the low moor sub-period of the middle peat deposit characterized by the
continuous appearance of Phragmites, (2) the upper sub-alpine or alpine bog period (MIS2) of the lower peat deposit
characterized by the dominant Pooideae, and (3) the sub-alpine pre-bog period (MIS3) characterized by the clear
appearance of Sasa. The soils of the Hiroppara sites are also divided into three periods from top to bottom: (1) the semi-
grassland period (MIS1) of the black soils (kurobokudo layer) dominated by a significant signal of non-Bambusoideae,
(2) the desert period (MIS2) of the middle brown soils with very low abundance of phytoliths, (3) the semi-desert period
(MIS3) of the lower brown soils characterized by the continuous signal of Sasa. It is estimated that the shift from the
upper sub-alpine bog period to the mountain bog period at the Hiroppara bog correlates with the shift from the desert
period to the semi-grassland period at the Hiroppara sites, and those shifts most likely occurred in the early Holocene
period. The Sasa group, in favour of Eusasa during the MIS1, was instead dominated by Crassinodi in MIS3 and MIS2.
Thus, it is estimated that the maximum snow depth of this area was less than 50 cm throughout MIS3 and MIS2.

Keywords: Hiroppara bog; Gramineae flora; Holocene; Kurobokudo layer; the Last Glacial; opal phytolith; Sasa.

1 Boreal Laboratory for Phytolith Resarch
2 Tokyo Natural History Research Structure
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YRR 50 ~ 49 cm DitkHE 645 ~ 540 cal BP T
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H2 (THiZH, 2013a),

HB- 1A 2 7k h 513 5 55 oW i o fisci i ik 5
FERHE PG E T3 (Yoshida et al. 2016b),
PUFIC, &BoBIEENR (2 0) 25037, WEI8S
cm DA 133,965~ 3,830 cal BP, 150.5 cm D AH (£
b L IEE) 13 14,910 ~ 14,830 cal BP, 163.5 cm



DAR (FdH L IEE) 13 16,025 ~ 15,690 cal BP,
213.4 cm @ K F 1% 19,490 ~ 19,100 cal BP, 267.8
cm DARF I 27,480 ~ 27,085 cal BP TH 5.

5. TR-2 PL ¥ FIZBIT B
FORH - BB - TC - TN ik 9L & Z DR

TR-2 + L v F OHEREY % FV 7&Kk HE - B - TC -
TN ZHiii B oA OV TR (T34, 2013a) (X
3). VEFERI 300 ~ 290 cm T, HEEEM D S KERIME L,
EENE, £, ZOXETIE TC - TN fEH23 LK
Ve, TEEERY 290 ~ 280 cm 13 & KK AR IIC 1 < X
D, BHEMENT S, —J, ZOXMETIETC - TN {4
B ERT 5. BER 280 ~ 290 cm T EKEHE T
L, BENEFT 2. TC - TN il idfiid Ty, B
#7200 ~ 280 cm 12 1 TEKFIIMR I IC LR L,
BEMER T2, ZoXMIicEF2 TC - TN &P §

. EIER) 180 ~ 150 cm TIZ & /KE & IS L,
BEPHAT 5. TC « TN fHIZIHITHREL» IS 5.
HREERT 150 ~ 0 cm Tl EKED M oD TR, BN
B, F72, ZOXMED TC - TN HIZE L %25,

DX ITEIKE - B - TC - TN DKt 1k, HER
VIOM LRI T 2, Tabb, WBENICTR
ROTEI S, HERET 2 X9 BEEEchHIUE, RRD
AN T D EGREIE L 2 D, fEYE A CHERL
SNDRRHEBEY OB 25, Fh, 2D LK)
RN OJe R SR 2B T H UL, Mk D
HHEEM O EHBBHNIICS L k570, TC TN {E
bEd ks (THEIEH, 2013a).

6. RIS I B EEEITHT ORI & R

6-1 TR-2 b LY F BT BEERSHT

AT OfERD 5, TR2 b L v F MY TIzd
7 EH 25 B A5 FOEENEL L7z, oo R
DY FARY—43Hh 6, THEIED (2013a) 13 ML X
D I~XIV D 14 oA X w2 #E L (K2),
KiwTld T s OFEELA KX 2 DTR2-T ~ IV 7o)
o (BUF, T EMgd) ik Lo, BTG,
BAT OB E T332 0 (2013a) TR SN B EHALA
XA DRI D W TET .,
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6-1-1 DTR2-14F (% 300 ~ 160 cm)

DTR2-141%, HERIWIDWAICHE ) FHPERED IR AL
WO oN2EMIARS I ~IVH (THiZs, 2013a)
Th 5.

Hg b A Xy T4 (PR B 300 ~ 295 cm) @ &K 42
T @ Eunotia paldosa, Pinnularia viridis, Gomphonema
asidoclinatum, Encyonema |@&, Tabellaria flocculosa 73 &
W% PFET %, F 72, Brackysira brebissoni 73FEH T %,
FERGR O RIR B I IR i <, BT 3 S
ZDTEDS, INEREIZEH S Y O
IABDEED R ST EHEZ NG,

BEds A A X I (PR EE 290 cm) = L4713 14 O
FEHEETWEETH 25, %) T Eunotia & &
Pinnularia JEDMET S 5, FERS O RTAIR B 1 H I
, PET 2 D% 0, Z ORI O Tl — K

HNCHER Y DIRAGA B L, AV SHERE 3 2B
HThok LHEE I N5,
Bl A X 4y T4 (3R B 285 cm ~ 165 cm) :
HI A7 147 & W HEEE DY EE O & 4, Eunotia paldosa,

W,

7 |_n

Gomphonema asidoclinatum,
Encyonema J@, Tabellaria flocculosa 75 E 3% L T-, £ 77,
Brackysira brebissoni 73T 2 DBHNLD, HiEE@ D
RAFIRERIZ I, ER T 2 % v, 20
s, ORI IEH RS~ OHERY Dt iA
AHITEFRAL L 7z,

Hg L Xy IV A7 (GREE 160 cm) @ 2 o4ifid 14
DFEHAE & WHEEDSERO 54, Eunotia |&, Pinnularia
ST 5, BRSO PRAAIR AR I3 Ry I, P
M 2%, SO s, WE~OFH?S
DFIVAREITA L, BOEEY IR T 2 BRI
fbL7zeffEsn s,

