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i Ny (BP) Ly (£-F)
B Na 6 - - T.C 1.499-1.503 (1.501-1.503) | * 1
Na 22 - Ha,Hb (br) 1.510-1.512 * |
No 49 BHH - af Ho,Bi - T.C 1.521-1.524 (1.521-1.523) | * |
56-54,51,50,48-27 - - Ha,Hb 1.497-1.501 (1.498-1.500) | * 1
BH - - - -
Pl1Na 18 & H - Ho.Opx 19,600-20,400 T 1.501-1.504 (1.502-1.504) | * 2
P11 Na 10 AR 21,500-23,600 Ha,Hb>C,T 1.499-1.502 (1.500-1.501) | * 2
PN 1o - - - - -
Nat - - HaHb (br) 1.508-1.512 (1.509-1.511) | * 1
Na 3,4,8,9,total - - Ha 1.498-1.501 * 1
FEEH BB7 - - CT 1.499-1.504 *3
B5-3 (U) #7 A - Opx,Cpx - A (br) 1.509-1.513 (1.509-1.512) | * 4,5
BB23 BEHA - B.C 1.520-1.524 (1.502-1.504) | * 4.5
BBS5I #&8H - Ho,Opx - c 1.501-1.505 * 4,5
BB55 #5 Z'H - Opx,Cpx,Ho - A>B 1.499-1.502 (1.500-1.501) | * 4,5
R T . - - - -
K-Ah 77 A - Opx,Cpx 6,300 bw>pm (br) 1.508-1.514 (1.501) *6
U-Oki BEH - af,Bi,Ho 9,300 pm 1.517-1.524 *7
Kk =% %8 - Ho,Opx.Bi 20,000 - - *38
AT # 5 XK - Opx,Cpx,Ho 21,000-22,000 bw>pm 1.498-1.501 (1.500) *9
(24,720) * 10

af D 7Y RE. Opx | fFHEE, Cpx | BEHER. Ho: APIA. Bi: BER, bw: N7 N o+ —LE, pm: &
B br BFETS A

* 10 PR - IR (1988). * 2 ATH - MEB(1987). % 3 | YOSHIKAWA (1981). * 4 : #E11(1973). * 5 : &4l
(1986). * 6 : BTEH - #3F(1978), * 7 @ #H3F134(1981), * 8 : WIH - HH(1979). * 9 : HTH - H#(1976).
*10 ; AIF A (1987)
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K6IWRTEBYTH B,
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£7 KUKOERZHOWE (FNEH» (1986) - FEH, (1991) (20 & —#NE)

