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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

Sigehiro KaToH V", Tohru DANHARA #, Tohru YAMASHITA 2
and Hideki Iwano 2

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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Kf: Kurofuji, Fj: Fuji, Hk: Hakone, On: Ontake,
Mm: Momisawadake (Suiendani vent).
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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).
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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 OD5L).
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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 Grain composition (%)

Colorand Thickness

Heavy mineral composition (%)

analyzed grain size B Lm Total Total
lithol
) ithology (cm) Gl Q W Hm Rf Ot No. Ol Id Opx Cpx Gho Bho Cum Opq Bt Zr Ap Ot No.
Yasudate tephra group
Yasudate-5 (Ys-5) rbr-or 30-90 0 0 4 52 39 5 200 25 3 245 12 25 0 0 24 il 0 2 0 200
1/8-1/16 (upper) & 1/8-1/4 (lower) Vs, SC 0 05 1 675 12 19 751 1 48 55 145 2 0 0 175 15 0 0 * 507
Yasudate-4 (Ys-4) wgr,or,blgr 30 0 65 23 22 24 245 1241 2 14 0 1 65 05 0 695 6 05 0 0 271
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 54 65 0 0 0 330
1/8-1/4 only pm, sc, li
Yasudate-2 (Ys-2) wgr,or,blgr  10-20 0 T 45 25 A7 6 200 0 7 05 05 27 2 5 485 9 0 05 0 200
pm>sc, li 0 195 53 22 45 1 1124 05 95 05 0 335 2 * 49 4 1 0 0 246
Yasudate-1 (Ys-1) or-rbr 30-40 0 1 3 93 2 1 200 0 0.5 4 1 * 0 0 94 0 0 * 05 200
Vs, SC>>pm 0 *x 25 955 1 1947 * 4 9 05 0 0 0 865 * 0 0 * 906
Odamaki tephra group
Upper Odamaki tephra group
Odamaki-16 (Od-16) ybr 25-30 0 1 5 37 245 325 200 0 145 05 *x 65 1 1 39 3 0 05 0 200
1116-1/8 pm, sc, i *x 25 105 73 35 10 200 1 0 3 05 395 1 0 365 18 0 05 0 200
0Odamaki-15 (0d-15) ybr-br 30-40 0 * 9 3 0 60 200 0 0 0 0 2 * * 185 795 * 0 0 200
1/16-1/8 va>sc, pm, li 0 * 8 745 155 2 200 0 4 0 0 15 * 05 85 8 0 0 0 200
Odamaki-13 (Od-13) w.gr 40-70 0 2 35 60 3 05 200 0 0 0 0 735 05 9 155 15 0 0 0 200
1/16-1/8 pm>sc, li
Odamaki-11 (0d-11) br 58 0 * 10 845 0 55 200 0 0 0 0 15 0 * 115 865 05 0 0 200
1/16-1/8 va>sc, pm, li
Odamaki-9 (0d-9) br 20-25 0 * 115 8 0 65 200 0 0 0 0 3 * * 18 79 0 0 0 200
1/16-1/8 va>sc, pm, li
Odamaki-8 (0d-8) w.gr 20-50 0 2 20 755 25 0 200 0 0 0 0 385 B * 565 1 * 1 0 200
1/16-1/8 pm, sc, li
Odamaki-6 (0d-6) gr-y.gr 815 0 3 2 74 0 3 200 0 0 0 0 2 0 * 35 94 05 0 0 200
= Odamaki Ash (ODA) va 0 15 59 245 5 0 200 0 0 0 0 3 0 0 935 = 4 0 0 200
1116-1/8 (lower line: excluding biotite crystals)
Odamaki-5U (Od-5U) w.gr 25-30 0 0 10 90 0 0 200 0 0 0 0 665 * 0 33 0 0 05 0 200
1/16-1/8 pm, li>sc
Odamaki-5M (Od-5M) br - r.br 5] 0 05 115 865 05 1 200 0 0 0 0 66 0 * 33 0 0 0 0 200
1/16-1/8 sc (1)
Odamaki-5L (Od-5L) w.gr 20-25 0 0 8 915 05 0 200 0 0 0 0 7% 05 * 23 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 * 0 645 05 45 215 85 0 05 0 200
1/16-1/8 pm, li
Odamaki-4L (Od-4L) w.gr 10-15 0 25 375 55 35 0 200 0 0 * 0 66 1 15 21 05 o 0 0 200
1/16-1/8 pm, li
Odamaki-3 (0d-3) w.gr-y.gr 20-30 0 25 25 705 235 1 200 0 0 * 0 95 1 * 82 7 05 * 0 200
1116-1/8 pm, sc, li
Odamaki-2 (0d-2) wgr-pwh  40-50 0 1 20 775 15 0 200 0 0 * 0 715 1 1 26 05 0 0 0 200
1/16-1/8 pm, li
Odamaki-1 (Od-1) y.br-ygr 15-20 0 185 17 635 1 0 200 0 0 0 0 54 05 5 40 05 0 0 0 200
1/16-1/8 pm, li 0 2 25 69 25 15 200 0 0 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 x100, and those between 1/16 and 1/8 mm are identified using polarizing microscope x200.
2) Color and lithology: gr, gray, bl.gr, bluish gray, y.gr, yellowish gray, w.gr, whitish gray, br, brown, r.br, reddish brown, y.br, yellowish brown, or, orange, p.wh, pinkish white; pm, pumice, sc,