6-1-2 DTR2-I 4 (L 155 ~ 80cm)

DTR2-Il # &, H# kAKX Ve (T35,
2013a) (MG L, HEEMOWMAPCREBEDHEN L,
B OB T 5,

EEib O X o Vir (BEE155~80cm) @ 2 1
FCROONIMELRESCRLD, BKEHETH 2

Tabellaria flocculosa, Brackysira brebissoni, Eunotia |g&,

Pinnularia viridis,

Achnanthidium minutissimum, A. exiguum 7% EDMNE &AL
ML 25,
7% 8D Eunotia |& & Pinnularia J&D3ME 53 5. HEiERD

—74, Eunotia paldosa, Eunotia serra



REFIRRE I, HEIC v, 2o &, WEAT
D S HEEPI O iduA A RRED 7\, HIRIYIC
o L TR e o 7,

6-1-3 DTR2-II4 (JE 75 ~ 50cm)

DTR2-TI 4713, RS HRH I 1 B89 2 Bk
FXay VI~ X4 (FIEIZ2, 2013a) (LTS, 2
DL, EE NI L 22 SIS S,

HpbalXsy Viar (REE75 cm) @ Z OHF iRl
EEECH B Aulacoseira JEDIFFELINICPEH T 5.
DERFARREIZ LT RV, T 2 &2 o i JE NI
S L <id b L v FEI RIS 81 2 R G20388 0 L
b EHESN S,

EEE (LA X9y VIIAT GFEEE 70 cm) @ 2 O I3FEE
EEWCH B Aulacoseira J& D FEHSEEDSIEINT 2. BEw
D PAFIRRE I IRV BV, 2 ORI I3 E N

SIS U < IE b Lo T ETHL s D 7K A7 235
LEEZOND,

Hp A5y VIITAF (PEBEE 65 cm) @ 2 o4 13 B
LA VIR WIEETH 5, HFGR ORAFIRERIX
R B, L7addo T, B IS L <
IR DR TART Lz LHEES L5,

HwfaXa X4 R 60 cm) @ 2 04 TR
‘LB T & B Eunotia |&, Pinnularia J& %2 Rhopalodi
acuminata D3N 3 5. F 72, BE A EE ¥ Hantzschia
amphioxys DEENSBAIEDMED TN T 5. Hagm DR fr
REEFIEIIC R, 202 26, WIS ST
Bab L <UE b L v TR EIB R DRI L 7z,

FEB AR X4 (B 55 ~ 50 cm) : ylei i
T % Aulacoseira Jg, JKAEWETdH % Eunotia paldosa
7 & O Eunotia &
acuminata MBS 3 5. & {12, Aulacoseira J& D e HAA
JEIEANCE— 7 L b, BRSO RTFIRE 13 iy
KR, Mol s, WEIGEELD L <K
WEAL T EHEESI NS,

6-1-4 DTR2-1V 4f (%K 45~ 0 cm)

DTR2-L 47 & 1 & JRAR DS I 8509 2 Hagedl
AKX XTI~ XIV (T3, 2013a) % DTR2-1V 47
EL7 COWHNCIZMEIIZED LS h L v 7 i
HIM L DKL DA L 7z LHEE S L5,

Hma X o XIHF (%45 ~ 20 cm) @ 2 OHT
REAHE T H B Eunotia |&, Pinnularia J&%X° Rhopalodi

Hegig

& Pinnularia viridis, Rhopalodia
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acuminata D3EN T 5. F7-, BEAHEEOEHSEE S R
mu, HEEROMRFFHENICR Y, 202 Ehs,
C DRI DOWFIFHZEE S L <1 b L v FHREB R DK
LA L 7z,

A X sy XA (P 20 ~ 10 cm) © {7 EE
BT H D Aulacoseira JEDEEHBEE XA L, RAEER
T & % Eunotia J&, Pinnularia J& X° Rhopalodi acuminata
PEGT S, 74, BAEREROEINEE ML,
R DR NS R, 2o ERs, IR E

HACHZEES L U b U v F I D KA A3 L e
cEEI NS,

Hag b Xy XIL A7 (REE S cm) @ 2 0HF Tl ke
FEEEOEHHENMET 35, FAHEROMREIRER
FEBIIC B, L7eddo T, BRSNS (25 2 L
25, ZORMOIEIIEZERES U ik b v v F i
KDDL L 72,

Hpba X5y XIVAF (0 cm) © /Bl H
% Aulacoseira Jg, JKAEEEETH % Eunotia paldosa 7 £
@D Eunotia J& & Pinnularia viridis, Rhopalodia acuminata
PEHT 5, HERORFIRHRNRE Y, ZoRilic
55 LKA OHBIT 2 X9k D, kD
L b L v F R ORISR L 72 b D & & 2
5%,

6-2 HB-1A a2 7IcBV) 2T
M OREE, HB-1A a7 Tizd i L b 258

56 FEDHREAEI L7, &512, 77 A8 —7rhric &
H DHB-1 ~ IV ® 4 Dot atiic X L (K4).
DI, S DR L iR 217,

DHB-1 4 (7% /% 376 ~ 130 cm) @ K% <13 K&
T @ Eunotia paldosa, Pinnularia viridis, Gomphonema
asidoclinatum, Encyonema J&, Tabellaria flocculosa 7% &

%9 5. Achnanthidium sp.1, A. sp.2, Brackysira
brebissoni 75 £ b PEHY %, B8 ORI HLEY 12
<, BT 2 BRIL W Lo, 06 ZHEED
HENRI > RAGHETH L., Thbb, ZORY
DM TIEE P & HEREY DSIA VA T BB 72 - 72 L it
TIN5,

DHB-11#f (130 ~ 50 cm) : & D¢l Eunotia |,
Pinnularia JED3MEN T 5. A.
Sp.2, Brackysira brebissoni 72 £33 E A EBEH L 72 7

—J5, Achnanthidium sp.1,



%, HPEGRORAREBIZ IR Y, ToZ Enb,
Z DI DWE~DOHEREY O AT L, TYLERE
DIUERE§ B BB AL L 72,

DHB-IIT 47 (£ 50 ~ 20 cm) : Z D4 Tld DHB-I
EROEHEEDED 6N, Eunotia @»MEST 5, £,
Pinnularia J& DSEEEDED T L, Aulacoseira |&71H5%
FET 5. HREERORFIIHENICR Y, sl
26, ORI OMEMELS U CIFRE OKAH
bALZEEZONS,