Mineral Glass Heavy mineral Refractive index
Locality Sample No composition (%) Shape (%) Refractive index composition {%) of
Gl Rf I QHm| H C T O Am Op Cp Bi Zr ApOpq orthopyroxene (y )
BB 7 volcanic ash-horizon
Lake Biwa BTI| 93 + 5 1 1| 2 39 50 9|1.497-1.503 (1.499-1502) | 29 32 4 8 0 3 24 2)
Matsukawado 90 4 2 4f 11 56 33 1.499-1.504 (1.501-1.502) | 38 26 9 10 0 1 16 3)
Tenpozan osu| O O O o0 O 1.499-1.503 (1.501-1.502) | S3 32 0 0 0 2 13 1)
Lake Biwa BB7| O O © O 1.499-1.504 o O O 1)
Yoko-oji volcanic ash
Lake Biwa BT3[ 99 + 1 0 +| 71 24 S 015081515 (1.510-1.513) | + 37 24 0 0 4 35 2)
Takasu-cho ol © o 1.500-1.515 (1.509-1.512) | 11 30 13 0 1 4 42 1)
Heizaemon-cho 02097 - 2 0 1| 7423 2 1]15091516 (1511-0512) 7 25 10 12 0 0 47 1.705-1.715 (1.706-1.712) | 1)
Samondogawa 03| 97 2 0 1| 5245 3 0]1510-1.515 {1.512) 335 24 1 0 0 3717041712 (1.707-1.710) | 1)
Tenpozan os5M| 98 2 0 07723 0 0]1.510-1.514 (1.512) 8 46 24 2 0 2 19| 1.699-1.717 (1.706-1.710) | 1)
Tsuruhamadori o © (o] 1.509-1.515 0 00 O 1)
Nanko osu| © o 1.509-1.515 (1.510-1.512) | 36 21 & 0 0 4 31 1)
Fukano olu| © [¢] 1.510-1.514 C 00 O N
Kitoragagawa o13uf{ 97 2 0 1|8 13 2 0f1.509-1.515 (1L511-1.512) | 4 41 22 0 0 3 31 [L705-L711 1)
Kitoragagawa ol3uUM| 97 2 0 1|79 18 3 0]L510-1.514 (1.512) S 43 23 0 0 5 2417041718 (1.705-1.700) | 1)
Yoko-oji KS| 95 4 0 1|75 23 2 0]4509-1515 (1511-1.512) 1 17 37 20 1 15 17| 1700-1.716 (1.704-1.710) | 1)
Jyurokusen N3| 98 2 0 0| 74 26 0 0]1510-1.515 (1.512) 9 50 10 0 0 0 31| 1702-0.717 (1.708-1.711) | 1)
Lake Biwa BBIS| 99 I 0 +| 78 20 2 0]1.510-L.515 (L511) 2 .32 20 0 0 1 45 1)
Minato volcanic ash
Lake Biwa BT4| 82 2 15 | +[ + 20 80 0]1519-1.525 18 + 7.5 010 13 2)
Tenpozan osL| © O O 0 1.520-1.524 21020 9 4 0 9 38 [}l
Minato bridge o6( 53 34 7 5| 126 72 0]1.521-1.526 (1522-1523) | 19 4 3 24 4 2 43 1)
Nanko osL| O O [Of < 1.519-1.525 o O @) 1)
Lake Biwa BB23| 68 24 4 4| 2 32 65 2[1.521-1.525 (1.522) 19 0 853 1 910 1)
Sakate volcanic ash
Lake Biwa BT6| 58 9 23 2 8| 2 38 39 21| 1.498-1.501 (1.498-1.500) | 75 © 0 t6 0 + 8 2)
Fukano oiomM| O O O (O ¢] 1.499-1.504 9% 0 0 0 0 3 7 1)
Sakate N4U| 12 4 9 98| 2 49 36 4| 1.498-1.503 (1.500) 9% 0 0 1 0 0 2 1)
Lake Biwa BB37| © [e) o o 0 1.498-1.501 (1.499-1.500) | 82 0 6 2 0 11 15 1)
Kitoragawa volcanic ash
Lake Biwa BT7| 499 7 33 + 11| 0 30 63 7|1501-1.506 (1.502-1.504) | 69 14 0 6 0 3 8 2)
Lake Biwa BB51| O @] O O 1.501-1.504 (1.503-1.504) | 69 14 0 14 0 3 4) 5)
Lake Biwa BT9| 20 -33 38 | 8| 0 24 67 9 [1.502-1.506 (1.503-1.505) | 59 27 0 6 O 0 8 2)
Kitoragagawa OI3M| 44 37 02 17| 18 30 42 12| 1.500-1.504 (1.502-1.504) | 66 20 O 2 0 2 10| 1.704-1.710 (1.705-1.708) | 1)
Mizorogaike K2aU| 45 S1 0 4] 67 29 3 0 1.498-1.504 S8 19 1 4 0 1 171.700-1.710 (1.704-1.708) | 1)
. T:1501-1.504 (1.503)
Wakatsuki N2u| 25 S3 03 19| | 48 48 2'1.502-1.504 (1.503) 65 23 0 1 0 0 I1[1703-1.708 (1.704-1.707) | 1)
Sakate NaM| 50 31 18| 3 30 60 7| 1.502-1.508 (1.503) 56 30 0 3 0 1 10[1.700-1.709 (1.704-1.707) | 1)
Serikawa Ssu| 10 70 4 16| It 36 51 2 1.502-1.503 (1.503) 6129 0 1 0 2 8]1701-1.708 (1.705-1.707) | 1)
Minosho-cho G2| 42 40 0 18| 2 32 54 12|1500-1.504 (1.503) 60 35 0 0 1 1 4 6)
Heianjingu volcanic ash
Lake Biwa BTIOf 95 © 2 + +| 63 34 3 014981501 (1.499-1.500) | 10 44 11 0 0 3 32 2)
Takasu-cho oi| O ] 1.499-1.501 48 4 2 0 0 I 4 1)
Nakajima-bridge 04| 99 1 0 0f 65 31 4 0]1498-1501 (1.500) 27 38 3 3 0 0 29|1.700-1.734 1
Fukano oloL| © O o O 1.498-1.502 (1.500) 47 44 1 0 1 0 7 1
Daizoji o12| 8 17 2 1| 66 30 4 0[1.497-1.500 (1.500) 50 14 3 3 2 0 27|1.705-1.736 1)
Kitoragagawa oIL| 97 2 0 1|56 38 6 0] 1499-1.502 (1.500) 2943 5 0 1 0 22|1.704-1.735 1)
Ohara Ki| 97 3 0 O 71 28 1 0] 1.498-1.501 (1.500) 1147 13 0 0 0 28)1.702-1.734 1)
Mizorogaike K2aM| 97 30 0f 65 32 3 014981501 (1.500) 24 53 4 0 0 0 19]1.698-1.734 1)
Matsuo K3| 97 2 0 t[ 742 1 0]14981501 (1.500) 12 46 13 1 0 0 28]1.705-1.734 1
Heianjingu K4l 98 0 2 0 +| 74 22 3 || 1.498-1.501 (1.500) 12 54 17 1 0 0 15]1.704-1.737 1)
Wakatsuki N2L| 97 2 0 1| 64 33 3 0]1.499-1.501 (1.500) 32 49 2 1 1 0 16]1.703-1.735 M)
Sakate N4L| 96 30 1|69 26 5 0}1.499-1.501 (1.500) 10 66 2 1 0 0 19]1.703-1.735 1
Nanmatsu N6| 98 2 0 1] 60 37 3 0]1.499%-1.501 (1.500) 205 9 1 0 0 ilf1.702-1.738 )]
Mano SI| 96 2.0 27 29 0 0f1.49-1.501 {1.500) 20 49 9 0 1 1 22|1.705-1.735 1)
Lake Biwa BBSS| 97 0 2 0 1| 67 31 2 0]1498-1.501 (1.500) 45 23 1L 9 0 1 22| 1.704-1.733 1
Kozuhata s3| 98 2 0 0| 57 34 7 2|1498-1.50t (1.500) 24 44 12 5 |0 13| 1.704-1.736 1)
Serikawa SsL| 97 30 0| 65 26 7 2]1.498-1.501 (1.500) 13 62 13 0 1 0 10 1.702-1.734 1)
Minosho-cho G9| 92 6 0 2| 58 33 9 114981502 (1.500) 24 51 6 0 2 216 i 6)

