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Petrological characteristics and zircon fission-track ages of Chibanian
(middle Pleistocene) tephra layers on the Odamaki Hill in the
Chichibu Basin, Saitama Prefecture, eastern Japan
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Abstract

More than 20 Chibanian tephra layers have been deposited on the higher terrace surface (Odamaki
surface) along the Ara River in the Chichibu Basin. The grain and heavy mineral compositions and
refractive indices of orthopyroxene and amphibole phenocrysts were analyzed in 17 samples from the
OD1 (lowest) to Tama 128 (uppermost) tephras, to re-examine previous work on tephra correlation.
OD1 exhibited petrographic features different from those reported in previous studies and was
correlated to Kap-5 tephra in the southern Kanto region. Four biotite-rich volcanic ashes denoted OD6,
0OD9, ODI11, and OD15, were correlated robustly with AiPm to AsPm of the Omachi APm tephras,
respectively. However, no tephra layer in the basin could be correlated with Yt-hop tephra at the eastern
foot of the Yatsugatake Volcano Group. The zircon fission-track (FT) dates of OD2 and OD6 were
determined to be 510 = 160 and 350 + 70 ka (1o error each), respectively; a more precise FT age of
356 + 29 ka was obtained for OD6. All FT dates obtained using the same procedures and instruments
revealed AiPm to have a weighted mean age of 375 + 21 ka. The estimated eruptive ages of OD2 and
OD6 suggest that the Odamaki surface was formed between 500 and 600 ka.

Key words: Chibanian tephra, petrographic characteristics, fission-track dating, Omachi APm tephras,
Odamaki surface, Chichibu Basin
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Figure 1. Locations of the Chichibu Basin along the middle
reach of the Ara River in the western part of Kanto
District, eastern Japan, and the main Quaternary
volcanoes west of the basin.

The Momisawadake (Mm) is the Quaternary source
volcano of the APm tephras inferred from the Suiendani
Vent found in the Hida Mountains (Harayama, 1987).
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Figure 2. Sampling site for the Chibanian tephra layers

deposited on the Odamaki surface (the higher terrace
surface along the Ara River) in the southwestern part of
the Chichibu Basin.
A star indicates the sampling site used by Suzuki (2000,
2008) and Sakata et al. (2012). Topographic maps used,
“Minano” and “Chichibu”, have a scale of 1:25,000 and
are published by the Geospatial Information Authority of
Japan (GSI).

Bz, 2P ODI7IE, WEOPEE - 52 WA TRITK
£ 1/16 mm PLEOR FIEEAEBLENT, TS
Motz ABFFETIE, EITKIE 1/8 ~ 1/16 mm DkL
F&T 7 7 DKL & IR O ATl Wez. 7=
72U, FRIEEHOR 7272 L Wikl (Ys-3 & Ys-4
72E) T, KifE 1/4 ~ 1/8 mm DKL FIZ DWW TH T
HLRR & IR Z T L7z, EEAEDT T 5 TRk
ICEKOKIUA T ZANEREL TWiRRh> 220, kIl
A DFEIL T Lo 7z,

KL TRk & EELMIHLEIIINEE 1E 2 (2001) 2L,
KIf% 1/8 ~ 1/16 mm DRI 200 £i5 DR ABEME T
T, R 1/4 ~ 1/8 mm DK TIZ 100 %D IR E(AREE
MEETF T, WK TBIUCEEYZZNZFN 200 fEE
KL, [FE -G Lz R TIE, k2Kl T
Z, REHE A% EIY, AR, 2oftt (E#ie Rt
KiT7728) KKAL, AETIEERMAE (B - G2
OFEEMR L=, EHEWHKRTIE, hoo2am, 17
1 > 7Y 4 b (ddingsite), Eh#EA, H@EEL, %
WANA (BFFICX RS EANa S B e mAaNa
WK, B >7 b2BfA, REH G S ek
S5, JREKSE, MB8kIL/ L), HER, Y al, BKA,
ZOM GREa-SCRIEARRELY) 2FRE L7
TRIACBEMEE FTDOA T 1 > TP A BORBHILY O F E
13, BB EERDLIC K BB EMHL T .

B OEITRIL, EAEG, HEARaG, BT
NG EMREL, TNTNERKNEITR (EHEGOIT
7, HEANAGENI T N RGN 2RELE.
JETRIE, fEJE (1993), Danhara et al. (1992), B
KOOSR (1994) 125> T, 30 KiFLLED#ERIC
DWW TIREZ R E I R R E %l (RERSAEHRD
TEYIEEIZERE O RIMS86 X7+ v a2 -
;T v ZIZERE® RIMS87 H L <& RIMS2000) % A
WTHIEL 2. ZOHIEICE DM DRI ROHE M
1%, £0.001 EENTWD (FEE, 1993).