DHB-IV 4 (JRJZ 20 ~ 0 cm) : Z D47 Tl ik
M D Aulacoseira B35 L, [EAHFEED Eunotia &,
Pinnularia J&=° Rhopalodi acuminata 7385 %, HEEaRk
DERIFIRIEIZ IS R, DR 2 &6, @Y
L e DK Iz D3 L7z EHEE S 5,

7. BERIR DR

T412%> (2013a, b) TlE, TR2 FL v FiTBT
LR O 2D &, IRl A AN 1Y 22 il
DIREEE LT, ARz ZRLomEL LT,
F R DIRFEEE & R O BN % IR A D © O HEREY)
DWADHZE LT, WENDEHEREIC DWW THEL
72 (K2, 3). Z#ucktud, 9 8,000 fERiE £ T
VI PH 2 & HERE I 3%  TRAVA T BREE T dh - 7z,
Z D%, RV DIAIZIA S 5 53, 8,000 HHT~ 4,000
AERTE OIS ORI L 72,

4,000 FEHTLAREIC A2 2 &, HEREMIOIEAIZ E 51K
DU, B L THIED KT 2 kb O HEREBRBE D K
Iz, 1,300 LERTLAREICIE, J0J5 N I3 8R]  §E
LB 2 RO EB 2K DR L, BfET
I ISR DIRFE I D E BB DS IR S 1L L
b5,

IS OHEEEOEE L, AFREOSHRIZE
J2HEROBIRE D K KT 2, 7, GAED
HRENMY, TC TN oZfk e bFfINTh 5. &I,
8,000 4E i £ T TC, TN O fii iF 1T\, F 7=,
FURZHEREY) OB LAY IR, BEEEREE D & fEE X
NIHERI DY RAVA LB 2 328§ 5. —77, 4,000
ERIDARRIC 72 % &, AR 0 HE R 13— O Fli gk
ERTIEOBEL RS, DI LI3Z DD HkE
RO HEE SN B WEDTEINH E PG L v (X 3).
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HB-1A 2 7 O i Ri%, A 7% < & il 27,000
EHTLIRE DO HERTBREE DA B AR L T3 (X4), H
MR LMD OEM > S, DR E b 27,000 ~
14,000 4EHTEE £ I, P D © Bk o a2
WALHERIREE Ch > 72 L HEE Sz (DHB- 14#5).
DHB- I #f OB 13 DTR2- T H DRI & K<
BT 279, FRICEFE? S OBV OTRAIIL XD
BRI ETHL EEZLNS, LorL, 06
R OJEE, EHOREBLERIE R Bz,
EERICHHT 2 2 L IdTE v,

HB-1A a2 7 Of5H2 5, 14,000 £ DU O HEREERES
IFREML, RAWCRKRBEBPIERIN LI ko722
EMWREI NS, 4,000 FFEETLIEEICIE, LE L TIRKD
BT 2RI L L - bD EEZSND

HB-1A a 73kh & #EE S 3 R ASE 1, TR-2
FL Y FOHEROITOMSR AN TH S (DHB- 1I
Hi~IVHF & DTR2- IIH~IVAF) . &<z, sEditics
BB EOLMIIR —HT 2 (KM2~4). %
7z, HB-1A a 71281} 2 {6k M Of5 % (Yoshida et
al., 2016b) & ORIGEIRY 5, HEREYI O FA DA
L, BREPZEL TERENEDEY Y H—=F) 7
Z (YD ; 12.4-11.7ka cal BP ; Stuiver and Grootes,
2000) Mk EEZ 6N (M4 HErbr<ld DHB-
[ & NWOER, {EHahi<id HR-3 & 4570 5iRIC
M9 2). Thbbt, BEFRLOFMMEILENIC
o kIickshe (FHIZA, 2016a), W5 EFE
5 DHEREYI DA L 72, 2 OIRFE 0 BRiEZ
fLichbe T, HEMEERINEL 2REICAT T 2RA
HEDP SMIENZFICET T HHENELL 2D D
tEzZons (X4).

Fifa
KB T 212 H 72D, FPWKRFOTLE FiEt
IIZEEE S ITIC O WT S HuR ZH 7, 72, BAK

FEWWAMR LY Y —DRY v 7 DEZ AITIIREL 75
THEE LT, R IE TR 22 ~ 27 45 SR
PRI RIS T S T R S 4% 3 (S1101020,
WIS /NI ) OB IC X > TSIk,

51HCHR

THE 5 ROCER - TUHEE—RR - NP B 2013a



FRUPELAIHIR IR S 72 RIS 3 1) 2 588

T BRI ZSE & 1R - AR ) ) TR B & A K
3:21-29.
THE 4% RIPMESL - NP B 2013b ToEBritic sy

% IRERE IR DI BOERE & RUBIHERTIRA A X > b
FHASE VIR 2 2 520431 42-43(0-20), 3AHT,
THE 4 IR 2014 TEIBTRERIRE O PG &
7, TDiatomy 30 : 17-30.
Gaiser, E. and Ruhaland, K. 2010 Diatom as indicaters of
environmental change in wetlands and peatlands. The

Diatoms: Application for the Environmental and Earth

Sciences, pp.473-496., Cambridge Univ. Press.
PR Bh - HIEAEE - ELRR - EE R - REVE L
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Investigating sedimentary environmental changes of the Hiroppara bog
by looking at diatom assemblages since the Last Glacial period

AKihiro Yoshida "

This paper reports on the formational processes of peat bog and palaco-environmental changes since the Last Glacial
period at the Hiroppara bog as gleaned through diatom analysis and radiocarbon dating in the HB-1A core and TR-2
trench samples. Mixed diatom assemblages of allochthonous diatoms formed together in the HB-1A site, near the site
TR-2, during ca. 27 - 14 ka cal BP, while the ratio of allochthonous diatoms decreased gradually at ca. 14 - 4 ka cal
BP. Moreover, TC and TN ratios of depositional environment are extremely low, and similar mixed assemblages were
formed at TR-2 site during ca. 8 - 4 ka cal BP. These data suggest that the site was an unstable depositional environment
during the period from the Last Glacial Maximum to the Last Termination, and gradually changed to more stable
environmental conditions at ca. 14 - 4 ka cal BP. On the other hand, the diatoms growing in a peat bog also increased
in both sites, and TC and TN ratios increased in the TR-2 site after ca. 4 ka cal BP. This evidence indicates that the area
changed from an unstable to a stable depositional environment such as that of a peat bog.