HLA AR Gl: %5 A, Fl.RA. Qz. A%, Hm : EEY

(5 ADFAK H.RBFR., CHmEE., T: ZHLEE. O 20foE

EEAR  Am AR, Op . fAHEA, Cp: BHHER, Bi: BER. Zr: YV, Ap BIKHE. Opq:
REBEY

BIFEMO( )PTE—-FMEERT. O:%w, O 4iw

1) D FNHEA(1986). 2) @ HNNFA(1991). 3) : FiIA(1990). 4) @ #1l(1973). 5) : #%1L(1986). 6) :
#1(1988) 12 &ED <
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9zbs zo-8gr| €0z101| €1-n €1/TI9N i | vongg b €0Z101| €1-n €IZ1ON Yix| ziores bs £0Z101 £1/ZION MiE| ovvE"
9zbs zo-gar| g0zid1| 8-n £ITION k| ossad b €0zI>1| €1-n SITION Yok| sseas bs £02121 £1zIoN Mkl cevad
97bs zo-gdr| €0z1d1| 8-n £UTION M| c8s bg €0zID1| €1-n SITION k| vReas bs £02101 £IZION okl ceved
9zbs zo-gdr| €0zIdT| €1-n £ITION Ypk| 1988 bg €zId1| €1-n SITION k| 8688 bs £02101 €1/7219N k| zzvam
9zbs zo-a8r| €0z1>T| 8N E1/ZION Yik| oscas bg €0Z121| €1-n SITION M| 18688 bs €02101 €1/219N yix| ervag
9zbs z0-8dr| €0TIDT| 8-N €UTION Ytk | 8ssas bg €0ZID1| €1-n £1/ZION Y| ossas bs €011 €1/219N yix| sivEd
bg €02ID1| €1-n £I/Z10N Uk | eea8 bg €07101 £1/219N Y| c1vmm
9zbs 10-89r| €0t L-n €IZION Yik| eeas bg €011 €1-n €1/ZION Y| see8s bs €07101 €1/ZION Hik| sias
92bs 0-adr| €0zid1| 8-n €IION Yik| eues bg €oz1d1| €10 €1/TION Y| evess bs €07101 €I/TION Hek| €188
9zbs 1o-gdr| €0zZIT{ €£1-n CIRION Y| 9cas bg €©u| €1-n €UTION M| ozess bs €02101 €1/ZION Hik| zivad
9zbs o-gdr| €0zi>1{ 8-n €ILION Mig| sezad bg x| €1-n €I/TION Hig| stedd bs €021 £1/Z10N HiE| 1vae
bs €0zid1| €10 €I/ZION Lok ezegd bs £€02121 €1/TION Yik| orvEm
bs £€02101 n €IZ1ION Yk | eLitag vbs €zIo1| €10 €1/TION k| czead bs £€02197 E1/Z19N Yik| covam
bs £0z101 n €1/Z10N Y| seliag €2bs €0zID1| £1n £1/Z1ON k| ozemd bs £02107 €1/ZION Ypk| ocedm
bs £0T1071 n CITION Y| 1zvad bg €011 €1-n £IZION HiE| 6lead bs €021 CI/ZION Yuk| eotaa
bs €0z107| €10 £I/ZION Yik| sleag bs €071 E€1/2I9N k| crean
bs €T} vZ-N SQZION Y| vscaa bg €U €1-n €I/TION Mik| cieas bg €0Z101 €1/TION Yik| oveaa
by €0TID1| €1-n €UZION M| viegs bg d e ] €I/TION Hik| oread
bs €0zID1 €2 SAZION k| €szag bs €0TIOT| €1-0 E1/ZION yik| oses v7bs £02(01 £1/TION k| eceam
bs €0zID1| €10 €1/Z1DN Aik| soas bg €02127 SQZION Y| ostad
bg €071 oz-n €I/TION M| Lenigg bg €0ZIDT| €1-n €1/Z1ON Ykl g bg €010 S4ZION Hik| sezad
bs €zIo1| €10 €1/ZION Y| voLag bg €021 SQZION Y| c8zam
€zbs €0z 61-n SQZION M| 1sz8g bg €710 €10 £I/TION YpE| eoam £zbs £02191 SAZION Hik| 9szed
9zbs €z1o1| €10 £1/ZIDN Y| oseas bs €071 SAZION Hik| Lized
bs f0zi>1| si-n SazION Hik| oszag bs €zId1| €10 £1/TION HpE| sseaa bs €071 SAZION Y| cteas
bs €0zId1| €10 £1/Z1ON HE| Lseam bg £07101 SAZION Yik| voras
bs €211 st-n £1/Z1ON yix| 1ccag bs €ozId1| €10 £1/ZION Y| cias bg €02101 SAZION Yik| eozas
: bg €021 €1-n £1/Z19N Y| zicaa bg €071 SQZION k| zoze8
bs €02101] #1-n EITION M| ocriag bg €0ZIDT| €1-n €I/ZION Hig| oicda bs £02101 SATION Mi%| oozad
bs £07101| vi-n €I/LION Y| eviigg bg €0ZIT| €10 €1/Z1ON Y| cocas bs £0Z101 SQZION Y| oszed
bg €071 v1-n E1/Z1ON Hi| ez118g bg £0ZIDT[ €1-n €1ZION Hig| zsoas bs £07101 SQZION x| eveaa
bg £0ZID1| vi-n £ITION k| sziiag bg €0TIDT| €1-n €IZION Hik| 1soa8 bg €071 SQZION Hix| eveaa
bs €02121] vi-n £IZION k| cziiee bs €0TIDT| €10 £U/TION Hi%| osoaa bs €021 SQZION Hix| zeeas
bs €02121] v1-n £HTION k| si1iag bs €0TIDT| €1-n £1/ZION 3 I Zbs £02101 SQZION Y| 1€caa
bg €02I07| vi-n E1/T1DON M| solige bg €0zIDT| €N £1/ZION Yik| sweas bs €021 SQZION Hi| oezas

