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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)

Fr—Fr:Fr—roafir b Lic LTI,
KED S DT R, FBEOLDEEL LD DN
12, 1EP1 M, 2af@38 fD 9 Hdh 3,

K F v — P 3MOGEEEZRT (K1-1~4),
No.l (X 1-1+2;EA-2-63) %, A&V — 7 KA CHid
ZEGFET, BIGER2H D, PLENEDH 2 RED
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
HEZHED )T TR, RTVEDO THIK TEW
& b O R CHMEH OB TEE S ZITTwukn
F#ERT2, $abb, MLTWENETY— 1D
Rz L RE A Cch 5. b/ FHEEE 5 X (h
K, 2008) @ CH-16, CH-19 I8l 7 3.

KAt F v — k Nod (¥ 1-5-6; EA-2-196) 13,
KRV REECTHEZ S &L, RBdba 28T,
i %% { AL RTHRIIFBET v — b (B, 2008,
2013 b) &ixFR% 3,

K-FKfgtn 726 F v — 1+ No.b (X 1-7-8; EA-
2-351) 1%, HKE &R OO BRI % > 72
Fr—rTh2s, fiHEEET, BHER2HY, &
WHED S 2 REDOF v — FTh 5. b/ R 5 X
@ CH-14 12 BT 2.

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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% 5 kD SH-21 ICHRIT 3,

TEPEBE A - 3 2 55 5. No.7 (K 2-11-12;
EA-2-800+949) (3iX# T, MR OFECEE DB A
TH 5. FOEYIIH 2, B FEERE 2 ) (h
K i, 2008) o TU-10, TU-16 1289 5.

MRIEYS : 2b JEiC 3 AT 2 ERPE ST
%. No.8 (X12-13 - 14 ; EA-2-1825) 13K T, Hiifl
KoWaTh s, SEIEEET, HALEICIZNE 728
PREEDSERRE L 23R 65 2 L s, hfitoles
~EDEMBEEEZZ b D L b,

7LV A4 MEWA No.9 (X 2-15; EA-2-1539) 1
ROR 24z aga, ARV LRu7LFA b
HowaTh s,

A () 1 No.10 (14 2-16 ; EA-2-1696) 13 K1 T,
i AU EHATH 2, 9 EMALEEZZII TV

T : No.11 (X 2-17 - 18 ; EA-2-191) 1ZKAGT,
BHED R 2 S AODBE BV LE TN 2 Al
FHiTh 5.

PSS EZ IS 20 Bic2 4 %, Nol2 (M
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x2 FEBROAMOEYIRIL & SEEH
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

maekubo No.263
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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
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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.

At & AL O HPEWIH 2 FE L Bl T2 2 L 23T E
72 (X3). My tifoE? s, 14E0LEX
ABBINT0D (K2, 4). FE 1.6 mihHIE Tk
RRETH 55, i LK DREDHED &5 1
JEA S E 5 EICMly NG, H6~9 I E~HE
BHEREITH D, —IWIFHPAHEL %> TRKT 2.
H10-11 JE§1ZRE TH D, 5 10 JF I /7~ D
PEDSTR, B 12 ~ 14 8 I3EE~ VR U D o K Atk 1
T, MRWICEEOAKER LEZz 338, Zhoo
HREOE X 1E, K4 IRINTWw3 k) IR %
EAGLICE s,

HORE O 1 PRI S 47 i BREE o T G o0 115
WCHEDWTER L 2R Z2 K 2 1R L 7w, Ao
KFEHETOEND DY, 6T L b TRTHIE DR
ZRELT0E O TiE A, MR I IZBE DML
BHY, ZOETH»SHE 159 ecm {HE F T3 Bl
DRFEHR M Z EE T 55, LY FWEHTRD S

233

NH 1 ~5 It T 2 BB RD N5, &
J# 159 cm ~ 178 cm TI3BOOME - AEEES L - -
WERE L3 FET 5. YR 178 cm ~ 210 cm Tl
CRRE E 7%, YEE 211 cm ~ 300 cm Tl%, KA
BOBIRL DR EWE S D, BIRW - L v IR
et OFRKER EE2 T, &k, X2 oMk
b Ly FEETRES N EEX S L OBRL R L.