Keywords: diatom analysis; TC/TN analysis; sedimentary environment; Hiroppara bog; central Japan.

1 Faculty of Law, Economics and Humanities, Kagoshima University
* Corresponding author: Akihiro Yoshida (yoshy.akitan@gmail.com)
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VI t b-&HEEESRO NG






S RINARTYAV P e Sl 2
B 3 JIAERIDRBILE & XL )

i

woE

Kiclx, BRWRIAFEEOHERIC BT 2 H— N ERE F V2, EHob & MBI, HEITo&L
BT =406, ZOWEEZOMIICE 2% 3 TTHEMOREZE L SRS % i L 7. £930.0 ~ 17.0 ka cal BP
U3, A O a5 X 0, BE IS @O AR BI2NAD > T, ZORPKBRICE T 20h
Fliey V777 avickh, BENTIEIWEESHERT 2 £ b, A FaVFFMBOEREZ->Twiz, §17 ka cal
BP 213, WokIoMmELic kD, FRRAS RT3 & & bic, BERIICIEA N7 X8 & SIS ES o R D35y
T2k kho7, Ol EHFMUISEY, GEYPNRENICHER T2 X5 Icko7%, I 11.2kacal BPIZk3 L
B 2B R VE L, WEFAICIE a2 > 7 e % Tk & 9 2 FEERERR B - 7. 2 ORI S IEE LD 5
DFWFAZIA L, RN TR LENRRRGRPIIR L7z, 7, 4 F3 Y F MR 2 < &P ROEFE NI
BT 2 X920k, $13.0~0.7ka cal BP TIRAF®Y AR, 7 eEOMRHHESIESSRINT 2 £ &b, 1kH
DI EL B X ) IS o7, £90.7 ka cal BP BIICIE, FRMMRERIC X 2 7 4 < ZRMOIERICEEY, RN~ 1/
FEADAEL, W IR 28 L L 72, AD1918 4EIC I IRFE A TR AR A 7 < ik fTbhk, 2ok i,
W2 3 TEM DA Z O DO R8I, [HEHFRMEOSREIIC L > TRESE LI b ot, 20

UL/

SRBUZSEE, I B U % SR RO ABUSENIC R & B2 SIS L WD D %

FoU— PR

1. IC®IZ

Mt b —&RBREIR O JE 28 12 55 < SRR
HREOME e 7ay =27 F (UUF,TAZmrY 27 by
LA ) TIE, JABEGENE Z OMEPMCEEET 5 IR
JEIR R DOHEREY) % Fl T, U B B AE A o fE Ry
G307, REVIEERR IR ST, BRI TR L 72, 2T,
JA SRR ¢l 5 3 T AERI OHEREI IC D W TR INE
ST bN, JREEEE LI B % R E &
T2 2 EDMRIC R oz, — 0, IBEOREF O v — A,
JEREIcZ L, RN AR GRS 5 Sh T
7o, 20X MR TR, EHMba R LA O
FRRBEDSE <, TR R SR AR ARHNE 0 BURHZ I3 AN 1) &
THH, TRTCOME - 2IT) T ERTE L o7k,

ZEE, SZEEy, AR rdT, BORIBOIHT, BT, EHA

Z 20, KT BREEITIC B JE - s
fibt, ORI EREI DR & hurz 5 IR O HER
PN BT B EUE - HFER» 6, RFERE L 208
VN2 BT 5i8E 3 MO REIZHE &SRO
THEHET 5,

2. MBSO IHTTIEICE T B INZERIN 7
IIRRED 725

JAFIRIE T, JEMHT & R ERRE (R o bT, By
Wiz & 2 BRSO T b, o X 9 12 &0 8 H
54 mikima B S N (G5, 2016 ; &HIZED,
2016a ; feiffi - M¥F, 2016). —Ji, T4 5 DI
HEiE, BLAPZ DR - HEDER (¥ 74/ 2—)

1 B ERSE AR
EHLEE - HHWEA (yoshy.akitan@gmail.com)
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IZ& o, BHILTE 2 EREICRGH - 2200 2 5y iR HE 53
Wix % (HARSEDURL ESHE, 1993 5 i, 2000 7 &),
Thbt, ZoOHIRICE) 2 RELELRRET %%
WY AHNC, MBI SRR E AT R ML C
BABENH 2.

— iz, FER AT & R EERB (R AT IS, R o R
B LTHY NS, 2200 EOERR
LRI, ROXIcxoond, {EHohE, B
FITHE D> & BiAr & TR, HERE L 22 fEWMLin &2 v %
720, HNCIASN e Z KL TWw3, 2o
EDn, MM oS, AR ABEEH O
e L CHBREEILCACHY s TwS, —J, ¥
TR S EEBIR DM IR I 5 9 2 S BIc D W T,
BAHFIC—EDR—AT—FICHIEL, {EHEERD
M TR, 20 k9 RACHEEEORVAEY) - fid:
IZOWTIE, (BT ORI SHEH 2 2 L I3EEL
v,

RVEERIA DI L, £ 2R Y ) Iy RR Lo
HFEERY O MBEN CRfS b L 72> ) A (v EERE
) VA, 2V A EHIEE ORI > TR
LT 270, ZDOBENZRHED S RL L EERY)
ZM T ERTRETH D, Lo L, WYEHREZE
AR HEYE, BT IERY R & OREDORIYICIR S
N5, i, WEOEROTAIC X > TIHIREOREN
HLL B R 2720, 120METHEEL RIBEDOHE
PIEERRIADME S 1L B, 2o REYIEERE IR O g 0 4 i
PIZOWTIEREICE K ORHLHEPERI T 0B,
S 50, THYEERR R I IREVIRDIRBE L, Z DIEADI -
OB ZES 2 L THEDICIDIAE NG, 2o
L, RAIEERB R BT O RS RN R Y 2 - SEAE )
D7u—7 (VM) 2KBIT22L28%T 5. 5
M 72 Rl AR V3T O HERE Y, KEBREE e E OBk & e B
WD EEZZT T3, Thbb, WHYWHEBERAEIH
DFERIE, NI 25 RAE 2 KL Tw5 L
E=ARL 1Y