bs €zID1| v €I/ZION k| ezcag bs €z €0 €U/TION k| 1eoas
bs €0z101| vi-n €ITION Ypg| vorag bs €0zIDT| €10 €IRION k| seons bg €z zn €1/ZION i | tsorag
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(S02) B—@#EFRIT c-90%
12bs or-gar| £02101| vi-n €IZION Y| coces 12bs v-aar| €0z11| 1 €1/219N He&] €188 v7bs c1-aar| €0z121] 8-n €1/Z1DN 4] oovad
12bs of-gdr| €0z1>1| 8-n £1/Z19N Y| sviag vzbs ci-gar| 0z €1-n SIZION Ypx| sLzag
€tbs cz-adr| 02101 80 €1/710N Y& | zvrias vzbs Li-gar| 02101|  con €ITION ypk| sviaq
ivzbs er-adr| coz1| €1n €1T1ON HpE| €8684 €zbs czaar| €07101| 80 £11ION Hik| co688
ivzbs 6r-adr| €0z1o1| L-n £1/Z19N YE| 1vedd €tbs cz-dar| €0z101| 80 £1/TION ypg| oosag WY | tbs qor-ger| €0z1>1| 8- €IZIDN Mk zsi19d
ivzbs 6z-gar| £02101| 8-n £1Z1ON HpE| €8988 £7bs €z-a8r| €012 8N £1/ZION Y| so9ag £ebs 991-gar| €0z1>1| (N €1/Z19N HpE| to1199
b 6z-adr] €011 8N €1/Z1ON Ykl tioge £zbs i-gar| €u>1| zn €I/ZION Yp&| ss1iad
ivzbs 6z-aar| €011 8N €1ZIDN Hik| tooas £7bs q91-gar| €0z1>1| 8- £1/21ION Y| vLead
ivzbs ez-adr| €211 8 €1Z1ION Yix| e9sa8 €7bs 1z-g8r1| €0zI01| 71-n €1/Z1ON i | ostigg £zbs Qt-gar| €0z101| L €IZION Hpx|  1c6ad
ivzbs ez-aar| €0z1>1| 8N £1/219N 4| ecsag £tbs 1z-gar| €0zI>1| LN £1/710N Ypk| esotag £zbs Qi-gar| €zId1| LN €1/ZIDN Y| sosad
ivzbs 6z-adr| €0z1>1| 8-n €1/Z19N Y| vevea £ebs 1z-g8r| €0ZI>1|  8-n £1/Z10N Y| cisag £tbs 9o1-ger| €0z1d1| 80 €I/ZION Yik| vvgaq
ivzbs ez-adr| €oz1>1| 8- €1/Z19N 4| eviga £Tbs 1z-84r| €0zIX1| €10 £1/T1ON Y| zsvag £zbs q91-gdr| €0z1>1| 8- €I/ZION M| scead
£zbs agr-gar] €0z1x1| 91-A €IZION M| visad
7zbs sraar| €0z101| 8-n £U/TION HpE| sesag 1zbs oz-gar| £0ZID1| 91-A SILION Yk | 790188 £2bs qor-gdr{ €0z101| 8- €I/Z1ION Yik| zzsaq
zzbs sraar| €0z11| 8- £1/219N Ypk| vzsea 12bs oz-gar| €0zI>1| 8-n £1/ZION Y| soeas €7bs q91-ggr| €0z1>1| 8-n €1/Z1ON Yix| zosaq
1zbs oz-gar| €0zid1| 8-n €1/210N YpE| sesag £zbs q9t-gar{ €0z1o1| 8- €I/ZION HiE|  16Lad
12bs wedr] 01121 sn €1/Z1ON Hig| 191188 1zbs oz-gar| €021>1| 8-n €1/T1ON Y| svomd £ebs qot-gar| €0z1>1| 8-n €I/TION Mpg| 1scad
12bs €02101| v1-n €1Z1ON Hi| cznas 1zbs oz-gdr| €0ZIDT| 8-N €1/TIDN Hpk| zvsad £zbs q9r-gar{ €0z101| €1-n €ITION Ypk| zorad
1zbs craar| 1| Lon £UZION YpE| scedd 12bs oz-gar| €07I>1| 8-n €1T1ON Y| oosag £7bs 991-gar| €0z1>1| 80 €1/Z1ION 4| 689aq
12bs oz-gar| €0z1>1| 8- €1/ZIDN Yik| osras €7bs q9t-gar| €0z101| 8N €1/Z19N 4bk| 09989
Tzbs or-gar| €0z1d1| £1-n €1Z1ON Y| sveas 1zbs oz-gar| €0z1>1| 8-n €1/Z10N Ypk| Lecad €zbs q9i-gdr| €210 8- €1/219N x| o198
zzbs 9z-agr| €0z1>7| €1-n €1/Z19N Ypk| toLea izbs oz-gar| €07101| €1-n £1/Z10N Y| tetad €zbs Q9i-gdr| €0z107| €10 €I/T1I9N pk|  sssad
zzbs oz-garf €0z101| 8- €1/Z719N 4| esomd 1zbs oz-gar| €0zID1| 6.0 €1/T1ON Y| veiag £zbs qor-gar{ €0zi>1| 8N £IZION YiE| oisag
wbs 9z-gar| €0T1>1| 8-n £UTION M| lisad £zbs qg1-gdr| €0ZID1[ 8-n €IRION Y| svsad
Y921 £2bs | v2bs 6l-8ar| €0z1>1| 8-n £1ZION Hik| soriag £2bs 991-gar| €0zix1| 8-n €1/21ION e[ evsaq
1zbs sz-aar| €0zId1| £ £UTION ik | esiag Y971 £2bs | v2bs 61-gar| £0z1>7| 8-n €1/ZION ik | ocorag £zbs i-gar| €11 8N €1/219N AbE|  ovsad
1zbs sz-aar) €0z1>1| 8-n £UZION Y| 19688 FYg21 €2bs| pzbs 61-gar( €0Zid1| 8-n €ITION Hik| 6zsag €zbs Q91-gdr]| €0zID1 8N €IRION Mok sovad
1zbs sz-agr| €Iid1| Ltn €1/2719N 4hk| evema Y471 €2bs | wibs 61-gar| £0zi>1| 8-n £1/21ON Y| esiag gzbs Qi-gar| £0z1d1| 8N €1/ZI9N Y| 99cad
1zbs szaar} U LN €I/TION Y| vosae @¥g:1 €2bS| vebs 61-aar( €0zI>1| 8-n CITION Mik| osiag £zbs qoi-ger| €0zid1| €1n EITION Mig| sscad
