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Fig. 5.50. Refitted lithic artifacts of the Upper palaeolithic from EA-2 and TP-3 at the Hiroppara site II (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 palaeolithic from EA-2 and TP-3 at the Hiroppara site II (7)
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Fig. 5.53. Refitted lithic artifacts of the Upper palaeolithic 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 palaeolithic from EA-2 and TP-3 at the Hiroppara site II (9)
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Fig. 5.55. Refitted lithic artifacts of the Upper palaeolithic from EA-2 and TP-3 at the Hiroppara site II (10)
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Fig. 5.56. Refitted lithic artifacts of the Upper palaeolithic from EA-2 and TP-3 at the Hiroppara site II (11)
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Fig. 5.58. Refitted lithic artifacts of the Upper palaeolithic from EA-2 and TP-3 at the Hiroppara site I (13)
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Fig. 5.59. Refitted lithic artifacts of the Upper palaeolithic from EA-2 and TP-3 at the Hiroppara site II (14)
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5 6.1

ISR |8 - 11 EH = £ 23R DR TR

Table 6.1. Results of clay body analysis on Jomon pottery from the Hiroppara site I and II

Group  Artifact no. Figure Pottery mark Qu:;t]i;y of Type of sand ?;:E:try Infferred source of clay body

1 TP2-18 4.7-2 TARSHRIZEI Incised lines and Medium  RH, Qt, Ho, Sand Medium  Around the Wada pass
puncture marks

1 TP2-29 - Zﬂﬁer%U%X Incised line and puncture  poqium  RH, Qt, Ho, Sand None  Around the Wada pass

1 EA1-391 - AR Incised lines Small Ho, Qt, RH None  Around the Wada pass

2  EA1-12 4.7-3 #8832  Cord marks Medium  Qt, Ho, Bi None  Not identified

2 EA1-43 - JEARSC  Incised lines Medium  RH, Qt, SC, Py None  Around the Wada pass

2 EA1-153 - AT (ZEEAREE)  Rouletted reliefs Medium  Qt (many), RH, SC, Ho None  Around the Wada pass

3 EA1-234 4.7-1 M3 Oval rouletted reliefs Small Qt, Ho Medium Wada and Suwa area

3 EA1-13 - 83 ? Cord marks? - Qt, Sand, Bi, RH None  Around the Wada pass

4 EA1-19 476  FESGEENIRFRIC Cord marks and Middle  Qt, FI, Bi, Rh Small  Not identified
notched linear applique pattern

4  EA1-20 4.7-16 #83  Cord marks Small Qt, RH, Bi None  Around the Wada pass

4 EA1-7 4.7-17 #83C  Cord marks Medium  Qt (many), Fl, Sand, RH None  Around the Wada pass

4 EA1-18 4.7-10 #83  Cord marks Medium  Qt (many), Fl, Bi, RH None  Around the Wada pass

5 TP3-16 5.8-16 183X Oval rouletted reliefs Small Qt, RH, FI, Mg None  Around the Wada pass

5 TP3-15 5.8-15 1832 Oval rouletted reliefs Small  Qt, RH, Ho, SC, Mg None  Around the Wada pass

5 TP3-76 5.8-18 #6M3  Oval rouletted reliefs Small RH, Qt, Ho, SC None  Around the Wada pass

5 EA2-465 5.8-14 B3 Oval rouletted reliefs Small Qt, RH, SC None  Around the Wada pass

5 EA2-656 5.8-17 #8M3  Oval rouletted reliefs Small Ho, Qt, FI, Mg None  Not identified

6 EA2425 589  WPSCHFAHEST Mountainshapedand  gpay o, sand, Qt None  Notidentified
parallel incised rouletted reliefs

6 EA2-702 5.8-8 LIfZ3Z Mountain-shaped rouletted Medium  Qt, RH, Ho None Around the Wada pass

6 EA2-386 5.8-3 1232 Mountain-shaped rouletted Small Qt, RH, Ho, Bi Small  Around the Wada pass

6 EA2-307 - I3 Mountain -shaped rouletted Medium  Qt, Ho, SC, FI None Not identified

7  EA2-929 5.9-32 JEFRSZ  Incised lines Small RH, SC, Sand Small  Around the Wada pass

7 EA2-207 - SEARX ?  Incised lines ? Medium  Qt, Bi-SCH None Ryoke metamorphic rock area

8 EA2-359 58.27 A3 Pattem made by rolling a cord- Small  RH, Qt, SC, Py None  Around the Wada pass
wrapped stick

8 EA2-584 5.8-19 #A#3C Patter made by rolling a cord- Small Ho, RH, Py None  Around the Wada pass
wrapped stick

8 EA2-712 5820 A3 Pattern made by rolling a cord- Small  Qt, Bi-SCH None  Ryoke metamorphic rock area
wrapped stick

9 EA2-313 5.9-29 SEHRSZ  Incised lines Small  Qt, Hy, FI, SCH? None  Ryoke metamorphic rock area

9 EA2-361 5.9-33 JEARSC  Incised lines Small Qt, FI, SCH Small  Ryoke metamorphic rock area

9  EA2-402 5.9-30 &S Plain Small Qt, Bi-SCH Small  Ryoke metamorphic rock area

9 EA2-206 - &S Plain Small Qt, SC, AP Small Not identified

10 EA2-347 5.9-34 ﬁ§{$}$ﬁi Pattern made _by - RH, Ho, Qt, SC Large  Around the Wada pass
impressing a cord -wrapped stick

10 EA2-392 5.9-42 X Plain Medium  Qt, FI, RH Medium  Around the Wada pass

10 EA2-447 5.9-38 3 Plain - Qt, RH None  Around the Wada pass

Minerals and rocks: Qt: Quartz, Ho: Hornblende, B: Biotite, FI: Feldspar, Py: Pyroxene, Hy: Hypersthene, Mg: Magnetite, RH: Rhyolite, SC: Scoria, AP: Aplite
(Fine-grained granite), SCH: Crystalline schist, Bi-SCH: Biotite schist, Sand: Rounded sand.
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Group 1, TP2-18, Rhyolite, x40 Group 1, TP2-18, Quartz, x40

Group 3, EA1-234, Quartz (Crystal), X80

Group 5, EA2-656, Quartz, x60 Group 7, EA2-207, Biotite schist, x80

Group 9, EA2-313, Crystalline schist, X80 Group 9, EA2-402, Biotite schist, x80

6.1 LR EN - | EfotLEhthoss - IYEE

Fig. 6.1. Photographs of rocks and minerals included in Jomon pottery from the Hiroppara site I and I1
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Table 6.2. Lithic composition of the obsidian concentration 1 and 2

Ob 1-15: Lithic groups classified by the appearance of obsidian.

Obsidian

. Lithic composition
concentration

Ob1 Ob2 Ob3 Ob4 Ob5 Ob6 Ob7 Ob8 Ob9 Ob10 Ob11 Ob12 Ob14 Ob15 Others

| 20 1 4 13 5 9 12 1 2 3 10 1 3
I 12 1 4 16 5 8 24 10 2 3 2 5

Flake 11l 5 1 13 3 7 5 8 2 4 1 1
v 2 1 1 4 3 1 1
Others 12 8 17 13 11 19 14 2 3 6 2 1 3 8

1 Blade 2 1 4 2 3 4

Core 8 1 3 8 2 3 4 2 1 8 2

Notched scraper 1 1 1 2

Side scraper 1

Retouched flake 6 1 1 1 2 2 1

Number of refitted blocks 11 1 1 7 1 6 5 10 2 4 1
| 4 2 1 3
1l 3 5 1

Flake LI} 1 2

2 \Y,

Others 1 2 1

Blade 2 2 1 1

Core 8* 1 1 1

Number of refitted blocks 3 1 1 3

* Including five core fragments conjoined into two refitted blocks.
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1.1

77 TREA TR

Table 1.1. Result of tephra detection analysis

Site Sample Depth from the surface Pumice/scoria Volcanic glass
Quantity Color Max. diameter (mm)  Quantity Form Color
TR-2 1 -0~-7 cm * bw cl
Column sample 2 -7~-12 cm * md cl
3 -12~-17 cm ** pm (sp) gr-wh
4 -17~-22 cm * pm (sp) gr-wh
5 -22~-28 cm * md, pm (sp) gr, wh
7 -32~-37 cm
9 -42~-47 cm * md gr, wh
1 -52~-57 cm * md, bw gr, cl
13 -62~-67 cm
15 -71~-76 cm
17 -81~-87 cm * md gr
19 -93~-100 cm
21 -105~-110 cm
23 -116~-121 cm * pm (fb) >md cl, br
25 -126~-131 cm * bw, pm (fb) pb, cl
27 -136~-141 cm ** pm (fb) >bw cl, pb
29 -145~-149 cm * pm (fb) >bw cl, pb
31 -150~-155 cm ** wh 43 b pm (fb )>bw wh, cl
33 -159~-164 cm * wh 3.0 o pm (fb) >bw, md wh, cl, gr
35 -169~-173 cm ** wh 6.4 e pm (fb) >md wh, cl
37 -175~-178 cm ol pm (fb) >bw wh, cl
39 -182~-183 cm o pm (fb) >bw, md wh, cl, gr
41 -186~-189 cm ** wh 3.9 ool pm (fb) >bw, md wh, cl, gr
43 -194~-198 cm ax pm (fb) >pm (sp), bw wh, cl
45 -200~-203 cm ** pm (fb), bw >md cl, gr
47 -204~-204.6 cm o pm (fb), bw >md cl, gr
48 -204.6~-204.9 cm * pm (fb), bw dl
49 -204.9~-205.5 cm b pm (fb), bw cl
50 -205.5~-207.5 cm ***  pm (fb, sp), bw wh, cl
51 -207.5~-208.5 cm ** wh 2.0 b pm (fb, sp), bw wh, cl
52 -208.5~-210.5cm e pm (fb, sp), bw wh, cl
53 -210.5~-211.6 cm * pm (fb, sp), bw wh, cl
55 -214.1~-216.6 cm ** wh 4.7 bl pm (fb) wh, cl
57 -217.2~-217.7 cm > wh 3.1 x pm (fb) >md cl, gr
59 -218~-218.3 cm ** pm (fb) >bw, md cl, gr
61 -220.3~-220.6 cm ** pm (fb) >bw, md cl, gr, bl
63 -226.6~-230.6 cm ** wh 4.1 hx pm (fb) >bw, md cl, gr
65 -233.6~-236.6 cm > pm (fb, sp) > bw, md cl, wh, bl
67 -237.3~-238.3 cm ** pm (fb) > bw cl
69 -239.9~-244.9 cm * wh 21 ** pm (fb) > bw cl
TR-2, north wall 46-1 * wh 24 i pm (fb) > bw cl
46-2 i pm (fb) > bw cl