2. OD2 &£ 0D6 (ODA) D)L FT FAIE

OD2 M LM L 72tk (ARELIEZDER 665 g)
B, VSR L 21, KEEROIRL TEEYE
BEIE, NEOMAX#AZHWTHZELZ HFon
7o IERE MR T2 L 3.06 ICFAME L/~ SPT Bk 2 A
TEESHEL, 2O &K 3000 Hx2Ez. DY
THERARD I I VEENEEIIESN, DT 1y
Tar e NIy OFEEEILS EH T ENTEDH
bifim a2 <502 N5, FTHEAEEICIEEL T
5 EHWr Nz OD6 2 5 |ELL =ikl (H R EE%
DFABINS 46.3 g ZUHE) HREIBRICUWHEL, 2)la>
FEEERT 3000 2572, 2L ks Ik Ak T



TN fh : R BHDFNZT T 75 &0 FT 44~

0 7 Sample Tephra Corresponding tephra name
i M M name name Kanto Ash Layers Research Machida and Isoda (1983)
i i Group (1992, 2000)
| Yasudate |
tephra group
YS5 Tama128
(Ol.Py.C.A.: Collaborative Research Group for Yatsugatake, 1988)
~~~~~ Tama127
e
(o]
o
@
o
(=8
=
c
(=2 I e,
5 gV AV |+ Ys-4 YS4
E A
S v
[T
= FE3=c|4— Ys-3 YS3
(1] & v
g Vv V4 Ys-2 YS2 Tama126 (Amazake)
t'h A
'E YS1 Tama125 (Gomoku-kechappu)
| Odamaki |_
i ¥ tephra group
ksl . 0d-17 0oD17 Tama124 (Nuka1: Suzuki and Hayakawa, 1990)
v AV A|4 Od-16 OD16 Tama123 (Inarizushi)
1 12 {i3070|« 0d-15 0OD15 Tama122 (Furikake)
vV A V|4— 0Od-13 0oD13 Tama120 (Atsuage)
e 4— Od-11 OoD11
AR
= 17171
-4 % _i"g_lg n"v‘ilg‘mq— 0d-9 oD9 Tama119 (Akaten-bio)
[1}]
g V A V|4— Od-8 oD8 Tama118 (Okara)
2 :%:n:.'z:E:-l— 0d-6 OD6 Tama116 (Odamaki Ash, ODA: Suzuki and Hayakawa, 1990)
& 0d-5U QD5U
2 Lyl odsM | QDAM Tama114 Hamusand
£ | 16 _J_I_I Od-5L OD5L (Kap-10 & Kap-11)
ol i Od-4U OD4UuU o
(i N Od-4L oDl Tama113 (Sanshokupan) Kap-9
E 1141
o '
= V3.V |+ 0d-3 0OD3 Tama109 (Anzujamu)
g | 187 |
& lale
lv v v|4+— 0d-2 0oD2 Tama106 (Shokupan) Kap-6
s |
20 AL <— Od-1 OD1 Tama105 (Mamemochi) Kap-5
v S (Kamikayama Pumice 5)
cOoOg ¢
ke Odamaki Gravel Beds
1oc -
c%cgg 30 - 40m

/////7/) Humic soil Crackedzone [ | Volcanic ash soil Pumice [A A A]Scoria

| Volcanic sand Volcanic ash [\ Biotite-bearing volcanic ash Gravel

3 RBHEm EOFNZT T 7 T8 OB IR & ilE OB IUE HE.

77 JJE413, OD1 ~ OD17 23K (2000), Tamal25 ~ Tamal28 [ZRIH ALK )L —7 (2001) IKHED<. B F1=v b
AAR7/2 OD4 i3 k- F#od 2 1=y  (OD4U, OD4L) »5, OD5id k- H - F#d 312> ;b (OD5U, OD5M, ODS5L)
Mo, TNENEEE R L 72,

Figure 3. Geologic columnar section of the Chibanian tephra layers on the Odamaki surface with horizons of the sampled tephras.
The names of the tephra layers from OD1 to OD17 and those from Tamal25 to Tamal28 have been derived from Suzuki
(2000) and Kanto Ash Layers Research Group (2001), respectively. The samples analyzed were taken from individual air-fall
units of OD4 (upper and lower units: OD4U and OD4L) and OD5 (upper, middle and lower units: OD5U, OD5M and ODS5L).
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Table 1. Petrographic characteristics of the Chibanian tephra layers deposited on the Odamaki surface in the Chichibu Basin,

eastern Japan.

Sample Name e Grain composition (%) Heavy mincral composition (%)
analyzed grain size Colorand Thickuess Lm Total Total
- : lithel ; Z 3 : i o.
(i) ithology (cm) Gl Qo W Hm Rf On No. ol Id  Opx Cpx Gho Bho Cum Opg Bt Zr Ap O No.