12bs sz-a8r| €0zId1| €fn £1/Z19N Hik| 1icas Y91 £2bs | vbs 61-a4ar| €0zI>1| 8N £1/Z1ON Y| seiad £7bs Qi-gar{ €0zio1| 9N £IZI9N YuE|  e61ad
1zbs sz-gar| €0zio1| 8-n £1/Z1ON Y| oisad 171 £2bs | vebs 61-84r| €0Zi>1| 8N £1/T1ON Y| owvag £zbs qou-ggr{ €0z101| 8- €1/ZI9N ypE| 98184
1zbs sz-gar| €0zio1| 8N €1/ZIDN YpE| 15e88 Y971 £2bs | vbs 61-g8ar| €0ZID1| €1-n £1/T1ON Y| ee98g £zbs agr-gar| €0z101| 80 CIZION ypg| Toad
1zbs sz-aar| €0zid1| 67N €1/ZION YpE| 9188 g Y$-1 £2bs | vIbs 61-gar| €0ZiD1| (N €1/219N Y| zeomd £zbs wo1-gar]| €0zid1| zi-n €IZION M| ovorad
Y971 £2bs | vebs sl-gar| £0z101| 8-n £1/Z1I9N Yik| zvas £7bs e91-gar| €0zid1[ g-n £IZION Yik| szoraq
1zbs ve-gar| €020 L-n €IION M| 991188 <Y1 £2bs | vebs 6l-gdr| €0Z121| vi-n CIZION M| oocad £zbs ®91-gdr] €0z1071| zi-n €IRION MHig| gocad
1zbs vegar| £02101| 8- £1/ZIDN Ypk| eviigg Y171 £2bS | v2bS 6l-gar| €02107| € 119N Yik| eotes zbs wot-gar| €0zid1| 8- €1/219N YpE|  sooad
1zbs vadr| 02101 Ln €1/Z1ON 4p&| os018d €zbs ®9I-gar| €0zI>1| €1-n €1/Z1DN Y| orvad
1zbs vradr| €101 8-n £IZ1ON YpE| svo1g8 €zbs 81-gdr| £0zIOT| ZTi-n €1/TION YpE| 110188 £zbs w9i-gar| €0zI>1| TI-N €ITION MpE|  sozad
1zbs ve-aar| €02121| tn €IZION i ! seo19d €zbs 81-gdr| €0ZIDT| 8-0 £1ZION Ypg| sviad £zbs v91-gar| €0z1>1| 8-n €IZION %o| o9saq
1zbs veaar| €011 Lon €ITION Y| Leorgd £zbs 81-gdf| £0ZIDT| LN €1/7ION Y| ozeag £2bs eg1-gar| €0z1d1| zi-n €1/Z1ON Bo| vicaq
1zbs vradr| 11| Lo £1/TION Yi | soo1gd £bs g1-gdf| £0ZID1| LN £1/ZION Y| t8saa €2bs e91-gar| €0zid1| zi-n €I/Z1ION wa2| sicad
1zbs vz-gar| 02101 8- £1/Z10N Y| o6ed £Ibs 8i-gdr| £07ID1| €10 £1/Z10N Yek| oovas £2bs e91-gar| €0z1o1| zi-n €1/Z19N %g| vicad
1zbs vz-adr| 02101 8- £1/ZION Hix| usas £7bs si-gar| £07191| 8-n £1/21ON Yig| vvres
1zbs veadr| £02101| 8 IZION Y| ceLad tbs si-gar| €02107| 8-n €1/210N YeE| vovag €2bs si-gaf| €711 vi-n €1/Z19N 4| zi1ag
izbs vz-adar| €021 80 £IZION ek | €usa £zbs si-gar| €011 8N €I/TION g | ecedd €tbs si-gar| €zix1| 8.0 €I/ZI9N YpE|  sosad
12bs ve-adr| €021 8N £I/TION gk | 18988 £zbs si-gar| €0TIXI[ 1N CI/ZION ypE| corgE
12bs veadf| zI01] v-n £I/TION Ypk| 99988 £zbs si-gdr| €0zI>T| LN €I/LION Y| vvieg ebs vi-ggr| €0zI>1[ 8N €IRION Yik| co1ad
1zbs veadf| €0z101) 80 CUTION bk | esome zbs vi-gar| €021 8- €IZ1DN k| erorag
12bs veadr| 0z1>1] 80 CUTION YpE| Lesag Ibs Li-gdr| €0z11|  8-n £IION Hik[ oLitag
12bs ve-agr| 02107 80 £IION Yix| ovas b L1-gar| €02121| €1-n £1/21ION Hpk| oLeas zzbs cr-gar| 0z1>1| 8- €1/Z19N Mpk| Lo119d
12bs vz-ggr| 0211 0 £1/210N Ypk| eorag zbs caar| 21| LN £1/Z10N Ypk| veeas zzbs cr-gar| €0z101| 8N €1/2Z19N Hig| esi1ag
12bs vz-ggf| 0zI| 8N €1/Z19N Aepk | vecad vzbs ci-gar| 11| 8- €/Z1ON Ypk| L9sEE
12bs ve-adr| €001 80 £IZI9N bk | seag vzbs ci-gar| €011 8- €I/ZION Ypg| coLad vzbs zi-ger| €0z1>1|  8-n £I/Z1DN Y| 1189
1zbs veadr| €01 80 £IZ19N Yok | Lseas vIbs ci-asr| €211 80 €ITION Ypg| suag vzbs zi-gar| €0z101| 8.0 €I/ZIDN Hig| essad
1zbs vz-aar| 0z1>1| 8- £1/71ON Yeg| stead vzbs Li-ger| €021 8-n €1/710N ypg| evias
12bs vz-adr| €0z1>1| €N £1/TIDN ypk| eLzag vbs ci-gar| £0211) 80 €I/ZION ypk| ellag £2bs -gar| €0z101 -n €1/ZIDN x| oor1ag
12bs ve-adr| 01| L0 £ITION Yix| sszag vIbs L-8ar| €0z101} €10 €I/ZION Y| voLes £2bs n-aer| €711 €i-n €I/ZION Hig| vrrige
12bs ve-aar| cozIo| vt-n £1/210N Yik| ovzas vtbs uraar| €211} 80 €1/210N HbE| L7ods
12bs veade| €0z101| v1-n £1/210N Y| eccas vzbs cradrf €071 8- €ITION Ybk| z9sam 9zbs oi-gar| €0z11 -n €1/ZIDN x| ozoms