**** Abundant, ***: Many, **: Middle, *: Rare. Wh: White, cl: Colorless, gr: Gray, pb: Pale brown, br: Brown, bl: Black. Bw: Bubble-wall type, md:

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

- =
- -

DEEIFAR 3 TROON S, i, bIhIcK
D35 ABO AR v RBERIKILA 7 A (K
£ 1.2 mm) DBHIENE S GEN TV 5,

TR-2 DAbEETIE, FURF46-2 & 5URE 46-1 D FRIE e
A7 AET, WIRBZOBICT 7 7 E O &
wEBbhs, FEBRICKILNA 7 ABEFICLCEFEN
TVL250D, ZNHDKIUFNTADEL L, 130D
JE HE 12 b 2\ i (03F B O Mk ORI AL o) KL A 7 A
ThH 5.
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—Ji, TP-1 TiF, WINOWEHI B W TH, MR
AR PR D KILAT 7 AN% L, —HT, Bk
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7 7R OEERIREIED SN\, ZDEDT,
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BT 7 7 L OMEREZIN E3E 57012, TR2
(FEIRERL) @kl 69, BURE51, 3k 29, #k 3,
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BHo & EN 2 KILA 7 A% x5, AL i1
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Bubble-wall type (brown) E Light minerals

% Intermediate type
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Others

1.1 EEERTR-2 DXUAZ ALY A 705 I
Fig. 1.1. Diagram showing ratio of volcanic glass from TR-2
in the Hiroppara bog
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Fig. 1.2. Diagram showing ratio of volcanic glass from TP-1
at the Hiroppara site I
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Table 1.2. Volcanic glass assemblage

Site Sample Depth from the surface bw (cl) bw(pb) bw(br) md pm(sp) pm(fb) Light minerals Heavy minerals Others Total

TR-2 3 -12~-17 cm 0 0 0 3 8 2 99 99 39 250
Column sample 23 -116~-121 cm 2 0 0 55 7 42 50 5 89 250
27 -136~-141 cm 3 0 0 82 7 96 38 1 23 250

29 -145~-149 cm 5 0 0 68 4 88 28 0 57 250

51 -207.5~-208.5 cm 3 0 0 51 2 25 66 5 98 250

69 -239.9~-244.9 cm 5 0 0 74 3 98 22 3 45 250

TR-2, north wall ~ 46-1 0 0 0 94 5 124 12 2 13 250
46-2 0 0 0 103 5 134 3 1 4 250

TP-1 2 -5~-10 cm 0 1 0 89 3 82 21 1 53 250
4 -14~-18 cm 2 0 0 93 4 104 22 6 19 250

6 -23~-28 cm 2 0 0 92 2 105 23 1 25 250

8 -33~-38 cm 3 0 0 93 4 104 15 4 27 250

10 -42~-46 cm 2 0 0 104 2 100 21 1 20 250

12 -51~-56 cm 0 0 0 107 3 90 20 4 26 250

14 -61~-65cm 1 0 0 114 3 98 15 5 14 250

15 -65~-70 cm 1 0 0 110 2 105 15 3 14 250

16 -70~-75 cm 0 0 0 105 4 106 20 2 13 250

18 -80~-85 cm 0 0 0 121 4 90 21 1 13 250

20 -90~-95 cm 1 0 0 100 5 104 27 1 12 250

22 -100~-105 cm 2 0 0 84 4 118 27 2 13 250

24 -110~-115cm 0 0 0 83 4 139 13 0 11 250

26 -120~-125 cm 2 0 0 91 3 113 26 1 14 250

28 -130~-135cm 2 0 0 91 5 118 18 1 15 250

30 -141~-148 cm 5 0 0 97 2 106 16 3 21 250

bw: Bubble-wall type, md: Intermediate type, pm: Pumiceous type. cl: Colorless, pb: Pale brown, br: Brown, sp: Spongy, fb: Fibrous. Numerals show the number of

grains.

*13

EIFrAERR

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 1.497-1.502 (type A:1.497-1.498, type B:1.500-1.502) A:31, B:4
51 1.496-1.502 32
69 1.497-1.512 (type A:1.497-1.498, type B:1.501-1.512) A:31,B:4
TR-2, north wall 46-2 1.497-1.498 31
TP-1 30 1.496-1.497 37

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

1-4-2  JsEkhd

JRITRME DRI ZF 1.3 12737, TR-2 (HARERD
DB 69 I EF NS KA T A (35 HF) DEITH
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F (n) #1.497-1.498 D b D%\ (31 K1), 1EH
1%, 1.501, 1.506, 1.508, 1.512 0fifiz b>KILA
T AW KT ORD SN,

RS IcE B KA T A (32 K 1) DIRITH (n)
Drange %, 1.496-1.502 TH 5. Z 2 TH, 1.496-1.498
DKL 7 ZADFERICH (28 Kirr). @k 29 kil
#'F A (35 ki) 1%, T (n) @ range 73 1.497-1.502
TH B, FEBRICIE 1.497-1.498 D b D%\ (31 Kf
T). &Y 4K ol (n) 1%, 1.500-1.502 TH %,
—J, BB IcEENEKILAT A BORT) D
PrREMEIZ 2N s O3kl E 13 b, range (3 1.515-
1.519 TEWEIANICH 5,

Iz
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¥k, 2003, 2011) OFEPHIGNTE D, ZDKIU
77 ADWHE (BARE X ORI STt (n:
1.496-1.498), YDA G DY (RHFHIH LA
[RE) 24725k, JEHICHEIBEE,

B 29 B XK 27T 0 H iz, T bThrIicE
ENZEBODANT VNS 2%, Z DRI Kl
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JEPTRE 2 A% &, 3 LR IR KL 2 & B HY
L7 CiE A (As-C, 4k, 1968 ; #iif, 1979

W, 2010) & FENDKILA 7 ADEPTREE (n:
1.514-1.520) b2 &b KBTS, 2 LB
12X, 1783 (KA 3) 4FIciBRd kil & B L 72 i
ARA (As-A, Fiik, 1968 ; #HiH, 1979) o Al
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EANTKILA T Al EDJRT R ES T E I N Tw i b
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w, TR2 (FEREE) okt sfnn
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YP, ¥k, 1962, WTH-#iFE, 1992, 2003) o Lfe
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TP-1 DK 30 fHiEH 2\ ix 2 & H FALICKEIKE
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TP-1icBWTIE, &0 PO LE2BIZEL, EAEH
DTNV ADREIKEEDHE, 51213 Z D)
PRMEDFEMZE T Vv, 618, BEEORVWE
FHi~v A 7a7F74% (EPMA) Z HwZkiLg 7
Al EDFERTIND, SHEED T 7 JREICHR) &
%59,

1-6 ¥t®

IBEE & ZoJdicB T, WEHE, 77 I/
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&, ik LRLTHEREZIA LIE 320813 H
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%E, OHHYSEE, A7vY 7 b FERERTICHE I
FIHEER (REFPIER BRI 1A FREHERY O e & %
DEBEICOVTHE R LW, 2 2ISH LTI

ICHZRT 2 ATREED & % KILA 7 ADRi S 17z, W LET
IR & X O % O A OHERTY) O Iz I3 & R
RS BEIEICHET 5 B2 o b KILA T AW
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Fig. 2.1. Schematic columnar sections of the south wall of EA-1 (site I) and the north wall of TP-3 at EA-2 (site II), showing
sample positions for tephra analysis

@ : Sampling horizons for tephra analysis. Numerals show the sample numbers.
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Table 2.1. Result of tephra detection analysis

Site Sample Pumice/scoria Volcanic glass Heavy minerals
Quantity Color Max. diameter (mm) Quantity Form Color

EA-1 14 el pm (fb, sp) >md wh, cl, p-gr  (am, opx)
16 el pm (fb, sp) >md wh, cl, p-gr  (opx, cpx, am)
18 el pm (fb, sp) >md wh, cl, p-gr  (opx)
20 o pm (fb, sp) >md wh, cl, p-gr  (opx)
22 el pm (fb, sp) >md wh, cl, p-gr  (opx,cpx)
24 el pm (fb, sp) >md wh, cl, p-gr  (opx, cpx, am)
26 o pm (fb, sp) >md wh, cl, p-gr  (opx)
28 el pm (fb, sp) >md,bw wh, cl, p-gr  (opx, cpx)
30 o pm (fb, sp) >md, bw wh, cl, p-gr  (opx, cpx)
32 bl pm (fb, sp) >md, bw wh, cl, p-gr  (opx, cpx)
34 el pm (fb, sp) >bw, md wh, cl, p-gr  (am, cpx)
36 *** pm (fb, sp) >bw, md wh, cl, p-gr  (opx)
38 el pm (fb, sp) >bw, md wh, cl, p-gr  (opx, am)
41 ****  bw >pm (fb) cl (opx)

EA-2 17 e pm (fb, sp) >md, bw wh, cl, p-gr  (opx)
19 ol pm (fb, sp)>md, bw  wh,cl, p-gr (opx)
21 o pm (fb, sp)>md, bw wh,cl, p-gr  (opx)
23 ol bw, pm (fb, sp) >md cl, wh, p-gr  (opx, cpx, bi)
25 el bw, pm (fb, sp) >md cl, wh, p-gr  (opx, cpx)
27 el bw, pm (fb, sp) >md cl, wh, p-gr  (opx, cpx)
29 el bw, pm (fb, sp) >md cl, wh, p-gr  (opx, cpx)
31 el bw, pm (fb, sp) >md cl, wh, p-gr  (opx, cpx, am)
33 el bw, pm (fb, sp) >md cl, wh, p-gr  (opx, cpx, am)
35 ***  pm(fb, sp)>md, bw  wh, cl, p-gr  (opx, cpx, am)
37 el pm (fb, sp) >md, bw wh, cl, p-gr  (opx, cpx, am)
39 i pm (fb, sp) >md wh, cl, p-gr  (opx, cpx, am)
43 el pm (fb, sp) >md wh, cl, p-gr  (opx, cpx, am)
51 ok pm (fb, sp) >md wh, cl, p-gr  (opx, cpx, am)
57 *** pm (fb, sp) >md wh, cl, p-gr  (opx, cpx, am)

****: Abundant, ***: Many, **: Middle, *: Rare. bw: Bubble-wall type, pm: Pumiceous type, md: Intermediate type, fb: Fibrous, sp:
Spongy. wh: White, cl: Colorless, p-gr: Pale gray. opx: Orthopyroxene. cpx: Clinopyroxene, am: Amphibole, bi: Biotite. () of the

heavy material means a small quantity.