Yasudate tephra group
Yasudate-5 (Ys-5) rhr-or 30-90 0 0 4 52 5 200 25 3 M5 12 25 0 0 24 (i 0 2 0 200
1/8-1116 (upper) & 1/8-1/4 {lower) Vs, s 0 05 1 675 12 19 5 " 48 55 145 2 V] 0 175 15 L] 0 507
Yasudate-4 (Ys-4) wgrorblgr 30 0 65 23 22 24 AH5 1M 2 14 (1] 1 65 05 0 695 6 05 1] 0 2n
1/8-1/4 only pm, sc, li
Yasudate-3 (Ys-3) wgr,or, blgr  10-20 0 15 55 765 16 05 433 05 275 0 0 11 05 0 5 65 0 0 0 33
118-1/4 only pm, sc, i
Yasudate-2 (Ys-2) wgr,or, blgr  10-20 0 7T 4 25 17 6 200 0 7 05 05 27 2 5 485 9 0 05 0 200
pmesc, i 0 195 53 22 45 1 1124 05 95 05 0 35 2 + 49 4 1 0 0 248
Yasudate-1 (Ys-1) or - r.br 30-40 0 1 3 @ 2 1 200 0 0.5 4 1 0 0 94 0 0 = 05 200
V5, 5C>>pm 0 * 25 955 1 1 947 4 9 05 0 0 0 865 * 0 0 906
Odamaki tephra group
Upper Odamaki tephra group
Odamaki-16 (Od-16) y.br 25-30 0 1 § 7 45 x5 W0 0 145 05 * 65 1 1 3 ¥ 0 05 0 200
116-1/8 pm. sc, i = 25 105 73 35 10 200 1 0 3 05 385 1 0 365 18 0 05 0 200
Odamaki-15 (0d-15) y.br - br 3040 0 * 9 AN 0 60 200 0 0 0 0 2 * * 185 T95 * 0 0 200
116-1/8 va>sg, pm, li 0 * 8 T45 155 2 20 0 4 0 0 15 = 05 85 & 0 0 0 200
Odamaki-13 (0d-13) wgr 40-70 0 2 M5 60 3 05 200 0 0 0 0 735 05 9 156 15 0 1] 0 200
116-1/8 pm=sc, i
Odamaki-11 (0d-11) br 58 0 = 10 845 0 55 200 0 0 0 0 15 0 * 115 865 05 0 0 200
116-1/8 va>sc, pm, li
Odamaki-9 (0d-9) br 20-25 0 TSN B2 0 65 200 0 0 0 0 3 * « 18 T 0 0 0 200
1716-1/8 va>sc, pm, li
Odamaki-8 (Od-8) w.gr 20-50 0 2 20 755 25 0 200 0 0 0 0 385 3 = 565 1 » 1 0 200
116-1/8 pm. sl
Odamaki-6 (0d-6) gr-ygr 815 0 3 20 74 0 3 200 0 0 (1] ] 2 0 * 35 9 05 0 0 200
= Odamaki Ash (ODA) va 0 15 59 245 5 0 200 0 0 0 0 3 0 0 9356 - 4 0 0 200
116-1/8 (lower line: excuding biotite crystals)
Odamaki-5U (0d-5U) w.gr 25-30 0 0 10 % 0 0 200 0 0 0 0 €65 . 0 33 0 0 05 0 200
116-1/8 pm, li=sc
Odamaki-5M (Od-5M) br-rbr 5 0 05 115 865 05 1 200 0 0 o 0 68 0 * B 0 0 o 0 200
116-1/8 SG (li)
Odamaki-5L (Od-5L) wgr 20-25 0 0 8 915 05 0 200 0 0 o 0 7 05 = 3 05 0 0 0 200
1/16-1/8 pm, li=sc
Lower Odamaki tephra group
Odamaki-4U (Od-4U) w.gr 10-15 0 0 19 67 55 85 200 0 0 hd 0 645 05 45 215 85 0 05 0 200
1116-1/8 pm, li
Odamaki-4L (Od-4L) w.gr 10-15 0 25 375 55 35 0 200 0 0 = 0 66 1 15 2 05 * 0 0 200
116-118 pen, i
Odamaki-3 (0d-3) wor-ygr 2030 0 25 25 705 235 1 200 0 0 * 0 95 1 « 82 7 05 * 0 200
116-1/8 pm, sc, i
Odamaki-2 (0d-2) wgr-pwh  40-50 0 il g 0 200 0 0 = 0 M5 1 1 2% 05 0 0 0 200
116-1/8 pen, i
Odamaki-1 (0d-1) y.br-ygr 15-20 0 185 17 635 1 0 200 0 0 (1] o 54 05 5 40 05 0 0 0 200
116-1/8 pm, &i 0 2 2% 63 25 15 200 0 a 0 0 525 1 1 41 45 0 0 0 200

1) Analyzed grain size; farctions between 1/8 and 1/4 mm are identified using binocular microscope =100, and those between 1/16 and 1/8 mm are identified using polarizing microscope =200,
2) Color and ithology: gr, gray, bl.gr, bluish gray, v.gr, vellowish gray, w.gr, whitish gray, br, brown, r.br, reddish brown, ¥.br, yellowish brown, or, orange, p.wh, pinkish white; pm, pumice, sc,

scoria, Ii, lithic fragment, vs, volcanic sand, va, volcanic ash.

3) Grain composition: G, voleanic glass shards, Lm, light minerals (Qz, quartz, Fl, feldspar; gothic numbers indicate containing of 3 -quartz), Hm, heavy minerals, Rf, rock fragment, Ot, other

grains. *<0.5 %

4) Heavy mineral composition: Ol, olivine, 1d, iddingsite, Opx, orthopyroxene, Cpx, clinopyroxene, Gho, green hornblende, Bho, brown |

cummingtonite, Opqg, opaque minerals, B, biotite, Zr, zircon, O, other minerals, *<0.5%

BHixHEMERERTHO, FTHEMRBEIEREE U TIRIERIC
BIfTh 2 LI N,

FT HMREER, WEEREY T7I13 v a2itdkb
FT FEAHE OFEEELICBE T 2 8% (Hurford, 1990a,
b) 12y, T—48IE (Hurford and Green, 1983)
&k D485 1+ 577 # —ik (Danhara et al., 1991 ;

=8 - HH, 1997 ; Iwano and Danhara, 1998) T

de}, Cum,

le (including oxil

X0fTo7z. WINbEENAEED LD FT Eofiic
BOWHONBEBRINBWI ENSHEBI RO EE &
HTES WL T, FT @#BNTHERIR &5 m 2
FMAT2MNET 75—k (ED2) ZHALZ. #
FAVEEH O T Y F > Z1E KOH : NaOH = 1 : 1 (£)V
) ToFv>bhEHAWL, 225 ~227 CT 47 BT
o7z, B O RS BORFER T T ST e s A
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Table 1 (continued). Petrographic characteristics of the Chibanian tephra layers deposited on the Odamaki surface in the Chichibu
Basin, eastern Japan.