2-2 WEOR—Y ¥ PR

HB-1 44 b (X1 : Jbf% 36°09 21.8", Hif% 138°
09 11.7") TiF, 1 miFEFSLEA5 3LTR—Y
YIORBIRG, ZREFN3~4 mED a7k (HB-
1A~ 1C) 2z (KM5).

BRI a 7R (2 73EHA) 1F, M O EEE
DS 2RI N COYEHI T H o 7o 22 DAL DR D IR L
THiHIZ B 22> 28, 1 m ORI RIS Tk
S5ARD 27N IZEE S 2 2 L WEHORHED 5

RSN, Z2D70FE 21K L LD LABEG%
RIELT, Zoar7ikzREZILIMo2ENHL

THMRL, TEEMEER, L L CHELL. 20HEASYE
7o EEHEREE S 5 ) HB-1A IR ST 5,

a7 A DB (K5) T, WEO0~
122.5 cm £ TOEBE~ERADRK TH D, &
J¥122.5 ~ 126.5 cm (2 13 K8 (0 0 b B JIe bk ~ 1 JE,
126.5 ~ 128.5 cm (WK taD > v FERET, 1285 ~
136.5 cm I BIKE DG REE R+, 136.5 ~ 145.5 cm
WRINA 7 ACEARIKABD SV s ~HR D RE 23,

3 ERERD TR-2 L Y FRETTEH S NKHEROD
EiE

Fig.3. Location map of cross sections from the TR-2 trench
shown in Fig.4



Profile of north wall

Profile of east wall

Surface
1 @ (u/‘_) _Lv.] ’— (]
g 2
s 2 gl 8
- _Sm_\é
W No6 w >
= oo CJ|No.136s [ —70°m
R 3
W No.14
M No.16
W No.18 et —-tm
4 T —1 1 | Bed classification
20 5 WNo.22 Bed 1: black peat
NO_Z:N°'24 1398.900m Bed 2: brownish-black peat
- B 6 = __.s. Bed3:brownish-black peat
o (low-dissolved)
Bed 4: dark-brown to black peat
Bed 5: brownish gray peat
(low-dissolved)
White-clay 1 ZZ??: T W 1 ﬂ/wmte C'_aYZm Bed 6: dark-gray sand
12 MC_Z(grass Pl tr/ . Bed 7: light-gray sand with basal
coL . e > MNodo [ 7 granules
o Bed 8: black peaty sand
Bed 9: brown sand
—25m Bed 10: brown peat
Bed 11: black peat
Bed 12: light-gray sand with
gravels
Bed 13: brown peaty clay
—3m

Bed 14: gray fine-grained sand

- Sampling spots for tephra analysis D Sampling spots for “C dating

X 4

RFRERED TR-2 b L Y FHREOKERK

REDERDIRA BlFENETNEERE (A) £7735 (B) 2AOHKOERIRIRIEZRY.
Fig. 4. Cross sections of the TR-2 trench in the Hiroppara bog
Sampling line A and B indicate continuous sampling positions for environment (A) and tephra (B) analyses.
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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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W, BEEDLRBE IS 7 8 3,500 AERT D AER 2 R
L7z, 206 2008l E 2 D%E, X OHER
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Fig. 10. Age model for the sediments from the TR-2 trench
in the Hiroppara bog.
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DBIRAERERHIB T L b it on Tz v,
WEE49.5 cm & 107.7 cm DERBERC—#H oD, HE
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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.)
. X N 0 10000 20000 30000 40000
ZRIITICRL 7, 72721, WIE208.6 cm & L 74X 0
Y TEUERER ) OFEAR DICHARAE B o I
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§ N o= <
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» » 28} - q)
VENRALNDD, HHEEHANIC—REARLT, )
. N B 250
—OOWRTIERT 2 2 & bIETH 2, R’ IHL
EIEHRA DR IUC DD, 2 OBE DT TR 200
i, 0.93 ecm/1004EE %%, ZoHAICE, KEL %
R F AP A Z HET 2 DICIIERTH 25, fl% 350 X
DJEHED IEME 2 FAHEE IS EETH 2,
_ 400
o EEM D 7-®1Z, Yoshida et al. (2016) 23
AL 72k 912, BETE 2 ERMEME & EE L OBIR O HB-1A X unused
BHIETORE (FIUE B), YEEE L AR BIG % i 11 EREEERHMNSENS Nz HB-1A 7 OZ#EEF IC X

B92ZEbHiETH S, ZDGAIC S INENH DM
WElE & HERGHIE DS —3E T % T L DPMEE ST 5,

IE2ERETIV
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.