2. JRETEES EA-1 < JRJE ILEB EA-2 B &Y
BB TR-2 P LY FDF 7 5401

2-1 Lol

TS T AN ONGIL, K ER EA-1
i (B HIE2, 2016 K 4.1-B, C) 8 X PAK I
TR BEA-2 HisS (BHIED, 2016 : ¥ 5.1-G) TH 5.
ZDEIC, JRERE TR SN Ly T2 (TR-2)
D HEED HRREEND & RN 72 7 7 7 K &
7B B0 - BLICDWTCT 7 73R EM L 72, b7
& LT, 77 ZBma, KA 7 Ao, Kl
A7 ADBIHRMEL K OB~ 707 F 749
(EPMA) (2 & % TR % Ehi L 7-.

2-2 tEEy
2-2-1 i) 15w EA-1 g

166

BA-1 Himicix (K2.1), Fhzky#Eet (FE
15 cm B E, 6/, MEU b oR{tY %z &t 1
(8= 15 cm) BJE L2 KLKKE (EIE6 cm), ik
U bt (EE 11 cm, b5 E), Bk Ok
A6 mm) 2 &5 TR D Bt (B 86 cm, 4 ),
R b #tat (BE 29 cm, 3J8), #fat7my 7
EU et (85 21 cm, 2bE), BxtEtat (8
JZ28 cm, 2ald), Bt (EE 16 cm, 1JE) 23
Roonk (K2.1), 2oHb, 6/d, 48, 3EH»
5 IHAZRRROEY (fa) PHHEI w5,

2-2-2 )B)E I1ESF EA-2 Hlrd

EA-2 Rl (K2.1), Th &k hkAarzHFNH
it (EE 41 cm, 8J#), AAzivwtat (BE
34 cm, 7)), KArziowat (828 cm, 6)E)
DR 6, 2O NI IEBEM AR RAEDEEH 5 (M
2.1). 2o ki, oMk b #at (EE28
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Table 2.2. Volcanic glass assemblage

Site  Sample bw (cl) bw (pb) bw (br) md pm(sp) pm (fb) Light minerals Heavy minerals Others  Total
EA-1 14 0 0 0 106 1 105 25 4 9 250
16 0 0 0 102 4 104 17 7 16 250

18 1 0 0 103 4 112 18 4 8 250

20 2 0 0 86 3 107 18 4 30 250

22 2 0 0 94 3 119 12 1 19 250

24 7 0 0 93 6 98 14 5 27 250

26 13 0 0 101 2 107 11 2 14 250

28 13 0 0 84 6 106 10 4 27 250

30 11 0 0 98 3 112 10 4 12 250

32 15 0 0 88 0 101 1 6 29 250

34 19 0 0 90 3 97 1 5 25 250

36 9 0 0 90 6 98 21 2 24 250

38 25 0 0 89 4 93 10 7 22 250

41 192 0 0 4 0 51 0 1 2 250

EA-2 17 39 0 0 55 5 37 47 24 43 250
19 30 0 0 69 5 43 26 34 43 250

21 38 0 0 55 6 31 34 36 50 250

23 45 0 0 54 7 33 30 37 44 250

25 64 0 0 43 7 30 36 24 46 250

27 46 0 0 39 4 33 40 36 52 250

29 39 0 0 46 6 34 41 28 56 250

31 12 0 0 47 2 38 36 42 73 250

33 1 0 0 37 5 46 28 42 91 250

35 3 0 0 45 6 34 50 39 73 250

37 3 0 0 48 8 42 43 24 82 250

39 1 0 0 56 3 45 44 42 59 250

43 0 0 0 47 2 16 52 69 64 250

51 1 0 0 57 7 30 47 32 76 250

57 1 0 0 44 5 28 56 43 73 250

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

Fibrous. Numerals show the number of grains.

cm, 5J8), Bt (&= 41 cm, 4b JE), #tt (F
J£51 cm, 4afd), #at 7wy ZIRU Y KEGL (E
JE5cm, 38, et 7oy 7L hEEKEGt (E
J£26 cm, 2bfE), RIKBEL: (RAEE29 cm, 2a
), et wEaRt: (BE19 cm, 1E)
BROoNI, TDIH B, FEHMATIE, 4bJEDS 4a
JEEIc o CIHASRROAHEIEH I T» 3,

2-3 77 7abi

2-3-1 rimalkl & b siik

JAJ 1R EA-1 s X OVAJR IEBR EA-2 i1
BWC, TEBOERIC»»S 0K ) EANIZIEZ S
om 2 EICEE LTI Lzl 9 B o 29 kL&
WRIZ, 77 7RFORPRE A EENICHE T 2 7
7 I ML 7. S FEIHIEM T O ) ¢
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T 7 7Moo E R 2.1 IR, R
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Z o BT, AfEeREEHOMHERIRP A Ry Y
ROBHIA 5 2, & 5IMEBIRLEIKADITIE D
PRIEI A% <, B> TN VR § 2
M2ME Z %, EYE L ClE, 4L IS AR
HHEADRO 6D, 20k BAiTb EEWIEIES
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JRJE ILE B EA-2 Hiri ¢ b T R_ToBHa kLAg 7
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T, HESPHEEE OMMER RS A XY T ROBA
B, X5 IEEHRIKGOTRIEZS . HIRY)
LT, K31 XD AT, ArADS MG NE
MRS 515,

2-4  KIlA 7 Ao bt
2-4-1  Syhmalkl & s siih

T 7 I T ORGR & 7o 72 IR TEEF EA-1 e
B X QAR I EA-2 i 29 3kHZ DWW, &F
N KA 7 ADEROTANEGEER 2 EZHLICT
2 RILNA T AMAIHT R LML 72, 087D FIHIZR O
hTh3.

Ratio of volcanic glass
0 50 100%
i

no.14

no.16

no.18

no.20

no.22

no.24

no.26

no.28

no.30

no.32

no.34

no.36

no.38

no.41

I:I Bubble-wall type (transparent) E Light minerals

ubble-wall type (pale brown) Heavy minerals

ubble-wall type (brown) Efmo @ Others

g Intermediate type
L\‘ Pumiceous type (spongy)

% Pumiceous type (fibrous)

22 BRIEHREA-T OKIUAZRAWS A7 IS L
Fig. 2.2. Diagram showing ratio of volcanic glass from EA-1
at the Hiroppara site [
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Table 2.3. Result of refractive-index measurement
Sample Volcanic glass Orthopyroxene Amphibole References

Refractive index (n)  Number Refractive index (y) Number Refractive index (n,)  Number
Hiroppara |, EA-1, no.18 1.496-1.497 33 This study
Hiroppara I, EA-1, no.22 1.496-1.497 33 This study
Hiroppara |, EA-1, no.41 1.499-1.501 31 This study
Hiroppara I, EA-2, no. 25 1.497-1.501 30 This study
Hiroppara bog, TR-2, east wall, no.51 1.496-1.502 32 1.714-1.719 31 1.681-1.688 23 This study
Key tephras in Nagano Pref. and
western Gunma Pref. after the fall of AT
EBIA (As-A, AD. 1783) 1.507-1.512 1.707-1.712 1)
EREIA' (As-A) 1.515-1.521 1.702-1.712 2)
SRR (As-Kk, A.D. 1128) Unpublished 1.706-1.710 2)
%EIB (As-B, 1108) 1.524-1.532 1.708-1.710 1)
B2V EKII (Hr-FA, Initial A.D. 6C) 1.500-1.502 1.707-1.711 1.671-1.695 2)

1.499-1.504 3)
%MIC (As-C, Late A.D. 3C) 1.514-1.520 1.706-1.708 1)
KA 7 IF (Kg, ca. 3.1ka) 1.493-1.503 1.704-1.709 1.669-1.685 1)
%EID (As-D) 1.513-1.516 1.706-1.708 1)
Wi AEY)I (My-Ot, ca. 4.5 ka) 1.497-1.499 1)
ERRIRAEA (KS-Ku) Unpublished 1.711-1.715 2)
EEIRE (As-Kn) Unpublished 1.706-1.708 2)
WERAE (My-A, ca. 7-7.2 ka) 1.496-1.498 1.713-1.717 1.679-1.695 1)

1.497-1.501 4)
RFET HRY (K-Ah, ca. 7.3 ka) 1.506-1.513 1)
XEEEM (As-Fo) Unpublished 1.706-1.710 2)
SRR (As-Sj) 1.501-1.518 1.706-1.711 3)
EEIEE (As-K) 1.501-1.503 1.707-1.712 1)
EREIREEE (As-YP, ca. 15-16.5 ka) 1.501-1.505 1.707-1.712 1)
ERBIAEIR2 (As-Ok2) 1.502-1.504 1.704-1.709 1)
EREARERT (As-Ok1) 1.500-1.502 1.704-1.709 1)
EREIB%R (As-Sr) 1.506-1.510 1.702-1.708 1.675-1.680 1)
SRRIFRAE (As-Hg) 1.500-1.502 1.703-1.709 2)
AR\ E () (As-BP Group) Upper  1.515-1.520 1.707-1.714 1)

Middle 1.508-1.511 1.700-1.709 1)
Lower 1.505-1.515 1.710-1.725 1)

JERTn (AT, ca. 28-30 ka) 1.499-1.500 1)

1): Machida and Arai (1992, 2003), 2): Soda (1996), 3): Soda (unpublished), 4): Takemoto and Okumura (2012). This study and the reference 3) used the thermal
1

immersion method (Danhara, 1993).

HRFIR & SRR OB 7 A2 NEF N 40% T O
2o, SIFEEELL LIRSV,
EA-2 #gicld, FURE33 2> 6 3tk 25
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25 TZDOMBEE =7 BB I N T w5 (25.6%). —H,
EDDKIUA T A2 nTE, 1 ikE ZoME Tty
Wi 9206 U 723dkE 39 X 0 BfiCld, JEERELES
ROLMIERD Sz, mohcix, k43 [
TOPHIVIOEHREIEAHIAICH S (27.6%).
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alkE18, 2 L CJAJE I EEE EA-2 Hh i il k} 25 (o &
FNBKUATA, ISICAFEEAD ML F 2 (B
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) and 2) used the immersion method (Arai, 1972, 1993).
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HKEFME b e CRICHHE L 72,
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(#% 33 KrF) OFEITHE (n) &, 1.496-1.497 ThH 5.
EA-2 Hi i ikl 25 12 5 KA 7 A (30 KL f)
DJEHE (n) @ range 1, 1.497-1.501 TH 5.
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Table 2.4-1. Major chemical composition of volcanic glass from EA-1 at the Hiroppara site |

Site Sample Si0, TiO, ALO; FeO* MnO MgO CaO Na,0O K,O P,Og SUM
EA-1 no.18 1 7742 005 1233 065 0.01 002 050 366 536 0.00 100.00
2 7698 011 1229 061 019 0.01 053 389 538 0.02 100.00
3 7715 0.06 1241 074 010 0.03 048 380 523 0.00 100.00
4 7756 012 1239 058 012 003 049 356 510 0.04 100.00
5 7710 005 1238 058 0.16 0.00 052 387 526 0.08 100.00
6 7629 012 1317 060 0.14 0.01 055 378 530 0.05 100.00
7 7699 008 1240 058 000 0.02 058 383 546 0.06 100.00
8 7757 006 1256 055 0.01 0.01 048 358 513 0.04 100.00
9 7698 010 1253 060 0.00 0.00 053 383 540 0.02 100.00
10 7729 0.07 1219 060 0.00 0.03 055 380 547 0.00 100.00
1 76.88 0.07 1252 064 0.15 004 058 384 527 0.01 100.00
12 7786 0.03 11.78 068 0.12 0.00 0.51 3.75 526 0.00 100.00
Average 7717 0.08 1241 062 0.08 002 052 377 530 0.03 100.00

Values on anhydrous basis.