1zbs veasr| €191 8- £IZION yog| 1zza8 vbs Li-adr| €071} 8- €ITION ypk| ovsas 9zbs oi-gar| €0z121] €1-n €IZION Y| 16588
12bs v-asr| €0z121] 8-n £/ZION Yok | vozag vzbs ci-garf €211 €1-0 €1/210N Hok| visas
12bs vraarf wud1| Ln €I/1ON Aok | sLiag vzbs c-ger| €071 80 €ITION ypk| ssvag 9zbs 60-88r| €0z121{ €1-n €I/ZIDN g | ssorag
1zbs vz-asf| €0z107| 8- £1/Z1ON yog| 198 vTbs ci-gar| €011 £1en £1/Z1ON ypg| vivas 9zbs 60-g4r| £07101 -n £I/ZTION k| veigs
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(902) B—yEHEITS 9-920%
9zbs ve-gar| 0z121| €1-n £1/Z10N Hbg| zssea
wzbs vo-gar| €071 8-N €1TION M| sevad 9zbs ss-aar| €0zId1| 8- £1/Z19N M| c1g8d 9zbs vi-gdr| €02101{ 8-n £1/ZION | szsem
Tebs vo-gar| £0z1>1| 8-n €1/7ION ApE| - cecaE 9tbs ss-aar| gozI>1| €1-n £ITION M| visad 9zbs ve-agr| €QzIdT| 8-n £1/ZION Hik| 1ced
9zbs ss-gar| €ozid1| 8-n EITION Hik| 6Lcad
vZbs €9-88f| €02121| LN €1ZTION Hik| ee88 9zbs €r-asf| zId1| €-n £1/219N Hik| sised
92bs £9-gar| €011 8-n €1/ZION Hik| oseas 92bs vs-gar| ozid1| 8-n €1/ZION Y| soraa 9zbs cr-aar| 11| LN £1/ZION Y| Tvies
tbs £9-aar| €0211| zi-n €1/Z19N k| oLoaa 9zbs vs-adf| €ozid1| 8N €1/Z19N Hbk| 8698
vIbs €9-gar| €0z1d1| zi-n £I/TION Y| wisas 9zbs zr-gdr| 0TI €1-n €I/ZTION Hig| 61984
$Ibs €9-88f| €02101| 71N €1/ZION Yik! eszas 9zbs £5-gar| €0z101| v1-n €I/ZION Hex| oziigd 9zbs z-aar| 0TI 8N €IZ19N Ap| 1vsag
9zbs €s-gar| €0zid1 8- €1/ZION M| siag
1zbs z9-gaf| €021371| 1N SITION k| 611188 9zbs 1-gar| €0z101 -n €1/Z19N k| osol8E
1zbs z9-gaf| €I 8N €ITION sk | o188 9zbs ts-aar| €zI>3I| €1 €1/ZION Hix| 181189 9zbs 1gdar| €0z2101| 8N €Z1ON Hik| oues
12bs z9-gar| €011 LN £ITION 4| ovesn 9zbs zs-agf| €zI>T[ 8N €1/ZION ek czeaa 9zbs wgdr| €| €1n €/Z19N Mpk| seons
1zbs z9-gar| €011 8N €1/TION 4| veema 9zbs 1-gde| €0zIDT| 8N €I/ZION Mok 9svga
1zbs z9-g@ar| €021d1| €in £1ZION 4| cssag 9tbs is-gar| €0zIdT 8- €1/TION Hok| £99d8 9zbs 1-gdr| €0z1>1| 8-n €1/ZI9N HiE| ssrag
12bs z9-gar| €011 8N €1Z1I9N Hik| stvas 92bs is-gar| €011 8-n €1/ZTION His| soogg 9zbs -aar| €0zid1| 8-n €I/TION Hik| 1evea
1zbs z9-g8f| €011 8N £1/210N Apk | 1ovag 9zbs 1r-gdr] €211 z1n €IZION Hik| s6zad
1zbs z9-gar| €011 8N €1/210N k| zoraa 9zbs os-gar| £0z1>1| €1-n €IZION Hbk| sssad 9zbs tradr| €0z101| 1n €IZION Hik| sozaa
1zbs z9-gar| 01121 61N £I/711ON %o | sede 9zbs os-gar| €0z107| 8-n €1ZION Hik| oviag
1zbs z9-88r| 07101 67N £I/Z1ON Y| €1zag 9zbs or-edr| €011 sin €1/ZION Y| seiige
wbs 6v-ggr| £0zIo1| 8-n €I/TION HiE| 690188 9zbs ov-gdr| €0zIDT| 8-n £1/ZION HiE| 09688
£zbs 19-gar| €0z101|  ¢£-n €I/ZION YpE| 180188 s 6v-g8r| £0ZIDT| £1-n SI/ZION Hik| oLeas 9zbs or-gar| f0z1DT| 8-n £IRION k| cosaa
£zbs 19-gar| €07121| €1-n €1/ZIDN Hpk| osedd s 6t-gar| €010 8N €IZION | sssad 9zbs or-gar| €0z101] 8-n £I/TION M| cosad
£zbs 19-8ar| €0zId1| €1-n €I7ZION Y| o688 s 6t-gar| €0z1d1| 8N €I/TION i) svsad 9zbs oraar| 0z1d1| ¢n £1/Z1ON Y| ecsead
£zbs 19-88r| €07121| €1-n £1/TION ytE| siead bs 6t-aar| €0zId1| 8-n £1ZION k| 10888
€zbs 19-88r| £0z101| 8- £1Z10N | ossaa zbs 6t-adr| €0z1D1| €1-n E1ZION Mg szomd 1zbs 6c-agr| g0z101] 8-n £1/ZION k| eosaa
€zbs 19-88r| €0z101| 8- €1/210N Y| eLsa8 bs 6v-agr| €0zI>1|  8-n £1TION Mok| 99sma 1zbs 6f-agr| €0z107| 6-n €I/ZION Y| orcad
bs 19-g8r| €0z101| 8- £1/210N YbE| 15888 zbs 6v-gar| €0zIDf £1-n £1/Z19N Mig| vzzaa
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Notes
The following symbols are used to represent