Refractive mdex (mode) (number) Corresponding tephra name

Sample Name glass {n). orthopyroxene { v ), homblende (n,) Suzuki Kanto Ash Layers Machida and Isoda
;3 This study Kanio Ash Layers Research Sakata et al. (2012) Swrnki and Hayakawa 2000, 2008 Research Group (1992, {1953)
Group (2001) (1990) (2000, 2008) 2001)
Yasudate tephra group
YasudaloS (Ys5) = 1696-1.707 (1.700-1705) (30) = Tara 128 =
oLPyGA"
Yasudato4 (Ys4) 1y = 1.688-1.606 (1,690 (40}, 1683 == = =

Yasudate-3 (Ys-3) - -_— - -

Yasudate-2 (Ys-2) = 1.663-1.676 (1.666) (52) = 1.664-1,669 — Tama 126 -
iy = 1.6565-1.661 (1.657) (cum) (32) (Amazake)
Yasudato-1 (Ys-1) ¥ = 1.694-1.705 (1.700-1.702) (30) = Tama 125 =
(Gamoku kechappu)
Odamaki tephra group
Upper Odamaki tephra group
Odamaki-16 (Od-18)  my = 1,682-1,606 (1,686-1.680) (57) 0016 Tama 123 =
= 1.699- >1.740 (Bhe) (8) (Inarizizshi)
iy = 1.667-1.670 (6), 1.674-1676 (3)
Odamaki-15(0d-15) = 16841508 (1686-1 647, 16021 BO) (47) n, = 1,665-1 671 (1.668) (30) = 1,685-1,605 0015 Tama 122 -
ny = 1667-1.676 (1.668-1.670) (15) ny = 1.688-1.692 (1.660) (30) AP (Furikaie)
ny = 16591661 (cum) (3)
Odamaki-13(0d-13)  my= 1.664-1671 (1.668) (47), 16801692 (4) = 1.665-1671 i = 1,664-1.674 (1,670 (30) iy = 15661 674 o013 Tama 120 B
fy = 1.655-1.659 (1.657) (cum) (40) ny = 1.657-1.661 (1.657-1.659) (cum) (33) Ythop® {Asuage)
Odamaki-11(0d-11)  n,= 1.668-1.679 (1.676) (29), 1,683 oon -
ny= 1687-1.603 () APt
Octamaki- (0d-9) ny= 1,661,674 (1.671-1.672) (27) ny = 16661 672 oo Tama 119 -
ny = 1.684-1.696 (1.685) (17) APmY (Akatenbia)
= 1,850 jcum) (1)
Odamald-8 (0d-8) ny= 1668-1.674 (1.670) (40) ny = 16661672 ny = 16651672 (1.667-1.669) (29) ops Tama 118 =
;= 1.685-1.692 (1.687, 1,690) (20) (Okara)
= 1.656-1.659 (6) (cum)
Ocamaki-6 (Od-6) n, = 1,686-1.700 (1,688, 1,692-1,694) (40) = 1,686-1.697 0D (ODA) Tama 116 Has®
iy = 1667-1.675 (9) APmY {Hachiohji Biofibe Pumice)
;= 1,658 (cum) (1) TE5?
TE-5"
Odamaki-SU (Od-5U)  ny = 1.688-1.673 (1.670) (40) g = 16661670 (0d-50 1 Od5L) n, = 1.665-1.671 (1.668-1.669) (30) ons Tama 114 Kap-117
[Ham sand)
OdamakiSM (Od-5M) 1= 1.668-1.673 (1670) (40) ny= 1667-1672 (1.670) (30) oDs Tama 114 =
[Ham sand)
OdamakiSL(O5L)  my= 1.668-1672 (1.670) (40) ny = 1666-1.673 (1.670) (30) oDs Tama 114 Kap-10"
(Ham sand)
Lower Odamaki tephra group
Odamaki-4Ul (Od-dl) = 1.667-1.672 (1.670) (40) = 1,665-1.660 (Od-4U 1 Od-4L) n, = 1.666-1.672 (1.669-1.670) (30) 004 Tama 113 Kap-®
= 1.656-1.660 (1.658) (cum) (40) ny = 1.657-1.662 (1,659) (cum) (20) (Sanshokupan)
Odamakd-4L (Od-4L) n, = 1667-1672 (1.669) (40) ny = 1.667-1.670 (1.668-1.670) (30) oD Tama 113 Kap-o®
ny = 1,656-1,650 (cum) (34) ny = 1.657-1,651 (1,658) {cum) (30) (Sanshokupan)
Odamaki-3 (0d-3) Py = 1.667-1.673 (1.670) 40) iy = 1.666-1.676 (1.670-1.671) (30) oo3 Tama 109 -
n,= 1,686-1.703 (30) n, = 1.657-1.661 (1,658-1.659) (cum) (30) (Anizu fyamis)
;= 1.655-1.659 (1.657-1.658) (cum) (40)
Odamaki-2 (0d-2) = 1.666-1.674 (1.668-1.671) (40) = 1.666-1669 g = 1.667-1.673 (1.670-1671) (30) o2 Tama 106 Kap-6"
ny = 1,655-1,663 (1.656-1 58] (cum) (45) n, = 1,657-1.662 (1,659-1.660) (cum) (20) (Shokupan)
Odarnaki-1 (0d-1) fip = 1.670-1.678 (1.673-1.674) (40) iy = 1.665-1670 g = 1672-1.681 (1.675) (30) opt Tama 105 Kap5"
n; = 1656-1,662 (1.658-1658) (cum) (40) (Mame mochi) (Kamikayama Pumice 5)

5) Refractive indexes are measured with RIMSSG/8 T/ 2000 using the thermal immersion method following Danhara er af . (1992), Danhara (1993), and Kamata e ol (1994),
) Correlated tephra: 1) Collaborative Research Group for Yatsugatake (1988), 2) Kimura (1987), 3) Machida and Arai (2003), 4) Nakaya (1972), 5) Machida er af . (1974). 6) Minagawa and Machida (1971).

