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Fig. 3. Geological map and stratigraphic relations of the Hiroppara Bog and its adjacen

GSI Maps is used in topographic map of the background. When there are more than one age values measured in single unit, show-
ing a weighted mean value.
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Fig. 5. Microphotographs of representative rock samples of the area adjacent to Hiroppara Bog
a: Mitsumine volcanics (WKE14012602), b: Wadatoge northeast lava (WKEO4110305), ¢: Hiroppara pyroclastic flow deposit
(WKE HB2 core 9.9m-01), d: Wadatoge north lava (WKE12050402), e: Tsuchiyazawa south lava (WKE04110310), f:
Sannomat pyroclastic flow deposit (041107-

A-a), g Wadatoge southeast lava (WKE13042801), h: Tsuchiyazawa west
intrusive body (WKE13111707), i Tsuchiyazawa lava (WKE12050403), j: Washigamine dacite (WKE04121513)
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K:0-Si0.

AR DAL Gill (1981) k&3,

Fig. 6. Representative whole-rock chemical composition variation diagrams of volcanic rocks of the area adjacent to Hiroppara Bog.
Classification in K.O versus Si0, diagram according to Gill (1981).
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Table 3. K-Ar dating resulis of the rocks of the area adjacent to Hiroppara Bog
Separating method of the measurement sample according o Yagi (2006). Analyses of K and Ar, and calculations of ages and
errors, were carried out according to the method described by Nagao et.al. (1984), Nagao and ltaya (1988) and Ttaya et.al. (1991).
Decay constant of “K and “K/K ratio were used the value of Steiger and Jiger (1977), Ar isotopic ratio of the standard air was

used the value of Nier (1950).
i Potassium content Rad. ®Ar K-Ar Age  Non-rad. “Ar
s Fricion %) a0k TP/ Mo, £10) ®
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Table 4. Zircon fission track dating result of the rocks of the area adjacent to Hiroppara Bog
Uranium content measurement of the method of using thermal neutron irradiation was carried out using the pneumatic tube of
JRRA reactor unit of Japan Atomic Energy Research Institute. The method of using LA-ICP-MS w. i
laser ablation ICP mass spectrometry system of Kyoto University and Nancy 91500 zircon (Wiedenbeck etal., 1995) as external
.. 2003) and e-value of 44.2£1.8 was
obtained by analy nyon Tuff zircon with reference age of 27.8+0.2 Ma (Hurford and Hammerschmidt, 1985).
were used for calibration. Abbre ; ps: areal density of spontaneous tracks, Ns: number of spontancous tracks counted,
piz areal density of induced tracks in sample, Ni: number of induced tracks counted in DAP resin external detector, pd: areal
dmuly of induced tracks in dosimeter glass, Nd: number of mduud tracks counted in dosimeter glass, pu: areal density of
ount analyzed by LA-ICP-MS in sample, Nu: number of *U-count analyzed by LA-ICP-MS in sample,pustd: arcal des
count analyzed by LA-ICP-MS in standard, Nusd: number of ““U-count analyzed by LA-ICP-MS in standard, Pr(z):
quare values for v degrees of freedom (v-number of grains-1).
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Volcanic geology and geomorphology in and around

the Hiroppara bog area, Nagano Prefecture

Masashi Nagai s Shigeo Sugihara 2

In arder to und d the geologic and hologic evolution of the Hiroppara bog area more accurately, we
undertook a multi-faceted project that includes ficld survey, petrographic description, chemical analysis and radiometric
dating.

From the north to the west side of the Hiroppara bog area Mitsumine volcanics composed of andesi
oge thyolite composed of thyolitic
and pyroclastie rocks can be found. Wadatoge rhyolite were deposited in such a way that they filled the depression
where the andesitic rocks used to be. The hyolitic bodies of Wadatoge rhyolite in this area are divided into two groups
by their formation age. The arca of the Wadatoge Pass southwest of the Hiroppara bog, consists of lava domes and
pyroclastic flow deposits that erupted ca. 1.1-0.9 Ma. While the topography is mildly hilly, feeder dykes of some bodies
were exposed by erosion. In the north side of the Hiroppara bog some of the rhyolite bodies can be still be seen on top
of the hills.

The Tsuchiyazawa lava southeast of the Hiroppara bog is dated to 0.76+0.03 Ma according to Zircon FT dating.
Its eruj might occurred during the formation period of the Kirigamine andesitic stratovolcano. Consequently the
topographic texture of high viscosity lava flow is still partially visible. The covering sediments on the terraces along the
Wadagawa River and the layers below the peat of the Hiroppara bog consisted mainly of debris flow deposits. Almast
the entire area except for the river and bog, was covered by weathered voleanic ash soil.

The andesite lava block comprising the Hiroppara knoll that separates the bog from the Wadagawa River valley
has been dated to 1.44+0.04 Ma by K-Ar dating and it correlates to Mitsumine voleanics. The rhyolite lava along the
Wadagawa River at Higashimochiya is dated to 1.07:0.04 Ma by K-Ar dating and the rhyolitic pyroclastic flow deposit
in the lower part of the HB-2 site drilling core at the southwest end of the Hirappara bog dates to 1.08+0.05 Ma by

iclastic rocks dominate the landscape, while in the south to cast sides the Wad;

Zircon FT dating. The two correlate to older rhyolitic deposits around the Wadatoge Pass. As a result, a high-angle
unconformity presumably exists between the southern edge of the Hiroppara hill and the rhyolites that formed at around
1.140.9 Ma and lic beneath the Hiroppara bog deposit.
In summary, the geologic-geomorphologic development of the Hiroppara area is as follows. Firstly, andesitic
groups including Mi formed until ca. 1.4 Ma. Between 1.4 and 1.1 Ma the southeaster part
of the andesitic volcanoes perished as a result of the formation of a caldera-like depression and subsequent crasion,
which is considered to be the early structure of the Oiwake volcanic graben. Approximately 1.1-0.9 Ma repeated
lavas and pyroclastic flows filled were carved by erosion during
scent period that followed. At approximately 0.76 Ma the palaco-valleys of the Wadagawa and Hirappara bog
arca were dammed or partially infilled by Tsuchivazawa rhyolitic lava flow, and the predecessor basin of the Hiroppara
‘bog was formed. Thereafter the Hiroppara bog area experienced nearly isolating conditions from the downward erosion
of the Wadagawa River, and maintained its flat terrain by inflows such as debris flowing from the surrounding hills.

Keywords: Kirigamine; Pleistocenc; i i : whole-rock chemical composition: radiometric
dating.
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Fig. 1.1. Map showing distribution of obsidian sources in Kirigamine area, Nagano Prefecture
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A_Upper Palagolithic site groups close to the Kirigamine source area (ses Fig 2-1)

Phase | Site Group. Oiwake Takayama Omegura Hiroppra
Phase V (point)
(fimal LUP) Ronin-zuka-shita

Upper layers Lo I: Togarkishi Loc. H +

-
~15:20 ka cal BP
Loc. §°
Late phase IV Cultural layor 1+ Prefactural road™*
flate LUP) Loc. Kobayashi I site, EA-1 Yashima
Loc. |- Togari-tshi™" Horoku ¥ (uppen)™
Hol .
Early phase IV . .
oo LUP) Cultursl layer 3 Hostikuso 2001 Loc 8" % oy :
~20.25 ka cal BP ~19ka“CBP  Loc COLS Loc. Iir fous) e
Loc. Public hall
Phasa IIl {early LUP) .
~25-29 ka cal BP Loe.J
Phase Il (late EUP) Culturai layer 4
~20-32 ka cal BP 27 a “CBP Lo b ¥ Horolu VI +
Phase I (cary EUP)  Cutlurallayer 5 . ; r
3236 ka cal BP ~30 ka “C BP. W olto, EA2
B_Upper Palasolithic site groups close to the Yatsugatake source area, and other site groups distant from the sources (ses Fig. 2-1)
PhaselSite Group Tkenodaira _ SW Yatsugatake  Worshashi _ Lake Shiakoba ___Jakoppara Eost Lake Suwa
Uenodaira Loc. A
=i i and Loc. C la and b
. i : Kitaodoriba
Phase V (microblade)
(final LUP) + + + Gozaiwa-iwakage + +
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Phase Il (late EUP)
~20-32 ka cal BP i 3 + + + Chyausuyama
Fseo | ey ELYL Yumifuri-hinata . Jakoppara Lec. 12
~32-36 ka cal BP

Fig. 2
EUP: Early Upper Pal
industry, *** Unif
Highlands.

Upper Palaeolithic chronology in and around the Kirigamine and Yatsugatake source an
colithic, LUP: Late Upper Palagolithic. * Asymmetric b
| point industry, *** Bifacial point Industry
figure is modified from Shimada (2015).
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facial point industry, ** Bifacial point (fluted tip)
shows no industry has so far been discovered in the Central
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Fig. 3.1. Distribution of the archacological sites around the Hiroppara bog
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Layer 2b: Blackish-brown soil inciuding loam matix
Layer 3: Loam including blackish-brown soil
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Fig. 4.1. Plan and stratigraphy and sampling spots of EA-1 and TP-2 at the Hiroppara site T
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Fig 4.2, Distribution map of all artifucts from EA-1 and TP-2at the Hiroppara site 1
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£4.1 [LHEIEBEA] RIUFTP-2 HEBYDHEAR
Table 4.1. Composition of artifacts from EA-1 and TP-2 at the Hiroppara site |
A: Debitages, cores and raw materials, B: Chipped stone tools, C: Cobble tools, D: Jomon Potteries, E: Charcoals, F: Rubbles

Number / Weight of artifacts by layers
Atifact types R el Layer 2 Layer 3 Layer 4 Layer 5 Layer 6
Num. Wt (g) Num Wt (g) Num. Wt (g) MNum. Wt (g) Num Wt (g) Num. Wt (g)
Armrowhead 3 17 3 1.7
e Dl 1 317 8 270 2 a9 108
pieces esquillées
Bifacial point 9 997 7 B4 2 156
A Margin retouched point 3 397 358 1 38
Side scraper 4 70.1 3 622 178
Retouched flake 3 389 1 50 1 210 1 128
Graver 1 58 1 5.8
Subtotal 34 287.6 20 1236 8 1385 4 255
Flake 580 22036 272 10026 264 9769 36 1228 8 1013
Blade core 1 524 1 524
B Core 36 28606 17 4934 17 23458 2 214
Obsidian raw material 41 10397 23 3242 15 6982 1104 2 74
Subtotal 658 61563 312 18202 297 40733 39 1543 101084
Hammer stone 1 427 1 427
C Grinding stone 2 5269 2 5259
Subtotal 3 5666 3 5686
D Pottery fragment 28 3782 26 3387 2395
E_Charcoal 1 - 1 -
F_Rubble 6 82514 48,0282 2 2232
total 7301564210 366 108793 300 44745 43 1798 101084
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Fig.4.6. Distribution map of diagnostic artifucts, cobble tools and rubbles from EA-1 and TP-2 at the Hiroppara site
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Joman pottery
Layer 2
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Table 4.2, The numbr of pottery fragments classified by pottery marks from EA-1 and TP-2 at the Hiroppara site [
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g
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W Mountain-shaped rouletted reliefs

#FEX  Checkered rouletted reliefs
BEX CTRFE)
H3 Cord marks
%3 Pattern made by rolling a cord-wrapped stick

1
1
WS - FiTEC  Mountain-shaped and parallel incised rouletted reliefs 0
0
1

Rouletted reliefs

$BEEHERY  Pattern made by impressing a cord-wrapped stick

H  Incised lines
WX Puncturs marks
PO - WISEX  Incised line and puncture marks
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3 Plain
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Fig. 4.8. Stone tools of Jomon from the Hiroppara site I (1)
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65

27

HP1-TP2-115
Layer 3
Gore

Ob 15



() 1ous pieddoup ag Jo ¢ Av[ woly sjoo) duolg "1y Bty
() BE RS € W WD vivE

66



29
HP2-EA1-524
erd

Margin retouched point

Ob7

HP1-TP2-120
Layerd
Scraper

ob1

Layer 4.
Pieces esquillées
Ob7

33
HP2-EA1-545
Layer 4

Core

Ob 1

E4.5 LA 4BEEER
Fig. 4.15. Stone tools from layer 4 of the Hiroppara site |

5-2-6 {ib - MGG (24 ~ 28)

24~ 2813, 3k GE X CREAEG O
WTh D, oo L MBI O£ RS <
BLTED, MR MEOEITHES IR, MLk
Fo ARG 2 S o IR £ T, PIRME L IRy
SWTHD, 24 DLl 7oy 2RO HMEREH TH
RR ORI i 24 4 Xodl ks, 2
LA ETTbtiT AL, 25 OFERPPRY Fifii
EVHMBOHMRIER T, FavEryFe—n
AROMED, FH & Ao B T O RGRR B
LS hTw s, ATE S MEOEO DR RO
v, 26 MEEHT, 2RO S T
VEDARTHL o, BRICHELE 27 ofikizl

P

67

MBI T, AHEO THUR 6 & T A oM R
AR X Ty 5, 28 O fT IR LN DR B
BONTHRADLETHS, BNIE % ( GUmBs
FMT, AW~ b~ B & 470 & LT
Hirb T 5, HEGoMlifiro oMETE, #
R ol s 0T B, FTIINEER L 412 6
ARTVEH, MFE TR AN, BHE L -k SR E
HONMBORIERZIUEERI R, 450 1 BRIE
PRSI NARRETHS HHBESND, Z0kIIC, 3
ko figis e L TGO HRAGEA T
wHosHn, dicl, "HoNENEIATHI0
ANFRLEFTHTED, hali2wTIRARMMIC
AR hEOMELTOMZMET 500K LE



V%
7

/v- 2

¥4 Joint surface
12 (tracture of natural origin)

,
“

o
S

e
P

HP2-EA1-588
Layer 6
Flake (micro retouced) 0 Scm
Ob 5 I==————~"1]
416 [LE#K 6 MEEER
Fig 4.16. Stone tools from layer 6 of the Hiroppara site 1
DA Th e, B0 £ EHERESHUL TIIENE S HEE T A E#EMELTHGTWS, SN ERE

EE:H

58 A kith Lty
5-3-1 R Coemg (29)

WPTRMIC Y 2 7 EHTREET 2 5 % o Mk
WAy, LWbwB XY (WY A7 AROHEN % >

68

FIERE LIS A R T 2 Tl e, Mt
R 12 1 R AR MO (2 Bl AT e B, R A
LA R i & D Lo eo a0 TikiE
A KRS NI, RO FE I R
KROBBEEGZHMLTED, FiiBES XN
Lo, 3MILD 18, 19 KMTLS, KEERHE



38
HP1-TP2-47

HP2-EA1-86
Layer 2
Flake

ob2

417 [GE EEL+ WD-XRF SHFEEE (1)
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Fig 4.18. Samples for WD-XRF analysis from the Hroppara site 1 (2)
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Layer 1: Humic soil

Layer 2a: Blackish-brown soil

Layer 2b: Blackish-brown soil including loam matrix

Layer 3: Loam including blackish-brown soil

Layer 4a: Bright-brown loam

Layer 4b: Bright-brown loam (slightly darker than layer 4a)
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Layer 5: Grayish-yellow loam (sterile layer)
Layer 6: Brown sandy-loam (sterile layer)
Layer 7: Dark-brown hard-loam (sterile layer)
Layer 8: Dark-brown hard-loam (darker than layer 7) (sterile layer)
Layer 8: Bright-brown sandy-loam (sterile layer)

Layer 10: Grayish-brown soft-ioam (sterile layer)
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Fig. 5.1. Stratigraphy and sampling spots of EA-2 and TP-3 at the Hiroppara site Il
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Table 5.1. Composition of artifacts from EA-2 and TP-3 at the Hiroppara site 11

A: Debitage, B: Jomon stone tools and potteries, C: Upper Palacolithic stone tools, D: Rubbles, E: A

rtifacts from TP-3

25
A Jomon 56 27
Flake UP 2005 307073 229 5 18 342 1070 238 3 368 148967 28 24310
Unidentified 67 475 49 6 12
Blade 49 4868 1 2 4 26 15 1 16 2382 6 800
Cora  Jomon 0 5%6 19 9 2
upP 83 100771 4 3 5 = 15 42 583127 13 28801
Obsidian raw material 45 4389 24 68 52 2 1089
B ‘poant T Z1 7
12 95 9 1 2
Drill 2 34 2
Scaled piece (pscos ssquisées) 21 908 15 a2
Side scraper 2 nr 1 1
Chopping lool 1 747.9 1
Grinding stone 2 12551 2
Retouched flake 3 1518 a 1 4
Fragment of Joman pottary 71 se48 42 2 19 6 1 1
T Edge-ground stone axe T 103 7
Trapezoxd 209 2 i+ 2 1
Knife-shaped tool 3 138 1 1 1
Notched scraper a 2833 8 1 5 1966
Side scraper 3 60.2 1 2 1 200
Retouched flake 57 10787 10 112 1 4 14 5669
Graver 1 3z 1
Hammer stone i 286 1 12861
Total of arifacts (EA-2) zam A77118 655 12 232 AZ2 1201 278 10 450 221461 (N
Dﬁ.u-m 670479 48
Other nibbl % we2 6 4 3 B3 5 157195 137393
Tuwdmbuw[E_ﬂ«Z] 176 103 357.1 112 33 18 3 5 157195 1 37393
jumt
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Table 5.2. Non-obsidian lithic assemblage from EA-2 and TP-3 at the Hiroppara site 11
EA-2,TP-3 Arrowhead ool slone Cors Flake Blade fake alone ‘alons axe Total
Andesite 2 2 2 1 T
Chaicedony 1 1
Tuffaceous shala 2 2
shale 1 1
Shale. 1 1
Arenile sandsione 1 1
Chert 1 1 7 s
Rhyokic (acid) tufl 2 2
1 1
Tom 1 T 1 z F R F AN z 1 1 78
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‘Table. 5.3. The number of pottery fragments classified by pottery ornamentation from Ea-2 and TP-3 at the Hiroppara site 11