ROt WM BB R T 2 2 D DR B

WROIVHE - MG 2RI LT, HEYICE 0 5 Bl
FOMEETH. LIS, HEEIZWAK~AE TAL

DL TEY, KEA A viES (pH; potential hydro-
gen) 12Xk W AEBENENT S, 2070, HEIHO
FESE, KERBIOHERBREE O REL E L OFBRBES I T
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IS Hw s Twa, —7), HEMO% 3K EEY
Thh (BEESLH B, Aiftic X b Btk R
MRS NS EEE L B 5. B2, IREREICE Y
TH AR SWRN~NDO TR A L & bic, i
PEDHEMERASTA L 72 2 E DRI TV 3 (FH,
2016),

DX H)ITHEEST O ITEICE, LA ZD
TERL - HERDBRRIC X > TRATE BT H 5. F79ht
TEIL L > THEILTE 2B T, ZORED
AR - RN AR HEESRZ S, 22T, KTl
BB % o NI B ORRZ LT O X 9 I fig
WS 2. IO TR E & RS, #okr
BATHT IR I B 2 LK OB % R THREE &
Lz, 7ok, BMELEDOEITICIIERDIIED X 9 1T
RN 72 8 B3R 2 JE IS U 72 R AE M R 72 ¢ 7 <,
ARSI & FERRMIR % [X 53§ % 72 o I mARAE K o 4T [
& (PARt, grains/cm®/year) & 27 (Yoshida et
al. 2016b). HEVIEEREIRII AT OGRS, R E IS E
\F 2 HFIERY O ZSE, FEERTHTISKBRES & HER BRI
BRTIRELE LW,

3. IBkek E ZDRBAICET S
L 3 TR DRBILIE & AU AB)

M1z, JAFEREO HB-1A a2 72 81) 5 HERE ST
DESH - WERERZELOEbDERT, ThoD
FEiR A IS LT, #E 3 MO ARG BT
2 R BIEBORAK ZER L2 (K2), HERFERICD
T lE, Yoshida et al. (2016b) @ Age-depth € 5L
e THRIBL, 2 oMl ZE 5 L THEaITiE RO
HEREHEE L7z, P TIE, 6 DRI, SR
B B IAFRIE & 2 ORGAD FHIAE L AL E %

M5,

31 IRFOKINEHIN I B 2 SldF o 8L (8
30.0~17.0 ka cal BP)

#30.0 ~ 17.0 ka cal BP 1%, {6k b1kl <l
HR-1 4 & HR-2 i ic &b 72 b, WS P g 3248 &
AN XA TREO T o s (EHHIER,
2016a ; Yoshida et al, 2016b). —J7, PARt fitil& B
ZEZ LS THS Z &6, JREE R IERNE T
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boltEzizons, LiBoT, ZORHIZEITS
JA DS B Tk, e OK TR AEIH (LGM, 9 23.0
~ 19.0 ka cal BP; Clark and Mix, 2002) ®©%E%1{kic
Mo THRMIBFEDMETNLTE D, a7 AX 7V 2RS
Bie EOEILTEE, NA 2 VEARK» SRS NS E
A ORHA R BIDNAD > Tz,

Z ORI B 1T 2 YEERR AT ORISR T, @il
WO 54 F 3y FXliftoMt S, WERNIC
A F 3y F Xk E FRE LA 2R DIA D 5
TwhkeEzons (F- My, 2016), —7,
oK clREEoHEE AR S, ZORHoO
JRJER R CRIALE R MR Ch - 2 LRI L
%, £, SORSHIZ BT 2 REREOHEREY %2 2 5 L
WiE L EE» oSN TE Y, WEOMED»S 2
O IR EHERI E - iGN T EFEIo NS
(#H, 2016). —fkic, MEEEHERYIZAMIC L > T
BIHRIGEB I N EIRE NS, Lo Liadds, 2
DI BT e A D& A RIZ I E <, Rl
FHIZES T EHEBEL A2 EZR LTS, &
U, FRMBRA 2B Z 72 @L<k, FOKRBREE O T
CHUER OHRSRE E BIC LD, AR L o4
BENELZ (YU 7727y ay) UNEMIFIEER,
2005). L7»->7T, £30.0 ~17.0 ka cal BP ®JLJ5
MR Z DAL, FKIEREL T IC B W TOEFE Y Y
777y avPRl, MEEEHEREYHEARE D> S i
JEN &S S T ATEEE DS O,

3-2 AR O 5 & RN D LA (R

17.0 ~ 11.2 ka cal BP)

W HTOfERD 5, #17.0 ka cal BP PU&I2 % %
& PARtfEDSEHEZ R[RI %, U s OKIgIAE I 2344
EL, @S mBREA BT T 2T, PiEsEno
BREADB LA LD EEZ NS, T4hbb, Z
DAY & MRS IER & AN X BOFMD, A
MR AR BH IR 72 L 2R L Tw S (FHHIE,
2016a ; Yoshida et al, 2016b),

REA EEWR (2 o3 T D f5 3¢ 1%, #9 13.0 ka cal BP %
TAF IV FXHBOADORETH 2725, ZNLUE
iFa v ey rmiiEns X9 cn s (k- M
By, 2016). EEEESHTOAHTIE, #14.0 ka cal BP
DO REMN S HERBREEIC e o 72 2 E R E 3 (FH,
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2016). mEHERYI I, £ 17.0 ka cal BP 2> 5 1%
VoeHRBEIL, #14.0 ka cal BP DU#ICIZIE%
~NEBT B, £7, #913.5~12.0 ka cal BP (2133
MOREL W3R 2. Lz ->T, 17.0 ka cal
BP DAREIC & \F 2 IR IR AT, 208 i 25 ARpR A A2
DI % &3, AR & O R IEA L 7

LEzZoNns, £, [UEORBELLAEL 5 2 L TR
RIEHEEM L, 13.5 ~ 12.0 ka cal BP (&P & ik
&> TEPHIVACKRRH > 7bD EFEZ o
%,

#11.2 ~12.4 ka cal BP I213 PARt i3 8fiE % T[]
D, BRI —IRHINE T L2 2 2R L Tw5 (F
H %2> 2016a; Yoshida et al, 2016b). Z & —IFN
AR D ZAE, FEVIFEERE A BT & BT DG
RicixRonkwv, ZoRICE T 2 KRR OKT
&, 7V =y 7 v FKIKa 7 oEERZRN AR
TY A=Y 72 (YD; 12.4 ~ 11.7ka cal BP ;
Stuiver and Grootes, 2000) & —333Z 05, Z
DHEBUNFEREHZZ 6515,