£24-2 [LKRIEWHEA-T DT 7 ZHBHCEENDAIUA T ADERDERDITIER
Table 2.4-2. Major chemical composition of volcanic glass from EA-1 at the Hiroppara site [
Site SET] Si0, TiO, ALO; FeO* MnO MgO CaO Na,O K,O P,0Os SUM
EA-1 no.41 1 78.02 015 12.08 124 0.07 0.12 1.08 3.50 3.67 0.08 100.00
2 7826 0.15 1202 093 0.03 0.12 1.06 3.60 3.82 0.01 100.00
3 78.01 0.06 1217 110 0.01 0.13 1.1 3.58 3.81 0.03 100.00
4 77.83 018 1232 1.08 0.00 0.12 1.12 3.54 3.79 0.02 100.00
5 78.12 0.14 1207 1.08 0.08 0.11 1.12 3.56 3.73 0.00 100.00
6 7829 0.07 1187 112 004 011 1.13 3.57 3.81 0.00 100.00
7 7796 017 1195 127 017 0.10 1.04 3.46 3.81 0.07 100.00
8 7825 012 1183 1.06 0.00 0.08 1.14 3.55 3.86 0.12 100.00
9 7777 017 1220 111 009 0.13 1.1 3.66 3.76 0.01 100.00
10 7799 012 1222 113 010 0.09 1.15 3.85 3.34 0.00 100.00
" 7762 014 1213 126 010 0.13 1.17 3.83 358 0.03 100.00
12 7838 0.6 1191 121 005 010 112 327 375 007  100.00
13 7858 0.11 1179 114 006 009 109 351 364 000 100.00
14 7813 0.08 1194 127 005 009 109 354 375 007  100.00
15 78.12 0.07 1217 0.85 0.02 0.06 0.71 3.69 4.30 0.02 100.00
16 78.18 0.07 1194 111 0.02 0.08 1.21 3.69 3.70 0.02 100.00
17 7826 0.13 1217 1.18 0.05 0.07 1.13 3.49 347 0.06 100.00
18 78.60 0.08 12.11 1.06 0.00 0.08 1.11 3.31 364 0.02 100.00
19 7754 017 1219 119 0.03 0.13 1.24 3.72 3.74 0.04 100.00
20 7834 014 1192 113 0.05 0.10 1.10 3.50 3.72 0.00 100.00
21 7828 016 1186 1.16 0.01 0.13 1.08 3.75 357 0.00 100.00
22 78.01 013 1206 1.11 010 0.1 1.18 343 3.82 0.05 100.00
23 7777 010 1205 129 0.02 0.11 1.14 3.57 3.95 0.00 100.00
24 78.34 012 1198 138 0.03 0.13 1.12 343 343 0.04 100.00
25 7764 016 1209 149 000 0.1 1.16 3.79 355 0.00 100.00
26 7794 015 1192 1.16 0.07 0.10 1.13 3.53 3.97 0.04 100.00
27 78.07 013 1213 1.15 0.08 0.14 1.18 3.46 3.62 0.03 100.00
28 78.47 014 1189 1.13 000 0.14 1.1 343 3.63 0.06 100.00
29 7796 014 1219 114 013 0.12 1.10 3.51 3.65 0.06 100.00
Average 78.09 0.13 12.04 112 0.06 0.10 1.08 3.58 3.76 0.03 100.00

Values on anhydrous basis.
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Table 2.4-3. Major chemical composition of volcanic glass from TR-2 in the Hiroppara bog

Site Sample Si0, TiO, AlLO; FeO* MnO MgO CaO Na,0 K, O P,0O4 SumMm
TR-2 no.50, 51 1 7711 0.06 1227 067 0.13 0.06 054 368 539 0.08 100.00
2 7726 0.06 1225 058 0.10 0.00 050 360 562 0.02 100.00
3 7766 010 1209 063 0.13 0.04 048 356 529 0.00 100.00
4 7762 0.05 1240 051 015 0.04 056 3.77 4.87 0.02 100.00
5 7731 0.09 1231 046 0.10 0.03 053 378 539 0.00 100.00
6 7750 0.08 1241 061 0.06 0.03 056 350 525 0.00 100.00
7 7722 0.06 1219 059 0.14 0.04 057 3.79 537 0.02 100.00
8 77.00 0.14 1229 062 0.11 0.04 055 368 553 0.05 100.00
9 7748 0.06 1250 057 0.00 0.06 055 361 519 0.00 100.00
10 7703 0.10 1226 064 0.06 004 053 385 548 0.00 100.00
11 7725 011 1222 060 012 003 061 361 545 0.00 100.00
Average 77.31 0.08 1229 059 010 0.04 054 368 535 0.02 100.00

Values on anhydrous basis.
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Table 2.5. Comparison of major chemical composition of volcanic glass from the Hiroppara site group with those of key tephras

Site/sample SiO, TiO, Al,O,4 FeO* MnO MgO CaO Na,O K;O P,0s References
EA-1, no.18 7717 0.08 12.41 0.62 0.08 0.02 0.52 3.77 5.30 0.03  This study
EA-1, no.41 78.09 0.13 12.04 1.12 0.06 0.10 1.08 3.58 3.76 0.03  This study
TR-2, no. 50, 51 77.31 0.08 12.29 0.59 0.10 0.04 0.54 3.68 5.35 0.02  This study
Key tephras
Kg 78.03 0.20 12.46 1.21 0.12 0.27 1.51 3.65 2.54 1)
K-Ah 75.24 0.53 12.85 242 0.08 0.47 2.02 3.32 3.00 2)
My-A 77.50 0.07 12.70 1.00 0.05 0.05 0.66 3.30 4.63 3)
As-YPk 78.40 029  11.99 1.42 0.11 0.24 1.36 3.71 2.42 1)
As-YP 78.15 0.27 11.99 1.33 0.04 0.26 1.30 3.72 2.89 2)
AT 78.25 0.13 12.14 1.26 0.04 0.1 1.09 3.41 3.56 0.02 2)

Values on anhydrous basis. 1): Okumura (1988), 2): Yagi (unpublished), 3): Takemoto and Okumura (2012).
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Table 3.1. Result of tephra detection analysis

Site Sample Pumice/scoria Volcanic glass Heavy minerals  Depth of samples
Quantity Color Max. diameter (mm)  Quantity Form Color

P2, westwallof the 2 o Pm{®.sp). md bw - wh, cl.p-gr (op%)

deep excavation grid 44 : pm (fb, sp) >md, bw  wh, cl, p-gr  (opx)
46 * pm (fb, sp) >md, bw  wh, cl, p-gr  (opx, cpx)

HB-1A core, Section 3 1 bl pm (fb, sp) >md, bw  wh, cl, p-gr  (am, opx) -1.42~-145m
2 e pm (fb, sp) >md, bw  wh, cl, p-gr (am) -1.45~-148 m
3 ** pm (fb, sp) >md, bw  wh, cl, p-gr  (am) -1.48~-151m
4 (am, opx) -1.51~-1.54 m
5 (am) -1.54~-1.56 m
6 * bw, pm (fb, sp), md  cl, wh, p-gr  (opx) -1.56~-1.59 m
7 > md, pm (fb, sp), bw  cl, wh, p-gr  (opx) -1.59~-1.62m
8 x md, pm (fb, sp), bw  cl, wh, p-gr  (opx) -1.62~-1.70 m
9 bl pm (fb, sp), md cl, wh, p-gr (am) -1.735~-1.74 m
10 ** wh 29 x pm (fb, sp), md cl, wh, p-gr -1.75~-1.755m
1" il pm (fb, sp), md cl, wh, p-gr 1.77~-1775m
12 > pm (fb, sp), md cl, wh, p-gr  (bi) -1.845~-1.965 m
13 ** wh 2.6 x pm (fb, sp), md wh, cl, p-gr  (bi) -2.005~-2.045m
14 x> wh 4.0 i pm (fb, sp), md wh, cl, p-gr -2.055~-2.06 m
15 * wh 3.0 x pm (fb, sp), md wh, cl, p-gr -2.085~-2.09 m
16 x wh 6.3 > pm (fb, sp), md wh, cl, p-gr -2.125~-2.145m
17 ** wh 3.2 R pm (fb, sp), md wh, cl, p-gr -2.265~-2.295 m
18 e wh 8.7 ax pm (fb, sp), md wh, cl, p-gr  (bi) -2.295~-2.345 m

****: Abundant, ***: Many, **: Middle, *: Rare. Bw: Bubble-wall type, pm: Pumiceous type, md: Intermediate type. wh: White, cl: Colorless, p-gr: Pale gray.
opx: Orthopyroxene, cpx: Clinopyroxene, am: Amphibole, bi: Biotite. ( ) of the heavy material means a small quantity.
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Table 3.2. Volcanic glass assemblage

Site Sample _bw (cl) bw (pb) bw (br) md pm (sp) pm (fb) Light minerals Heavy minerals Others  Total Depth of samples
42 32 0 0 73 8 95 16 4 22 250
Z;i';iztv‘;"ﬁgn";::f 44 9 0 0o 65 6 121 13 9 27 250
46 18 0 0 71 3 115 10 9 24 250

HB-1A core, Section 3 1 2 0 0 88 2 121 12 4 21 250 -1.42~-1.45m

2 7 0 0 70 4 129 17 1 22 250 -1.45~-148 m

3 1 0 0 82 5 57 46 6 53 250 -1.48~-151m

4 3 0 0 82 3 124 26 1 11 250 -1.51~-1.54 m

5 * -1.54~-1.56 m

6 * -1.56~-1.59 m

7 2 0 0 137 2 35 48 2 24 250 -1.59~-1.62m

8 1 0 0 120 1 35 63 0 30 250 -1.62~-1.70 m

9 0 0 0 52 0 183 " 0 4 250 -1.735~-1.74 m

10 1 0 0 47 3 182 8 1 8 250 -1.75~-1.755m

1 0 0 0 65 2 129 24 0 30 250 -1.77~-1775m

12 0 0 0 74 2 132 26 0 16 250 -1.845~-1.965 m

13 0 0 0 64 2 175 3 1 5 250 -2.005~-2.045 m

14 0 0 0 55 1 163 21 0 10 250 -2.055~-2.06 m

15 1 0 0 64 2 164 13 0 6 250 -2.085~-2.09 m

16 1 0 0 65 0 158 22 0 4 250 -2.125~-2.145m

17 0 0 0 67 1 163 10 1 8 250 -2.265~-2.295 m

18 1 0 0 57 3 180 5 0 4 250 -2.295~-2.345m

bw: Bubble-wall type, md: Intermediate type, pm: Pumiceous type. cl: Colorless, pb: Pale brown, br: Brown. sp: Spongy, fb: Fibrous. Numerals show the number of
grains. *: Samples not counted by 250 grains because of their minuteness.