I site

ooty Layer2 (TP-3) layer2a Layer2b Layer3  Layer4  Pit1 ot
X Oval rouletted reliefs 3 6 3 3 15
WX Mountain-shaped rouletted reliefs 5 3 2 10
WA - FAFME Mountain-shaped and 5 o
parallel incised rouletted reliefs
#FEX Checkered roulelted reliefs 1 1 2
R (XMAFEE)  Rouletled reliefs 0
#E3X Cord marks 1 f 2
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13, Stone tools of the Jomon from EA-2 and TP-3 at the Hiroppara site 11 (4)
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Fig. 5.16. Upper Palaeolithic stone tools from Layers 2a-3 of EA-2 and TP-3 at the Hiroppara site 11 (1)
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Fig. 5.17. Upper Palacolithic stone tools from Layers 2a-3 of EA-2 and TP-3 at the Hiroppara site 11(2)
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Fig. 5.18. Upper Palacolithic stone tools from Layer 4 of EA-2 and TP-3 at the Hiroppara site 11 (1)
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Fig. 5.19. Upper Palacolithic stone tools from Layer 4 of EA-2.and TP-3 at the Hiroppara site 11 (2)
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Fig. 5.20. Upper Palacolithic stone tools from Layer 4 of EA-2 and TP-3 at the Hiroppara site 11 (3)
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Fig. 5.21. Upper Palacolithic stone tools from Layer 4 of EA-2 and TP-3 at the Hiroppara site 11 (4)
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Fig. 5.22. Upper Palacolithic stone toals from Layer 4 of EA-2 and TP-3 at the Hiroppara site 11 (5)
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Fig. 5.23. Upper Palacolithic stone tools from Layer 4 of EA-2 and TP-3 at the Hiroppara site I (6)
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Table 5 4. Classification of flakes from EA-2 and TP-3 at the Hiroppara site 11

= Complele pieces Broken pieces
o) S Tortex_ Monortex. — Cortex_ Non-cotex 10
Flake | 152 10 %62
Flake II 176 127 303
Flake Il 8 68 152
Upped Rt ;:ake\\r 27 4 68
o lade (flake V) 2 27 51
LEve s Platform preparation /
Layerd PRSI 7 6 13
rejuvenation flake
Crested flake 2 2 4
Other flake 220 266 a7 520 1363
Burned piece 2 2
Total 557 a7 504 660 2218
TJomon flakes Flake 102 100 &0 96 358
Layers 2a-3 Burned piece 1 2 1 4
Total 03 02 61 5% £
Unidentified flakes Flake 15 7 18 13 53
Layers 2a-3 Burned piece 5 5 3 4 17
Tolal 20 12 21 7 70
#55 B EA-2 RO TP-3 i+ 4 MEBBOH K OWE MR

Table 5.5. Variety of flaking scar pattem of Upper Palacolithic flakes from layer 4 of EA-2 and TP-3 at the Hiroppara site 11

Numbers represent complete or near complete picces

EA-2, TP-3 Flake | (N=262) _ Flake Il (N=303) Flake Ill (N=152] Flake IV (N=119) %
Full cortex 84 12.4%
Unidirectional 0* 92 126 34 63
Unidirectional 180° & 3 2 1 55.8%
Bidirectional 0*+180° 3 20 15 12
Unidirectional 80~ a [
0°+ 90° 3 39 10
0°480°+160° 4 1 138%
90°+180° 1
Multidirectional 80°400" 3
Centripetal+90° 5 7
iE) 42 44 17 1B.0%
221 245 16 [} 676

#56 R
Table 5.6. Morphology of striking platform of U s from layer 4 of EA-2 and TP-3 at the Hiroppara site 11
Strik Flake | Flake Il Flake Il Flake IV Other Total
3 X A 1 S O K T
Cortex 77 38.1% 34 14.8% 12 1 12.8% 98 13.2% 232 169%
Plane 86 426% 123 53.7% 87 58 674% 302 40.8% 636 46.4%
Faceted 13 6.4% 29 127% 19 ] 5.8% 29 39% a5 6.9%
Poinled / Linear 26 12 9% 43 18.8% 15 12 14.0% 31 42.0% 407 29.7%
Total 202 100.0% 229 100.0% 113 88 100.0% 740 100.0% 1370 100.0%
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Fig. 5.26. Upper Palacolithic flakes from layer 4 of EA-2 and TP-3 at the Hiroppara site 11(2)
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Fig. 5.27. Upper Palacolithic flakes from layer 4 of EA-2 and TP-3 at the Hiroppara site 11(3)
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Fig. 5.28. Flakes of the Upper Palacolithic from EA-2 and TP-3 at the Hiroppara site I1(4)
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Fig. 5.29. Flakes of the Upper Palacolithic from EA-2 and TP-3 at the Hiroppara site 11 (5)
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Fig. 5.30. Upper Palacolithic flakes from layer 4 of EA-2 and TP-3 at the Hiroppara site 11 (6)
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Fig. 5.31. Upper Palacolithic flakes from layer 4 of EA-2 and TP-3 at the Hiroppara site 11 (7)
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Fig. 5.32. Upper Palacolithic fakes from layer 4 of EA-2 and TP-3 at the Hiroppara site Il (8)
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Fig. 5.33. Upper Palacolithic flakes from layer 4 of EA-2 and TP-3 at the Hiroppara site [1(9)
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Fig. 5.34. Upper Palacolithic flakes from layer 4 of EA-2 and TP-3 at the Hiroppara site 11 (10
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Fig. 5.35. Upper Palacolithic flakes from layer 4 of EA-2 and TP-3 at the Hiroppara site 11 (11)
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Fig. 5.36, Upper Palacolithic flakes from layer 4 of EA-2 and TP-3 at the Hiroppara site 11 (12)
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Fig. 5.37. Upper Palagolithic flakes from layer 4 of EA-2 and TP-3 at the Hiroppara site 11 (13)
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Fig. 5.41. Upper Palacolithic cores from layer 4 of EA-2and TP-3 at the Hiroppara site 11 (3)
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Fig. 5.46. Refitted lithic artifacts of the Upper palacalithic from EA-2 and TP-3 at the Hiroppara site 11 (1)
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Fig. 5.48. Refitted lithic artifacts of the Upper palaeolithic from EA-2 and TP-3 at the Hiroppara site 11(3)
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Fig. 549, Refitted lithic artifucts of the Upper palacolithic from EA-2 and TP-3 at the Hiroppara site 11 (4)
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Fig. 5.50. Refitted lithic artifacts of the Upper palacolithic from EA-2 and TP-3 at the Hiroppara site 11(5)
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Fig. 5.51. Refitted lithic artifacts of the Upper palacolithic from EA-2 and TP-3 at the Hiroppara site 11 (6)
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Fig. 5.52. Refitted lithic artifacts of the Upper palacolithic from EA-2 and TP-3 at the Hiroppara site 11 (7)
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Fig. 5.53. Refitted lithic artifacts of the Upper palacolithic from EA-2 and TP-3 at the Hiroppara site 11 (8)
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Fig. 5.54. Refitted lithic artifacts of the Upper palacolithic from EA-2 and TP-3 at the Hiroppara site 1 (9)



HP1-TP2-213
Layerd

Refitied block 34

Platfom rejuvenation flake
obs

183

555 LR I#MEA-2RUTP-3 Hi0 4 HEBROESTE (10)
Fig. 5.55. Refitted lithic artifacts of the Upper palaeolithic from EA-2 and TP-3 at the Hiroppara site 11 (10)
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Fig, 5.56. Refitted lithic artifacts of the Upper palacolithic from EA-2 and TP-3 at the Hiroppara site 11 (11)
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Fig. 5.57. Refitted lithic artifacts of the Upper palacolithic from EA-2 and TP-3 at the Hiroppara site 11(12)
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Fig. 5.58. Refitted lithic artifacts of the Upper palacolithic from EA-2 and TP-3 at the Hiroppara site 11 (13)
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Fig. 5.59. Refitted lithic artifacts of the Upper palacolithic from EA-2 and TP-3 at the Hiroppara site 11 ( 14)
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®6.1 L MR- ESL T BOBEHTESR
Table 6.1. Results of clay body analysis on Jomon pottery from the Hiroppara site 1 and 11

Tty oT Tantiy
Group Adfactro.  Figuwe Pattery mark — Type of sand ihe  Inferrec source of ciay body

1 TP28 a7z AMESBIER incised ines and Medium  RH, Gt Ho, Sand Medwm  Around the Wada pass
puncture marks

1o - 1'::”"951 Incised kne and punclur®  yegium  RH, Ot Ho, Sand None  Around the Wada pass
ma

1 EAGR - MY Incsed nes Smat None  Atound the Wada pass

2 EA112 ara MY Cord marks Medium Nene  Notidenbfied

2 EAl43 - MK Incsed ines Medium Nona  Around the Wada pass

2 EALS) - BT (XNFH)  Rouletied relels  Modium Nono  Around the Wada pass

T EATZH 477 BEX Oval routied roes Sman Wedum Wada and Suwa ares

3 EAME - M7 Cord manks? - Nona  Around the Wada pass

4 EA110 476 M+ RO/ Cord marks and Middle Small  Nof identfied
notched inear applque patiem

4 EM20 4746 WX Cordmas Smad OLRH.BI None  Around the Wada pass

4 EAT 4747 WX Cordmasks Medium  Of (many). FL, Sand. RH  Nene  Around the Wada pass

4 EA118 470 WX Cord maks Medium Q1 (many), Fl, Bi, RH None  Around the Wada pass

T P36 B8-18  MFX Oval rouetied rebels Sman Gl AR, FI, Mg Nene  Around the Wada pass

5 TP15S 5815 HFIY Oval rouistied reieks Smal QL RH. Ho. SC. Mg Nona  Around the Wada pass

5 TP3T6 5818 WX Oval rouintied rebets Small  RH,Qt, Ho, 8C None  Around the Wada pass

5 EA2465 5814  WFIX Oval rouletied rebets Smal O RH,SC Nene  Around the Wada pass

5 EA265% 5617 HFX Oval rovltied ok Smad_ Ho.Qt. Fl. Mg None _ Notidentfied

s EAzam  sp  WEKTFIEE Mounensmopeds® oo ho oo on [E—
paralel incisad rouletied roliets

6 EA2702 568 (R ountan.shaped rovetied Medium QL RH. Ha None  Around the Wada pass

6 EA2385 583 RS Mountan-shaped roukted Smai QL RH,Ho, Bi Small  Around the Wada pass

5 EA307 - R Mountain- shaped rouklted Medium O, Ho, SC. FI Nene Mot identfied

T EAZSE 50 RHE Inosed ines Sman RH.SC. Sand el Around e Wada pass

7 EA2207 * AWM 7 Incised ines 7 Medium 1, Bi-SCH None  Ryoke metamorphic rock area

8 EAz3s  5ag7 A3 Pafter made by roling 8 cord- Smadl  RH, Q1 SC, Py Nona  Around the Wada pass
wrapped stick

© EAnam maqg ST Patid mads byroling & cond- Smad  Ho.RH, Py Nona  Around the Wada pass
wrappod stick

8 EAZTIZ 5B ’if;:‘_‘:‘" naca by rosing & cord- Smad O B-SCH None  Ryoke metamorphic rock area
wrapy

T EAZIT 502 AME Inosedines Sman O Fy FLSCH? Nona  Ryowe metamorphi rock avea

8 EA2361 5833 M Inosed nes Smai QLA SCH Small  Ryoke metamorphic rock a%6a

8 EA242 5930  #% Pun Smal O B-SCH Small  Ryoke metamorphic rock area

9 EA2206 - Fx Pan Smad L SC.AP Small__Notidentfied

10 EA23y  seaq (WRHEAR Patemmadeby - RH,Ho,OLSC Lage  Around the Wada pass
impressing a cord - wrapped sbck

10 EA230 5042 8% Pun Medium Q1 FI, RH Medium  Around the Wiada pass

10 EA2497 5938 ¥ Pan - oted Nona _ Around the Wada pass

Minerals and rocks: Ot Quartz, Ho: Homblende. B: Biobte, F Feldspar, Py: Pyroxene, Hy: Hypersthene, Mg: Magnetle, RH: Rhyolle, SC: Scona, AP: Aplite
(Fina-grained granite), SCH: Crystaine scnist, BISCH: Biotite schist. Sand: Rounded sand.
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fZ s, WIHEET>TT 7 7 MofiMe fe
THEL LI, WML M2 RUIHAT
F 7 Fab L T, HERMBORF X S ICERsH
HTAREENMT S Z Lickof, TITHETS
Moo gib, RN TENE AL LY
F2 (BFTR2 E¥5, &3, 2016) L, N 1H
EA-L oI | KM (2010 1) Tk S it
HYETP-1 (B HIE D, 2016) ©2HNTHS, 77
Fab e LTIk, 77 2 Hethiarin, Jalidr 7 Ao,
KA 7 AOBITHEBME 2T /.

1-2 777 Wil

LT e

TR-2 & TP-1 =&\ THERT 2 M%7 850,
FHOUEkEs S WD bokbotbon, WS
BIEF7IMEMETEZ LD TIRES A
Dof, ETC, W EoT, MEScmBLTFoL
DIHERI L, ORI DV TR
ook IEANIZME 5 om TEicRES AR
Haas, FFTR20 42 4% Hguc FHTON
B PREMICIET S5 7 7Bl e L £, X
FOMRITHEED SRIL 728 60 40 KLE,
L8 s 28 THD (23 2016 : 144). THFN
RO THD,

(1) BF 8 g % FRAE

(2) AR N T T e iR 2R L,

(3) BOCThimiizH,

() HEHEER T T 7 7 WO RP O &2 W,
1-2-2 Srhieise

77 7 B b of e 2 1L ISR T, TP-2 ofEiR
BB SIRIL 2o 9 b, & i 23 K0 T
DIFHZ I, MOoEG (REETIIEN, K64
mm) ¢, EOHMEEITH S OO0 EH OMREETAREE
RndaliA 7 A, MBI KO TRARPRIRO 5
B oXLY 7 ZHE(EERTVS, 2Rl
HoF 7 2RT T, WHEZPMRE 5] c AR v R
IR L2 BT (IOATF 2.0 mm) 255 Eh
TED, b¥dadomNaeHARLEPLS (R
wohsHiMIcHD, £z, iAE 29 271, O
CHltAnt s QO ST ARIN 7 ADEERT LS,
BE23 1000, ETOMB LT, b7 208
RS LITHD,

77

1-2-1 SrHiddF & srbi fiik ShGHARRBOmT, b L LH¥ELT 7 TR
1 RIB S &P
* NiTHE I (inst-tephra@white.plala.orjp)
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Table 1.1. Result of tephra detection analysis

e Sample  Dept from e suriace Pumice/scora Volcanic giass
Guantty Color_Max, dameter (mm) __Guaniily Form Caor
TR-2 1 -0~-Tecm ] bw cl
Column sample 2 Fe~azem ¥ -
3 2~ATom * pmisp) grwh
4 A7~22cm pm (sp) grwh
5 -22~-28 cm md, pm (sp) o wh
7 32~37cm
9 42~47cm md 94 wh
1 .52~57cm md, bw or.dl
13 .62~-67cm
15 .71~76cm
17 .81~-.87cm v md o
19 .93~.100cem
21 .105~-110em
23 A1E~-121em pm {fb) >md el br
25 -126~-131 cm N bw, pm (fb) po. ol
7 A3%~-141em o pm () >bw cl.pb.
20 1a5~-149cm * pm () >bw cl.pb
3 150~-1550m wh 4.3 = pm (b jobw wh, el
33 -159~-164cm wh 30 “ pmib)sbw,md  wh,cl.gr
35 -169~-173cm " wh 64 “* pm (i) >md wh, cl
37 ATS~-17Bom “* pm (M) >bw wh,cl
3 -182~-1830m “ pmifb)sbw,md  whcl.gr
41 186~-189cm s wh 38 “ pmb)sbw,md  whcl.gr
43 194~-198em ** pm (fb) >pm (sp). bw wh, cl
45 200~-203cm * pmib)bw>md  clgr
47 204~-2048m *  pm{b)bw>md  clgr
48 2046~-2049cm * pm (M), bw o
49 .2049~-2055cm =t pm(fb). bw o
50 -2055~-207.5¢m “*  pm (fb,sp), bw wh,cl
51 .2075~-2085¢m wh 20 "' pmfb.sp). bw wh, cl
52 -2085~-210.5cm ™ pmfb,sp). bw wh, cl
53 2105~-2116em " pm(fb,sp). bw wh, ¢l
55 .214.1~21660m wh 47 " pmifb) wh, cl
57 2172~217.7cm wh 31 " pm (i) >md dl.gr
59 .218~-2183cm " pmib)sbw.md g
61 .2203~-2206cm " pmib)zbw.md  clgrbl
63 .2266~-2306cm wh 41 "t pmib)sw.md  clgr
85  .2336~-23660m pm (fb. sp) > bw. md cl, wh, bl
67 .2373~-2383cm " pmfb) > bw o
89 -2399~.2449cm wh 21 * pmim)>bw o
TR-2. nodh wall 46-1 T wh Z4 T pm () > bw o
46-2 ™t pmfb) > bw ol

T ABundant, ; Many, - MIgdie, +; Rare. Wh: Wiite, o Coloress, g Gray, pb: Pale brown, br. Brown, bl: BIack. Bw: Bubble-wall type, ma.