3-3 2AMAiEL & KM OEIEATER (8 11.0
~ 3.0 ka cal BP)

BT OfEHE I, £ 11.0 ka cal BP DRIz
F Mg v T =Ty EMESN L, PARUHIZZE
EMICEEZ ER2 X9 i1ck s, ZoRIcE, ik
AN S BA L, AEREML a7 liE%x
Ffh LT REEREBRR BN S X H kot b E
Zo6ns (FHIEH, 2016a; Yoshida et al, 2016b),
Z DEEILTERIROIERBIE, Yo A=Y 7R
IS T 2 BT L IZIE T 52 £h 05,
IR T B9 11.2 ka cal BP ICKM o &7z
Mg L4 U7z &£ 2 503 (Walker et al., 2009),
ORI B L, I IR IR DS HERE Y 1 HERE 3
X910k D, BEEONOMEE, BEKERELR
IRl RO L L, L8 L R HERBRER IS 5 o 7
ZEERRLTWS (EH, 2016).

—J7, #111.2 ka cal BP LAR&IC 1) 2 A EERE A5
Frcix, 453V FXHfte 2 A YE, YEIK
HE vz, i, Hi T RO @GN~ {7
RILTIE, Y osmiERo ok, £, YO
TENANDR AL, TR OFGEPLTIKEE DO 4 &



ca. 30-17 ka cal BP (LGM: 22-19 ka cal BP)

Alpine medows with rocky areas

Treeline
1,400-1,000m a.s.l.

VvVV V

Mushikura Lava =~

(Hornblende biotite andesite,
hornblende andesite, olivine
two pyroxene andesite)

(Biotite dasite, garnet bearing
obsidian, tuff breccia)

> Pinus pumila (dwarf Siberian pine)

@ Selaginealla selaginoides (spike moss)

ca. 17-11 ka cal BP (Last Glacial Termination)
Deglacial warming

Alpine medows with rocky areas

Treeline

Wada River

> Pinus pumila (dwarf Siberian pine)

i Boreal conifers (Abies, Picea, Tsuga etc.)

@ Betula (birch) woods
Il Wet meadows

2 LEREFRELCETZiEE I HERORBET I
Fig. 2. The landscape models during the past 30,000 years around the Hiroppara bog, central Japan
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ca. 11-3 ka cal BP (early-middle Holocene)

Treeline
>2,500m a.§.‘l._,...u
wuet

Soil formation and slope stabilization

Sasa woodland floor

. Deciduous woods (Quercus, Carpinus etc.)
I Wet meadows

Treeline

>2,500m a‘.f.‘l-“llll

.
.
Y
st

* Temperate conifers (Tsuga, Cryptomeria etc.)

. Deciduous woods (Quercus, Carpinus etc.)

Wil Wet meadows

2 (/%) LBREREIICRITZ28E 3 HEHORBRETIL
Fig. 2 (continued). The landscape models during the past 30,000 years around the Hiroppara bog, central Japan
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&> T, HIFKREAME T 95 2 &T, AL
SIiE 5. $abb, AEMYIOZ <Y EPEE
BEABREETH D, 2DV RHHERT S 2 Wi 72 A )5 5
THVEPRAL K EIZE 2, RBT 205 ¥
& DRI A A 13 M50 % & G & a7 mTRE:
e, LEedo T, ENIEA F a3y - Xl
XA % EORTIERMYET L, WEL DMK
WK EIIHL T EEZI6N5,

34 AFESHEER &k FoRIm (] 3.0 ~ 0.7 ka
cal BP)

oI oftss o, $3.0~0.7 ka cal BP D5
JFORE A TIE, AL L Tarolifge ke 7%
VEIEIRTERIR D300 A L C o 72, IS EER o 188y
LEDBEMPIRINIZ s, AXPYH, FVE
D AR T SR 3P N SEBIMRICIR ST 5 K sk o
EEZosns (FHIEH, 2016a; Yoshida et al,
2016b). ZORHHIC R 2 &, PRI O IR =1
EEE D, kS L LIS NG, 7,
WORT IR DAERIHERT B & PARt ICIZADHBIDRD 5 5
(F M2, 2016a;Yoshida et al, 2016b), 2D Z &3,
IRV FE ALK HERFEE L, RO e &b
FMRDME T 2WEEZEZ T EEZ N5,

7 3.0 ka cal BP DIDWHNTIE, FTEPLZX 2N
YIE, 4 F 3y FXHR, VIEL & oMYk
i E Tz (eifi-fiEr, 2016). - #% (2016)
&, ZOMR»SBENICE T 2T HEBORA &I
fbziERML Tws, ghdo X9, IHEIHh R ARAz
DEVIRFENTIHETTE 2w, £, HESITOM
03, £93.0 ~ 2.0 ka cal BP I i3 FKAzZ23 B L,
b L7z 2 ERE w3 (FH, 2016), Zdk
TR N DEZIEAGISHE S T DR AL, KBEEEDHE
TR ERELCFHL T2,

Z ORHA O IR RS AT, ORLR 53 BT D s
SINKEDBHEESBEM L 72 2 EBREINT WS, R
DI EBDS, IWKFEOFAITBARZT TR, K
WESET2HEHOBEZRCT, Thbb, O
IZB 3V B O EEREARL, (HKFHROMBEIC XD
AR E N7 B O REYEERE (R MR R A 2 5 A L
725D TH B EENE ., AB, $11.0~3.0 ka
cal BP T ¥4 @O MR ALRD 5. I DO
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HicEB BT HMRI R OISR D 5 d 2 e, 1
KFIZ X 29 BOMEYMERBRADIEATHSZ EEZ S
nas,