archaeological features and others in this text.

SA : Palisade or fence
SB : Building

SD : Ditch

SE : Well

SK : Pit

SP : Pothole or pit
SR : Baulk

NR : Natural stream
LC : Lithic concentration
SX : Other features
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ENGLISH SUMMARY

Introduction

The Nagayoshi-Uriwari area, in which the Nagahara and adjoining Uriwari sites are
situated, is in the south-eastern part of Osaka City, Japan (Fig 1). This area being one
of the few remaining locations within Osaka City in which farmland can still be found. -
Since 1981, the Nagayoshi-Uriwari re-zoning project, which encompasses the sites,
has been underway to accommodate the district's rapid residential growth that followed
improvements to main road and subway access to the City (Fig 2).

Though emergency research prior to the re-zoning project has been conducted since
1981, many other excavations at these sites have been carried out, almost continuously,
over the last twenty years, prior to public or private development in the area. In
particular, at the Nagahara site, three hundred and sixty-seven excavations have been
carried out so far, and the total excavated area amounts to 160,597 m?, covering 4.5%
of the whole site. This large accumulation of fieldwork has clarified that Nagahara and
Uriwari are both large, complex sites, following a terrace slope down to a plain, in
which discoveries belonging to between the Late Palaeolithic and the Early Modern
Period, have yielded wide ranging information about settlements and cemeteries in
each period.

The depositional sediments are divided into 16 archeological beds at the site and
surrounding areas. Each bed is subdivided into several layers. The upper 12 beds
belong to the Holocene, and correspond to the Upper and Middle Alluvium deposits,
referred to as the Upper and Middie Namba Formation in the central Osaka plain. Bed
13A belongs to the Late Pleistocene, and corresponds to the Lower Alluvium, referred
to as the Lower Namba Formation. The lower beds also belong to the Late Pleistocene,
and correspond to the Lower Terrace Formation, referred to as the Temma Formation,
and are distributed under the central Osaka plain (Table 4).

In the 1989 fiscal year (beginning April 1st), the Osaka City Cultural Propertles
Association conducted 13 excavations (4,700 square metres in total) in responce to the
re-zoning project and this report summarizes the results of these excavations (Figs 3-
4).

Late Palaeolithic

At the time just prior to the last glacial maximum, the south-eastern sector of the
Nagahara site was located on the gentle slope of a terrace some 110 metres in height.
The natural land surface at this time was converted to soil by weathering, and had not
yet built up additional deposits. Volcanic glass is found mixed with the soil and
indicates an extensive ash fall, thought most of the tephra has been eroded by wind and
rain action. In research area 22, however, a layer of volcanic ash (Bed 13Bii),
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deposited in a shallow depression, was unearthed. This is the earliest encounter of
volcanic ash in this area. The layer is referred to as Heianjingu volcanic ash layer and
is correlated to AT volcanic ash. The ash is presumed to have fallen some 25,000 years
ago and is significant to the Nagahara site as a key bed of the Late Palaeolithic (Fig. 6,
Table 7). v

Four lithic clusters were found between the 12/13 transitional zone and Bed 13, in a
layer that lies above the volcanic ash layer. They were found at research areas 37 and
22 and are designated LC1301-3, and LC1304 (Figs 57-59, 82, Table 23,Plates 9-11,
13). These clusters were distributed on the right bank of the buried valley, Old
Kawanabe gully, and are the biggest lithic clusters ever found in this area.

The lithic clusters LC1301-3 are believed to be the refuse of a stone manufacturing
site. Judging from lithic distribution and the results of numerous flake and core
refittings, the site was used to produce small lithic tools; backed flakes (so-called
knife-shaped tools) in particular. A considerable number of the refittings and the cores
may indicate a following of the Setouchi technique (side-blow flaking) as they
demonstrate features of this technique's second process. However, some of the
examples were produced by the alternating-flaking and the blade-like flaking, both
significantly different from the Setouchi technique. More investigation is needed, but
these lithic remains can provide an important topic in the technological and
chronological study of small backed flake production (Figs 60-76, 81, Plates 35-47).

This year, some of the earliest flakes found in the Kinki district, were uncovered in
Bed 14, and belong to the early Late Palaeolithic Period, before the fall of the
Heianjingu volcanic ash layer (Fig. 28, Plate 53). Additionally, a slumping of
sediments can be observed between Beds 12 - 15, possibly indicating an earthquake
during the deposition Beds 10 - 11 (Fig. 18). This was more fully reported in the
previous volume.

Incipient to Middle Jomon Periods

Another lithic cluster (LC1203) was excavated from Beds 12 and 13, at research
area 19 (Figs 76-80). A dense lithic cluster of more than 1000 pieces, it consists mostly
of flakes, with a few cores and hammer stones. Judging from the examination of many
flake and core refittings, it is presumed that they made bifacial retouched stone-tools at
this site. One of the refittings consists of flakes from LC1203 and a core found at
research area 23. As the core was found associated with tanged points, LC1203 may
also have been the site of tanged point production (Fig. 81, Plates 48-52).

Bed 12 was deposited during the regression after the post-glacial Jomon
transgression. Excavation this year added new evidence to identify the date of
deposition of Bed 12B. These are Kita-shirakawa C pottery from Bed 12Bi (deposited
by the Old Kawanabe stream, which ran northward across research area 22), and

in particular, features many secondarily deposited unconsolidated pebbles, originating
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from Heianjingu volcanic ash layer (Fig. 26, Plate 15). This may be the result of
erosion caused by frequent rainfall. Previously it was believed that Beds 10 and 11
were the first to be deposited after the peak of the Jomon transgression. This year's
excavations revealed evidence that possibly Bed 12C was also laid down at this time.
As such, the previous correlation of Beds 10 and 11 as the-basal layers of the Upper
Namba Formation may need to be reassessed.

At research area 43, in the south-western sector of the site, another lithic cluster,
which had been partially leveled in medieval times, was found (Plate 26).
Accompanied by many flakes and several arrow heads, these remains were possibly
made in the Jomon Period but the exact age must await further investigation. This year,
arrowheads were excavated from several Beds and after being sorted by stratum have
provided us with examples for the study of form change (Figs 83-84, Plates 56-57).

Late Jomon to Mid Yayoi Periods

According to pollen analysis, during the late Jomon Period, Kawachi Gulf slowly
transformed into a lagoon. While Bed 9C was being deposited, intermediate temperate
forests, consisting of hemlock (Tsuga) and umbrella pine (Sciadopitys), were growing
around the foothills of Mt. Ikoma, to the east of the Nagahara site. It is thought that
laurel forests were distributed around the neighboring hills and at the foot of the
mountain, and that they expanded at the time of the transgression. In and around the
Nagahara site, sparse forest land was dominant and characteristic grasses and trees
grew successively from the former period near the shore and gentle hills. Vegetation at
the Nagahara site was presumably stable over long periods of time (Fig. 86). The
remains of many fallen trees were found in Bed 9C (Figs 7-8, 20-25). Though the
cause (local disaster, climate change, actions of man) is unknown, this is of great
interest.