Intermediate type, pm: Pumiceous type, sp: Spongy. fo: Fibrous.

OREERH 3 TROS NS, il bIhIK
Ao HED ALy SREEDRJALF T 2 (R
£ 1.2 mm) AULENS (EERTVS,

DAERETIE, F46-2 &K 46-1 DRI
A1 AT, WiliMEOM 7 7 7 on ks
wElbi, HECKLF T AL E(EEN
Twus LD, ThsDKIUKFFADE (I, 10D
IR 4 S (ORI OB HEIRER 1 o Kl 5 A
Th5.
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13 KiliA' 7 ALesrii
1-8-1 SriTadFl & 4rbii fiik

TRZDWREO Y 5, 77 7 W oRE, s
BFTIMTHE(EENSTRREOH S 5 M LI
FROWH, kX7 228 aulkBo2 i,
SIZTP-1 @ 16 MH DG 24 M2 "R E LT, &
WA 7 AD ERMIB AL S 2GSkl
7 ARG L 2z, S ENIER O D TH S,

() RO 5 5, TR-2 DikEH: TIE30

g ZFFRL, 77 7 M irns 2 a e,
2) srfifdic kO 174~ 1/8 mm & kX 1/8 ~ 1/16




min O RCT- i,
(3) RCHRGE T, 1/4 ~ 1/8 mm @ 250 KIS
N INH 7 ADOFPEEREATHED 2D,
e REhOSREEROD,
1-3-2 Jrhimi st

KA 7 AW ORRE A X755 4 1.1
BLUM12i, FhonAfeR )2 . TR-2
DA ERED S 6, RFORE 691212, W
MEAARBE e p R D Sl 7 AN { (39.2%,
20.6%), ERPREEIELE . 77 BT,
P F AL & B 51 Tk, By
PR (26.4%),

FZZMMAIC LY, T hThih
SSTIRIH 7 ARG 6 H R 20 2R 27
KA 7 A cEh s Bt S e h o0 Wi
23 TH, PPREEMOSIRELAVELIcBbh D
(20.0° WUEE 3 TR MR O 54 F
HiEicH 3 (39.6%, 39.6%). Ak, 777 M
THEMNS R Ehe, 28y REafdalirs
A%, BrigHt1/4 mm kK EGEHIZ 2 OREK
TIRE v, E7, WH 46-2 20EH 46-1 T,
AR AR LR Ol 7 AR EH
ENTws, MEZHRETSLE, BREDHIZPP%L
DREHHEEALHINICSHS (4.8%),

Jiy TP-1 T, WIROREHCBE LTS, B
GRSl 7 255% C, HT, B
WMy L (M1.2), 2LC HHEOHSET
FINTORFEALABLRRH L0, Z20HST,
MEEGEWID 7 LA 7 A5, BT RDRE 30 icH ¥

DEBLH{EENTLS (20%), 7, WEH10 £
h Lot sliEsagic Bl S hoa iz s 5,

1-4 R
1-4-1 i fiik

77 5 L OMERMELZHN LSt 50
(HEREHE) @69, BH 51, BH 29, K3,
TR-2 LMD iE 46-2, 2 L TTP-1 @K 30 @ 6 34
oG Ehsaha s 2@, REZLHRITE
MGk (WL 1993) 12Xk W% A L e,
WE DR GUL, 1/8-1/16 mm BHgIC & 0Dkl 2

ATHD.

e —

D Bubio wall ype (ransparonty

[T sttt iype ot toowe) [ Prmiceocs ype somum)

[N — -,

= iemesite e B ooy s
B ove

Bl ERERTR2 DAXUASAKT T FI 4
Fig. 1.1 Diagram showing ratio of volcanic glass from TR-2
in the Hiroppara bog

[ sutmiewan e ransparsnn
Bubbiowall e (pale beoun) B Purmicoous ype (fbrows)
T uttio-vat vpo brown) ] Light minacis
EMMWW - Heavy mincrals

Bl oven

E1.2 EE R TP kWA AT A PT 50
Fig. 1.2. Diagram showing ratio of volcanic glass from TP-1
at the Hiroppara site |
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Table 1.2. Volcanic glass assemblage

Sie Sample_Depih from the suflace _bw {cl) _bw (pb) _bw (o) _md__pm i5p) _pm (1b) _Light mnerais _Feavy minerals _Ofers __Tolal
RZ 3 az=arem [ ) (] [] B ] ] =]
Columa sample 23 116~-121 em 2 0 o s 7 42 50 5 & 2%
2 3 [ o & 7 9% 38 1 n m

= 5 [ o e 4 &8 ) [ & 2%

51 .2075~-2085cm ] [ 0@ s 2 2 % 5 @ 2%

69 2309~2449¢m 8 (] o 7 3 98 2 3 a5 2m

TR non wal 46-1 o [ o |5 24 iz 2z B 2%
o2 ° [ o 103§ 1 3 1 4 250

T 7 5~ 0 T 0 89 3 2 Eil T EE]
4 Aa~agem 2 [ o 83 4 104 2 6 19 280

6 23~28em 2 [ o w2 105 2 1 5 %

B 33~3om 3 0 0 93 4 04 15 4 7 m

10 az~d6cm 2 [ o 14 2 100 2 1 2 2%

12 51~86em 0 0 o 17 3 90 ] 4 ® 2%

1 B1~85em 1 0 o m 3 ] 15 5 " 250

15 B5~70cm 1 ) o 1o 2 105 15 3 " 250

16 70~750m 0 [ o w5 4 106 2 2 B 2%

18 B0~ 85cm 0 0 o 121 4 0 2 1 EER]

2 90~a5cm 1 0 o wo 5 o £ 1 7 2%

2 A~-105em 2 [ o w4 118 Ed 2 B 2%

24 A10~n5em o ) o 8 4 139 13 ] 1 250

26 420~-125em 2 0 o @ 3 13 2 1 " 250

28 A30~-135em 2 ) o @1 5 18 1. 1 15 280

W M41~M8om 5 [] [ 106 16 3 2 25

bw: Bubble-wall type, ma: Infermediate type, pm: PUMCecUs type. c Cooness, pbi Pale brown, br. Brown, 5p: Spongy, M Frous. NUmerals show the numier of
grains.
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Table 1.3, Result of refractive-index measurement
Site Sample Refractive index of volcanic glass (n) Number (of grains)

TR-2 (column sample) 3 1.515-1.519 30

29 1.497-1.602 (type A:1.497-1.498. type B:1.500-1.502) A:31.B:4

51 1.496-1.502 3z

69 1.497-1.512 (type A:1.497-1.498, type B:1.501-1.512) A3l B4
TR-2, north wall 46-2 1.497-1.408 n
TP-1 30 1.496-1.497 37

The thermal immersion method (Danhara, 1993) was used for the measurements.

1-4-2 JBERG L

KT ORI A2 & L3 05T, TR-2 (HARIAED
DRE 6 IcFEN S RILA T A (B5HT) DIFE
(n) @range i, 1.497-1.512ChH 5, JH kT
# (n) 75 1.497-1.498 D L DA% (31K, (3
1Z1%, 1501, 1506, 1.508, 1512 Offit 42kl
F AN KT olb ok,

WAFE 51 ICd EN S KL 7 A (32 BET) o (n)
Drangeid, 1.496-1.502 TH S, 2 ITH, 1.496-1.498
DRUA 7 ABIERIZ 0 @8 HT), BUF 29 o4l
A7 A (35 KT 12, BT (n) @ range #% 1.497-1.502
TH LD, PRI 1.497-1.498 DL OBy (31K
7). D ARTFORIFER (n) (2, 1.500-1.502 TH 5,

~fi, ME3GEhS LT Z A (0K T) O
PR IR oDk L I 84D, range 2 1.515-
9 TEOHRICS 5,
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TRZALREDRE 62 & En s LA 5 R (31
BT OMHTE (n) 1k, 1.497-1.498 TH L, %7,
TP- 1 DR TR 30 G EhSKLFT 7 A (30
KT) DRE (n) $, 1.496-1.497 EGHRICSH 5,

1-5 %%
1-5-1 77 3 ORIz oW T
SHTMEOR R, EROBPGChET S E BN

LA 7 AH S { DB TRRICKIL S ho, 22
LT ATHERT 7 7 ol WL
Bin s bifkeod, L L&A, TR-2 O
18, B 51 BRI T R R R 2
BT 7 7 ORKEEO S S WEESRS s, W
B2 B LB 27 @bk iz, REOODTARH
FATHBEITT 6N ET 7 FTOBRRMENSH LD G
e, WE 3 HGEC R, bR

T,

(20




ODARy SIRBHROKINT 7 ALHBOE LT 7
FORKMMENH S, E7, TRZILSEDIMH 46-2 12
BENDT7IHTIR, #{OMBCAEFATLSE
HoBuchkT s Llbhs a7 AT 2
tins, BERTIT 7 7 b RIS hu T
WA BAioNG,

-J5, TP-1 Tit, ME 306, H3vznkh
iz, MEENO AT ARG KNS T AHHDOS
5T 7 IOMKNELSH D LELSND,

1-5:2 {iiki5 7 7 Lolibi

FHFEMETE S LRI S ADHFRIHES &
3k, RRoSREChET LS ShEKlF T
AGHPTH (n) 12, 1.496-1.498 D k5 2 X h 3 (&
EATP-LKE30), 25128, Pih KREOBK
kT 5 WiEkO H 5 TP-2 LR DK 46-2 LY
D6 b, IPERHEE RIS T 5 Kl 5 % H5
MEHTHED, PBHF7IOMRELTWL I LR
HeIhn, AL, HERCTR, FRIAS KRR
By 77 oIreiE L BT s borb s, WE
LIEAESAE 30 S G RN

TR-Z (FEARAH) ©BE 51 (LK S 5
T 7 712, BUED E Z HRMANN IR T OFE R
ShTuivE I THS, L, LTI I3#77,000
~ 7,200 fEHT I RG Kl SR L 2 ik T 7 7
(My-A, - #idk, 1980443k, 1985, 19928 -
#ik, 2003, 2011) OfFEFRSATED, 2okl
W7 AOIEHE (B8 & ORI SRIPTREHE (n:
1.496-1.498), R|EVOHL A GO (FAMGMP
hikk) #8A5L, JERIZHEE,

WE 29 BX MK 2T Db DI, T bRl
ENDHMMOEO TR T R, £ O 2l
# 7 AORITERER G Tu AL Lo, 208}
e 59 7300 ERIZI M DR KA L 7 5 505 WY
LA A d v dalik (K-Ah, BE - §72F, 1978)
T B H S, 27, ZoKLF T AR
K-Ah 8T, T 51 (3012 My-A o REK R #
i 5 EFHUL, JRO K-Ah ORI L ) Tl
& S0 b RN,

F 77 ORRKRRE L LT - & LA IR
JEEENBT 73, QKN T AN 5
#7797 LEL6NRE, Z20EIT, KIFF2AD
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MITRIEE 202 &, 3 MERHE IR A & WL
L2 i8I CHED (AsC, MM, 1968: Wik, 1979
I, 2010) & &S KA 7 ADRITESE (n:
1.514-1.520) (26> e b k(T S, Ao LI
1248, 1783 (KW 3) SRR KA ST L 2 IR
AWETT (As-A, Titc, 19683 #iJE, 1979) o {EfE
LREBCBHETERVODLHNLL, IO ASA I
DUTHES COHER2= v MK SHB I EHH
BHTVLEN (b AWM, 1995), HEfta= b
LizduliA 7 A EOIIPEHESHEIE S hTw 3 b
T,

%k, TR2 (MUK olBTHshin:
1.500-1.502 DKINA F Az T3, 2 ORHTHRE
s, Kl 5 2 DI RT 22 689 1.5 ~ 1.65
TR PR & WU L 22 RN B S T (As-
YP, #idk, 1962, Wi, 1992, 2003) o ks
Sl # % SN BIRIFKINPE (MK-13, ki, 2004 %
E) kT 200 Bk, EASETHIUL,
st o Rt L o TR2 (RRIH) ot
KL AsYP kb B E B,

TP-1 3K 30 fHESH 5 i 24k b T Feiksg
Wk s HEESRES AT 7 7 200TiR, 20
KINA 5 ADHMD 6, §12.8~ 3 EAlIciMD
A AT 7 ST L 2451 Tn JaliBe (AT, Brp -
Wik, 1976, 2003, 2011) Dl s 5,

Glal, JEFENES T 7 7 R OTH AR
BEOLOT, FROA—F 4 Y iCilio TS T
VE, EIT, S, & SI0EYLDHE L
LT, 77 7 FEOBIED L2 M EUNH5,
TR2 (HARIE) @itk 51 e £ h s MNGe# L
Big, WE20 8 LURB 2T G Eh s NA0sT
A 5 AORHTEIHE O BT H D, E i,
TP-1 T, &K DT BiemsL, miamm
QAT T ADRERIEOEE, 351220
FHRMEDIMEE TR, & 610, [AHIED GV
T4 707+5 44 (EPMA) ZHikiliy s
A EDERIIING, BHEOT 7 FMEC i
A,

16 Fra
NN L 2 oMz EwT, MITHTE, 77 76l



b, Kl 3 AN, KA 5 A ORI IE &
LA, EORE, LHEENG TP-2 Tl st
K 0 Itk LB NS,

DUKRE B 5 LHTEL,

FREHLEvLon, RRTAEY KUK (KA,
7300 5 00) icthRT SO S S KINA T A LK
ansk, 4, HNUHORNTRED - CRER
IS RA TR & D 5 5, TP-1 T, RFES
DIREHE £ S /I Tn KK (AT, # 2.8 ~ 3 1)
T 2 OB D KILA 7 ADS & s,

I L OV Z RO HERT O bz R LR = R

B sth kT 3 LB A sl 7 ALk

EA-1 EA-2
TP-2, south wall TP-3, north wall

21 EREBEA-] WSS UG

@ FISHTHNOME. BT 773 MTONEES
Fig. 2.1. Schematic columnar sections of the south wall of EA-1 (site ) and the north wall of TP-3 at EA-2 (site |
sample positions for tephra
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Table 2.1. Result of tephra detection analysis

Site  Sample Volcanic g Heavy minerals
Quantily Color Max. diameler (mm) _Quanty Form Color

EA-1 14 pm (fb. sp) >md wh, cl,p-gr (am, opx)
16 o pm (fb, sp) >md wh,cl, p-gr  (opx, cpx, am)
18 o pm (fb, sp) >md wh,cl, p-gr  (opx)
20 ™ pm(fb, sp) >md wh,cl, p-gr  (opx)
22 "*  pm(fb, sp) >md wh, ¢l p-gr  (opx.cpx)
24 = pm (fb, sp) >md wh,cl p-gr  (opx, cpx, am)
26 **  pm (fb, sp) >md wh, cl,p-gr  (opx)
28 " pmi(fb,sp)>mdbw  wh ol p-gr  (opx, cpx)
30 *** pm (fb, sp) >md, bw wh, ¢l pgr  (opx, cpx)
2 = pm(fb, sp)>md.bw  wh.cl pgr  (opx. cpx)
3 *** pm (b, sp) >bw, md wh, ol p-gr  (am, cpx)
36 *** pm (b, sp) >bw, md wh, ol p-gr  (opx)
38 pm(fb,sp) >bw,md  wh,dl, p-gr  (opx, am)
41 bw >pm () o (opx)

EA-2 17 pm (b, sp) >md,bw  wh,d, p-gr  (opx)
19 pm (b, sp)>md,bw wh,dl, p-gr (opx)
21 pm (b, sp)>md,bw  wh,dl, pgr (opx)
23 bw, pm (b, sp)>md ¢l wh, p-gr  (opx. cpx, bi)
25 **  bw,pm(b,sp)>md cl, wh p-gr (opx, cpx)
27 " bwpm(t,sp)>md  cl wh p-gr (opx. cpx)
29 “*  bw,pm(b,sp)>md ol wh,p-gr  (opx, cpx)
31 “*  bwpm(b,sp)>md  clwh p-gr  (Opx, cpx, am)
33 “*  bwpm(b,sp)>md  clwh p-gr  (Opx, cpx, am)
35 **  pm(fb. sp)>md, bw  wh.cl.p-gr (opx.cpx,am)
3r **  pm(fb. sp)>md, bw  wh.cl.p-gr (opx. cpx,am)
39 **  pm(fb. sp)>md . cl, (opx. cpx, am)
43 pm (fb. sp) >md (opx. cpx, am)
51 pm (fb, sp)>md (opx, cpx, am)
57 ym (fb. sp) >md (opx, cpx, am)