B CRMEL, BT REEEOHEEIIELEN S X
@ NBS-SRM612 BLUVERZH Wz FRMEOHEH
WCHWS Y —41{El3, ED2 =372+5TH5. OD2
BLUOD6 EBFEHD 30D I iR ENRE
LUTCHIEL. ODBIZDWTIIHIEREZEL T 52
®, AN 150 @) I kR EROAALEIT > N
ZERL CTEMEE FT A£AAE (FEE, 1995) Z{1-o
2. ZN5OFT FRAEFEDOFMIL, Danhara et
al. (1991), HEE (1995) Z&WI Nz,

w R
. T7SDORHELEAATEHNIETE

RESHSERF PG DL FE LR /s EI2 /09 HIHLEE, &
MERHEICHSY T 5 LEmERKEL THD, FNZT >
HRPEICRIR L7277 SRETH D LEO—-LABICED
NTWs (BEEOD—LABZET IV —F, 195672 &), %
FEME S DL T H SARML DL EDEICK S C
B - pkiE, 1957), ZEE1m EICIIZEI O—-LARNE
OFT7IREN, ZEIHELICEXIOFHLNWELETO—
LBU LT 7 S BEN, FThEhn#HHEL TS (4
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FKILIR 7)) — 7« BE BES- B7 7 fk Fr j FRARARF 9E 27 )L —
7, 1998). EEEILZE 1 & AE Kap-1: &I - HTH,
1971) OETF®SIRCE2LE 1 0—-LA-IE, ZEO
TITIMPIETL2HEEEBEN 40 m DT 7 S RBETH
D, AXAHE1®RERE &) - BTH, 1971 GoP1:
WTEED, 1974) MHIEUCE2LEIO—-LARBICED
NTns KR ) —F - R B Pa A
e 27—, 1988) BHH KK T I)IL—7 (1992) 1
OD16 TAricgmiz e A2 T, BHIED — L
BhoT7 5% 0D16 M5 EAOZXa) Y 2EKET
577 L, ODI6 KD THOBEAEEKET LT
TIRICKRAILZ, BEERKILK T IV—7 (2001) 1Tk
T, BHAFHFO—LAEE ERROLE I O— AR
N, #IENEO LI, BENEOFEIHE TS (™
3).

A THS M LZBHBEO—LEFDT 7 D5
#, OEM, BEE, KR 1/8 ~ 1/16mm ORI T DRI T
HEk, HILWIHRE, BLUOELHEA (v), H@EANA
(n2), BIFRRA (n2) OEFRER1ITRT
£ 11T, REROWFEICBITET 7 54 EDRIERIE
BT 7 930X RERIBET 7 7 L0 bR .
AHFFEICHBNWTIE, BEFKLKZIL—T (2001) &1
Bz, 23V 7 EBAEOWTNNT I SDEERTH S
MEVNSIRIEE T 7 T OUMIHMEDENCEDE, B
HFo—AEBYOT 7 I THNORHET 7 58 (OD1
~ OD17 ; ikl : Od-1 ~ 0d-16) & FiD&NiT T 5
Bt (Ysl ~Ys5; al#l: Ys-1~Ys-5) D2DITKA
LCRE#d2 (F1, KM3).

1) EAET7>8 (OD1~ 0OD17)

EBHiET 7 S, REaEAE ARAE (REel
WANA - BEgEaRa - IO KA, BX
ORGSR (BE8KIL - 74 > 8k85 - Rek &) =%
EHMEL, ME~PVEORERNEMED TETRHMD
JFoend, BHET 7 SHTIE, AR~EHGTERA
WKWEDT 7 I OEIMIANGENEERTH D, OD3,
ODS8, OD16 D XD ICEAICMATRAIY 7oKL
HLLKRBKILERICTED T 7 T T, REHIEY>®E
WIEA A DOEIE SN LW ERAFED 55 (F
1). & FAL0D OD1 ZBWWT, T@EARADREITE (n2)
13 1.664 ~ 1.674 O&iFHIZH D, T— KL 1.670 Fif%
THELETS (K4). OD3 T, #BamAalao/E
Rldn2=1.686~1.703 TH3 (F1, M4. 5
BHAAE (B -fAK) RAI DTN HAOEFEERED
EWhS, BHEET 7 S#E2 M RHET 7 7# (OD1
~ OD4 ; i#BHE 0d-1 ~ 0d-4) & E{IEHIET T 5
# (OD5 ~ OD17; it #HE Od-5 ~ Od-16) Il L 7=.

T ERHET 7 I8IT, BRI E L THEZ LR
2. AHETIE, WHEPOB - AENERTH 5.
EIPMELTLI~5 %XOHhI T o lGEEH I
<MEBOBEBFHOBHREINS ED. I T
PG OEIE (n2) 13FELIL, #HiFHIX 1.655 ~ 1.663,
£—RIZ1.657 ~1.659 THS. OD1 I, GEDEE
NEEADEE ERBEENL D KREL, TIRERHEET
TOMOPFTHREHMTHS ED. LEANAGOR
&I n2 = 1.670 ~ 1.678 (E— K :11.673 ~1.674)
ThHO, EMOBAET 7 7ICEETN 5 E/AKADR
PR (n2 = 1.664 ~ 1.674) ITHNTHEIZEW (K 4).