1 Faculty of Science, Shinshu University
* Corresponding author: Fujio Kumon (shkumon@shinshu-u.ac.jp)
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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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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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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
W5 I EILkhD, IS DEEDEMIITRERIE, 4
RO HEREE & & Mk 2 BIEGEER O & OBIR
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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ERBFEL TS, Z4ud, HEE 150 cm i o i
WD 613 6 NI KM DOBEHTERFHEAR L R—FL
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Fig. 4. Results of radiocarbon dating of the HB-1A boring core from the Hiroppara bog
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BN T 2R TH 5. ORI O LB 4E
TRBE FI D3 e S 3T 1 — 2 D VI BERE O 11 2 iE
DFERUTE W EEZ5ND, B, 1 Tn KILK (AT)
IZDOWTIE, RIEEHEOKAMOHERYIC L > T
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).



B NIZIEA L TV 5,
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RS LI DA T I MBE > T2

3. alBkE ik

Wb oEEHI1Z, 2011 4RI AR il &
7= TR2Z M D b L v, 2012 FITHEMA —Y » 75
fibtk HB-IA MG o K=Y v 7 a 7k 2 fv ik
(K1), & BT 280211 TR2 Hius <A
Hr A TR, HB-1A s ©I3 i AR HY L 72,
FHb IS BV B ALK AT O RURE & AU TR X DT
hTh5.

3-1 TR-2 o8B e 0

TE o HTIciE, TR2Z HIR D b L v F BRI D> & FRINE
N7 HERY) (TR-2B) fx Bl (REE3 ~4 cm) 2267
F£300 cm £C, 10 em TR S 1 cm okl %
BIh 37, £72, W 154 ~ 185 cm £ TIEIRKD
REVRIFCTH 570, 5 emBETHIDTIL, &
a1 34 iRt 2 BRI L 72,

ot oHEHZ KOH-ZnCl, (kE 1.90) - 7k b
Uy AR L ) B AT, Bl REE Y k) v
XU —TEHE ALK, B, 200 4% % 721 400 505K
EYEMEE T CfT o 7o 6k - A ba oFHEuc L, B
AKAE¥r (Arboreal Pollen, AP ; & ARIEK & ARAKIEH
ZHEFLZD D) & 400 L & L2, SkHcE &
NBATEM B+ Tl R wEMN T, BIARTEH 200
AL % R - S L 72, & Sl o e H EH
PhRGEEIE, AN=7 AT ZREL . &
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B, NV XE Alnus D% IR I N5 ALK
ZEDDLIEDVD B0, JHBIARIEH (Non-Arboreal
Pollen; NAP) & L7z, ¥ ¥ a7 3G T & =5
R Trilete fern spore ICTEREHHL 7228, 27 A%
5 v Selaginella Selaginoides |35 L 7=

TERHER XS AP OfE %2 HE L LT, BRI &Ik
BTG, & ST D& ERZ H0E TR L7 (X 2).
JEREIC X 2 G D3 R B 7 AU R S BERE L3N A 7 VTR A
T L7z, BT, BEARAER B 400 ML 1ok
2oV TIER, 400 fi A OB EHS D W TIE 7L —,
100 fIf A3 D EEHZ D v TR HBAEY - I8 7% + °n
L7z, BIARIEE & IRBIRIER, » ¥ et o i, 16k -
e fbhfsce L e U<, SHEEOMEEZRD 7,
WY EERE R bradkl (TR-2C) @ FEBIC BT 2 1EH
D ZAT o703, 16k - WA LaR Skt 20
e, AWETIE, 2F L L TEMRBNICR T,