****: Abundant, ***: Many, **: Middle, *:

* Rare. bw: Bubble-wall type, pm Pumiceous type, md: Inmrmadnata type, i Fibrous, sp:
x: Cl

Spongy. wh: White, cl: Colorless, p-gr: Pale gray. opx: Ortl
heavy material means a small quanity.
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Table 2.2. Volcanic glass assemblage

Site__Sample__bw (cl) bw (pb) bw (br]_md__pm (sp) pm () Light minerals _Heavy minerals__ Others__Total
EA-1 4 [ 0 0 108 1 105 F3 Fl 9 250
16 0 0 o 102 4 104 7 7 16 250
18 1 0 o 103 4 12 18 4 8 250
20 2 0 o 8 3 107 8 4 E
22 2 0 o 84 3 19 12 1 19 250
24 7 0 0 93 8 98 4 5 21 250
26 13 0 o 101 2z 107 1 2 14 250
28 13 0 0 84 & 106 10 4 27 250
30 1 0 o e 3 12 10 4 12 250
32 15 0 o 8 o0 101 i 6 20 250
34 19 0 o 90 3 o7 11 5 25 250
36 9 0 o 9w 8 98 21 2 24 250
a8 25 0 0 89 4 23 10 7 250
41 192 0 0 4 0 51 0 1 2 250
EAZ 7 3 0 o 5 5 37 ar 7 23 250
18 30 0 0 6 5 43 26 3 43 250
21 38 0 0 55 6 31 34 36 50 250
23 45 0 0o s 7 3 a0 a7 44 250
25 B4 1] o 43 T 30 36 24 46 250
27 46 0 o 39 4 33 40 36 52 250
20 39 0 0 46 6 u 41 28 56 250
31 12 0 [T A 38 36 42 73 250
33 1 (1] o a7 5 46 28 42 21 250
35 3 o o 45 6 34 50 39 73 250
37 3 0 0o 4 8 42 43 2 82 250
39 1 0 0o % 3 45 44 42 59 250
43 0 0 0o a7 2 16 52 69 64 250
51 1 0 o 57 7 30 47 32 7% 250
57 1 0 0 44 5 28 56 43 73 250

bw: Bubble-wall type, md: Intermediate type, pm: Pumiceous type. d: Colorless, pb: Pale brown, br: Brown. Sp: Spongy,

Fibrous. Numerals show the number of grains.

cm, 5 §), ¥lEE (K41 cm, 4b k), Sl (6
K51 cm, 4a k), dfat oo 2RE HEEEGLE (8
I 5cm, 3K, #ifik7 oy ZiRU D EEEEGE 60
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em Z &t LTt a0 o200
@iz, 77 7HroReENEEEMCUET S 7
7 FHH T RS L £, ST ERUE AT @il ) 6
5.

BwT, L

(1) AEH10 g ZFFRE

(2) B 2 Y T TuhLIc T 2k

(3) 8O°CTHITEER,

IR T T, 77 7 KT ORPOHRAE &% R,
232 Srhii 4

F7 MmN ofRER 21 CRT, LR
KOBLPA 2 ) 7T REE S kpo e, KK L
EA-1 i £, WHE A S o< 7L R HRE
HROEER DK H 5 ADE (2B BENT VS,
2O LTE, AIEPRGET OIS R £
ROBECRIA T A, 36 I HEOEIPRK OO 5
DI <, LA IS o TR T LRI B
A D, WAL LTz, B4 TP ROR
HEinEo e s, 2akh) BT s BRI
12 WIS Sk, ZohiT,
BAETA0E L A EORH TR Sh, Ed i R
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2.4-1

KA 7 ALLSrbi
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(1) 7 7 7 Bl s B 2 OBl
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W
2-4-2 SriRiR
LE<15€ 1 St EA-L
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BIUBE23,

Hurioidfh 4l | KA 5 A
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k i, WEOEHOSTARY T ADE
o TIRTFT S, £
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Table 2.3, Result of refractive-index measurement

Sampie

a o
Hiroppara |, EA-1, no.22

33
Hirogoara |, EA-1, no 41 001501 ]
Huroppara I, EA-2, no. 26 1.497-1501 0
Heoppara bog. TR2. east wall, o 51 1.496-1.502 32 171718 3
Key tephras in Nagana Pre.
itk Gunma Prat atr th fad o AT
WA (As-A. AD. 1783) 15071512 17071712 7
AMA (As-A) 15151521 1702712 2)
MBI (AsHx AD. 1128) Unpubished 1.706-1.710 2
AME (As-B. 1108) 15241532 1.708.1.710 1
£ SR (He-FA, Initisl AD. 6C) 1.500-1.502 17070711 16711695 2
1.409-1.504 3
AMC (As-C. Late AD. 3C) 1.514-1.520 1.706-1.708 "
EENTTE (Ko, ca 3.1 ka) 1493-1.503 1.704-1.708 1.6689-1.685 1)
AMO (As-D) 1513151 1.706-1.708 1)
58 K@ (My-OL ca. 4.5 ka) 1497-1.499 "
TREEMA (KS-Ku) Unpublshed ERSIRE T 2
AWAE (AsKn) Unpubished 1.706-1.708 2
DEER (My-A. ca.77.2 ka) 14961498 EREENR I 16791695 1
1.497-1.501 @
WRTFATE (KA. ca. 7.3 ka) 1.508-1513 1)
AW (AsFo) Ungublshed 1.706-1.710 2
WL (AsS) 15011518 1706171 3
AMER (AsK) 1.501-1.503 17071712 n
AMERME (AsYP, ca. 15165 ka) 1.501-1.505 1I0r712 1
AMKRR2 (As-OkZ) 1.502-1.504 1.704-1.708 1
MMATR] (As-OK1) 1.500-1.502 1.704.1,708 1
MMER (AsSr) 15061510 1.702-1.708 1675-1.680 1
MM (AsHg) 1.500-1.502 17031708 2
AMERNE (B1) (AsBPGroup)  Upper 15151520 17071714 1)
Mdde 15081511 1.700-1.708 1
Lowes  1.505-1.515 17101725 1
SRTN (AT, o 2830 ka) 1.499-1.500 1

1): Machsia and Ara: (1992, 2003), 2) 5004 (1996), 31
immersion

R & RO LAY 7 AHTE NER 0%
A lidh, BEEWFLERBAL AL,

EA-Z Hiui Tl AR 3326 0AH 26 10 h T,
EEN G T VRN 7 AOS{PRML, W
25 TEOMBIE — 2 BB E T 5 (25.6%). —H,
EPDRINA 7 A20TiE, TRRE SOMETY
BiedhE L 223K 39 L0 BTk, SEERELRA]
FoEHSNL G, BEOMTH, WH 43 [T
TOPREHOEFLEGMAIZSH S (27.6%),

2-5  kididami
2:5-1 i ik

{i#RT 7 7 L DRERIE 2 LS 5k,
AT 7 7 K & RIS AL LG EA-1 i oot
Bl SECWETIR A2V LOONHRONE LKL
TS 7 OGN EA-1 idioiik 22 L
WE 18, 2 L TIEE IS EA-2 Husd @ dlf 25 128
FhBKINHT A, ISICEEEHND FL Y F2

7

method (Danhara, 1993). uumz:mm\mmnmm1m 1972, 1993)

WE) OB G TR BAMG, HRG (
L, il 5 2 3006, d 2 W) £ xgus, R
LRI RIMEEE ORI, 1993) 12 & D R amE
ZRHEL fz, MEDMKE T, KA T AZ20T
I£ 1/8-1/16 mm ¥iff, $HIZSTR>1/4 mmD LD
ERERRMBTTE ¥ ¥ 7 LRI Bkl 226
DTHEL,
2-5-2 WEETH

M RMEOR R E R 2.3 00T, 4k, 2011 ¢
DIFHTDBRC I % UG L 72 IEBR D TR-2 b L >
F (FERIRED @51 2d 20s KL 7 2o iF
FEHE O (R TAIC IR L £,

KI5 EA-1 i ilf 41 i En s ki 7
A (31 Rf) OFF (n) @ range &, 1.499-1.501

B ME 22 5L B G Eh B Klr 7 A

(%33KT) OEH#H (n) (2, 14961497 TH S,
EA-2 Hl AH25 oo Eh s liy 7 2 (08T
DT 1.497-1.501 TH %,

(n) @ range I,
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Table 2.4-1. Major chemical composition of volcanic glass from EA-1 at the Hiroppara site |

EA1 no.18 1 7742 005 1233 065 001 002 05 366 536 000 100.00
2 7698 01 1229 061 019 001 05 389 538 002 100.00

3 7715 006 1241 074 010 003 048 380 523 000 100.00

4 7756 012 1239 058 012 003 049 35 510 004 100.00

5 7710 005 1238 058 016 000 05 387 52 008 100.00

L] 7629 012 1317 060 014 001 055 378 530 005 100.00

7 7699 008 1240 058 000 002 058 383 546 008 100.00

8 7757 006 125 055 001 001 048 358 513 004 10000

9 769 010 1255 060 000 000 053 383 540 002 10000

10 77.20 007 1219 060 000 003 055 2380 547 000 100.00

" 7688 007 1252 064 015 004 058 384 527 001 100.00

12 7786 003 1178 068 012 000 051 375 526 000 100.00

Average 7717 008 1241 062 008 002 052 377 530 003 100.00

Values on anhydrous bass.

£24-2 LFEEFEA-1 OF 7 7RBICEENI LA AD TR BR TSR
‘Table 2.4-2. Major chemical composition of voleanic glass from EA-1 at the Hiroppara site [

EA1 o4l 17602 015 1208 124 007 012 108 350 367 008  100.00
2 7826 015 1202 083 003 012 108 360 382 001 10000
3 7801 008 1217 110 001 013 111 358 38 003 10000
4 7783 048 1232 108 000 012 112 354 379 002 10000
5 7812 044 1207 108 008 0N 142 35 373 000  100.00
6 7820 007 1187 112 004 0N 143 357 38 000  100.00
77796 047 185 127 017 010 104 346 38 007 10000
8 7825 012 1183 106 000 008 114 355 386 012 10000
9 7797 047 1220 111 009 013 11 366 376 001 10000
10 7799 0412 1222 113 010 009 115 385 33 000  100.00
1 7762 044 1213 126 040 013 1.47 383 358 003  100.00
12 7838 046 1191 121 005 010 142 327 375 007 10000
13 7855 011 179 114 006 009 109 351 364 000  100.00
14 7813 D08 1184 127 005 009 108 354 375 007 10000
15 7812 007 1217 085 002 006 071 369 430 002 10000
16 7818 007 1184 111 002 008 121 369 370 002  100.00
17 7826 013 1217 116 005 007 143 349 347 006  100.00
18 7860 008 121 106 000 008 111 331 364 002  100.00
19 7754 017 1219 119 003 013 124 372 374 004 10000
20 7834 014 1192 113 005 010 110 350 372 000  100.00
21 7828 016 1186 116 001 013 108 375 357 000  100.00
22 7801 043 1206 1M1 010 011 148 343 382 005 10000
23 7777 040 1205 12 002 011 144 357 395 000  100.00
24 7834 012 1198 138 003 013 112 343 343 004 10000
25 7784 016 1209 149 000 011 118 379 355 000  100.00
26 7794 015 1192 116 007 010 143 353 397 004  100.00
27 7807 013 1213 115 008 014 118 346 362 003  100.00
28 7847 014 1189 113 000 014 141 343 363 006 10000
20 7796 014 1219 114 043 012 110 351 365 006 100.00

Average 7609 0.3 1204 112 006 010 108 35 376 003  100.00

Values on anhydrous basis

MO TR-2 FL >+ (FERIAE) @il
B51 g Eas it (v) LANG (n) O
HiE, 2HENLTI4LT19 (31ET) Lk 1.681-1.688

i TR

IT) THS.

26

2-6-1

Kili# 7 AD EPMA 7rbit
SrBiaAR L Srbidiik

BTR2 kL F (HARMED) DIE 51 & X 00 50

EEENS KNI ARG, HTR~( 207+

44 (EPMA) 12k b,
L2 T B
SPETICREHI L 22 SRR, AP RO AR
T IXABGOOMWDS B EPMA TH 5, 41 .
W 15KV, MIHAHA 0.0l g A, E—LEI0pmD
it + Oxide ZAF g% My
srbigs, yiE 41 EOAEH LS

Kil# 7 2D ER UL %

Tfio
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Table 2.4-3. Major chemical composition of volcanic glass from TR-2 in the Hiroppara bog

7741 006 1227 067

013 006 054 368 539 008

1
2 7726 006 1225 058 010 000 050 360 562 002 10000
3 7766 010 1209 063 013 004 048 356 529 000 10000
4 7762 005 1240 051 015 004 058 377 487 002 10000
5 7731 008 1231 046 010 003 053 378 539 000 10000
6 7750 008 1241 061 006 003 056 350 525 000 10000
7 7722 006 1219 050 014 004 057 379 537 002 10000
& 7700 014 1229 062 0.1 004 055 368 553 005 100.00
9 7748 006 1250 057 000 006 055 361 519 000 10000
10 7703 010 1226 084 006 004 053 385 548 000  100.00
117726 011 1222 060 012 003 061 361 545 000  100.00
Average  77.31 008 1229 050 010 0.04 051 368 535 002 100.00

Values on anhydrous basis.

®2.5

Table 2.5. Comparison of major chemical composition of volcanic ¢

EFAREF 7 SEHEERET 750883 LA A0 TR L

from the Hiroppara site group with those of key tephras

EA-1, no.18 777 1241 062 52 amm 530 03 T y
EA-1, no.41 7808 0.13 1204 112 0.10 108 358 376 003 This study
TR-2, no. 50, 51 77.31 0.08 12.29 0.59 0.04 0.54 368 5.35 0.02_ This study
Key tephras

Kg 78.03 020 1246 1.21 0.12 027 151 365 254 1)

K-Ah 75.24 053 1285 242 0.08 047 202 332 300 2)

My-A 7750 o7 1270 1.00 0.05 005 066 3.30 4863 3)
As-YPk 78.40 029 11.99 142 o1 024 136 amn 242 1)

As-YP 78.15 oz7 1.99 1.33 0.04 0.26 1.30 372 289 2)

AT 78.25 013 12.14 1.26 0.04 0.1 1.09 341 356 002 2)

Values on anhydrous basis. 1) Okumura (1988), 2): Yagi (unpublished),

2 TI1/4-1/8 mm @l # 5 A, TR2 b L

F (HEAREAE) OBUR 51 & & O 50 (22w TR

RYAMEA T T > 7L >1/4 mm QKINF 5 AT

Ho,

2:6-2 JrHiRi
SEHTRG YL A 4 2.4 12,

D25 HHEE LA,

75 L olkka
Zods, AP HTRSSLE MEK L J

LTRRELTVAE,

IR EA-1 MU XU K 18 (12 B07) &, TR2
b L F (BARIED @iES1 B L 0ME 50 (11§
) s Ky 3 A0 RRPHUK S JEH 12 Bl
LTwad, —H4, EA- Lo 4l IKGEh 3 K0
A7 A, Er02 REEHRELT, XD SO, IZEA
(kbH , FeO", M0, CaO #3% 14T,
ALO,, Na,0 % K0 (22 L wffil

27 H/Y
2-7-1 77 7 ORIz 20T

O ICRRIMMIEIL 2 i L L Shloff iy,

3): Takemoto and Okumura (2012).

WEOEERE N ORI LR LE L5, EROBK
FHZHIET 5 & i S MR HUIREE LR PR @ ok
Wi 7 A% oitEeAhticltl s hs, LaLi
#6, G, LK DR EA-1 510 5 Bz s 7 2

D BHERE 2 Beb 2 T LAITES 0T 7 TR,
OB OMBO AT LRI F ALLTEI L, Kl
7 AGOMITRIES & CERFHIES S, $128~3

HAENHZ MAMOEG R A L F 2 50 GHE L 2285 T
LBE (AT, HPHLe #iF, 1976, 2003, 2011) (<5

= (-0

ik, ST 7 AT s
777 (¥, 1962 i 1968 Y,
DREY M S 85,
Eirdots,

IR EA-2 Hbai Tid, 4a BT (3H25) <
AT OREERIHE 2 R M T 2 MBI 3 7 WKLT 5 A0y
iBle =2 (AR 26) ZHulicak, AER ok
EEEND KN T ADRITRISES, ATOZhEF

KL AN
1996 % £)

D S bl T




FL#v, 28, ZOTFRO 4RI AT sk T 3 &
BELONBRKINFIABGERTHE LSS, bl
SILRRAYIC I AT BRI ICIBIR 3 o7 B B R S h
5.