3-5 ANBEHORIME 7Hh =y KM ($ 0.7 ka cal

BP ~ AD1918)

e ofiss 5, $0.7 ka cal BP ~ AD1918
DIRFIRIE A TIE T h < Y RO IMABRD 54 5,
E7, TORMICIZ PARUEDSHA §2 2 &5, i
FRIADKENZ L kot Eions, —H, #%
Krpé o MR R IZINA§ 2, Ul KRIC X 574
MOWA L 135 2 v, SERTHER NI IE ABNESE) I X
DIHMRBEDEA AT, AARZHITTY A=Y K
PRHIBANN L 72 & & BB HDIER G B 5 R &N T
v % (Tsukada, 1988; Sasaki and Takahara, 2011,
2012 ; &M - #5AK, 2013). LZd->T, $0.7 ka cal
BP 127 % &, JREME T H NBIC X O #pphfden’
T, FHIEAT2ELEDIL, Zoic T A<
Y RMRBEEIML - L EZ oS,

ORI B 2 YEERRRITHT O REHZ, AR &
LCav@EexeAYE, AF3yFXiikl, vvig
REPEHINTVLTED, HiRHH & KE B2
R (- M8, 2016). —J5, BEEOHT T,
AR T 2 2 L2 5, RENOGER T
KD T AR SN (5H, 2016). F7, Z DN
i, IRERREICE T 2 Y O RFEEHEED T
% (TiZA, 2013 ; FHM, 2016), 02 &IFid)E
FA 2 & EWHEAC X D IR DS Iz b L 72 b
DEEZOND, Tihbb, FHFMEREIC X 2)EEEE
A DKER DA i 25 g R I L, 2o+
DA L7 2 8T, RN O LA v
RETED Y.

3-6 A 7=tk (AD1918 ~BifE)

AD1918 4F LUK 0 25 S5 )5 83 C AR AE K 3 BT D it SR
D6 h 72 VROIERD R E N, BAEDHRMRE L
GoltbDlEZS5NS, —T, ZORIZET S
PR AT OREHIE, KR ELTavEP X2 AT
g, A F a3y X, vHEaEPEEInTn 5,
DT EDS, BITETHORENICE LT 2avEex
2 AYIE, A FITYVFXHBOMEEPEFTL TV



ca. 1.5 ka cal BP-AD1915 (Historical period)

Serious decrease of woodland by deforestration

Secondry forest

Pinus densiflora (Japanese red pine)

i Temperate conifers (Tsuga, Cryptomeria etc.)

’ Deciduous woods (Quercus, Carpinus etc.)

Wl Wet meadows

AD1915-Present

Plantation after AD1915 ~a

Secondry forest

.} Pinus densiflora (Japanese red pine)

i Larix kaempferi woods (larch)

. Deciduous woods (Quercus, Carpinus etc.)

Il Wet meadows

2 (/%) LBREREIICRITZ28E 3 HEHORBRETIL
Fig. 2 (continued). The landscape models during the past 30,000 years around the Hiroppara bog, central Japan
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DEEZOND, T, BEIWTOMEICH KRELE
fizRD SN, LEN>T, ZORHIcEWTY
RIS IICHZ L L Tt E2 6N D,

4, FE

F WP UL IR O HERE 12 3 1) B A6R 20 AT & R EE
BRIk BT, BRI OMEL S, ZoMEE K20
JAIC BT B2 3 M O SRBIAE L A2 S HH
S ERoT,

1 30.0 ~ 17.0ka cal BP 12 1&, f5#& K Ju1 i A 5 12
B 2%Em kM X 0, wELA ORE A SIS A 5
B X OZDRIICIED > Tz, 2O RKMBEED
bE, WEFRRYV 77y a Il kD IENTIEE
WHERE T 2 & & big, A F TV FFHBPEFL TV
7-. #117.0 ka cal BP 121%, WK X b 7%
MRS ERT % & & big, MERIIEA N |t
HHAEH RS IER DR & o 7. 2 DML & FRbk
fLicttws, MENTIRAEERYHERT 2 X912k 5.
#11.2 ka cal BP 2% % &, KW 207 imIEL &
Ebic, arolilEis BARETIHMMIE) LX) ik
%, WIEREAD 6 O LW AEEA L, BIEN TR
ROHERED PG S e, £, 4 F 3 F Xk 2
v Y EO BT IEMYPIRNICBLT 2 X9 Ik
7-. 3.0 ~0.7ka cal BP Tz A¥ Y HE, FvE
JB DI SER SN U 72, F 72, (L KEEDHE I
£ B X9 ko, #0.7ka cal BP LRI IZ, 7Rk
TRIRICK B 7 h~y ZXMBIERT 5 L L b, E
ANO TR ADEL, WA A IS L 7.
AD1918 4RI IZ IR A Tl KB 2 h 5 = 7 flibk DS
bz,

ZOXkHTART vy 27 MBI 5 EHERESITORK
B o, IKEERE X 2O T 2k 3 4E
HiE Tl 5 2 & DTE S RBIZE L KJBELEHH S 5
ko, T E TRRELO BRI T,
HasRE el s 2 L oTE 2 WBRET— 713k w,
Thbb, KA7rY =7 bR, HARRRUE
DNEIEF ORI L EF L S 2 Pl v
RO L 22 TH 2.

H ARG 5 D N — B IRBR T O M B BIfR L % it 3 %
TedIzld, Filt & WREORELEERNETH

2ZLIEEIETORYL, KT~ L T, HER
BN OFEOE NI XY BT LIRS Y, K -
MRS RED B s, L L, HEONERET —
Y EfHRGDE, KA ORI L A& LIS
%2 LT, & DEHIICEBES 2 o 0 & BREE %
THIEDREE RS (HIEH, 2011, 2014;+%
R, 2013 #HH, 2015). 4%, 0k BEKE
DB HAS M T biuE, X Y E#EED
WA OBEICEP 2 b0 LI N5,

Eifa

KRG %HED 5 1CH 7D, FICKEMEYEO KL
BRI E O B IS O W THR R TS 2
T, HEREREANE XY Y —DRY v 7D
SANTIIRR 2 B % L CTHEW 7 ARIFZE I 22 ~
27 AF B SCHRRF A AN R PRI R R 8 S AR TS PR S 1
¥ (S1101020, Woefl&E NEF ) OWffEIc X -
TAEI NI,
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Landscape and climate changes during the past 30,000 years
around Hiroppara bog, Central Japan

AKihiro Yoshida'