3-2 HB-1A Huxiiz B 24885001 & Bkibesrbi

W obr ok IE, HB-IA M/ & H fRIE L7
A=V Z7ay (LU'F, HB-1A a7 LHET) 206,
2~4cemicF =7 (JEX 1.2 cm, HifE: 2.44
cm®) @ 88 MBI Z B L 7= (I 3). #atkhcix, 168
4B (grains/cm®) & G HEFE & (grains/cm?/year)
ZEMRT s 70ic, BEEELT S AFy 7w —h— (Pal-
ynospheres, 22.6 um ~—7% —JE : 1.63 + 0.08x
104 %7 /ml, 45.5 pm = — 7 — =) 7.84 + 0.37x
103 7 /ml)) % 1.0 225 0.5ml A 72, SRIOLEEIZ,
10% KOHAIC L b 7 S VRO E L RILZ L, K
250 um X v 2 DA X o TR A% i L 7z,
ZLT, 10% HClHKIC X D A LzlRE L 74,
e 1.68 ~ 1.70 @ ZnCl, fLRIAW % FH\ T HeE 7y ff
ZiTo7, B LERHE, 72 MY Y ARAHICL -
T u—RAZEML, HTEME7 7> vz Mo Tl
L7z, Bl 7y ey vy —Iic AL, 7
A A N (D A

{68 - B o FEMEREIE, 250 ~ 600 5D
SR N IC B W CRIATER Y 300 I T % £ Tfi -
7. TORICHBIL ZARKRAE, BAREY, > ¥ Hi
T2RE - G L 7. BRI, SARIEHIE Z ol
ZHEBLE LT, ZofhoIERARIEH TH 28K
FARER, ¥R IETRCOEH - LAk



MEHEEE L THPE TR LKL, &8, {UhEEER
W<, MR EIEER T 2N X8 Alnus 13FEARIEH 5>
SR L 72, COEREICA, ZOHUKIZE T 1Lk
HOMEZBMT 272012, #kE (10 ~250 1 m)
ZEH L 72, AER T O SIE, SRR D 7 7 A5 —
S OREFIEED W CRHAGF (D%, T{Emi, £
7oid THy LWEd) (CIX 4y L7 (CONISS 5 Grimm,
1987).

AR, I L PRI 2 X9y § % L CH
Y85 A—4%—L % (Faegri and Iversen, 1989),
Lo L, FifC X > CHARSMA (Rn i, s,
W7 &) 2387 278, FREE IERMIEZE X9 ¢
ZHEEOBREIZHEEE ShTwa, fido k)i, A
S A BT B H AR AR 1 1918 4F F TITERER
n, hIwyMB—FicENRI N, T4abt, 20 H#
FOATTE O A 5 RS — R IS JERRMIR T o 72 &
HHEN 3, KEREICE TS H 72y EBottpth
DEML 1918 FEDEZ R L, ZDEHEICEIT 2 EAKRIE
¥roitki A s (PARt; pollen accumulation ratio for
tree) &, ARARINE JEARARIN A H 4 2 I BfE T
b5, Ft, REMFEOHERIYICIIRE ARG IER
Do, HHEEDOLENTHD I Lo, FRE
T & BEMHARNOFE I D 2w Ll SN 5,
BT 25, A7 VEOHBENHEGT 2 HR-P2 JgiE
IZ BT B EARTGH OHER R 2 AR (FifE) & ARk
W (RfE) 29 2R s L7,

4. SrbiRs

DUz, TR2 Hiy & HB-1 Sl 81 2 &S5
FERICOWTIBR S |

4-1 TR2 Huxiofek bt

X 21 TR2 #usic B 2 MR %2 R . 2 ol
MTIE, TEFE 289 ~ 290 cm ik & R ¥, HERE 229
~ 230 cm X b FRzoEC e - e baadiz e
ARSI N ot FEARBIRGH o BN %
iz, TEE D TR2-1 ~5 0D 5 {EMHICIXg LTz, 7%
B, BIARIEHORED 200 L EoikEH, 1E8m o
BIRMZIELE L T2 EARE L7z, BT OEE L,
SINTEREID TRR & EBRIEE TR L7z, DIT X, &1Lk
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HORIZ O VLTI 3,

TR2-1#f (BEKE 220 ~ 194.5 cm) : 7535 #E kst o
7 <> T )@ Carpinus D ERDNE C, YV P Fl Ericaceae
HIRFETH 2%, Ml LB 5. #HEEBNI Y AR
Tuga 3% £, FNETIE~ V&G Pinus, € I J& Abies D
IR PP E Y, JEBARTEN TlE A4+l Gramineae,
5% ) 79 Bl Cyperaceae, I E X J& Artemisia 75 10
~20% HBI$ 2. >R, BAEMELY SRR T
Monolete fern spore D N E L, MHTcarAx s v
Jlil 7~ Selaginalla Selaginoides ¥ {53 CHEL$ 2. L -
JelF S B TSR LR 2 50% AT TH 5.,