77, 2011 fEHEDGHHT T, BollaGbYE, Kl
A 7 AG TN RHTENE, TRy O il 4
frbd s, # 7,000 ~ 7,300 012Kl S HE
iBLAER 777 (My-A, WHR-BTIE, 19805041,
1985, 1992 3 W[ - i, 2003) e offEbEdt
fifli s ok TR2 P Lo F (BERRE) oRES51CGE
Fh577 FHTICo0TI, SEBIOHIcE -8
FERR L PG ORTERE T, &5 @O EE
G E o7, SRS A KLY T A DR PTETFE L
HWL T, TR-2 L (FEARIAED @51 b
T s S oOftiz Lo KA 7 ZBHHEL TV S
CLLIOEEERL TV,

e , BB B S0 EERZ RIIY F AD
EPMA 147 Ci, ZORT-2a KIS TELb o
LyiclBbhs, #k s eMoibic, HEm
BRI L Y 7 RSB LEC Eickaon
LH A,

LinL#edis, SHOFHT, MRHERDO %S5
KA & ORI, ERHER 2 6, KA 7 ADRTH
Frth A TR AR B 7 7 7 R SRR b
hEah b, MAMIZIEK @I D HERE
Pz, AARMICERZFAC TSR TR ICEE
LTwAI ETMLTS,

272 filokii

I 1 3R EA-L <315 EMMTET 6 W6 b
LGB, AT KD Flcds, 4, 4
& kraroli s iBOMIIEAT XD Lk
frehs, Ei, EAZHACEGT b Eh s a kT
PR THRINS A 0R ARLRE 9% okl
K, 77 7 By oI B YR 2 R L ¥ 5
&, AT DHEERERRT S 40 Kkt FETICS 5 L%
A6NHBDI D6, AT TS5 AT ORKIETAE
hiT, LisET

xe

28 ks
LIRS & 2 6 MO MM < B T TN
77 RS KA AW Kl 7 Aok

i IME, EPMA (2 k3 KILA 7 20 B0 53 53 b7 & X
WL 7RG RN T K EA-1 Hbtiod 5 Richic#ming
R DIEM T 7 7 TH B850 Tn KUK (AT, #2.8
~3HEN) ERITHI LN TEL £, KK
Wik EA-2 MiiTh, da KT #IC AT OREKI 0% R
Mg 2 e BN 628 T AR ADINBLE — 2 % Frll]
TEf, O LK DR EA-1 Mo 6 o8
I2AT £ 0T, —~H4MELFIRPoRBE N
A8 AT X0 LR RdH 5 2 Lol s pnick
fo. E e, AL IR EA-2 M 51T, 4b 6
dafi TR THRINESNETROE L, ATOT

firda & AT BB HRSIE I b Tt S s L Em
Lie,

3. WU TP-2 PRI AE,
IR HB-1A 375 kX
LRI HB-3 2705 2 5 40hi

V

200

E31

ILF 188 EA- o +EREE 77 7 e
@ FIIHIMEORML BF  T7IHAOMERS.

Fig. 3.1. Schematic columnar section of EA-1, at the
Hiroppra site |
@ : Sampling horizons for tephra analysis. Numerals show

the sample numbers,
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32 LEUERHBAJ7HE 3 €2 ¥ 3 ORKERE
@ FIIHMEEOMIL BF: F7IAHEEOES

[F460°14

I L E D MBI 3 1T 5 SR TE ORI K
K MR AT AN 2 8 b ML HE R sl X e
ks, MHMNKNEZIT>TTF 7 MO BET
LrEbiz, MHETORMRNE %, ¥&, &
WTE=N 7 - a7OWREET S E EHICHEHEIR
ERMEL 2, &6, 77 7HIaN, KiiF 7 ALk
arbi, KA 7 ADMITENE, TR A 2a7 4
74 (EPMA) 12k Bkl 7 AD EE 550 h £ ¢
il T, HERAORIN S & 1285 o i i

PR 2 PEFHE Y 5 2 b ick ok,
ST T A M o R, KI5 TP-2
RPN (14 3.0, BUNEd, 2016: [M4.1C), K

LD HB-1A 27 (3.2, 23, 2016) OF 3+
Zrav!, BLTEEOEL UM EA-2 CBET 5
HB-3 27 (£ 2016) ®F3 L7 a»THs,

32 7 7 FWilardr - Jahk 7 AL
21 SrbnadF L A fiik
TP-2 R RE TR n WD 5 B, pbidil
MSnThdof 3L, HB-IA 2783 2 7> 3
YTF 7 2RT 7 7 OMEMEO LSS 5 18 WK
Dt 21 EHZ 20T, 7 7 2R T ORPIF e et

Fig. 3.2. Schematic columnar section of HB- 1A core, Section Wiy s 7 7 S iliabi ek L 2. BT, K
3 in the Hiroppara bog
@ : Sampling horizons for tephra analysis. Numerals show
the sample numbers.
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Table 3.1. Result of tephra detection analysis
Ste Sampie Pumcerscons Voicanic giass Teavy minerals  Depih of Sampios
an T T T — —
42 = pm(f.sp). md.bw  wh.clpgr (opK)
e - pm(b,sp)>md, bw wh, ol pgr (opx)
46 _ pm{M sp)>md.bw _wh. el pgr (opx cpx)
Wa-iAcore, Seckand 1 T pm (1, 5p) >md, bw_wh, cl, p-gr_(am, opx) EFTEyrre
2 = pm(M,sp)>md, bw wh,clpgr (am) A4S~-148m
3 *  pm(f.sp)>md.bw wh.clpgr (am) 148~151m
4 (am, opx) A5t ~154m
5 {am} “154~-156 m
6 bw, prn (1, 5p), Wl Wh, pgr (opx) “1.56~-1.59 m
7 md, pm (0, sp).bw ol wh, pgr  (opx) 1.58~-162m
8 md, prn (B, 5p),bw ¢l wh, pgr (opx) A82~170m
9 B (10, 39), md clwh,pgr  (am) AT35~AT4m
10 - wn 29 = pm (f, sp). md <. wh, pgr AT5~1785m
" = pm (M, sp). md o, wh, pgr ATT~ATIEm
12 = pm . sp). md clowh.par () -1.845~-1 965 m
13 wh 26 e pm (T, $p), M wh.el pgr ()
" wh 40 B (1D, 5p), md wh, . p-gr
15 wh a0 = pm (M, 5p), wh, €I, pgr
% - W 63 " pm,sp), md wh. el. pgr
7 - wn a2 “ pm (f, sp). md wh, . pgr
18 - wh 87 = pm (b, sp), md wh, el pgr  (bi)

=+ Many, ™ Middie, "

173

Abundant,” ‘Rare. B Bubble-wal lype, pm: Pumiceous type, md: Inlermedsate type. wh: White, ol Colorless, p-gr: Pale gray.
opix: Orthopyroxene, cpic Clinapyroxene, am: Amphibole. bi: Botite.  } of the heavy material means a smad quantty.
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‘Table 3.2. Volcanic glass assemblage

ETIG) dpm Bl Ty Trnerals. T oo
T2yt ol e 50 o e s owmom s m o
deep excavation gt
18 a o T 3 15 10 9 4 20
HB-Acow, Section 3 1 H ] LI z T2t iz B 21 50 daa~idsm
2 7 ] ¢ 70 4 128 17 1 2 20
3 1 ] [ ] 5 57 46 6 53 20
4 3 o o 82 3 124 2 q o 2%
i
6 o
7 2 ] [T 2 35 48 2 % 20
8 1 0 o m % 5 [ o E
9 o a o 52 [ 183 1 0 4 28
10 1 o o 47 3 182 8 1 8 20
1 o ] o 65 2 129 24 ° 0 20
2 0 ] o T4 2 132 26 [ 6 250
13 o o ] 2 178 3 1 5 20
“ 0 o o 55 1 163 21 ° 0 250
15 1 ] o 64 2 164 13 o 6 20
) 1 o o 65 ] 158 2 © 4 20 2us~2sm
ki 0 o o e 1 163 m 1 u /0 2285~-2205m
18 1 0 o s7 3 180 [ 20 2:5~235m
. Buble-wall type, md. Inlarmodials fype, pi. Pumiceos [ype. cl Colaeiess, pb Pale brown, br amup ‘Spongy. fbx Fibrous. Numarals show fio number of
grains. *: Sampless nol counted by 250 grains because of their minuteness.
%33 BRFMERR
Table 3.3. Result of refractive-index measurement
) Ty Fenphiee
TE-A core, Secion 7. 42~ &4 o F Famon) TABT-1S0211 4671500, 1502 9112921
-1 core, Secion 3, 15~ 17m (F. Kasmon) 1487-1.499 B
B 1A core, Section 3. sampie .3 (-148~-151m) 14971500 )
1A coro, Saction 3, samgie ro T (-150~-4.62m) 14971504 ar
1A core, section 3, $ampke 10,18 (-2 285~ M5 m) 14971458 b
HE-3 core._Socton 3 60 em (F Kumon) 1487.1.498 2
Other tephos dcaveres om Heoppara
Hroppara bog. TR, saslwal pa.51 14861502 17719 I rerise E
Hoowem . 5 2,00 8 14961497
Hropparal, TP.2. 14961437
Hecopars| 103 ot 14801 501
Ky legtvas n Nagans Pret. and weslern
Gunma Pref. smes the ol of AT
EANTIE (K, o 31 ka) 14831503 17041708 to89.1 885 )
ARD (A0} 15131518 1.708-1.708 "
BEAMA WOl oa 45 ka) 14871499 "
BEGRRR (5-K) wpublshed 14718 2
A (han) 1.706-1.708 2
BEAR (MyA ca 7T 2ka) 14561438 17y 1671685 "
14871501 -
MEF ST (AR ca. 7.3 ka) 15061513 3
AMBE (As-Fo) urgubished 17081780 2
R (As 5] TsE EEEED el
AME (ho k) 15011.503 a2 "
AN (2P, ca 15165 ba) 18011508 17074712 "
AMEKARD (ho-ON2) 15021504 17041708 0
REMAEA Y (haon1) 15001502 17041708 "
MG (ha-5) 15061510 17021708 18751680 "
AMBE (AsHg) 15001502 17031708 2
RAERAS (B) (AsBP Grace) Upper 15151520 17071718 n
Mdde 15081511 17001 708 "
Lower 15051515 17001725 il
HAT AT ca 28~ 30 ka) 14901500 0
725 Soda (1958, 3F Soda (o AT Sy ) a3
800 P vearsion e (Azs, 1972, 1993)
7 (159 ~-1.62 m) THBOhMEDKINY T A 33 kT
DHHE -7 (48.0 ~54.8%) 2L SR, Zhs 3-3-1 Wi SR 2 Wi ik
DRETIE, FAMELRPAOMECH S, A, 7 7 Bl AT £ Kl 7 A AT X > THEET

HB- 1A@R 3 £ 22 a w0 Liliid TEEREIE ) (23
2016) DR 120 cm IRIET 5,
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7 7 DEHRK WO TS A Sk 4 WRHE RiciR
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Table 3.4-1. Major chemical composition of voleanic glass from HB-1A core in the Hiroppara bog

HB-1A core, Depth 4244 cm

0.00 0.08

1 008 1197 064 048 367 534 005
Secton 2 {sampled by Kumon) 2 7800 008 1202 055 005 010 050 345 519 0.07  100.00
3 7761 015 1213 065 008 005 050 362 521 000 100.00

4 7855 041 1197 052 000 002 045 346 491 002 100.00

5 7805 006 1211 047 003 006 043 346 534 000 100.00

6 7798 0.05 1200 071 016 002 048 357 496 007 100.00

7 7779 015 1207 0686 010 004 049 363 499 008  100.00)

8 7867 011 1255 055 010 000 057 337 408 001 100.00

9 7723 002 1237 057 004 000 056 374 543 005 100.00

10 7696 009 1253 060 010 003 057 367 542 003  100.00)
117725 008 123 066 000 002 057 357 548 0.00  100.00)
Average 7780 009 1219 060 006 004 051 356 512 003 100.00

Values on anhydrous basis

®34-2

ERERT 7 ZHBICS TSN F 2 OEMTEATTRR

“Table 3.4-2. Major chemical composition of volcanic glass from HB-1A corc in the Hirappara bog

0.07

T8.34

HB-1A core, Depth 15-17 cm 1 170 071 014 002 048 3235 515 0.03
Section 3 (sampled by Kuman) 2 7830 003 1198 066 010 000 045 368 479 001  100.00
3 7813 0.09 1194 065 014 000 046 355 503 0.00 100.00
4 7797 012 1220 061 010 001 044 341 514 000 100.00)
5 7803 006 1216 063 008 004 048 318 534 000 100.00
6 7758 0.10 1219 077 000 000 042 362 528 003 100.00
7 7788 006 1216 056 012 000 047 363 507 005 100.00
8 7798 006 1208 053 009 001 043 365 517 000 100.00)
9 7784 010 1221 064 012 003 055 363 487 000 100.00
10 7787 014 1199 062 009 003 048 341 537 0.00  100.00)
Average 7709 00B 1206064 010 001 047 351 612 001 10000

Vakues on anhydrous basis

BB (HB-1A a7, W32+ a0k cHY),
E512 HB-3 37 OW 34 7 & a > OFM 250 em f
LA G RIS AL BRI (JEBRIC I KL 8L
[ GENDRNA T AL RQIC, RHEELR
IEPFRIbEE ORI, 1993) i kb ST E0E & 0
L MEod@ Lizkihs s 20k

/16 mm THL,

1=t

T EmEORRE £33 R, £ EFED)
45 1.497-1.502 OEMIZH D, #EE Fiuzd 50t
Bl #AHE s Hf Y S 5, HE
v OB T IO ERA KN 7 AQRITE (n) 2
£ DGR E L oKl 7
i Ens, s, HB-IA 27§

ey avOREAZ~44cem, (a7B3Lrva

BIA 27, W3k

1.497-1.504 T,

L

YOEME 15~ 17cm BXUHaTHEIL 72 axD
AR L, O RINPETT =0 kK & FI S T
v (X, 2016),

HB-3 a7 3473 >DFME 50 cm (HE2 6%
HEE 7RO IREUE CRBRIC R NKOM) cd En

LdalF s A (3ZRT) OEHTE (n)
Efku,

34
3-4-1

Kili# 7 A0 EPMA 7rbi

SrbiakFE Srbifiik

AsYP 7 7 7 D EESE A 6 h, TTIREh
T HB-1A 27, §2 4 7 a K42 ~ 44em
BERUHE 322 a »OFM 42 ~ 4em DIAEO I
WEwsiTaini, KECGEhsliTE~q
zar+744 (EPMA) 2HwT, KA 7 2A0E
TR ST LR 2 1 & SHTC R L 7 sr bR s,
W AR S O AT T JXABGOOMWDS ! EPMA
DM IE 15KV, WM 0.01 u A,
L{E 10 ¢ m DE-TIro k. £72, WL 2 Oxide
Fika vtz Srbtdgus, 1/4-1/8 mm @ kiliA
7 AT, SRR T T T
342 IpHiETW

SRR E R34, FARIET 77 LolkBeR
35 2T, Slhloiritih, LIRS TIO, FeOr,
{, KO 2% Gl H S,

MLz,

Th B, B

L7

LOTHS,

MgO, CaO Iz®$ZL
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Table 3.5. Camparison of major chemical composition of volcanic glass from the Hiroppara bog with those of key tephras

[HB-1A core, Sechon 2, 4244 cm 1209

0.80

0.06

Bealiat et 780 008 386 512 003 Thisswdy
"*":’:‘; ﬁ::ﬁ 1% o 7709 008 1206 064 010 001 047 351 512 001 Thisstudy
[Other sampies from Hiroppara

192 (EA-1), no.18 7747 008 1241 062 008 002 052 A7 530 003

TP-2 (EA-1), no.dt 7809 013 1204 112 006 010 108 358 376 003 AT

TR-2, east wall, 00 50, 51 77.31 0.08 1229 0.59 0.10 0.04 054 368 535 0.02

Key tepheas

kg 703 020 1246 120 042 027 151 365 254 1

An 7524 053 1285 242 008 047 202 3R 300 2)

Mty -A 77.50 007 1270 1.00 005 0.05 0.66 13 483 3)

| As-YPK 7840 029 1.99 142 011 0.24 1.36 an 242 1)

ps v 7805 027 1199 133 004 026 130 372 289 2

AT 78.25 0.13 12,14 1.26 0.04 0.11 1.08 341 358 0.02 2)

Values on anhydrous basis. 1). Okumura (1988), 2). Yagi (unpublished )

C o, WleHdE L 22 AT 202 I E G 5,
35 &%

W BRI T WD T 7 7 TH L850 Tn
KA (AT, WrUl- #79F, 1976, 2003, 2011) 1%,
# 28~ 3 IR A OB A LT 7 SRl L
F2HOT, LU EA-1 © TP-1 4 7 & a » OFIE
200 cm (BECHEES vz, 4, 2o EFopikcs
W AGEMEUEN & S BT L AL IS S Ak AT R
RN HEE & o e (RN 7 LR 7 A BE S T
Wil DMTETHTT AT DREEBRINE L L 22 Al 2503+
HIEHTEL, £, HBIA 2702, B3£2

2 v OF 7 I ONE, 77 7OWEEEL S
Bz 2L T TilOR A S e,

35-1 HB-1A @242 > ay HE 42 ~ 44 em WK

BEL O H & IR 5, #9156
il SHUL L RN R D (As-YP, BTF,
1962 : WE- §i0F, 1992, 2003, 2011) * ol
AT LA, HER b ThRbS AsYP @
FHFEE B 3 A 7 ASEHE Lk b oo,
RHFHES L DK 7 A5 % {, Ll S Fio
FIIEEETE, DI L6, IOREIC AsYP
kO KINF 7 2HEENnsEERSB 2 0D,
DEGTL RMICEA L T 2 MBS & R
aha,

352 HB-IAS 3475 3 B 15~ 17 cm idF
B G RN Bkl 7 AR AT HEEES
KRR MK 5, & DT %0 SR B HE Rt

177

3): Takemoto and Okumura (2012).