#33 BIFXANEHER
Table 3.3. Result of refractive-index measurement
Sample Volcanic glass Orthopyroxene Amphibole References
Refractive index (n) Number Refractive index (y) Number  Refractive index (n,) Number
HB-1A core, Section 2, 42 ~44 cm (F.Kumon) 1.497-1.502(1.497-1.500, 1.502)  31(29, 2) This study
HB-1A core, Section 3, 15~ 17cm (F. Kumon) 1.497-1.499 30 This study
HB-1A core, Section 3, sample no.3 (-1.48~-1.51 m) 1.497-1.500 30 This study
HB-1A core, Section 3, sample no.7 (-1.59~-1.62 m) 1.497-1.504 37 This study
HB-1A core, section 3, sample no.18 (-2.295~-2.345 m) 1.497-1.498 34 This study
HB-3 core, Section 3, ~50 cm (F. Kumon) 1.497-1.498 32 This study
Other tephras discovered from Hiroppara
Hiroppara bog, TR-2, east wall, no.51 1.496-1.502 1.714-1.719 31 1.681-1.688 23 This study, My-A?
Hiroppara I, TP-2, no.18 1.496-1.497 This study
Hiroppara |, TP-2, no.22 1.496-1.497 This study
Hiroppara |, TP-2, no.41 1.499-1.501 This study, AT
Key tephras in Nagano Pref. and western
Gunma Pref. since the fall of AT
KA 7 IF (Kg, ca. 3.1 ka) 1.493-1.503 1.704-1.709 1.669-1.685 1)
MDD (As-D) 1.513-1.516 1.706-1.708 1)
WEKREYI (My-Ot, ca. 4.5 ka) 1.497-1.499 1)
ERARMA (KS-Ku) unpublished 1.711-1.715 2)
EZEIANE (As-Kn) unpublished 1.706-1.708 2)
WERA (My-A, ca. 7-7.2 ka) 1.496-1.498 1.713-1.717 1.679-1.695 1)
1.497-1.501 4)

BHRT HRY (K-Ah, ca. 7.3 ka) 1.506-1.513 1)
LR (As-Fo) unpublished 1.706-1.710 2)
SERIAH (As-S)) 1.501-1.518 1.706-1.711 3)
AR (As-K) 1.501-1.503 1.707-1.712 1)
ERIRMEE (As-YP, ca. 15~16.5 ka) 1.501-1.505 1.707-1.712 1)
ERAZR2 (As-Ok2) 1.502-1.504 1.704-1.709 1)
SERAZIR 1 (As-Ok1) 1.500-1.502 1.704-1.709 1)
ERE% (As-Sr) 1.506-1.510 1.702-1.708 1.675-1.680 1)
SRR (As-Hg) 1.500-1.502 1.703-1.709 2)
ERRREE (B) (As-BP Group) Upper  1.515-1.520 1.707-1.714 1)

Middle  1.508-1.511 1.700-1.709 1)

Lower  1.505-1.515 1.710-1.725 1)
$ERTn (AT, ca. 28~30 ka) 1.499-1.500 1)

1): Machida and Arai (1992, 2003), 2): Soda (1996), 3): Soda (unpublished), 4): Takemoto and Okumura (2012). This study and 3) used the thermal immersion method (Danhara, 1993). 1) and 2)
used the immersion method (Arai, 1972, 1993).
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Table 3.4-1. Major chemical composition of volcanic glass from HB-1A core in the Hiroppara bog

Site Sample Si0, TiO, AlLO; FeO* MnO MgO CaO Na,0 K,0 P,Os SUM
HB-1A core, Depth 42-44 cm 1 7771 0.08 1197 064 0.00 0.06 046 367 534 0.05 100.00
Section 2 (sampled by Kumon) 2 78,00 0.08 12.02 055 0.05 0.10 050 345 519 0.07 100.00

3 7761 015 1213 065 0.08 005 050 362 521 0.00 100.00

4 7855 0.11 1197 052 0.00 0.02 045 346 4.91 0.02 100.00

5 78,05 0.06 1211 047 0.03 0.06 043 346 534 0.00 100.00

6 7798 0.05 12.00 0.71 0.16 0.02 048 3.57 496 0.07 100.00

7 7779 0.15 1207 066 0.10 0.04 049 3.63 499 0.08 100.00

8 7867 0.11 1255 055 0.10 0.00 0.57 3.37 4.08 0.01 100.00

9 7723 0.02 1237 057 0.04 0.00 056 3.74 543 0.05 100.00

10 76.96 0.09 1253 060 0.10 0.03 0.57 367 542 0.03 100.00

1 7725 0.08 1236 066 0.00 0.02 057 357 549 0.00 100.00

Average 77.80 0.09 1219 060 0.06 0.04 051 356 5.12 0.03 100.00

Values on anhydrous basis.
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Table 3.4-2. Major chemical composition of volcanic glass from HB-1A core in the Hiroppara bog

Site Sample Si0, TiO, AlLO; FeO* MnO MgO CaO Na,0 K,0 P,Os SUM
HB-1A core, Depth 15-17 cm 1 78.34 0.07 11.70 0.71 0.14 0.02 048 335 515 0.03 100.00
Section 3 (sampled by Kumon) 2 7830 0.03 1198 066 0.10 0.00 045 3.68 4.79 0.01 100.00

3 7813 0.09 1194 065 0.14 0.00 046 355 503 0.00 100.00

4 7797 012 1220 0.61 0.10 0.01 044 341 514 0.00 100.00

5 78.03 0.06 1216 063 0.08 0.04 048 3.18 534 0.00 100.00

6 7758 0.10 1219 0.77 0.00 0.00 042 3.62 528 0.03 100.00

7 7788 0.06 1216 056 0.12 0.00 047 3.63 507 0.05 100.00

8 7798 0.06 12.08 053 0.09 0.01 043 365 517 0.00 100.00

9 7784 0.10 1221 064 0.12 0.03 055 3.63 4.87 0.00 100.00

10 7787 014 1199 062 0.09 003 048 341 537 0.00 100.00
Average 77.99 0.08 12.06 064 0.10 0.01 047 351 512 0.01 100.00

Values on anhydrous basis.
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Table 3.5. Comparison of major chemical composition of volcanic glass from the Hiroppara bog with those of key tephras

Site/sample SiO, TiO, AlO4 FeO* MnO MgO CaO Na,O K0 P,Os  References
HB-1A core, Section 2, 42-44 cm 7780 009 1209 060 006 004 0.5 356 512  0.03 This study
(sampled by Kumon)
HB-1A core, Section 3, 1-17 cm .
(sampled by Kumon) 77.99 0.08 12.06 0.64 0.10 0.01 0.47 3.51 5.12 0.01 This study
Other samples from Hiroppara
TP-2 (EA-1), n0.18 7747 008  12.41 062 008 002 052 377 530  0.03
TP-2 (EA-1), no.41 78.09 0.13 12.04 1.12 0.06 0.10 1.08 3.58 3.76 0.03 AT
TR-2, east wall, no.50, 51 77.31 0.08 12.29 0.59 0.10 0.04 0.54 3.68 5.35 0.02
Key tephras
Kg 78.03 0.20 12.46 1.21 0.12 0.27 1.51 3.65 2.54 1)
K-Ah 75.24 0.53 12.85 2.42 0.08 0.47 2.02 3.32 3.00 2)
My-A 77.50 0.07 12.70 1.00 0.05 0.05 0.66 3.30 4.63 3)
As-YPK 7840 029 1199 142 0.11 024 136  3.71 242 1)
As-YP 78.15 0.27 11.99 1.33 0.04 0.26 1.30 3.72 2.89 2)
AT 78.25 0.13 12.14 1.26 0.04 0.1 1.09 3.41 3.56 0.02 2)

Values on anhydrous basis. 1): Okumura (1988), 2): Yagi (unpublished), 3): Takemoto and Okumura (2012).
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Table 4.1-1. Result of tephra detection analysis from HB-3 core beside EA-2 at the Hiroppara site 11

Site  Sample Pumice/scoria Volcanic glass Heavy minerals  Depth of samples
Quantity Color Max. diameter (mm) Quantity Form Color
HB-3 core, Section 3
1 ** md, pm (fb, sp) cl, wh, p-gr  opx, cpx, (am) -2.00~-2.05m
3 * md, pm (fb, sp) cl, wh, p-gr  opx, cpx, (am) -210~-2.15m
5 ** md, pm (fb, sp) cl, wh, p-gr  opx, cpx, (am) -2.20~-2.25m
7 ** md, pm (fb, sp) cl, wh, p-gr  opx, cpx, (am) -2.30~-2.35m
9 ** md, pm (fb, sp) cl, wh, p-gr  opx, cpx, (am) -2.40~-2.45m
11 *x md, pm (fb, sp) cl, wh, p-gr  opx, cpx, (am) -2.50~-2.55m
13 ** md, pm (fb, sp) cl, wh, p-gr  opx, cpx, (am) -2.60~-2.65m
15 * md, pm (fb, sp) cl, wh, p-gr  opx, cpx -2.70~-2.75m
17 > md, pm (fb, sp) >bw  cl, wh, p-gr  opx, cpx, (am) -2.80~-2.85m
19 rx md, pm (fb, sp) cl, wh, p-gr  opx, cpx, (am) -2.90~-2.95m
HB-3 core, Section 4
1 b md, pm (fb, sp) cl, wh, p-gr  opx, am, cpx, (bi) -3.00~-3.05m
3 ** md, pm (fb, sp) cl, wh, p-gr  opx, am, cpx -3.10~-3.15m
5 ** md, pm (fb, sp) cl, wh, p-gr  opx, am, cpx -3.20~-3.25m
7 > md, pm (fb, sp) cl, wh, p-gr  opx, am, cpx -3.30~-3.35m
9 b md, pm (fb, sp) cl, wh, p-gr  opx, am, cpx -3.40~-3.45m
1 > md, pm (fb, sp) cl, wh, p-gr  opx, am -3.50~-3.55m
13 ** md, pm (fb, sp) cl, wh, p-gr  am, opx -3.60~-3.65m
15 * md, pm (fb, sp) cl, wh, p-gr  opx, am -3.70~-3.75m
17 * md, pm (fb, sp) cl, wh, p-gr  opx, am, (cpx) -3.80~-3.85m
19 * md, pm (fb, sp) cl, wh, p-gr  opx, am -3.90~-3.95m

****: Abundant, ***: Many, **: Middle, *: Rare. bw: Bubble-wall type, pm: Pumiceous type, md: Intermediate type. fb: Fibrous, sp: Spongy. wh: White,
cl: Colorless, p-gr: Pale gray. opx: Orthopyroxene, cpx: Clinopyroxene, am: Amphibole, bi: Biotite. ( ) of the heavy material means a small quantity.