ErRMAET 7 I, BERICELLEDEML
DHEATZHIRIKILIRN S22 T 7 SMPFIET S (A
2000). = sid, Tk OJEIC OD6, ODY, ODI11,
ODI5 D4ETHD, TNENDEEIT 10 ~ 15 cm,
20 ~ 25 cm (EE/BEEHTLE - PRI RHE,
5~8cm (EMOKILAER), 30 ~40 cm (BE
REER T L TRRIZODAHE) Thd (F1, K3).
& b OD17 (Kkt) EHEDEZH 20 ~ 30 cm &
SICHREROEEBENREDOSNDA (K3), k-
TIRNARHAKE TH D, BRERNTAO OD15 5 DR
ATHDAHEMEDH 2720, RFETIIT 7 7B ER
Lisino 7z

NG 4 O XIUKIEHIR 22V 3 > O B R
ZHL, 0D OD6 TR EHEL O B BHERE % <
. FERZIE OD6 TIREMRNE <, sk
MW, £7z, nz = 1.686 ~ 1.700 OE BT RZRT
ik~ REa oL AARGEZED (F1, K
4). @mEITROELBEANAILOD6 THEAMAGD 70
% LA E, OD15 THIUK 50 %HitgaE 595, Lal,
OD9 % OD11 Tld, RBH#ET 7 I #ICILE I S {KEHT
ROE@EARGREFICZ N, SETROEEARG
1210 X RKWOEEFERETHY, BITEHn2 = 1.684 ~
1.696 O#IPHT, T— RO ERMEAVE < 72 2 HEAHFED
55 (1, M4). OD11 TEHEZ2LEDH 2 EEARN
GOEFER (n2) 13 1.668 ~ 1.679 DHFTITS DE,
TALRHET 7 SO OD1 O /A G Ot R
LTS (KM4). —K, OD6HE LD ODS TldE/E
RO ARG OHEGIENICE S, BALZXaY
TEFEOEEARAGIIMAT, OD6 IZHRT %M@M
PIAINERR L TWAAREMZREL TWD (1, M 4).

FIRHEET 7 SE T, ODI3 ZBRWTHI >
M RGEOEEIT1 XLLTFTHD, BERTED4E
DT 7 T7&RTIER -ARDBIMETHS. LaL,
OD13WE B -aHE VEEHS, NI T N 2RADE
BN XEREL, FMIRAEGT 7 IR EELULZSE
GAREENEMERT (FD. AT N RAEORENT
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Figure 4. Histograms of refractive indices of orthopyroxene (y), hornblende (n2), and
cummingtonite (n2) phenocrysts from the Chibanian tephra layers on the Odamaki surface.



A& H# Humans and Nature no.32 (2022)

&2 RHIEKLKE (OD6/ODA) BILUVRHIESE 2 #ARE (OD2) OP)NVIA>T1viar - bTy ZERRERE
Table 2. Results of zircon fission-track dating of samples from the Odamaki Ash (OD6/ODA) and Odamaki-2 Pumice (OD2) beds.

Spontaneous tracks Induced tracks Dosimeter
Tephraand  No. of Pr(xz) U-content Age (ka)
sample Name crystals Ps N. i N pd Nd f (%) (ppm)
(cm™) (cm?) (x10* em™) error (£10)
OD6 (Od-6a) 150 3.782x10* 164 3.387x10° 14688 8.570 2633 0.208 78 310 356 + 29
OD6 (Od-6b) 30 3.56x10* 26 3.20x10° 2402 8.570 2633 0.343 93 310 350 + 70
0OD2 (Od-2) 30 1.16x10* 10  6.98x10° 604 8.314 2554 0.698 70 70 510 + 160

(1) Analyses are performed by the external detector method using geometry factors of 1 for 2n/ 2 (ED2).

(2) p and N are the density and total number of counted fission tracks, respectively.

(3) Ages were calculated using a dosimeter glass NBS-SRM612 and calibration factor for ED2 ({gp, = 372+5) after Danhara et al . (1991).

(4) r is the correlation coefficient between pg and p;

(5) Pr(xz) is the probability of obtaining the xz—value for v degree of freedom ( v = number of crystals-1).
(6) Age: T=1In (1+Ap*Cpa=ps/ pi) / hp, Where Ap = 1.55125%107%/ yrand ( is a zeta value.

(7) Error: 6 = T+[1/ENg+1/EN+1/EN (ozeta/()*]"? for ED2 method.

(8) Samples are irradiated using the TRIGA MARK II nuclear reactor at St. Paul's University (Rikkyo Daigaku), Japan.

Bl 4). —%, OD16 dmEHBEOT@MMNEE FKE
T35, TOREFFRIEIn2 = 1.682 ~1.696 (1.686 ~
1.687) THVD, EH F®D ODI5 DZFNITHRTHRRME
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(1) Suzuki (2000), (2) Kanto Ash Layers Research Group (1992), (3) Suzuki et al. (1998). FT: zircon fission-track age
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Figure 5. Correlation of the Chibanian tephra layers between the Odamaki tephra group and the Tama I Loam Formation in the
western part of Kanto District, eastern Japan.