WhELChET s UEESGO LRSS
35-3 HB-IA 322 a> MH 3

BEHCE EhDJNF 7 RiiE, AEOAR IR
GRS AP AN B S 4, MINE b ey
i, IoIAlA 7 AORITEEEEGbES L
2 DB R T 7 7 DRI D e E 2 6
©n, EfAH S F7 7 L LTI, #17,000~ 7,200
KD S WU L AT 77 (My-A,
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2011) HEASN S, L, MUK SEiTETE
oK T AL, ZhETORNCERED KM
fcS AT TVLEI LI L, BlklnzL T,
#12 JENTLURE T My-A MU UGS, ARHb 12 b T
BRI HT77OWMBRBEL TURLSLLIE (H
T RE), Joiik % AsYP ¥ BRI KL
FHCIEV L S KBNS 2 L s, o kilicdikT
AERDT 77O LH D,

%k, My-A kT 5 kD7 7 TR,
WEl Dbz £ b, TR-2 FARE0 -2105 ~-207.5

HITWL S

cm TE
354 HB1#3L22ar WP 7

MR, B G@, RITESELEes, T
o JCEr AR A& Licti kT s Jal A 7 A0
GEHLZLNLY, KK FADRPIZPRE
TR (02 1L501-1L504) 2 Lo Lo d e
HERAHZL, FEMETREVLLOD, BAMAGH
H Lo I 4 5 & AsYP * 2 th¥k ¥
BAINA F R DAL WEESEL 6N 5,

ZI e,

Twa



MU &9 RBERKEZ L5, fAMERPPHTS
i, Fhoidks (-1.62~1.70 m) TLEHsS
W3 ks, JhsoRFHRIEEIEES 20t k

hF AsYP * oKD & 5 EES#E L 50
5, LeDMEHCE N BRI 7 A lC20T,
PMA 12 & 5 B e ot b e R L T,

b= 2 s 5,
HB-IA 34 7 > 2 »ilf} 18
BN E FR B KLA T AR, BESAHS 5 ICH
PRt Sl 5, FREOKERMHERI 2 iz hiok s
A LB S s,
3-5-6 HB-343 2275 a3 750 em ilFt
7RO, BRRTOWEESEL SRy
DD, FEEIRKLKOB (H DV AL L 2HK
TRt 7o v 7)) OXICHA L, KA 7 AL,
TR RS & Tl KikfHERIIz kT 2 L8 A

LR

36 Ek#

TSN & PO R RMM A BV TRTTMA % 90
THELLIL, K=Y FHtTHoNL 2T
ME =T L B Rz, 77
TR b, KA 7 AR, KA 7 Ao RITE
ME, EPMA (2 k3 KI5 AD ER DB 2 FERL
Fo. 2O, WEIOBREEED b Lo F b o
L@t Rl SN T 7 T RN A D LA
TEL, EF, RREAMGER (AsYP, 15~
5 HAEND) 2) B E 3 5 Fhihdiften
TP-2 & AT DERIKKIEE & ) BED 2R IE

ETEIENTELE,

a5z,

M

Wt (WaJalBERRT) 12iz,
BB B L T SRR A,
WL EFET,

by kil

ik
D) R EA T 3 v sl 2~ T oo, Fiek
b, M EREDNE (B8 cm, T3 cm:iidf 7,

il 2 cm WG, L2 cm, AF5)
BRI R bR (R0 3 om, ), WFER 8 (IR BE R (R
I3 em, aAEE3), MilA € K L 2RI L b
K (K3 em, FL2) 545,

2) MEEH ISR T 5 AsYP (o T, iliTh 3
PRIl E DRI T 7 0tk 8T S E,
[LIE USR] o 612 AsYP Lo mRKg L 22
IR SOLIKKE (G, 1990) & KRR IR
MK-13 (iLizan, 2004) 12X fu s nfgte

R

E4) EE2EHB-1AIF, %4 W5L7 >3 0mK
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& FISHIBHOML BT : 77 SRR OER
Fig. 4.1. Schematic columnar sections of HB-1A core,
bog
alysis. Numerals show

Sections 4 and 5 in the Hiropps

@ Sampling horizons for tephra
the sample numbers.




4. IREGREIHB-1A 2754, 57 ar BXUE
B LLEE HB-3 a7 3, 442 > a >0 5 7 F5rhi

41 1Lz

ZhETic, LGSR & 200 TN E X OOl
FE WML OBR I MK & hk TR, K-~ ¥#TE
DRFICRIE N F =) » 7 - a7 R ERRIC, T

ZFIMT M 2L TEL, ST, K
SR EO 5 5 TiRET 7 7 oMiliai s h s KE
Zrfic, ML AT S,

Layer 1

Layer 2a
— (including K-Ah)
Layer 2b
Layer3

Layer da (lower half: artifact-
bearing layer)

150 - Layer 4b (including AT,
b 3; antifact-bearing layer)
.

Layer5

Layer6

Layer7

Layer8

E42 LB EA-2 OLBIERE
@ FISHRRHORL BT 77 IHIREORS
Fig. 4 hematic columnar section of EA-2 at the
Hiroppara site 11
®: Sampling horizons for tephra analysis. Numerals show
the sample numbers.
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HERU ORT R R TS iR L, & R HEROR AT
VIGICIRM T L 7 7 7 R R R £,

W3errar|

T,

43 77 7Hilirbids X odalis s ALt
A-B-1 SrHiaAR L S ik
HB-1A 27D 4, W54 2y a6 HNTRIR

L7 6 30K (1 4.1 2

HB-3 a7OM2, 3£ a
s @ 2008H, X 5121 1L (TP-3)
DFRGEA 5 12 W (14 4.2 BF 38 S o
Uz, BT 7 7 T O RP L E i T
277 Wil E T -k, R, Kliy 7 2A0IBE
MM EATE, 35 ICBRRLRERO IR E RS
Bkl 7 AW 2o o R0 D
ThHD.

() F=V 27 a7hoRINE N (Bl
Li#ilt: 4~8g) & 2 M i oA (8g)

LRI 2 TR a2

22w, o

(2)80°C Tk,
@) EEHRE T T, 77 7R ok
¥ (77 7Huborh).
@) Srbifiies & b, 1/4-1/8 mm & 1/8-1/16 mm @
oo M9,
5)1/4-1/8 mm 3 500 Ko % fel MR FoilEe L,
Kl s A, §eity, REHOGHELRD S,
) Srif R R E R T,
(7) P SRR % ) TR Y 22 7 7 ST O T &
Hewe,
4-3-2 Srbiia
() 57 7kulisri
F7 7B ofREL A LISRT, uinolt

tERad )




#4111 FIREMIESR

Table 4.1-1. Result of tephra detection analysis from HB-3 core beside EA-2 at the Hiroppara site 1T
SileSomple Pumice/scoria Volcanic glass Heavy minerals  Dephh of samples.
Quanilly _Color_Max. diameter (mm) _Quaniily Form Color
HB-3 core, Seclion 3

* md, pm (. sp) o, wh, opx. cpx, (am) -2.00~-2.05m

3 ** md, pm (i, sp) o, wh, opx. cpx, (am) 210~-215m

5 ** md, pm (i, sp) d.wh.p-gr  opx, cpx. {am) 2.20~-225m

7 * md, pm (o, sp) d, wh opx, cpx, (am) 2.30~-2.35 m

9 * md, pm (b, sp) d, wh, opx, cpx, (am) 240~-245m

1" * md, pm (i, sp) d, wh, opx, cpx, (am) -2.50~-255m

13 * md, pm (b, sp) d, wh, opx, cpx, (am) -2.60~-265m

15 * md, pm (b, sp) d, wh opx. cpx 270~-275m

7 “ mdpm{f, sp)>bw  d.wh, opx. cpx, (am) -2.80~-285m

19 ***  md, pm (b, sp) o, wh, p Opx. cpx. (am) -2.90~-295m

HE-3 care, Section 4

** md, pm (b, sp) o.wh.p-gf  opram cox. (b)) -3.00~-305m

3 ** md, pm (b, sp) d.wh.p-gr  opx. am. cpx -3.10~315m

5 “ md,pm M, sp) d,wh.p-gr  opx am opx 220~-325m

7 * md,pm{f, sp) d,wh.p-gr  opx am cpx 3.30~-3.35m

9 * md,pm M, sp) d,wh.p-gr  opx am opx 3.40~-345m

n bl md, pm (b, sp) d, wh,p-gr  opx, am -350~-3.55m

13 * md, pm (b, sp) d,wh pgr  am, opx -3.60~-3.65m

15 = md,pm (i, sp) d.wh,p-gr  opx, am A70~375m

17 ** md, pm (b, sp) d.wh.p-gr  opx, am (cpx) 3.80~-3.85m

19 * md.pm (M. sp) o wh.p-gr_opx.@ 380~395m

Abundant. ~—: Many, - Miidie, - Rare. bw: BUDGI-wall [ype, pm: PUmICE0US lype, md. Infermediale type. fo: anrmu Sp Spongy. wh: White,
Colorless, p-gr: Pale gray. opx: Orthopyroxene, cpx: Ciinopyroxene, am: Amphicole, bi: Biosite. { ) of the heavy material means a small quantity.

#£41-2 FIRUMMER
Table 4.1-2. Result of tephra detection analysis from the sections 4 and § of HB-1A core in the Hiroppara bog

Site  Sample Pumicelsconia Volcanic glass Heavy minerals_Deplh of sampies
Quanilly _Color_Max. diameler (mm) _Quanity Form Color
HE-1A core, Section 4

pm (b, sp), md d.wh.pgr  (opx) -2675~-268m
2 pm (1, sp). md o.wh.p-gr  (opx am)
2 ** pm (b, sp). md ol.wh.pgr  (opx cpr)
2
HB-1A core, Section &
2 pm (1, sp), md dWh,p-gr  (opxcpr,am)  -2.875~-3038m

3 pm (b, sp), md o, wh.p-gr(opx) -3045~-3095 m
== Abundani - Many, - Middie, - Rare. bw: Bubbie-wall lype. pm: Pumiceous type, md. Iniermediate fype. fb: FIDIous, 5p. Spongy. wh: While,
¢k Golorless, p-gr: Pale gray. opx: Orthopyroxene, cpx: Ginopyroxene, am: Amphibole, bi: Biobite. { ) of the heavy material means a small quantity.

#£41-3 FIIRHMIER
Table 4.1-3. Result of tephra detection analysis from the upper part of TP-3 section of EA-2 at the Hiroppara site 1T

Site Sample Pumice/scoria Volcanic glass Heavy minerals
Quantily _Color_Max. diameter (nm) __Quantity_Form Color
EA-2 (sampled by T. Soda)
5

o md, pm (fb, sp), bw el wh, p-gr opx, cpX.

7 md, pm (fo, sp). bw ¢l wh, p-gr opx, Cpx, (am)
9 md, pm (b, sp), bw ¢l wh, p-gr,pbr  opx, cpx, (am)
1 md, pm {fb, sp), bw ¢, wh, p-gr,pbr  opx, cpx, (am)
13 md, pm (fb, sp). bw  cl, wh, p-gr opx, cpx, (@am)
15 md, pm (fb, sp). bw ¢l wh, p-gr opx, cpx, am
16 *** md, pm (fb, sp), bw cl, wh, p-gr OpX, CpX, am

EA-2 (sampled by M. Hosono)
10

o md, pm (fo, sp), bw cl, wh, p-gr opx. cpx. (am)
12 *  md,pm(f, sp)lbw o, wh, p-gr,pbr  opx, cpx
14 * md pm(b,sp).bw ol wh, pgrpbr  opx, cpx (am)
16 ** mdpm(b,sp).bw ol wh, pgr opx, cpx, (@am)
18 **__md.pm (. sp). bw___cl. wh. p-gr. p-br__0px. cpx. (am)
¥ Abundant, - Many, = Middle, - Rare, bw; Bubble-wall type, pm: F'umncuous type, ma: Inlarmudlalu Type. Tb: Fibrous, sp:
Spongy. wh: White, cl: Colorless, p-gr: Pale gray, p-br: Pale brown. opx: O , CPX: e, am: Ampl ‘ba

Biatite. ( ) of the heavy material means a small quantity.
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Table 4.2-1

Volcanic gl
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s assemblage from HB-3 core beside EA-2 at the Hiroppa
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the upper part of EA-2 section at the Hiroppara site 11

Diagram showing ratio of volcanic glass from

a site 11

Sie_Sampie _bw(d) bw(pb] bw (b _md__pm(sp] pmiib] Lght minerals _Heavy minerals _ Ofers ot _Depth of sampies
HB-3 core, Secton 3 (2~ m
2 ] o 5 1 9 85 50 2.00~-205
3 o o o w2 2 132 138 2.10~-2.15
5 o a o % 9 3 18 140 2.20~-225
7 1 0 o 114 2 40 104 13 -2.30~-2.35
o a 0 134 1 38 1o 123 -2.40~-2.
0 o o e 6 £ 108 i
13 o o o 172 z 2 109 a9
15 o o o w3 40 98 92
17 13 o o 135 3 2 108 102
o 1 o o w3 2 "o 55 125 290~-2095
HB-3 core, Secton 4 (3~4 m
1 o 0 10 27 137 84 7 -300~-305m
3 o o v = 3 100 103 3.10~-315m
5 o a o 5 4 % %0 98 3.20~-325m
7 o o 0 w3 [} 104 128 3.30~-336m
9 1 a o e 5 % 7 103 3.40~-345
n 2 o o w3 i ™ " 3.50~-356m
3 o a o ® 5 % 65 126 3.60~-365
15 1 o o = & a 69 185 3.70~-375m
17 1 0 o @ 7 a9 50 135 3.80~-385m
1 o o v % 8 5 94 181 3.90~-385m

v Buoble -l ype, - nfermed s e, PUmIcaous yoe. o Calress. p Pl brown. b Broan. 5 Spongy. o Fbrous. Numeral show
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Table 4.2-2. Volcanic glass assemblage from HB-1A core in the Hiroppara bog

Site Sawls lm(u: bw(pb] bw{br) _md__pm(sp) pm (Io] Light minorals _Heavy minerals _Ofhers__Tolal _Depih of samgies
HB-TAcore, Se
2 5 [ o B4 5 237 38 [ 28 500 2675~-268m
21 12 [ o s 7 219 34 s 3 500 26B~260m
22 7 [ o 1m0 4 218 a 9 44 B0  260~2725m
12 [ o 89 205 45 13 35 500 2735~2785m
HB-1A core Secton 5.
2 0 [ o 1 5 267 24 4 W 500 2675~30385m
3 a [ 0o 15710 201 a8 [ 80 500 -3045~-3005m

‘bw. Bubble-wall type, md: Intermediate fype, pm: Pumiceous type. . Caioriess, pb. Pale brown, br. Brown. sp: Spongy. 1b: Fibrous. Numerals show

the number of grains.

F42-3 KUHFALSITER
‘Table 4.2-3. Volcanic glass assemblage from the upper part of TP-3 section of EA-2 at the Hiroppara site 11

Sie Sample _bw(cl) bw (pb] bw (br)

md__pm{sp) pm i) Lght mnerals Heavy minerals Others  Total

EAZ (upper TPQHstmlcdbyT Soda)

] o 188 3 40 8s 58 96 500
7 sz 0 o 158 10 a7 E 48 "7 %00
9 a8 1 o 201 1 2 82 a9 94 500
il a8 1 o 179 9 kS 67 62 100 500
13 % 0 Ll 3 40 73 61 96 500
15 52 0 o 81 8 bl 7 £l 15 50
16 51 ] 228 4 3% 66 58 57500
EA2 (upper TP- 3"“.\;*;:1 by M. Hosona), Samgie numbers Conespond 10 Sase and Hosono (2016) i s report.
10 0 o 191 2 68 E 98 500
12 5| 1 o 13 53 70 a or 500
14 5 1 0 183 4 k] 76 50 98 500
16 4 0 198 1 J? 73 40 90 500
18 ar 0 225 54 49 500

Tw. Bubbio-wal [ypo, md
Fibrous. Numerals show the rumbor of grains.