TR2-2 4 (WREE 194.5 ~ 154.5 cm) : V&L LEM O
2+ 7 WliJ& Quercus subgen. Lepidobalanus & 7 <> 5
JENTET, 78 Fagus & 7 Vg — > A g Casta-
nea-Castanopsis |3{K3CdH %03, Mt HBl4 2, #
R o 3 L CHBLT 223, 10% LT Th
2. JEEIARIER O MBI ET & IZIEFEETH B, v 5
BFlEFClE a7y 2X 7 VMERTIEH 528, L T
MBI 2. 168 - ler A o IEIERIEBIRIEH O H
HHY50% HitkIZ 74 %,

TR2-3 47 (J€FE 154.5~84.5 cm) : 2+ Jdlijm &
72T TIE, % DOMOEELEREIES T 5, —7,
sHEE oM LE O BRI E B ORI T 5.
AL Do~y 7 XJEE, AR To MBI RS FE e,
Y BERTFIEEIR E DIRA L, ar AX 7 v
B %%, AUH - T RIEBEROZEFHRKE 0,

TR2-4 %% (BEFE84.5~24.5cm) : 2+ Siig, 7
> 7@/, AN/ X8 Betula Tz £ DVEIEILHEB O 0K
fLaHEES L, EIEPYME, 7 EJE Picea i LD
FHEER OB LA O MBI 2. FEEARIER Tl
Ny 2 XBOEBENRMAT S, vy EETTE, B
Fily BT AR IEIER & 5 5, fUK - TR
BRI YO R, BARTEH X 30% 72
JEIAR T T 5.

TR2-547 (FE20~3cm) : V@I EHL, v
EeEI)E, P eER EOFIERMOIERm AR I
ICHfET 2, EREAES O a IR R 5, JE
BTG &> 8l AT 5.

4-2  HB-1A Hui DAEk 7T & BORike s b
4-2-1 HB-1A M OFERHR
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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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4 [RFRRICE TS HB-TA HiR DEATER & ALK D ERHEES

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
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D35 C, JRERIE ORI T — 1%, 2L AT
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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).
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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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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
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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>
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2oLzt Ez2on% (IX6), %7 HR-4a il
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<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),
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Eol,

ke
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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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BRI LS 12 D\ T o Z i ERIR IR T (R (220,
2013; 122>, 2013, 2015) 2 LD bDTH 2,

2. GHAEHUSOREE & S OBER

JAS T3 S0 S T /N B Al 2> & P TAIARD 02 1) 22 Vs 100 ~
150% D Y BETH D 3D, “ RS " Okt z &
T2 (K1), BEICE5>08 EEHMICEEOR
25 KA D Iz Val. 1 ~Val. 5 e [ 1) D
ADE SN S 0T PR ICHL BRI D 6 4
T, R ZHEL T2 EEZ NS, ik
AN O ALPEET CEE £ D BB kb i & 7 > TR
ANFr & MG O # 5RO ISR o Pzt (it i
ZDr, LML) 25 ZAECCHT LTINS

1 dufi7 74 B Y AWSEE
2 HACH AL
*  EILEH B & (saze@opal.plala.or.jp)
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Trenches

Boring points

Bog
Sasa community
0 200m in the bog
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, /)
%7 X Hydrangea paniculata, A 3 Malus toringo 7% £ 0
BIAREPHAET 2. WIEDZADWMFEIEAYF A7z L
DRI DN DS D, EroKichFTidx=
AY, AT AV ABER LR, SAT5HEP I
OB 2RIEED e\, 2D &) LBy
5 IREIR)E T P AR R A 2SR L T % EE R
5%, 8, WEORE (Val. 1 £ Val. 2 ) 12l
Bzl & O HRARICHE D 7 <A Y DA
Hois (K1 DR,