A& H# Humans and Nature no.32 (2022)
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(1) Suzuki (2000), (2) Suzuki and Hayakawa (1990), (3) Kanto Ash Layers Research Group (1992). Odamaki Ash, Okara, Akaten biolite, Atsuage, Furikake, Inarizushi, and Nuka1
tephra layers correspond to Tama116, Tama118, Tama119, Tama120, Tama122, Tama123, and Tama124, respectively by Kanto Ash Layers Research Group (2000). As for other
tephra layers, see Appendix Table 1. Tephra layers in red color with parentheses are not correlated to any tephra layers on the Odamaki Hill in this study.
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Figure 6. Comparison of the previous correlations of the Chibanian tephra layers in Chubu and Kanto districts, eastern Japan, with

the Omachi APm tephras; data from this study are included.
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AR fRICE D&, OD6 2 HBP, TE-5 BX U AiPm
12, OD9 # AsPm T, OD11 # AsPm IZ, OD15 %
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FEIZOD6 & OD15 T£<, OD9 & OD11 TIIME
ThHs E1, K4, 2T UHEETIE, OD6 IZId#
PREATRL O BAERESERNZ <, fhoT 7 T TIIEAEH
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Figure 6 (continued). Comparison of the previous correlations of the Chibanian tephra layers in Chubu and Kanto districts, eastern
Japan, with the Omachi APm tephras; data from this study are included.



TN fh : R BHDFNZT T 75 &0 FT 44~

OD8 OAEAREME#M E 1D 3BT LH ODS & Yt-
hop DX EZHEFETZHHDTIEARW. Lnl, AW
FTHEFELZ A2Pm Bos ?) TIN5 OD9 ®
AsPm (B1) IZxttbE 1% OD11 & D EM D F G137
RINBNEETHY (X6D), ODS8 % Yt-hop IZxf
gz zEidudnln, Lzai> T, BHIRTIZEH
BT 7 T HEIC Yt-hop ICH HLATRE/R 7 7 I 3w 61
BNWEERDZENZYTHD. 27ZL, OD11 T
AsPm EJR SRR EET RO S BEANGIESLL,
ZFOBIFTRIIn2 = 1.668 ~ 1.679 (1.676) &, ODI1
ERMOT 7 IITHRTOPEWEZRT (K4).
XD BEBEANAIEEEOAKILRE (OD12) 15
RRZ U mREE @ W S IR L 7273, TE-5 (TE-5a &
TE-5b) @ X951, Yt-hop O#EAELR L T3 Ak
N2 DN LI,

4. APm OEHER

AiPm ¥, OD6 (ODA), HBP, TE-5 (TE-5a),
BEIXUOT4O&ET 7 FiTxbaniz (K6). £31iTi3,
AWFFEICEL D OD6 @ FT HFRICHA T, ODA, HBP,
TE-5, J4, BRURRE# K LHITHIET 2 Tyla 7
77 (PHE-FRE 1998) oG/ FT FRZERL /2.
INSOFT F£R1F, 2 TAMFEER—DOFiLk BRI
LOHlEEN, 2 TCE—FYHENEINTNWS., Tyla
WHTH - # 3 (2003) @ TE-5a IoxftbanTH 0 (FHE-
g, 1998), 2L ki 133 hiFERRE LizE
KEFT E#RABENTNS (FHE - EE, 2005).

OD6 (AWF7E) & ODA (HTH, 1996) BT % 3
DO FT FR1F, BHERBEOR—T7 Ih6BonT
B0, EEHE 10) NT—HT5. 3EOMELY
FRIT 364 £ 24 ka RZE1 o, KFE210M@), ¥
LA SR O U R #EE 313 ppm TdH 5. HBP,
J4, Tyla HEZEHIM (1 o) T—%T 2 FTERMN
BonTnsg (E£3). =5 OIMENEFEMRIL 400 +
38 ka (FRZ 1 0, KFH 193 M) THO, HREIX
WA OD6 O FT MR EITEAEMENT L, P
IO U EE (313 ppm) d—HT2HI En
5, T INMLEEIBAENTHS. TIT, IhsaeT
DOMEFEERZRD D &, ERERHO A/PPmIZDOWT
375 £ 21 ka GE%E 1 o, K403 fE, FEHUBRE
313 ppm) @ FTHERNESND (£3). L, #H
< O AIPmMm IZDWTRH—OFiE B THIE SN
722 D@ FTFROIMEFY (398 + 36 ka:iiZE 1 o,
ki35 138 f@l, ¥ U B 290 ppm) %, 390 £ 35
ka CKiT# 150 ) WO BIFETHE SN FT £/
(g, 1999) L HREHPFANT—HT D (E3). FT
eI RS 388 £ 50 ka @ RITL 44X (Tsukamoto

et al., 2007) ) akmE MW/~ 375 + 13 ka
® (U-Th) / He 4 & (Ito and Danisik, 2020) (i
Z3nwind20) &b, BEMBANTRS 8T 5.
L7223> T, AtPm ORHFERIE, 838 (2000) SHH-
FEE (2005) H¥EHT 5 X 512 350 ~ 400 ka DO HipH
WCADEEENENEE Z 5N 5.