(2) kil 7 A ol

Kl 5 ARSI ORMEMA3 ~451, £h%
OHREHRAZ AT, HB3 a7 o4k sy ay
T, RTFROBRE 19 TRINAY 7 2 OG1HFIHEL
(8.6%), HEBOTAPELE (18.8%), ZORH
NSRRI A OIS, B L
Mhichs,

20 LT, BEH17 (-3.80 ~-3.85 m) (2l
W5 ABHHNI S (30.0%), ZOMEHAERLK
WA 7 AL, GATRATESRU I (18.6%),
BN (9.8%), AL » AREEGE (1.4%),
IREGE DS T AR (0.2%) T, EPOE L KT
Sk, WHESREE IR LA 7 R D%, K 1T 12
& EN S WYL o TR, A, MR,
TP RO TH S

WL, HB-34 a7, BH7 (-3.30 ~-3.35m)
THREHDEHEN G- & L0 (208%). ZOlE
E s RE R Lo |, BB, A
WE, HENhTh 5. JouiicE, Gito ke
LRIl 2o R N SR BN

pe. pm: F'\lm:luus!yp! o

m.mu 3 P‘alshmnn B Brown. sp: Spongy,

HB3a7W3 L2y arTtakilis ADEHE
I3, Tlio HB-3-4 27 L ARENPRS RIS S
A KA 5 ZAOHIKIERIT 5, Fiz, BUEH LT (-2.80
~-2.85m) {2, MEEEWOST RN T ADHT D

HoE{GFENTVS (26%),

HB-1A a7 O4, W52 a Tk,
MEHZ bz 7 AL CICECHERTH D,
POEHEIEL, hs ORFHIE Fh B KK 7
Ak, EWS SR EOBRBEIERE 2 2 A R
DEELEA 7 A%, BN S S GIERKOODRELAY 7
ATHSD, £, S AREE O T, R 23(-2.725
~-2.785 m) kb {0, MEC EOE DT
AT AHBMBT2LHCRAS, AL, 20RK
DEAEE ZANRET, L CIAFATEE R
Cw, HEEEmLSb R s Ry, B,
HEHRG, AP THS,

EA-2 Hugi (TP-3) 25830 IR T, &
i 7 244 TRl 16 (3K T% L, @hoil
Holkkms d@osns, K16 3 azn
AR F A (63.8%) (2, SR IR

wiho
i itk
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Table 4.3. Result of refractive-index measurement for EA-2 at the Hiroppara site 11

Samgle Vokaric giass Orihopyraxens. Amghibols. Reforences
_@S—Ew i mﬂm ok idox () _Rumbor_
B3 core, Secion 3, no 17 4961485 3 ® siudy

HB-3 core, Section d, no.7 17104717 30 This study
HB-3 core, Section 4, no. 11 1.708-1.718 30 This study
(1.706) (1
(1710-1.718) @)

HB-3-4 core (3~ m), no.A7 1.467-1.504 a This study

(1.497-1.499) @n

(1.501-1.504) (10)
A2 (upper TP-3) (sampling by Soda), na 11 14881613 E The study

{1.498-1.501) (28)

1506-1513) @
EA-2 (upper TP-3) jsampling by Hosono), no 16 1497-1510 a7 This study

(1.497.1503) (35)

(15001510} @
‘Main key loghras in Nagano Frel. and
wester Gunma Pref. dusing Late
Pieistocans and Middle Hoiocans
Eein7 IF (g cad1ka) 14331503 1704-1.708 16601685 )
MO (As.D) 15131516 1.706-1.708 0
HRAEYI My-OL ca. 4.5ka) 14971450 ]
WREIRMA (KS-Ku) unpubished 1710715 2)
AR (AsKn) unpubished 1.706-1.708 2
HRER (My-A ca 7-7.2 ka) 14361458 171377 16791895 P

1497-1.501 4
ARP AN K-Ah. ca 7.3 ka) 1.506-1.513 1
AMBE (AsFo) unpubished 1708-1710 2
B (As-S)) 15011518 1708171 E)
BB RE (As-YP. ca. 15-16.5 ka) 1501-1.505 17071742 ]
EMATR2 (As-Ok2) 1502-1504 1.704-1.708 0
AMERAE () (A-8FGouwp)  Upper 15151520 17074714 1

Midle 15061511 1.700-4.709 1
Lower 15051515 1710-4725 1)

HTn (AT, ca. 26-30 ka) 14991500 3
B4 (YiPm) TEm 17 )
WEERE Onve) 17100714 1
FIME (DKP, ca. »55 ka) 1702-1.707 16751680 n
WEZE (O 17031706 1
WETEH (On-Sn) 1703-1.712 1686-1693 n
BEES (On-Th ca. 250ka) 17124716 1684169 0
BER (On-Ng) 15031508 17154720 1680-1,687 )
Bi#4 (Aso4. ca. 85.90 ka) 1506-1.510 0
BEEE (001 15031505 FERIRETY 16761685 0
ARWH (K-Tz ca 95 ka) 14971503 0
BER 1 (On-Pm1. ca 100 ka) 15011503 17081711 5811690 1)
T} Wachida and Acai {1932, 2003, Z011]. 2), Soaa [1998). 31 ) Takemono A {2012) Ths siudy and 3]

method (Danhara, 1993). 1) and 2 used the immersion method (Arai, 1972,1893)

(45.6%), MEEEWIO TR (10.2%), HREEGRE
L% (7.2%), ALy ZRBLOH (0.8%) THS, 2
HED DML TS, Kl 7 A DR,
BN H B05 WE 11 (2b K L) L itE9 (2a
KT p6id, J RS SEROO T LY
FALRE N (£0.2%). X, TEHMOSHHE
EPREOETNc S S (9.6~ 12.4%),

EA-2 Hesh (TP-3) ZRHBOMEFRIGARIZ 5T,
Sl 7 ADEHECHN, & 5 RS RERD
EATEDY, 1 O N HHRIGA R & otz s 5,
Fid, TITHE, BEH14 (2bKEEER) EIAR 12 (2a
Wi Fi) T, HRWO0 TR AN SRS

S s (% 0.2%),

A4 TEmE (a2 A - Gk
441 WSELAR & W i3k

T 7 7 L OMERMEZM LEE S0, 77
7 MRS HT £ kil 7 A bTc £ 0, T 7 7@
RO W RiEA LA s 0l 6 B e gz, &
ENDKINA T A DS NG ORHT RO T5E
it MR, AR PTRNEE (W,
1993) Ic kDL 2, MEO KGRI, 1/81/16
mm KEDKINA T A L, SERBE T T 1/4-1/8 mm
RfgOR 06 FE L ARG TH 5,
442 P

MR IME ORI E % 4.3 15T, RO Kl
5 ABHENS @ 5N HB3 a7 OR4 £ 2
Fav@RBITICEENZKNAIA BT HT) @



KPR (n) o range {&, 1.497-1.504 ThH5, ZOff
12 bimodal ¢, 1.497-1.499 (27 R 1) & 1.501-1.504
(ORT) oks,

MLBAe2earailBil (-3.50 ~-3.55 m)
R END TG (30 WO T) DRHTHE () @ range 13,
L706-1.718 T&H 4, ot bimodal T, » : 1.706
CLEEF) &y L TI0-L718 (2000F) e 0%, 2,
D EEL PR RA L2 > a v DHT (-
330 ~-3.35 m) IZEENSHLEG (30 K1) O
i (v) ®range i3, 1.706-1.717 ThH 5.

HB-3 27034 2% a »Oilf 17 (-2.80 ~-
2.85 m) i ENS KN T A (3] B T) DHEITE (n)
1%, 1.496-1.499 TH 3,

EA-Z Hixi (TP-3) SURBRIGECEE 11 (2b Kl 1 55)
EEhsKNA 7 A BILRT) ofF#E (n) &,
1.498-1.513 TH %, ZOffiiz bimodal T, n: 1.498-
1501 (28 BET) &, n:L.506-1.513 (3RIT) 2644,
£ 7, EA-ZHUAL (TP-3) MINFIRNHGAK 16 (2b KT
) e Eh skl S A (37 T ol (n) 12,
1L497-1.510 TH 5. Z@ffid bimodal T, n: 1.497-
1.503 (35 KT &£, n:L509-1.510 (2HT) 645,

45 HX

ST MSI TR, ThETIEES R
77 7 abieidttsd (U0) FRMEOR Y5,
HB3 2703, Aty arELUHB-1A 27
DEA, W52 ar T, BNEFERT 77
DS hTek,

HB-3 a7D@ 4+ 2 a »OWF 17 (-3.80 ~-
385 m) CHMME CHERDINT 7 ADHH, (2
Ok E L TERESE Gl R o KL
7 Ak, ZHE TORTENET, EROXMCH
ET SITEMEGRKILA I A HHE PS5 G Eh
TwELEALGRSZEH S, MIFE (n) A5 1.501-
L504 DKNH FZ A LKL GRS, ZDkINHF A,
B, G, &6 ErEEEY S8 10 HEiziE
Jalpte s WL #2605 L ES (On-Pm1, pbkizds,
1967, 1971 ; BrEE, 1990 W - #k, 2011 % &)
kT 2SR S s,

FHUB44 2> a Dl 11 (-3.50 ~-3.55 m)
CEENSFAEIE, BRFESErS, z0E (0

185

SEKLEEO T 7 7 i hET SR L Rb
N5, WMESRLL-R IRTORRBITE (y)
HLT06 T, W - BEDMT B APG DilE
KEENTWHI EEBAS L, §95.5 HIENLINIC
RO KR S WU L 2 Kl (DKP,
WrEd - @0, 1979, 2011 & E) hikd S AERED
vl 20k W PR G, HB-34 27 (-
3 ~-d4m) DI SD b, §E TG 19 (-3.90
~-395m) TH#HENLILEELDE, b5
At 11 FHER DKP ORI S S 2 & L EHET
4wl AL LI 19 (-3.90 ~-3.95 m) I
FROKERIAI DKP & b LiromiEEdiisang .
HB3 3 7H 342> a v O 17 (-2.80 ~-2.85
m) ZELT, FREMETRAVLOO, RN
BB SN MEEEHD ST VHH 7 AL TR,
BEb i Eas KLy 7 AOMITHEIHES, chE
TONNTHRIEAT 28RS 2 L Bbh s Kk
FHER O TR L LEAL T, kDiwTF7 3
kY et &SR R ATETE S,
L Lkdts, g THBIMAIZELT,
BEEMERRHEhTuALI L2 ELL L, EOE
o3 7RI 5 A THI-FH 6404 DKP L D Lo
Wi—DIRERF 7 7 Th S, #9128~ 3 HEfHCHLM
DEGELA LT 7 0 S W L ARG T JaliBe (AT, BTLH-
Bk, 1976, 2011 &£ X)) oAEErELs NS, o
DI L, 2OLMT, FAMGRRHEEGE GDY
Fu b S OSIPELNGC, £ 212 AT @ Lo
TR A RS BE (As-BP Group, ¥ifk, 1962;Mr(H-
ik, 2011 % ¥) DBKEEOS 5 iiEE KT 2
BIEEFHLLEL, AT ICEENS KU F ADHIT
FHER o h ot 2 1L, BZ6 (AT Bl K
W5 ADETESEG 2 2 ICBET S b,
BEaltds, SHOMEINOMRLE L%
HB-1A 27 @3 %, SEOEWOT VR 7 2B
Bl &3 HB-1A 2 74 £ 72 a » Dk 23
(-2.725 ~-2.785 m) DLROHERMPIZBIL TL, AT
X0 LfronEESEETE L 5. ¥k, ZOHBIA
AFTDOEI LT a TR, CRETOTNT, FE
~1.56 ~~1.62 m {+3E (289 1.5 ~ 1.65 Ji
ol & W L 2 iR B W G (ASYP, WidE,
1962 : Mri - #3F, 2011 & %) * o+ 5 gk

E47)




AN 7 ARKENS B EN TS 2 Lith
o Tund,

“Ji, EA2 (TP-3) @it Lific b 5 ATHIT LI kb
LTz, #@WE iR~k odbE T 7 7 okl
AW S iz, EA-2(TP-3) i W HERIGAE 11 (2b
Filie L0g) o EnSREOOATART T AR, @
Mo b, HITHE (n) 27 1.506-1.513 @ 4 Do dis T
ZEHEIonS, JoKIFT AR, EE OGN H
IR 5, 897,300 EHI g AMO R A L F 7
HEYIHL 2R T A A KUK (K-Ah, BT « #7F,
1978, 2011 % &) kT s HAohs,

M LD MIFFTRIGR 16 (2b BT ©%, ML X
G AEAEDASTARN 7 AT 7 7l TI(h
Bl E 4y BTERGE TS KAh L MR ki
WiEE L2 b s hof, L LAds, o
DEATORINAT AL, £H EfoAE 14 0k
) Uk 12 (2a I ) TSl Bl xa
5 Edh, KO K-Ah OFEKEIEE, 2120 2b
L b RS s,

e, COMFRIGAE 16 CbMTE) i En
BRI 7 AD 9L, EF (n) % 1.501-1.503 B
DY DIE, EFOMIPEFHEP KN 7 2 OWIEHIE S
Edb, AsYP ? kT 3 Wb, LAdSoT,
MRS & N TR, AsYP? BRIKIICIE
WENTLBLHELGND

ek, EA-2 (TP-3) Miioibhicd S0 5y
DATARN T ZAD% i3, K, TBE, Q@ LG,
AT ICIHET S L BA 603, ZOZ Lid, WHENGE
BHIL (b R L) A AIEFERIGAORE 16 (2D ki F i)

I2E S HA 7 AOMPTEMERAL L FRFL A,

46 Tkor

IEEERIE £ B A £ - » M ETE TSR T
HHOWSETY, 77 7 R ORIRE I L 7.
ZOIFLE, WX TSHS EA2 (TP-3) Mo ki
WoRBE R, 777 M, Kl A,
JINA 7 Ak K UREY (RHATBIE) o L7 00E % SChe
L zofi%, Tk heiEs s (OnPml, #
10 7 4F D, Alifridhet (DKP, §95.5 15 0iLU,
BEEL TR KIIBE (AT, # 2.8 ~ 3 JIE0), iRmIBaN
§EE (ASYP, #1.5~ L.65 i) % W7 Atk
WK (K-Ah, #17,300 () 2 Eichgd a0l 7 2
PHAWMOL S 2RINTEE,

i

1) b ¥« W TR R A BB R 2 MR 5 Al
KiEHDT 77 £ LTIk, DKP b s RilEvreg
i (DNP, 8 T5EmiLAN, #eivizdy, 1075, MIH-HiH,
1979, 2011) HMPIRGL CIEREMLTS 145, 1993,
WERL - SHIGLHNG ¢ BERUL 2001 4 &), 20 Lo
Kie®En (DSP, feifiizd, 1975, AP - B,
1979, 2011) AARIFSLAE & (fT4i2d, 1987) T
Bl Toss Ly, ARETR, 777250
2 (WE - WiF, 2011) (WS HTVS DNP (p
1.700-1.705), DSP ( y : 1.698-1.704), DKP ( y @
1.702-1.708) o@hffioBr#iEE L L, 4
Il Sp b OBl & du e W CiliE 2 FLABIG 2 DKP
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Table 5.1. Result of tephra detection analysis

Pumicelscona
“Guanity Color_Max dameler (mm)__Guantiy

Sie  Sample

Voleanic glass Heavy minerals  Depth of samples
Form Color

HB-3-2 core, Section 2 {-1~-2 m)
3

- md. pmim, sp)>bw ¢l wh, pgr ©pK. Cpx. (am)

5 * md pmiih sp)>bw  clWh. pgr opx. cpx.
7 " mdpmith sp)>bw ol wh,por opr. cpx.
9 ol md. pmit. sp). bw ¢l wh, pgr OpK. CpX
1 ** bw.md, pmif,5p) L Whpgr opx. cpx
13 " bw.md. pmifb. sp) ol wh,pgr opx. cpx
15 " bw.md pmitsp)  clwhpgr opx. con.
1 " bw.md, it sp)  clowh g opn. cpx
w ™ bw.md pmifo.sp)  ol.wh,pgr o, cpx
8 " mdbw pmitsp)  clwh.pgr Gpr. cpx.
md_bw,_pm(fh, 5p) ¢l wh, . cp,

pang
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Fig. 5.1. Diagram showing ratio of volcanic glass from HB-

3 core, Section 2 (depth 1-2 m) MDizdy, WEEHOTERINO VHD 5287 LB
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Table 5.2. Volcanic glass assemblage of HB-3 core, Section 2

Site_Sample bw(c) bwi(pb) bw(br) md pm(sp) pm(fo) Lightminersls Heavyminersls  Others  Total  Depih of samples

HE 3, Section 2
3 20 ) o 128 10 32 66 89 148 500 -1.10~-1.15m
5 El 0 0 85 1 18 65 16 184 500 1.20~-1.25m
7 52 ] o e 2 17 el 94 167 500 -1.30~-1.35m
9 %0 o o 7 1 7 6 54 166 500 “1.40~-1.45m
1" 110 o o B z ar 2 6 142 500 ~1.50~-1.55m
13 121 o o m 3 61 55 55 21 500 ~1.60~-1.85m
15 128 o o w0 2 42 56 54 18 500 1.70~-1.75m
1 131 o o B 1 az 53 55 129 500 ~1.75-1.80m
17 11 0 o e 3 50 50 50 2z 500 -1.80~-1.85m
18 66 ] ] 1 42 54 54 128 500 -1.86~-1.90m
19 69 ] o % o 45 8 94 16 500 -1.90~-185m

bw: Bubbie-wall type. md: Intermediate type. pm: Pumiceaus type. ci: Colorless. pb: Pae brown, br. Brown. sp: Spongy. fo: Fibrous. Numerals shaw the
number of grains.