ZIT, WEYHEHBAESITOEZNRE R 24 2 F
MY OFAAIC OV TE L, FriEcET 54 %
BHEVI O AIAIC L % &, (L RIS ¢
% 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
2 X912k s (FFHE2, 1997). 4 F 2 F XHik
G A EIEL L 22 A BT, A4 2R
WEYMIZ D 5 Z0EEE, BERELS AR3I1EE, F
TEEE R ERNL, WY (L) b
WL BT, 4 #FMEYHIZIZEA EA4 F 3 F Xl
BHE2 b & 7% % (Hartly, 1973). L7 ->7T, HF»
e CHER S N5 A 2RO EE DA 13 A FBHEY O ik
WaSMICHIGELTwd Lz b, 28, Brigics
HT 299, YYEOFXIPFVE &I v ayvE
Crassinodi, A R 7 |& Sasamorpha T, HV)EF > <+
Wi Macrochlamys 13388 &7\ ($5AKIE2, 1981),
FH O IFEEREICBRL T, v aryrfiidm
KEEBS0 cm LUF, 20l ECidF <Xy, F
WV EHINERLE LD, FLAXY7EIZMET5 cm
DT otisgic Rions (8K, 1978). %7 IED/\E»
JFMJFEARET 70 cm R ORAEEERPEZE I N TR S
(HIT -, 2009) A3, Z#Ux, 9@ 3 v 29,
FeXHHIZ LTARY TIEINRIET % 5kl
WIHLTWwEEWZ L), LIAT, VY OHIIND
A DBRIF ST IAE T 20 Yoy 2 3y

M, TR PAEICH D, MEMICD T
AR DGR Y $ 2 s LA R E Tafmail o
%, B RIE & T 5 9t el L T b R
HTELDE, MEOMREICLYMEAMOESZ LD
205 ThH5.

PlbEoZ Eid, MEICET 34 2BORRIZ oW T
HWZ S, SRIcE L &9, 1o L E R T
A4 F Y FXFHRDOAL T ) HI Y A% EDM, 5T
RO XA, aTHPEFLTwS, [FAkAIRN
R N O\ 7 FiRE (iR 1600 m), [
Mo R (5 1800 m) THRoNE, kD
PRGSO LA DL o5 LTy IS i 7R o
DT, b7 7 AL O HiE LA B ALE 2
O (BER 2,400 m) OE R (S, 1988) #HTH3
E, A F IV FXHiFla X 2ARXXOEIZH 505, X
AT, i, LmEOMEER (3D,
1998 ; &, 2006 ; ¥, 2007 72 &) <b, HFEILH
FEL RCiEA F Iy S XA, XA
ZEUGA 2o E RHZERn, Lo, b
LA B ICAZE S B O A S+ BHEIH I A F
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IV FXHRTIFEAE D SN, HELHTRERLL T
OWFECE@EIC o 3y, X ehY I3l
WU LTI EOMEEZMR T2 2 L3k vEw
25159,

JRJE R (AbAéE 36 BE 9 47, W& 138 £ 94y, &
1400 m His) DX v > 25k flE (RRIF, 2002) (%
A 6.3 °CT, ZiuzdbiEEal (6.4 °C) (<
FIEF LT, fEN (6.8°C) & DK<, % (5.9 °C)
X DRPE, T, A vy a SR ED S RO R
B8 (WD) 13 53.6°C- T, Zqudil (60.7°C-H)
/&L, MW (553 °C- H) LIZIFRAL, 7R
% (45.3°C+H) XhREW, LEDWoT, AFRE
HaR o T BB B L AL - ARSI TV B v R
205, AAX ORFEDRALT 2 I 5 ik 13 1 %R
KW D 53 A (B 2> & 1 ALHRE R I BL L T B,
%8, FBriEORAEEEROBIMME L C/\E 7 iR
JEAHET 70 em &23FI 5402 (I - i, 2009).
IRFIRE IS B 1 2 EEFEOBIMEIZ 2025, 74 H
Y O REARIL D & NS D EREIS % 0] % Rk
FEEVPTHEINS.