BEHAER &1, APm OEHERITIILTO X
S IERFIKDIERHM SN TWS. 1) TE-ba lZ%LE T-e
m (ATHE», 1974) OBEKBICKHE T LT 75 Th D,
2 T-e HIlE MIS11 OUFHEIC R S 7z (BT H - Fr
2003) ; 2) RREHHTIE Tyla OE FICHIKE T >
J At Pseudoemilliania lacunose D#fjk/EsE (410
ka : @UNEH,, 1995) D (FHEH - EEH, 2005) ;
3) HREBEHHD I3 77 THE LICH D HREAH
ORA, 1935) \FHa#m2 B b aBEN SHR SN,
Z DB NI TRIRREOFILUNLET HE—
IRRHOEND. JARIAMEATEE LT, EEoResn
A, FH RN X M8 2 B UEICHE T % (4G - 3 7E,
1984) ; 4) ZORBREBEOHEILRNLET HE—TIF
MIS11.3 iZREEN TS HTH, 2008) ;5) /\r &
e~ 9 DA B R FHE Tl YEE
e ban S 1L B oSN EEINTBD ((#
HIED, 1988), Bz (AsPm) 72WL Bs (AdPm ® L
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2005) OT, FRHFINOSHEI NS AiPm OEHIFE
1% 380 ~ 400 ka D#HIF LA HND. RIFFLTRL
72375 £ 21 ka WS AIPPmOEREEFTE£RILZ
OFEREHEDERD, BEWTHS. A (2000) 13,
OD6 7Y AiPm, HBP, TE-5, J4IZxflkT& 5 &L,
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EHFEXILKE (OD6/ODA) EZHUTHILEIND AilPmAREDT 7 T/, BIUVRBHIIEE 2 &4)g (OD2) &zhicxt

Xns7FI75BOY—FREEZRWEZINIA T var - bTvZER

Table 3. Zircon fission-track ages based on zeta calibration for the Odamaki Ash Bed (OD6/ODA) and tephra layers correlated
with it, such as A1Pm, and those for the Odamaki-2 Pumice Bed (OD2) and correlated tephra.

Age Error No. of U-content
Tephra name Reference
(ka) (lo) crystals (ppm)
OD6 (Od-6a) 350 70 30 310 This study
OD6 (Od-6b) 356 29 150 310 This study
Weighted mean 355 27 180 310
ODA 410 60 30 320 Machida (1996)
Weighted mean
OD6 / ODA 364 24 210 313
HBP (= TE-5a) 430 90 30 290 Suzuki et al. (1998)
J4 (= TE-5a) 350 80 30 340 Danhara et al. (1999)
Ty1a (= TE-5a) 410 50 133 310 Nakazato and Danhara (2005)
Weighted mean
HBP = TE-5a 400 38 193 313
Weighted mean
OD6 (ODA) = HBP = TE-5a 375 21 403 313
APm 470 80 30 280 Suzuki et al. (1998)
APm 380 40 108 300 Danhara et al. (1999)
Weighted mean
A,Pm 398 36 138 290
APm 390 35 150 - Ito (1999)
A,Pm 330 40 108 300 Danhara et al. (1999)
AsPm 370 30 108 310 Danhara et al. (1999)
OD11 (= AsPm) 380 70 30 320 Machida (1999)
OD2 (Od-2) 510 160 30 70 This study
HdP-2 400 170 29 40 Suzuki et al. (1998)
Weighted mean
OD2 = HdP-2 460 120 59 55

All fission-track ages except for the age of A;Pm by Ito (1999) were obtained using the same method and procedure by

Kyoto fission-Track Co. Ltd.

w7z 20k, BTH - #HH (2003) HTH (2008)
& TE-5 (AiPm) DMHEHENZE 350 ~ 360 ka, #HAK
(2008) 13 OD6 (A:Pm) O H 4L & 360 ~ 380
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BEEZ-TEREL, Thz2/EL TODIL % OD2
DOEHENZ 45 ~ 50 THEFMTH D EHELZ. In
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MBS FT H#RER—ET 5. OD5SE N5 OD4
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&1 KIT APm 57 S & T OBIET 7 5 Q&S K O
Appendix Table 1. Names and abbreviations for the Omachi APm tephras and related tephra layers with their original
references.
T75% B HoOH K B R HoOH

RERKE AN RF—1%, REHWAEPUETE (BRFRABEFEFE)

KETApmT 758  APm/APms EHA - B J11(1990)

APm, A;Pm, A;Pm A;Pm, A,Pm, A;Pm 14 (1972), #5K-8)11(1990)

A4Pm, AsPm A,Pm, AsPm #AR-EJ11(1990) HYRBILT w14, 5 CA4, CAS KFF(1987)
AgPm AgPm ROIFEH(1992)
FLUUBR O.P. A (1987) 0 A B A L R Kkt A BiE(1991)
EEHERRARAM, N\yERD
EE/ER By, By, B; |E BT IL—TF (1967)
By Ny ERRREST IL—T (1988)
By’ Bk V)RR -7y a (KETAPm, BP)HIR % (1996)
Bos BRI -7y a (KETAPm, BP) B K (1996)
JUYRBLTYa  Cp, Gy, G, Cy WA EIARE Y IL—T (1972)
ANEEHEEEESR Ho. HPm. N ERRAFEY IL—T (1988)
Yt-hop BT E - 7 (2003)
XAl Nukal AR EJ11(1990) 2K Bk K LR Kkt A - BiE(1991)
Yt-Nukal BT H - #7H (2003)
BARTE, BiRts
gL — Cleanser AT - B I F B T (1989) NLu-20 NLu-20  H&IEA (1987)
EHEEALK ODA K- BJ11(1990)
NEFREEBER HBP ENI-BTH (1971)
HBPup HBPup F#k (2000)
TE-5 TE-5 BTE(EA (1974) TE-5a TE-5a  ETH-##(2003)
TE-5up TE-5up & (2000) TE-5b TE-5b  ETH-##(2003)
14 14 fEYE- =k (1984)
J4up J4up E# (2000)
HF1aTI5 Tyla HRE R (1998), HE -42R (2005)
HF1bTI5 Tylb AR R (1998), FF B 48R (2005) J4up J4up % (2000)