#53 EIFEAEER
Table 5.3. Result of refractive-index measurement for HB-3 core, Section 2

HE3 core Secon 200
Main key tophras in Nagano Pref, and

T study

FARAT T (Kg. ca. 3.1 ka) 1493.1503 17041708 1.669.1685 1)
AMD (AsD) 1513-1.516 17061708 1
SREEDN (My-OL ca.4.5ka) 14971430 o
BRERRE (KS-Ku) unpuished 1A 2)
AMAH (As-kn) unpubished 17061708 2)
BEREE (My-A ca 7-7.2ka) 1.496-1498 RRREERIT 1.675-1695. 1
14971501 4
RRF DM (K-Ah, ca 7.3ka) 1.506-1.513 1)
ARBH (As-Fo) wnpublshed 17081710 2
AR (A5 S) 75011518 170171 )
ARER KR (AsYP. ca. 15-16.5 ka) 150141505 17074712 1)
AMAAR2 (hs-OK2) 1.502-1.504 1.704-1.708 L]
AMEREE () (8P Gow)  Upper 16151520 1707171 1)
Middie 1.508-1511 1700-1.709 1)
Lower 15051515 17101725 1)
SATA (AT, ca 26-30 ka) 1.498-1 500 1)
TrEa (YiPmd) 6551704 )
WEEEE (OnYs) 1710171 1
FALHE (DKP, . >55 ka) 17024 707 16751580 1)
BWEZ S (On-M) 1703-1.706 0
WETF AL (On-Sa) 17031712 1.686-1693 1)
B (On-Th ca, >50 ka) ANz 1.684-1 698 1)
BRI (On-Ng) 1.503-1.508 17151720 1.680-1.687 1)
il 4 (Aso, ca 8590 ka) 1.506-1510 1)
29 MET (On-KI) 1.503-1.505 1711718 16761685 1)
RWBE (K2 ca. 95 ka) 14971503 n
BER1 (On-Pm1, ca 100 ka) 15011503 17061711

), Machida nd Ava (1982, 2003, 2071) 37 56 (1996). I 500 (orubiaived] 47 Takerott and ORarrs [2072) T stady 37 i B Bl Wi
method (Danhars, !sa:l 1) and 2) used the immersion methad (Arai, 1972.1983).

AR LA Ay SROBHTTHE S, FEWEY $ AP REERTHLRRL S5,

UAORERE LT, #AMGSRANE LT MEO (-1.40~-1.45 m) kU Efrcidily 3
bR MIGES s s, AORDEPT S, chonRbzgEn sy s

WUEH17 (-1.80 ~-1.85 m) A &64LEHL1 (-1.50 ~ Ak, MECUEWILIRIKEO OIS, BRI E A2 A
-1.55 m) T, KliF 7 AV EOEINIZS S, A PROMENR, WEENO S TARTHE, WK

Sl 7 A A0 T LRSS (@il D% TR, FEWEALAOELRE LT, 84
(B e DE (o S I v ] L, e o o BRAHE AR BR{CEET, 2 LThThicalliisiiisehns,
FRRALCROBNTTH S, FEHEHLAD (2) KA F AR

WAL LTk, ARG L2E0L00% KA 7 AW ORR L5112, 20NN




ERLE2IRT, HB3, P27 a» T, L K
B D37 LKA 7 A DEATHEDERHH LD,
ZDFATDATARHT AL, WHE 1T (-1.80 ~-
1.85 m) & ETAAKEI6 (-1.75 ~-1.80 m) THA#HE
AR (% 26.2%), F/o, WMH 15 (-1.70 ~-1.75 m)
TLIRERML X AR THE, hoailkiTi,
RN 7 A ED, FHEHGE PR, )
RO, AL PIRELKIDINAT F ADE
NTwD, £, ZOk51C, BEOGEHD TR
7 ADEATEDORETE, R RER O S
HHEL MRz B,

EhoilHTi, KBS (-120~-1.25m) ©
WEHOEAHE (23.2%), KH3 (-110~-L15
m) THIACREER RGO KL T ADEHE
(25.2%, 6.4%) At 12D ORELE T 5 & PRELe,

54 MPEEIGE (Kl R)
541 DA & e Ak

677 7 LoMEMEL LEE ki, 77
FWHAET & Kl 7 AITIC R Y, KT 70
FEDRHR ) TTTEAE A5 2 6 3K 17 (-1.80 ~-1.85
m) 2F EN D KINA 7 AOETE (n) OIME LT 7,
W, SCEL RS TR (M 1993) 2k
DL fz, MEOMQR iz, 1/8-1/16 mm BED
K7 A THB,
5-1-2 JGERTH

SATRMGE DR 2 2 5.3 RT, 17 (-1.80
~-1.85 m) ILFFHSKNF 7 A (31 KT) DT
# (n) (2, 1.498-1501 TH5,

55 &%

HB-3-2 37 (-1 ~-2 m) &k 17 (-1.80 ~-1.85
m) EENS, WOENOATARY T AR, O
B, M, BUTENES S, 8928~ 3 Mo
MDA LT 770 &ML L 228558 Tn Jalik (AT,
BIE#iE, 1976, 2011 % X) LEAGNHS, Lidio
T, SOFA TDKINA 7 AHARL, HBE16 (-1.75
~-1.80 m) kEbiz, EfiHLEL L LI 17
ks, AT OREMESES EBL605, L Olld
CHTUE, MEHIC IR EOMBLELE L LTS
£9.

189

EhoMiTiE, WH5 (-1.20~-1.25m) T
HEHOGHH (23.2%), WH3 (-1.10~-1L15
m) ThE KL BRI KA 7 A D G
(25.2%, 6.4%) 5 (20 DikE & T 5 L oG,
T, FOTHT & AR % frba L%
BZEdG, Jhsokfil, # 1.5~ 1.65 s
TRINNA S WEH L 2 PRI R (As-YP, BTiF,
1962, HIW - §idk, 20114 8) V& ERMET 720
KRR Os o WkEG B ShD, S Kb LY
D HB-3-1 3 7iphi 2 dHEL T, ZoREN% RS
T 7 T ORBEH ST L,

06 kLo

IR B 5 K=Y v SEETH N
7O I 5, HB-3-2 a2 7 OBBETTG, 77 700
AEORIEINL =, 11 HE SRz T 7 5900
(7 7 FRuabT, Kl 7 2, iy s 2ok
PosmE) 2672850, R To KUK (AT, §92.8
~ 3T DEERRAS, W17 (-1.80 ~-1.85 m)
b s L EWoCTHI LHTEL,

ik

1) FeBiz i, ALPUHOHE LR T AsYP o Li% N
B L 2B FANBKRS (YUH, 1990) SREFR
oy MK-13 Gkt e, 2004) 12 kL& 405l
e,

SR

WidkbE A 1962 TR AL YRR D S R A
PR PR BB TR 10 2179

VIR 1972 TROTE - ARG RIFRC L B F
7 FOME-F 70210/ 0Z— 0SB, TR
PR 11 5 254-269

Forpide 1979 TPEYHE AL ool (B 6 R
Bl77 5 M) TBdS v —F g 5314162

B 1993 TF 7 7 A SRR
EEAS P ol PO IR Ay b ik 2 B
Morbiiks, pp.136-149., HSTRAEHIRES

FECEEE 1968 TEEIAKILOHETT, THUARINHEL 14 ¢
1-45

1993 TMCEA R FREE ) HAS
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Excavations at the Hiroppara sites I and 11

Kazutaka Shimada ', Jun Hashizume *, Susumu Aida °, Yoshikatsu Nakamura *

Tsutomu Soda "., Yoshimitsu Suda ‘., Minoru Oyokawa 5., and Miho Tsuchiya 3

The Hiroppara sites 1 and 11 are located south and west
of the Hiroppara bog in the Kirigamine Mountain, Nagano
Prefecture, central north Japan, at 1,400 meters above sea
level. Seven prehisteric sites are known at present, and
excavations have been carried out in 2011 through to 2013
at site 1 (EA-1) and site 11 (EA-2). The overall goals of
nt investigations are twofold: firstly, we aim to

our cur
reconstruct intermittent land use patterns; and secondly,

we are interested in the obsidian procurement activities of

humans in the context of palaeoenvironmenal changes during

the period from the latest Pleistocene to early Holocene.
We are hoping to shed light to these research questions

by employing various analytical on sediment
samples from the bog.
1. Hirappara site |

The sit located 1.4

11.5 masl south of the Hiroppara
with an easy slope, which extends into the
Hiroppara bog. Hiroppara site 1 (EA-
1, TP-2=test pit 2) revealed a concentration of pot
fragments from the beginning of Middle Jomon (ca. 5,500 cal
BP), and an assemblage of arrowheads, ground stone tools
and pottery fragments from the first half of Initial Jomon (ca.
11,500-9,500 cal BP).

A tool assemblage from the later phase of Late Upper
Palaeolithic industry of this si
retouched points, and blade cores. This assemblage is
tentatively belonged to ca. 25,000 tw 20,000 cal BP. The
famous widely spread Aira-Tn volcanic ash (hereafter AT;
ca. 30,000 cal BP) from southern Kyushu has found in the

small hill

cavation area

¢ are bifacial points, margin

sed raw materials were found at Layer 6,
deposited before the AT ash fall, but it still unclear wi
time period exactly they belong to, because of the lack of

ents. Obsi

diagnostic ool types.

The sediments of the site consist of eight Layers, i.c.
surface soil, Layers 2a, 2b, 3, 4, 5, 6, and 7. It measures
260cm from the top of surface soil to the bottom of Layer

7. No cultural herizons were found in Layer 7. Artifact
concentrations of Jomon industries were present in the Layer
2a; lastly, the Upper Palacolithic point industry originated at
Layer 3.

L1 Artifact assemblages by layers:
Making a clear di
Jomeon particularly on flakes and a few artifacts is somewhat

inction between Palacolithic and

difficult. What follows is a complete list of the assemblage
by stratigraphic layer.

Layer 2: The total amount of artifacts comes to 366, and
the content of the assemblage is as follows: arrowheads (3
picces, 1.7g.), piéces esquillées (8 picces, 27u.), bifacial
points (7 pieces, 84.1g.), retouched flake (1 piece, 5.0g.).
flakes (272 picces, 1.002.6.), graver (1 picce, 5.8g.
(17 picces, 493.4g.), pounding stone (1 piece, 42.7¢ ), ground
stone tools (2 picces, 525.9g.), obsidian raw materials (23
picces, 324.2g.), and pottery fragments (26 picces, 338.7g).
The abovementioned assemblage has 361 artifacts in total,
and 2,857 9gram of weight. Additionally. 1 picee of charcoal

cores

and rubbles (4 pieces, 8,028.2g.) were also found.
Layer 3: The total number of artifacts is 311. The following
artifacts were exca

ted: picces esquillées (2 pieces, 3.9¢ ).
bifacial points (2 pieces, 15.6g.), margin retouched point (2
pieces, 35.8g.), side scrapers (3 pieces, 62.2g.), retouched
flake (1 piece, 21.0g.), flakes (264 pieces, 976.9g.), blade
core (1 piece, 52.4g.), cores (17 pieces, 2345.8g ), obsidian
raw materials (15 pieces, 698.2g.), pottery fragments (2
pieces, 3.5g.), rubbles (2 pieces, 223 2g.).
Layer 4: Total artifact numbers are 43 piec

es, 179, 8grams;
scaled pieces/ piéce esquillée (1 piece, 0.8g.), margin
retouched point (1 piece, 3.9g.), retouched flake (1 piece,
12.9g.), flakes (36 picces, 122.8g.), cores (2 picces, 21.4g.),
obsidian raw material (1 picee, 10.1g.).

Layer 6: The total artifact assemblage consists of 10

picces (1085 grams): flakes (8 picees, 101.3g.), obsidian raw
materials (2 pieces, 7.2g.). The grand total of artifacts from
Layers 2,3, 4and 6 is 730 and 156,648.9 grams.

1 Meiji University Museum

2 Center for Obsidian and Lithic Studics, Meiji University

3 Institute of Tephrochronology for Nature and History Ca.. Ltd
4 Depantment of Geology. Naasaki University
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1.2. Characters of Jomon and Upper Palacolithic
industries:

At the Hiroppara site I, arrowheads and ground stone
tools are associated with the first half of the Initial Jomon
rouletted relief pottery fragments. No refitted lithic tools and
flakes are available, which suggests that the Jomon people of
this period used this location as for short-term stays. Many

pottery fragments were found in the artifact concentration
dating to the beginning of Middle Jomon. We expect to find
the pit house facilities below this pottery concentration.

The Palacolithic industry leads us to the same inferenc
of short-term occupation for the Hiroppara I. Biface
thinning flakes have been excavated, but hav
possible to be refitted with other artifacts in the assemblage.
This may suggest that point production took place mainly off
site, with only limited point tool production being done on

not been

site.
2. Hiroppara site 11
At Hiroppara site Il we have identified two different

industries. The first one is from the early phase of the Initial
Jomon (ca. 11,500-9,500 cal BP) with pottery and

c
industry, and the second one dated to the early phase of the
Upper Palacolithic industry (ca. 38,000-32,000 cal BP).
The Upper Palacolithic industry is designated as a lithic
manufacturing workshop tightly connected with obsidian
acquisition in source arcas. The site is located 1,407 masl at
a small col on the castern extension of the Hiroppara small
hill.

The stratigraphy of soil layers is as follows: surface soil,
Layers 2a, 2b, 3. 4. 4b, 5,6, 7,8, 9. and 10. In total i
from the topsoil to the bottom of Layer 10. AT volcanic ash
has found in the sediments, and voleanic glass peak of the AT
was deiected at the lower part of Layer 4a. Only one wooden

s3m

charcoal was found in the Layer 4b, and a measurement
result shows 26,550490 yrBP (31,020-30,625 cal BP).

2.1, Jomon industries:

The horizons both of the early and the laie phase of the
Initial Jomon industries, including lithic tools and pottery
fragments, come mainly from Layers 2a and Layer 2b (ca.
9.500-11,500 cal BP). Artifact assemblages of the Initial
Jomon include: flakes (362 picces, 663 g ). cores (33 pieces,
663 g.), obsidian pebbles (30 pieces from Layers 2a and 2b,
264.6 g), a stemmed point (1 picce, surface collection, 2.1
), arrowheads (14 pieces, 10.9 g.). drills (2 pieces, 3.4 g.),
picces esquillées (21 picces, 90.8 g.), side scrapers (2 pieces,
117 g). a chopping tool (I picce, 747.9 g.), ground stone
tools (2 pieces, 1.255.1 g), retouched flakes (14 pieces, 152.2
). pottery fragments ( 80 pieces, 606.5 g). Additionally, 48
pieces of clustered rubbles (67,047.9 g), and other 101 pieces
of rubbles were found at Layers 2a, 2b, and Pit-1 (14,6748 g).
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The Jomon assemblage iny the Hiroppara site 11
functioned as o workshop of arrowhead production, and the
excavated different types of Initial Jomon pottery sherds also
suggest that the site had been occupied several times there
during the Initial Jomon period.

es

2.2. Upper Palacolithic industries:

Natural post-depositional processes have disturbed the
Palacol ting the arti
Layer 4b to Layer 2a; the original horizons of the Palacolithic
industry are Layers 4a and 4b. This was verified by a refitting
study on a cluster of obsidian tools and debitage. Judging
from tool types, radiocarbon dating, and time-marker tephra
analysis, the Palacolithic industry of the Hiroppara site 1T can
be securely dated to early phase of the Upper Palaeolithic,
within the time range of 38,000 to 32,000 cal BP.

The artifact assemblages of the Upper Palaeolithic include
the following: flakes (2,167 pieces, 32,864.6 g), blades (51
pieces, 493.1 g), cores (93 pieces, 10.973.1 g). obsidian raw
materials (19 pieces form Layers 3 to 4b, 3276 g), an edge-
ground stone axe (1 piece, 110.3 g), trapezoids (6 pieces, 20.9
). knife-shaped tools (4 picces, 13.7 g), notches (9 picces,
283.3 g), side scrapers (3 pieces, 60.2 g), retouched flakes (59

strata dis

1134 g), a graver (1 piece, 3.2 g), a ground stone tool
(1 picee, 286.1 g). and pebbles (27 picces, 21.634.4 g).

Two obsidian clusters were found deposited vertically
in the middle to lower part of Layers 4a and 4b. Both
clusters are vertically differentiated and have no refitting
relationships to one another, which implies that these clusters
belong to different time ranges within the early phase of
Upper Palacolithic.

Obsidian clusters (Cluster 1 and 2) have revealed many
concentrations of large flakes and cores, and one of the
largest flakes from Cluster | that weighed 1963.7 grams. It
should be suggested that the Palacolithic people had taken
many obsidian raw materials, maximum up to ca. 2,000 g,
io the Hiroppara site 11 and carried out the | knapping
stages there. The final target of the reduction sequence would
have been blade production, but the two obsidian clusters do
not seem to be associated specifically with blade production

workshops. The deposition processes of the obsidian clusters
suggest that: firstly, the presence of human activities over
a period of time which resulted in the accumulation of the
clusters; secondly, core blanks were being produced there,
and thirdly that blade production was also carried out on
site. Although an edge-ground stone axe and related hunting
tools were found in small numbers compared to obsidian
artifacts and debitage, the Hiroppara site 11 seems to have
also functioned as a campsite in addition to its function as an
obsidian acquisition and production locus.

(Akira Ono)