*4.1-2 TTIRHANER
Table 4.1-2. Result of tephra detection analysis from the sections 4 and 5 of HB-1A core in the Hiroppara bog

Site  Sample Pumice/scoria Volcanic glass Heavy minerals  Depth of samples
Quantity Color Max. diameter (mm) Quantity Form Color

HB-1A core, Section 4
20 “**  pm (fb, sp), md cl, wh, p-gr  (opx) -2.675~-2.68 m
21 bl pm (fb, sp), md cl, wh, p-gr  (opx, am) -2.68~-2.69m
22 **  pm(fb, sp), md cl, wh, p-gr  (opx, cpx) -2.69~-2.725m
23 “* __pm (fb, sp), md cl, wh, p-gr  (opx, cpx) -2.725~-2.785m

HB-1A core, Section 5
2 “* pm (fb, sp), md cl, wh, p-gr  (opx, cpx, am) -2.975~-3.035m
3 =+ pm (fb, sp), md cl, wh, p-gr  (opx) -3.045~-3.095 m

****: Abundant, ***: Many, **: Middle, *: Rare. bw: Bubble-wall type, pm: Pumiceous type, md: Intermediate type. fb: Fibrous, sp: Spongy. wh: White,
cl: Colorless, p-gr: Pale gray. opx: Orthopyroxene, cpx: Clinopyroxene, am: Amphibole, bi: Biotite. ( ) of the heavy material means a small quantity.

®4.1-3 TI7IREDITHRER
Table 4.1-3. Result of tephra detection analysis from the upper part of TP-3 section of EA-2 at the Hiroppara site 11

Site Sample Pumice/scoria Volcanic glass Heavy minerals
Quantity Color Max. diameter (mm)  Quantity Form Color

EA-2 (sampled by T. Soda)
5 > md, pm (fb, sp), bw cl, wh, p-gr opX, CpX
7 > md, pm (fb, sp), bw cl, wh, p-gr opXx, ¢cpx, (am)
9 ** md, pm (fb, sp), bw cl, wh, p-gr, p-br  opx, cpx, (am)
11 > md, pm (fb, sp), bw cl, wh, p-gr, p-br  opx, cpx, (am)
13 * md, pm (fb, sp), bw cl, wh, p-gr opX, cpX, (am)
15 > md, pm (fb, sp), bw cl, wh, p-gr opX, CpX, am
16 el md, pm (fb, sp), bw cl, wh, p-gr opX, CpX, am

EA-2 (sampled by M. Hosono)
10 > md, pm (fb, sp), bw cl, wh, p-gr opX, cpx, (am)
12 * md, pm (fb, sp), bw cl, wh, p-gr, p-br  opx, cpx
14 * md, pm (fb, sp), bw cl, wh, p-gr, p-br  opx, cpx (am)
16 * md, pm (fb, sp), bw cl, wh, p-gr opX, CpX, (am)
18 > md, pm (fb, sp), bw cl, wh, p-gr, p-br  opx, cpx, (am)

****: Abundant, ***: Many, **: Middle, *: Rare. bw: Bubble-wall type, pm: Pumiceous type, md: Intermediate type. fb: Fibrous, sp:
Spongy. wh: White, cl: Colorless, p-gr: Pale gray, p-br: Pale brown. opx: Orthopyroxene, cpx: Clinopyroxene, am: Amphibole, bi:
Biotite. () of the heavy material means a small quantity.
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core, Sections 3 and 4 (depth 2-4m)
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the upper part of EA-2 section at the Hiroppara site 11

K 42-1 NUAZALEDER
Table 4.2-1. Volcanic glass assemblage from HB-3 core beside EA-2 at the Hiroppara site I1

Site  Sample bw(cl) bw(pb) bw(br) md pm(sp) pm(fb) Light minerals Heavy minerals Others Total Depth of samples
HB-3 core, Section 3 (-2~-3 m)

1 2 0 0 71 5 39 104 94 185 500 -2.00~-2.05m
3 0 0 0 98 2 22 108 132 138 500 -2.10~-2.15m
5 0 0 0 95 9 43 94 119 140 500 -2.20~-2.25m
7 1 0 0 114 2 40 106 104 133 500 -2.30~-2.35m
9 0 0 0 134 1 39 93 110 123 500 -240~-245m
11 0 0 0 118 6 39 118 108 M 500 -2.50~-2.55m
13 0 0 0 172 2 26 92 109 99 500 -2.60~-2.65m
15 0 0 0 170 3 40 97 98 92 500 -2.70~-2.75m
17 13 0 0 135 3 32 107 108 102 500 -2.80~-2.85m
19 1 0 0 177 3 20 119 55 125 500 -2.90~-2.95m
HB-3 core, Section 4 (-3~-4 m)
1 1 0 0 94 10 27 137 84 147 500 -3.00~-3.05 m
3 0 0 0 82 3 17 195 100 103 500 -3.10~-3.15m
5 0 0 0 95 4 25 188 90 98 500 -3.20~-3.25m
7 0 0 0 111 3 8 148 104 126 500 -3.30~-3.35m
9 1 0 0 118 5 25 169 79 103 500 -3.40~-3.45m
1 2 0 0 95 3 37 176 70 117 500 -3.50~-3.55m
13 0 0 0 98 5 35 171 65 126 500 -3.60~-3.65m
15 1 0 0 89 6 37 143 69 155 500 -3.70~-3.75m
17 1 0 0 93 7 49 165 50 135 500 -3.80~-3.85m
19 0 0 0 30 8 5 182 94 181 500 -3.90~-3.95 m

bw: Bubble-wall type, md: Intermediate type, pm: Pumiceous type. cl: Colorless, pb: Pale brown, br: Brown. sp: Spongy, fb: Fibrous. Numerals show
the number of grains.
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Table 4.2-2. Volcanic glass assemblage from HB-1A core in the Hiroppara bog

Site Sample bw(cl) bw(pb) bw(br) md pm(sp) pm(fb) Light minerals Heavy minerals Others Total Depth of samples
HB-1A core, Section 4
20 5 0 0 184 5 237 35 6 28 500 -2.675~-2.68 m
21 12 0 0 185 7 219 34 5 38 500 -2.68~-2.69 m
22 7 0 0 170 14 215 41 9 44 500 -2.69~-2.725 m
23 12 0 0 181 9 205 45 13 35 500 -2.725~-2.785m
HB-1A core Section 5
2 0 0 0 170 5 267 24 4 30 500 -2.975~-3.035m
3 0 0 0 157 10 201 46 6 80 500  -3.045~-3.095m

bw: Bubble-wall type, md: Intermediate type, pm: Pumiceous type. cl: Colorless, pb: Pale brown, br: Brown. sp: Spongy, fb: Fibrous. Numerals show

the number of grains.

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

Site  Sample bw(cl) bw(pb) bw(br) md pm(sp) pm(fb) Lightminerals Heavy minerals Others Total
EA-2 (upper TP-3) (sampled by T. Soda)
5 52 0 0 166 3 40 85 58 96 500
7 62 0 0 158 10 47 58 48 117 500
9 48 1 0 201 1 24 82 49 94 500
1 49 1 0 179 9 33 67 62 100 500
13 56 0 0o 171 3 40 73 61 96 500
15 52 0 0 181 8 28 57 59 115 500
16 51 0 0 228 4 36 66 58 57 500
EA-2 (upper TP-3) (sampled by M. Hosono), Sample numbers correspond to Sase and Hosono (2016) in this report.
10 34 0 0 191 2 52 68 55 98 500
12 51 1 0 171 13 53 70 44 97 500
14 58 1 0 183 4 30 76 50 98 500
16 49 0 0 198 7 37 79 40 90 500
18 37 0 0 225 6 39 90 54 49 500

bw: Bubble-wall type, md: Intermediate type, pm: Pumiceous type. cl: Colorless, pb: Pale brown, br: Brown. sp: Spongy, fb:

Fibrous. Numerals show the number of grains.
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Table 4.3. Result of refractive-index measurement for EA-2 at the Hiroppara site 11
Sample Volcanic glass Orthopyroxene Amphibole References
Refractive index (n)  Number  Refractive index (y)  Number Refractive index (n,)  Number
HB-3 core, Section 3, no.17 1.496-1.499 31 This study
HB-3 core, Section 4, no.7 1.710-1.717 30 This study
HB-3 core, Section 4, no.11 1.706-1.718 30 This study
(1.706) (1)
(1.710-1.718) (29)

HB-3-4 core (-3~-4 m), no.17 1.497-1.504 37 This study

(1.497-1.499) (27)

(1.501-1.504) (10)
EA-2 (upper TP-3) (sampling by Soda) , no.11 1.498-1.513 31 This study

(1.498-1.501) (28)

(1.506-1.513) (3)
EA-2 (upper TP-3) (sampling by Hosono), no.16  1.497-1.510 37 This study

(1.497-1.503) (35)

(1.509-1.510) (2)
Main key tephras in Nagano Pref. and
western Gunma Pref. during Late
Pleistocene and Middle Holocene
KA 7 I (Kg, ca.3.1ka) 1.493-1.503 1.704-1.709 1.669-1.685 1)
%MD (As-D) 1.513-1.516 1.706-1.708 1)
WEKEYI (My-Ot, ca. 4.5 ka) 1.497-1.499 1)
EERIRAEA (KS-Ku) unpublished 1.711-1.715 2)
EERE (As-Kn) unpublished 1.706-1.708 2)
WEKRE (My-A, ca. 7-7.2 ka) 1.496-1.498 1.713-1.717 1.679-1.695 1)