We have reconstructed landscape and climate changes around the Hiroppara bog, central Japan, using the pollen,
micro-charcoal, phytolith and diatom records along with a robust chronology, in order to provide valuable information
for inferring past interactions between humans and the environment. The pollen record shows woodland landscape
changes around the bog as follows: 1) during the period 30.0-17.0 ka cal BP, alpine vegetation, such as patches of Pinus
pumila (dwarf Siberian pine) and alpine meadows with rocky areas surrounded the area; 2) during the period 17.0~ 11.2
ka cal BP, mixed woodland consisting of Betula (birch) and boreal conifers covered the area; 3) after 11.2 ka cal BP,
dense mixed oak woodlands flourished around the bog. On the other hand, the phytolith and diatom records indicates the
local vegetation and water-condition changes at the bog as follows; 1) under dry and unstable sedimentary environment
during the period 30.0-11.0 ka cal BP, meadows of Pooideae dominated at the bog; 2) during the period 11.0-2.0 ka
cal BP, Phragmites and Pooideae grassland flourished in wet and stable sedimentary environment; 3) after 2.0 ka cal
BP, grassland consisting with Moliniopsis, Pooideae, and Phragmites developed at the bog, under the dry and stable
sedimentary environment. The palacoenvironmental records, therefore, indicated that the landscapes around or at the
bog changed drastically, in response to the global climate changes. We can suggest that the landscape changes since the
Palaeolithic strongly influenced the prehistoric human activities in the area.

Key words: landscape; climate change; pollen and micro-charcoal; phytolith; diatom; central Japan.
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Fig.1. Distribution of the archaeological sites around the Hiroppara bog
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Fig. 2. Artifacts from the layer VI of the Hiroppara site III (Omegura sites research group ed., 1993)
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Fig. 3. Artifacts collected from the surface of the ground around the Hiroppara bog
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Correlations between the landscape changes and the sequence of
human activities around the Hiroppara bog

Jun Hashizume"', Yuichiro Kudo’, Kazutaka Shimada’

We have reconstructed the archaeological chronology around the Hiroppara bog, central Japan, using the results of the
archaeological excavations during 2011-2013 season and former investigations, in order to provide valuable information
for inferring past correlations between human behavior and environmental changes.

Since 1989, results of general surveys identified seven prehistoric sites around the Hiroppara bog. Taking these results,
we began new excavation at the Hiroppara sites I and II and topographical survey on this bog and around it during 2011-
2014. The archaeological record shows chronology as follows: 1) during the ca. 38-32 ka cal BP, at the Hiroppara site
II: early phase of the Early Upper Palaeolichc (e-EUP) industry with edge-ground stone axe and trapezoids, 2) during
the ca. 25-20 ka cal BP at the Hiroppara site I: later phase of the Late Upper Palaeolithic (I-LUP) industry with bifacial
points, margin retouched points and a blade core, 3) ca. 10-5.5 ka cal BP: early phase of the Initial Jomon to beginning
of the Middle Jomon with potteries and lithic industry containing arrowheads and grinding stones. A character of Jomon
and e-EUP artifacts assemblage indicate the Hiroppara site II functioned as a campsite and obsidian acquisition and
lithic production location. On the other hand, no refitted lithic tools and flakes are available in the Hiroppara site I, and
this suggests that this location used as a very short term of stay.

The pollen record from the Hiroppara bog shows that alpine vegetation surrounded this area during the 30-17 ka
cal BP. The alpine landscape of I-LUP (point industry at the Hiroppara site I) was a favorable situation for gathering
obsidian raw materials on the ground surface. Growth of woodland started at 17 ka cal BP due to a rise of the tree line
elevation corresponding to the deglacial warming. Only one stemmed point have been unearthed at the Hiroppara site
I, the archaeological record of this period is still unclear. The pollen record shows that dense mixed oak woodlands
flourished during the 11.2-2.9 ka cal BP. The many times of occupation during the early phase of the Initial Jomon to
beginning of the Middle Jomon (the Hiroppara sites I and II) possibly reflected the human adaptation for such broadleaf
forest landscape. The e-EUP industry (the Hiroppara site II) designated as a lithic manufacturing workshop tightly
connected with obsidian acquisition among source areas, but no pollen record at the Hiroppara bog older than 30 ka cal
BP.

We can suggest that the correlations between landscape changes and human activity around the Hiroppara bog. These
issues require further study about archaeological sites and paleoenvironment especially older than 30,000 cal BP in and
around the Hiroppara bog.

Keywords: Hiroppara site group, archaeological chronology, Upper Palaeolithic-Jomon period, correlations between
paleoenvironment and human activities.

1 Center for Obsidian and Lithic Studies, Meiji University
2 National Museum of Japamese History
3 Meiji University Museum

* Corresponding author: Jun Hashizume (j_hashi@meiji.ac.jp)
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Fig. 2. Landscape changes in the Central Highlands and human activities for obsidian exploitation during the Upper Palaeolithic
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Fig. 3. Changes in obsidian use frequency in the Upper Palaeolithic settlement areas
N: the number of obsidian artifacts for which the sources were identified (100%). /A : Obsidian source areas; CH: Central
Highlands; KZ: Kozu-Onbase Island; AG: Akagi; HK: Hakone; TH: Takahara. The figure was modified from Shimada (2015).
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Landscape changes in the Central Highlands and

human activities for obsidian procurement in the Upper Palaeolithic

Kazutaka Shimada"

Upper Paleolithic hunter-gatherers intensively exploited obsidian sources 1400-2000 m a.s.l. in the Central
Highlands, central Japan. Previous studies have suggested that the last glacial maximum (LGM) decreased human
obsidian procurement in the source area because of its high altitude. However, the relationship between the impacts
of the LGM and human responses in the source area based on convincing evidence from the paleoclimate, obsidian
provenance data, and archaeology remains poorly understood. This study examines the correlations among pollen record
datasets for the past 30,000 years from Central Highlands 1400 m a.s.l.; more than 85,000 pieces of obsidian provenance
data for the Chubu-Kanto region; and chronological sequences of Upper Paleolithic industries in the Central Highlands.
The synthetic analysis can reconstruct historical changes in the human-environment interaction in the Central Highlands
during the Upper Paleolithic. The combined data shows the early LGM constraining the procurement activity at the
sources; an increase in active human responses to the LGM cold phase; changes in the land use of the source area in
the terminal LGM triggered by the appearance of new lithic technology and the reorganization of mobility ranges. The
human adaptations to the LGM conditions around a latitude of 36°N were complex.

Key words: climate change; obsidian exploitation; Upper Palaeolithic; the Central Highlands; resource environment.
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