3. ArBTaUR

3-1  MEHERSR

ST L 72 D13, TR O IE I il & e 3
HRLYF2 (TR2: M 1) OREBEED S HEREHT
IS LE7 v IV THRIE N R & 300 cm DFER
B (CHIREL: A, 2016) & TR2 OHFEfH S
2 mIF LN ORI — ) ~ 7 (HB-1A 1 X[ 1)
kB onkREE3B0cmDarThHs,

3-1-1 TR-2

FREUEHE, VERA BT 2 B3 (MR ~PEEE 160
cm : HEAREF (A, 2016, LLTFFHE) O 1~5/E
ITAHY), Jek EIEATHIE S 5 i (PR 160 ~ 213
cm : FBEAREFO 7810 11 JFITHY), oisibk
T 5T (213 ~300 cm : AT O 12 - 14
JEIcHY) IcKRELahns (K2)., s, hiEOR
TR (BEEE 204 ~ 213cm) 1 B oREIKE R (TR-2
7y avRoAkit) & TFMoRA ) — 7 Eaakk
HE» 6755, EMRMEE LT, HES cm EAEF
® 3 ) ©ca. 0.6 ka cal BP, EEF 143cm (FLA
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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~
J£ 186 cm) & DI O MWK 723 5Bk 3 5 T (IR
JE186 ~ 350 cm) ICKEL s (M4), JRH
H$ 2 a7 LRI EE 137 ~ 146 cm 12— T
7 9k BT 2GS L E (A, 2016 @ “ KA
7 AEARIKABD S )V b ~HiibfE " 1Y) % Bt
—H, ALV COOME»SHE L TEICEEZ AL
CHICEREOMEECIEN Y E 5, FAMEHE LT
1%, VEEE 99 cm Cca. 3.9 ka cal BP, % 150cm T
ca. 14 ka cal BP, %/ 164 cm < ca. 16 ka cal BP,
I 269 cm T ca. 27 ka cal BP M5 5 31T % (L%,

W7 v 89—k (hrggmisr 0.1 ~ 0.01 mm) < BW 7
HEPBOR KL A7 A DRI R 23R 0 & 4tz (K 4),
Z DGR % B 715 _EOEE 269 cm DERDS ca.
27 ka cal BPTH 2 Z Ehn, ZOKIUGTAIZEER
Tn 577 (AT : 28~ 30 ka, WM - HiHf, 2011) ©
H B AREMEDSE . FLH (2016) DRIEEHI 4y 1/4 ~
1/8mm D3 HF T & 268 ~ 279cm T BW FIFEAA
RAKILA 7 ADSEGNC B S5 2 L 2580 AT O
Rz L T, i BE AT (108, BRE,
R EERIR) & U CJ5AT 4 om B COHE ikl 2
i a7ehy, Wi & oMYA 23 518§ 2 2 Cld
EERIECCHERML 7.

3-2 BipehiEhk

IHICHEL 72 D 1%, RN o) B IS A7 E
EICHE S N2 EE 160 cm @
APt 2 (TP-2:

ERCYN
A 1 (TP-1), WS

245 cm D 1) &/ANED 5 i E

2016). &8, WE274 cm (UKL S4-96) D EERR A5 AR D U 7RIS A E S 5 BN & 72 iR &
%1  Phytolith record
Age(cal.y.BP) depth watercontent  phytolithzone  (D€Pth, Age, Event)
0 2000 4000 6000 8000 10000 (cm) _ . .
0 50 100% [dominant phytolith]
‘8' }
g TR2-1
- Moliniopsis
50 = 50 -pEssssasssmassssadag - 2 | pooideae |" (49.5cm, 615cal yr BP)
2
w
j=
®
=]
g J
~ 100 100
ey
H /
[9] (117cm, ca.3.3ka, Succession
a T from low moor to transitional moor)
T e ) TR (142.5¢m, 4330 cal yr BP)
150 150 j g Phrqgmites
i ---§ -| Pooideae | ... (150¢m, ca.5ka, Start of
2 £ Sasq continuous deposiotion of peat)
ffffffff <‘,>, 3 T (172.5cm, 9575 cal yr BP)
3 |
200 200 & ,(207.5cm, 9815 cal yr BP)
b (209cm, ca.10ka, Shift from glacial phytolith
TR2-1II mode to post-glacial phytolith mode)
[ Pooideae
250 250
14, *2
@ calibrated **C ages
O dates from the age model (285¢m, ND)
‘ ‘ ‘ ‘ )_> TR2-IV
Pooideae
300 300 { Sasa }
Moliniopsis

"‘""" peat sand Eclay, silt |:| humic/black  * 1: Kumon (2016) * 2: Kudo(2016)

3 kL7 2 (TR-2) DIEMERERDEN
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 - ?
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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