1.497-1.501 4)
RFET ARV (K-Ah, ca. 7.3 ka) 1.506-1.513 1)
SRFEIRER (As-Fo) unpublished 1.706-1.710 2)
X1 (As-S)) 1.501-1.518 1.706-1.711 3)
EREIRZES (As-YP, ca. 15-16.5 ka) 1.501-1.505 1.707-1.712 1)
SREARER2 (As-Ok2) 1.502-1.504 1.704-1.709 1)
ERRSEE () (As-BP Group)  Upper  1.515-1.520 1.707-1.714 1)

Middle  1.508-1.511 1.700-1.709 1)
Lower  1.505-1.515 1.710-1.725 1)

&R Tn (AT, ca. 28-30 ka) 1.499-1.500 1)
N7 &4 (Yt-Pm) 1.699-1.704 1)
HEEHE (On-Ys) 1.710-1.714 1)
KILES (DKP, ca. >55 ka) 1.702-1.707 1.675-1.680 1)
HE=& (On-Mt) 1.703-1.706 1)
fHEF A (On-Sn) 1.703-1.712 1.686-1.693 1)
fHERE (On-Tt, ca. >50 ka) 1.712-1.716 1.684-1.696 1)
&)1l (On-Ng) 1.503-1.508 1.715-1.720 1.680-1.687 1)
%R 4 (Aso-4, ca. 85-90 ka) 1.506-1.510 1)
&R ET (On-Kt) 1.503-1.505 1.711-1.718 1.676-1.685 1)
RABR (K-Tz, ca. 95 ka) 1.497-1.503 1)
&5 1 (On-Pm1, ca. 100 ka) 1.501-1.503 1.706-1.711 1.681-1.690 1)

1): Machida and Arai (1992, 2003, 2011), 2): Soda (1996), 3): Soda (unpublished),
method (Danhara, 1993). 1) and 2) used the immersion method (Arai, 1972,1993).
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4): Takemoto and Okumura (2012). This study and 3) used the thermal immersion
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Table 5.1. Result of tephra detection analysis

Site  Sample Pumice/scoria Volcanic glass Heavy minerals  Depth of samples
Quantity Color Max. diameter (mm)  Quantity Form Color
HB-3-2 core, Section 2 (-1~-2 m)
3 md, pm(fb, sp)>bw  cl, wh, p-gr opX, cpx, (am) -1.10~-1.15m
5 md, pm(fb, sp)>bw  cl, wh, p-gr opX, cpx, (am) -1.20~-1.25m
7 md, pm(fb, sp)>bw  cl, wh, p-gr opX, cpx, (am) -1.30~-1.35m
9 * md, pm(fb, sp), bw  cl, wh, p-gr opX, CpX -1.40~-1.45m
1" e bw, md, pm(fb, sp) cl, wh, p-gr opX, CpX -1.50~-1.55m
13 b bw, md, pm(fb, sp) cl, wh, p-gr OpX, CpX -1.60~-1.65m
15 b bw, md, pm (fb, sp) cl, wh, p-gr opX, cpx, (am) -1.70~-1.75m
16 b bw, md, pm(fb, sp) cl, wh, p-gr opX, CpX -1.75~-1.80m
17 b bw, md, pm(fb, sp) cl, wh, p-gr opX, CpX -1.80~-1.85m
18 > md, bw, pm(fb, sp) cl, wh, p-gr opx, cpx, (am) -1.85~-1.90m
19 * md, bw, pm(fb, sp) cl, wh, p-gr opx, cpx, (am) -1.90~-1.95m
****: Abundant, ***: Many, **: Middle, *: Rare. Bw: Bubble-wall type, pm: Pumiceous type, md: Intermediate type. fb: Fibrous, sp: Spongy. cl: Colorless, wh: White, p

gr: Pale gray. opx: Orthopyroxene, cpx: Clinopyroxene, am: Amphibole, bi: Biotite. ( ) of the heavy material means a small quantity.
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Fig. 5.1. Diagram showing ratio of volcanic glass from HB-
3 core, Section 2 (depth 1-2 m)
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Table 5.2. Volcanic glass assemblage of HB-3 core, Section 2

Site Sample  bw(cl) bw(pb) bw(br) md pm(sp) pm(fb) Light minerals Heavy minerals Others Total  Depth of samples
HB-3, Section 2

3 29 0 0 126 10 32 66 89 148 500 -1.10~-1.15m
5 31 0 0 85 1 18 65 116 184 500 -1.20~-1.25m
7 52 0 0 91 2 17 77 94 167 500 -1.30~-1.35m
9 90 0 0 76 1 37 76 54 166 500 -1.40~-1.45m
1 110 0 0 81 2 47 72 46 142 500 -1.50~-1.55m
13 121 0 0 78 3 61 55 55 127 500 -1.60~-1.65m
15 128 0 0 100 2 42 56 54 118 500 -1.70~-1.75m
16 131 0 0 89 1 42 53 55 129 500 -1.75~-1.80m
17 131 0 0 95 3 50 50 50 121 500 -1.80~-1.85m
18 66 0 0 89 1 42 54 54 129 500 -1.85~-1.90m
19 69 0 0 93 0 45 83 94 116 500 -1.90~-1.95m

bw: Bubble-wall type, md: Intermediate type, pm: Pumiceous type. cl: Colorless, pb: Pale brown, br: Brown. sp: Spongy, fb: Fibrous. Numerals show the
number of grains.
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Table 5.3. Result of refractive-index measurement for HB-3 core, Section 2

Sample Volcanic glass Orthopyroxene Amphibole References
Refractive index (n)  Number _ Refractive index (y)  Number Refractive index (n,)  Number
HB-3 core, Section 2,n0.17 1.498-1.501 31 This study

Main key tephras in Nagano Pref. and
western Gunma Pref. during Late
Pleistocene and Middle Holocene

KA T TF (Kg, ca. 3.1 ka) 1.493-1.503 1.704-1.709 1.669-1.685 1)
%D (As-D) 1.513-1.516 1.706-1.708 1)
WEAMYII (My-Ot, ca. 4.5 ka) 1.497-1.499 1)
ERAREE (KS-Ku) unpublished 1.711-1.715 2)
EEARE (As-Kn) unpublished 1.706-1.708 2)
WERE (My-A, ca. 7-7.2 ka) 1.496-1.498 1.713-1.717 1.679-1.695 1)
1.497-1.501 4)

BFRT NRY (K-Ah, ca. 7.3 ka) 1.506-1.513 1)
SRR (As-Fo) unpublished 1.706-1.710 2)
KR (As-Sj) 1.501-1.518 1.706-1.711 3)
EHEIRBEE (As-YP, ca. 15-16.5 ka) 1.501-1.505 1.707-1.712 1)
EEAER 2 (As-Ok2) 1.502-1.504 1.704-1.709 1)
AEIREBE (Bf) (As-BP Group)  Upper 1.515-1.520 1.707-1.714 1)
Middle 1.508-1.511 1.700-1.709 1)

Lower 1.505-1.515 1.710-1.725 1)

BB Tn (AT, ca. 28-30 ka) 1.499-1.500 1)
N7 &4 (Yt-Pm4) 1.699-1.704 1)
HEERE (On-Ys) 1.710-1.714 1)
KILES (DKP, ca. >55 ka) 1.702-1.707 1.675-1.680 1)
HE=E (On-Mt) 1.703-1.706 1)
HEETF A (On-Sn) 1.703-1.712 1.686-1.693 1)
HERE (On-Tt, ca. >50 ka) 1.712-1.716 1.684-1.696 1)
#ES)I| (On-Ng) 1.503-1.508 1.715-1.720 1.680-1.687 1)
FI% 4 (Aso-4, ca. 85-90 ka) 1.506-1.510 1)
TEESRET (On-Kt) 1.503-1.505 1.711-1.718 1.676-1.685 1)
RABIR (K-Tz, ca. 95 ka) 1.497-1.503 1)
&5 1 (On-Pm1, ca. 100 ka) 1.501-1.503 1.706-1.711 1.681-1.690 1)

1): Machida and Arai (1992, 2003, 2011), 2): Soda (1996), 3): Soda (unpublished), 4): Takemoto and Okumura (2012).This study and 3) used the thermal immersion
method (Danhara, 1993). 1) and 2) used the immersion method (Arai, 1972,1993).
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Excavations at the Hiroppara sites I and II

Kazutaka Shimada ', Jun Hashizume >, Susumu Aida >, Yoshikatsu Nakamura >

Tsutomu Soda °, Yoshimitsu Suda *, Minoru Oyokawa °, and Miho Tsuchiya ’

The Hiroppara sites I and II 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 prehistoric sites are known at present, and
excavations have been carried out in 2011 through to 2013
at site I (EA-1) and site II (EA-2). The overall goals of
our current investigations are twofold: firstly, we aim to
reconstruct intermittent land use patterns; and secondly,
we are interested in the obsidian procurement activities of
humans in the context of palacoenvironmenal 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 techniques on sediment

samples from the bog.

1. Hiroppara site 1

The site is located 1,411.5 masl south of the Hiroppara
small hill with an easy slope, which extends into the
Hiroppara bog. Hiroppara site I (EA-1=excavation area
1, TP-2=test pit 2) revealed a concentration of pottery
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 site are bifacial points, margin
retouched points, and blade cores. This assemblage is
tentatively belonged to ca. 25,000 to 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
sediments. Obsidian raw materials were found at Layer 6,
deposited before the AT ash fall, but it still unclear which
time period exactly they belong to, because of the lack of
diagnostic tool types.

The sediments of the site consist of eight Layers, i.e.
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 horizons were found in Layer 7. Artifact
concentrations of Jomon industries were present in the Layer
2a; lastly, the Upper Palaeolithic point industry originated at
Layer 3.

1.1. Artifact assemblages by layers:

Making a clear distinction between Palaeolithic and
Jomon particularly on flakes and a few artifacts is somewhat
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
pieces, 1.7g.), pieces esquillées (8 pieces, 27g.), bifacial
points (7 pieces, 84.1g.), retouched flake (1 piece, 5.0g.),
flakes (272 pieces, 1,002.6g.), graver (1 piece, 5.8g.), cores
(17 pieces, 493.4g.), pounding stone (1 piece, 42.7g.), ground
stone tools (2 pieces, 525.9g.), obsidian raw materials (23
pieces, 324.2g.), and pottery fragments (26 pieces, 338.7g).
The abovementioned assemblage has 361 artifacts in total,
and 2,857.9gram of weight. Additionally, 1 piece of charcoal
and rubbles (4 pieces, 8,028.2g.) were also found.

Layer 3: The total number of artifacts is 311. The following
artifacts were excavated: piéces esquillées (2 pieces, 3.9g.),
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 pieces, 179.8grams;
scaled pieces/ piece esquillée (1 piece, 0.8g.), margin
retouched point (1 piece, 3.9g.), retouched flake (1 piece,
12.9g.), flakes (36 pieces, 122.8g.), cores (2 pieces, 21.4g.),
obsidian raw material (1 piece, 10.1g.).