Evidence suggests that during the final Jomon Period, laurel forests may have
expanded slightly, but during the Yayoi Period it diminished again as the intermediate
temperate forest expanded. Although it has been elsewhere discussed that this was
caused by a cold snap, evidence was uncovered that suggests that it may have been due
to a change in vegetation environment by incessant rainfall (Fig. 86) ; Beds 9B and 9A,
deposited at this time, are constituted of fine material (Table 4).

An early Yayoi Period jar-burial, featuring the use of Nagahara type pottery (a
Jomon pottery style), was discovered in Bed 9A at research area 80 (Fig. 33, Plate 18).
The burial was located at the edge of a large cemetery that stretched northward from
the burial, down the gentle slope of a small hill. At research area 23, a concentration of
artefacts (Yayoi pottery, stone axe, stone implements and others) was discovered on
the side of a small hill on the right shore of the West Kawanabe stream (Fig. 15, Plates
6, 55). On the basis of this evidence, there is believed to have been a residential area
within this district. Kawanabe canal 3 was later dug across the cemetery to supply
water from the West Kawanabe stream and was excavated at research area 80.
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On Bed 9A' (cultivated sub-layer of 9A), at research area 22, more of the oldest
paddy field at Nagahara was excavated (Figs 22-26, Plate 15). It was first examined in
1982, and is an early Yayoi to early Middle Yayoi irrigated paddy field. This year's
investigation was undertaken at the northern edge of the field.

Investigation suggests that a set of human footprints found on the lamina plain Bed
8Cii were created at the time when Bed 8Ci was being initially deposited (Figs 10-11,
Plate 3). It is necessary to pay attention to the fact that time of occurrence of various
human activities may be obscured on the many deposited surfaces that otherwise look
natural.

During the late Middle Yayoi Period, the Yayoi people's activities extended onto the
Kawachi Plain, exemplified by the square ditched mounds reported in the previous
volume. In Bed 8B, which was formed during this period, a ditch was found at research
area 37 (Figs 20-21, Plate 12). The polien of umbrella pine (Sciadopitys) decreases at
this time, in proportion to the increase of human activity and it has been proposed that
Japanese endemic umbrella pine (Sciadopitys verticillata) had been selectively cut
down for use in constructing wooden coffins or as architectural material (Fig. 86).

Late Yayoi to Kofun Periods ,

Features of the late Yayoi, one of the characteristic periods of the Nagahara site,
were not found during this year's excavations. The deposition of Bed 8A by river
flooding ceased during this period, and the main deposition area of Bed 7 moved to the
Yaominami site, to the east of the Nagahara site. After this shift, the alluvial plain
above Bed 8A was settled (Table 4, Figs 7-8). Human activity gradually expanded to
the small hill on the terrace top, as Bed 7 gradually formed. The terrace stretched
north-south along the centre of the site. During the Kofun Period, at the late formation
period of Bed 7, Nagahara Tomb Cluster began to form.

The occurrence of buried pottery pits and wells found at research area 23, which is
located at the newly formed plain, suggests that a residential area was located in this
neighborhood (Fig. 14). Ditches, associated with paddy field development after the
construction of the Nagahara Tomb Cluster, were also found (Figs 7-8, 20-21). On the
bottom of one ditch at the research area 19, hoof prints of even toe animals, possibly
cows, were densely pressed (Fig. 9, Plate 5).

Ditches and pits of this period were discovered as the slope of Umaike valley in the
west sector and the left side of Umaike valley in the south-western sector at research
areas 20 and 43 (Figs 45, 47-48). From this it is thought that the residential district had
already expanded into this area during the Kofun Period.

Asuka to Nara Periods

During the final stage of the Kofun Period, paddy fields developed, expanding over
the site. This was accompanied by an enlargement of the irrigation system, which
supplied water from the Higashiyoke River to the Nagahara terrace. Paddy fields of
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that time are typified by the use of both controlled and natural flooding. At research
areas 18, 20 and 33, paddy fields, intervened with Bed 6B and 6A (sand beds
originating in flood) were found (Figs 30, 44, 48, Plates 16, 23-25). The Umaike
valley, defining the western limit of the terrace, began to rapidly silt up with sand and
mud from the surrounding paddy fields.

Hottatebashira' style buildings, wells, pits, ditches and other features, accompanied
by numerous pottery, were discovered in the eastern part of Uriwari terrace, to the west
of Umaike valley (Figs 48, 54-56, Plates 28-29). Amongst them a hottatebashira
cluster, contemporaneous with the large building clusters of Uriwari site, was found at
research area 67. The possible correlation between them should be given attention.

Medieval to Modern Period

In the final years of the Nara Period, the paddy fields in the Nagahara area were
damaged by flooding, corresponding to Bed 5. The fields were reestablished during
the early part of the Heian Period as massive farms, laid out using the Jori ? land
division system. On Bed 4, paddy field baulks, the remnants of furrows, and
shimabata * were excavated (Figs 13, 22-25, 30, 34, 36, 48, Plates 18-19, 24-26).
Although it is known that the residential area from the Heian to Kamakura Period was
dispersed over this area, individual buildings can not be reconstructed. The numerous
post holes at research area 23, however, attest to the existence of these buildings (Plate
8). The remains of several horses were uncovered from previously cultivated soil
(Table 28).

In the late Medieval Period, the settlements and residential areas of Nagahara
concentrated at the location of present town. Ditches, shimabata, wells and furrows
discovered at the majority of the research areas in Beds 2 and 3, supported the previous
research results as to the distribution of farming area. At research area 26, below Bed
2, five wells associated with the Jori system were excavated, and pits for clay
extraction were found between modern cultivated soil and Bed 2 (Figs 38-40, Plates

21-22).

Footnotes :

1. Hottatebashira is a style of architecture were the building are formed around posts embedded
directly into the ground.

2. The Jori land division system was developed between AD 645 - 700 and codified the
organization of land.

3. Shimabata are mounds of earth found within paddy fields. They constructed using sand and
silt deposited over the paddy field by flood action, and were used to grow other crops, often
cotton plants. They are typical to the Nagahara site.
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