Layer 6: The total artifact assemblage consists of 10
pieces (108.5 grams): flakes (8 pieces, 101.3g.), obsidian raw
materials (2 pieces, 7.2g.). The grand total of artifacts from
Layers 2, 3, 4 and 6 is 730 and 156,648.9 grams.

1 Meiji University Museum

2 Center for Obsidian and Lithic Studies, Meiji University

3 Institute of Tephrochronology for Nature and History Co., Ltd.
4 Department of Geology, Nagasaki University

5 Department of Socio-Cultural Studies, Faculty of Law and Literature, Shimane University

* Corresponding author: Kazutaka Shimada (moirai3sis2@gmail.com)



1.2. Characters of Jomon and Upper Palaeolithic
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 Palaeolithic industry leads us to the same inference
of short-term occupation for the Hiroppara site 1. Biface
thinning flakes have been excavated, but have not been
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

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

The stratigraphy of soil layers is as follows: surface soil,
Layers 2a, 2b, 3, 4a, 4b, 5, 6, 7, 8, 9, and 10. In total it is 3 m
from the topsoil to the bottom of Layer 10. AT volcanic ash
has found in the sediments, and volcanic glass peak of the AT
was detected at the lower part of Layer 4a. Only one wooden
charcoal was found in the Layer 4b, and a measurement
result shows 26,550+90 yrBP (31,020-30,625 cal BP).

2.1. Jomon industries:

The horizons both of the early and the late 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 pieces, 663 g.), cores (33 pieces,
663 g.), obsidian pebbles (30 pieces from Layers 2a and 2b,
264.6 g), a stemmed point (1 piece, surface collection, 2.1
g.), arrowheads (14 pieces, 10.9 g.), drills (2 pieces, 3.4 g.),
picces esquillées (21 pieces, 90.8 g.), side scrapers (2 pieces,
11.7 g.), a chopping tool (1 piece, 747.9 g.), ground stone
tools (2 pieces, 1,255.1 g), retouched flakes (14 pieces, 152.2
g), 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 (14,674.8 g).
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The Jomon assemblage indicates that the Hiroppara site I1
functioned as a 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.

2.2. Upper Palaeolithic industries:

Natural post-depositional processes have disturbed the
Palaeolithic strata distributing the artifacts vertically from
Layer 4b to Layer 2a; the original horizons of the Palaeolithic
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 Palaeolithic industry of the Hiroppara site Il can
be securely dated to early phase of the Upper Palaeolithic, i.e.
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, 327.6 g), an edge-
ground stone axe (1 piece, 110.3 g), trapezoids (6 pieces, 20.9
g), knife-shaped tools (4 pieces, 13.7 g), notches (9 pieces,
283.3 g), side scrapers (3 pieces, 60.2 g), retouched flakes (59
pieces, 1,134 g), a graver (1 piece, 3.2 g), a ground stone tool
(1 piece, 286.1 g), and pebbles (27 pieces, 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 Palaeolithic.

Obsidian clusters (Cluster 1 and 2) have revealed many
concentrations of large flakes and cores, and one of the
largest flakes from Cluster 1 that weighed 1,963.7 grams. It
should be suggested that the Palaeolithic people had taken
many obsidian raw materials, maximum up to ca. 2,000 g,
to the Hiroppara site II and carried out the initial 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 Il seems to have
also functioned as a campsite in addition to its function as an
obsidian acquisition and production locus.

(Akira Ono)
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7@ MM WD-XRF Z 7 @m0 s, Lo I cCRIBGHOSMEZ M T 201 L Tws, C
2T, ERSHTIC K D TR 2V — 71 S L RERR E FlV CEME TR FhE L 22, R E A (1997) R
SNTOIEHRIKIZ ey b 32 L, @RI TRE N 12 FEOICENR IV — 7 3EEDIICL->TH, BB X
IR TH S LB E B o, 6, ERINEIT- 7 40 RO BIEHBARIC OV THEEIHT 21T 5 72,
FER, EERAPHGR L DML 5, ZOTFEIC X 2 0 FEROBEEIZN 85% Th % L AfEHD 6N, o OfHEEZ R
F Z2, INEEE 5 1o 689 52 n» T RIBGEAROEEIT2EML, 414 15 (60%) 122V TE, %A 5D
DRI N =TT 22 EDTER, 2D 275 £ (40%) ICOWTIEDFRERE2EL 2 L3 CE ok, 2
ZHYH (1997) TRI TS EEIHREEICE D 2 FEH I, B - ik o> B e (rhi et - #h
S - R - KR - I DEPEMERFET 20 fEo b DTH B, ko T, FyIEHISNICE T B HlD 70 TR
FRPEMZRE T 5 7% 618, 2 OHUIR O B PEHNC R L U 22 BRI & 0 JERARICIE-D  J EEHE AT 2 S0 L C v
CTEVEEND.

F—v— 8 OREOERE, RIEORSE, JFREARNT, S06 XHOiTRGE, IREUEEME, 5% I
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Lo TLEDEERLEZRY, 2oz T —FX—
26T %, REICAGDOTHE L 7T —% ~—2{LL

i Ic i bR WIEAER 2R L L, 2 DR
IS N MR A d D FERLTH 2 LT L TWw <,
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FRE DI, AmAMICE>L L2 ERMMH L thaic
DL THIBRBIEE O S 2B 2 & 0 BB &g o 75k
WD ACEINOOH B (FIAIF, WA,
2009 ; BH, 2015). 2D k9 RHFREICE VT, fith
FMOERBISCH 5 TEPEH ) O BRI P BREIH
HRIZED X I b DTH - 7o &\ ) FEEEEHIZ
JEHICHEETH 3.

JRJEERRE NS, SRR R M S A S % S SRR AR
D TH 5 (BHIZD, 2016), J I TEML LY &
T % BIEORAE O FEMANT X, EERS > 7 a iy
KB rETH 20BN EVI I EEHNET 20T
%<, HARINICE 7 IEHIRN O & 2 otthE o> & RIS
nrmittd v TEPEMOHLT ) % a8 R b RE
LTwl, 2LT, 2011 4E2 5 2014 SEDFHEIC B>
THER S N BRIRAFEH O 7 — % R— 2% v, %
TWRIT WO AOE X # oy brikiE (WD-XRF) 12X % H
D ERHRGHE (W) (T HD o 7 502 g At
FEEBRICOVTHEL, ZofiRziExLT
I ROV X — O X M r#iE (ED-XRF) 12 &
2 EMEIIHTRE S GEREED:) (1CHD 72 R FE LR HT O
AR ERERICOWTHRET 5.

2. W BOREEE X BOTHTEEREIC K 2 T

2-1 sERIPTICIED> O SRR O Tk

ZITE ) ERSMEEZ, WE L AR
N2ILEDEHHEEZ wt.% ° ppm TR LAED Z LT
b3, ZoOEESWHEE T, FEMNT % EiE T
28, £ 3EEMOBEZ 2 OERIHTHICHED
THET 5, Thbb, BEOHBNTHEML 20k
M zR->boMEtz0EFEdiclL, A B, C D
R ED TN — 712455 (chemical group) § %,

—77, B S ML L BIEGEARD 6 b ERS
ritiz sk, Z OMEHEEMREIT 7V — 731 L7
A~DDENIHNS T LDh, ZREdbThno s
N=TI MY LR bDTHE0EMITT 5. Rk
iz, Bz I EER0NEL» S H 208N A DT IV—T
WA 2 b o LIS U, ZoasidX ET
A DSFEM T 2 MR & PR & 372 L v ) iR A
Y.

I T o 7o BRI D b o L BHED b
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ODVEEND. FHMED b D3 AN FHELOFED
BEAERVDLD LTINS DY, BHED S DT
B b & D 7 NI HELOEE 221 T 5 R
Bh5, Thbb, RHEREEOM N ZREL T
W ICE TR, bk & B & Tl TR
ELTOMEREM, WRECELS, 2D, ARON
FEHUAENT 12 B o T & B O SRR O MR % [H U
Xk &, BEFNICE KO M L F P & &
R H 2 JHFEMZFE LU L~V TfoTL % 9 nEEMED
H5,

z 2, TEMPEoRENE, FHIPEO BN T 3
EzAEMEE L, ZNEWGLEL ) A TERDIHTEIC
X 2 ICEMBRICHE DO T 2OV — 7B R M o SR
BEMICERT L L E L, £, Bt
JEPEH X D b FUH PSR 5 23 E L & U C D REFENE
PE, 608, MU EEOBE O FEH T b
%A T R O J7 HIHESFE M O o R pEHL & L CERA
TrZEELE (K1),

2-2  JEpEHbEURt O E BT T

BRI O E R OITEZ R 1 IR, Ei
IHTIEWIAREBRO T v ¥ — i O 3R o3
A X Mo hr%éiE (Rigaku Primusll+) % v € 92
L7z, WHEEREH - 1&E (2015) cftvs, JEARRE
Z4rHEl, Ko bR LIRS G b, BRI
ZHGTHT 7 A8 — UL TEMiL 7.

BONHEIC X 2 I0EMRIC D W 2L — T3
ZHMET 272012, R O E BT iE%E Sr &
BHRIINT 2K ILEOEH RO HUZ T HATKIC 7
gy kL7, Z0OfER, Bt oBEHI It I X
D KEL 11 DY) —7 (chemical group) 1247 &
NHIEDRRINT, 22T, ITNSTNV—TDIuHE
K Z =2 D TRT oIz, Sr & Sricxf LIEDHHR
2T T L Zr OEGEHRFREZRIC, —7SricaLAad
%7233 Rb, Y, Nb, Th ®&H K% MR L 7
R Z R L 72 (K 2),

L, InonFoaAEezoEE S ny b
LT, AR EDEADPILEICI > TRELRY
%, BIZ 890 L 72ilkith @ Rb @ & A 1% 140 ~
338ppm (2% L Th Tl 7.7 ~ 31.6ppm T&H b, fH/h
fitine &AM E TCOZEMDEIEE Th DFBRKECDHD
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Fig. 1. Map showing geochemical distribution of obsidian sources in Kirigamine, central Japan
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Rb_+ Y, +Nb_+Th,

X primal source
A secondary source

+ chemical group

TS

TiN + ZrN + SrN

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

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

J5 PEHLERL D B R HHE I 2L — 7 2 L IRt %
BHL, 20628 ME[E Lk, Zhs ofiz X
FRiemg e, wiFho 27— 76 BN 05 B EL g
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M 212815 Z20EFND 7N —7OREES O (K
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Table 1. GPS coordinates and results of WD-XRF analysis of obsidian from primary and secondary sources

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

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

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

205