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

3) Grain composition: Gl, volcanic glass shards, Lm, light minerals (Qz, quartz, F1, feldspar; gothic numbers indicate containing of [ -quartz), Hm, heavy minerals, Rf, rock fragment, Ot, other

grains. ¥<0.5%

4) Heavy mineral composition: Ol, olivine, Id, iddingsite, Opx, orthopyroxene, Cpx, clinopyroxene, Gho, green hornblende, Bho, brown hornblende (including oxihornblende), Cum,

cummingtonite, Opq, opaque minerals, Bt, biotite, Zr, zircon, O, other minerals. *<0.5 %

Bz HEMERETH O, FTHEMRBEIEGEE L TIZIERIC
BiIfTh 2 LI n/z.

FT FAMIER, WEHEREY T3 v a3 2it&b
FT FRHEE OREAE(LIZBI T 2817 (Hurford, 1990a,
b) 1w, T—##IE (Hurford and Green, 1983)
2k B4 5« 527 ¥ —ik (Danhara et al., 1991 ;
AP - HJE, 1997 ; Iwano and Danhara, 1998) I

X0fTo7 WINbBEEATEDO LD FT Bl
DD DONBIRINN T &5 I ER%h B 0 22 %
HTEDEHW LT, FT BN RIS Fim s 58 &
FMAT 2487« 775 —ik (ED2) &AL #
AV O Ty F > Z1E KOH : NaOH = 1 : 1 (&))
) ToFv>bhzEHAW, 225 ~227 CT 47 KT
B 1 D BEGBVESE UK B - I W SE T (el $is

o Jz.
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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 index (mode) (number)

Corresponding tephra name

Sample Name glass (n), orthopyroxene (v ), hornblende (n,) Suzuki Kanto Ash Layers Machida and Isoda
2 This study Kanto Ash Layers Research Sakata et al. (2012) Suzuki and Hayakawa 2000, 2008 Research Group (1992, (1983)
Group (2001) (1990) (2000, 2008) 2001)
Yasudate tephra group
Yasudate-5 (Ys-5) Y = 1.696-1.707 (1.700-1.705) (30) — Tama 128 -
OLPyCA"
Yasudate-4 (Ys-4) n, = 1.688-1.696 (1.690) (40), 1.683 = = =
Yasudate-3 (Ys-3) - — - -
Yasudate-2 (Ys-2) n, = 1.663-1.676 (1.666) (52) n, = 1.664-1.669 — Tama 126 -
n, = 1.655-1.661 (1.657) (cum) (32) (Amazake)
Yasudate-1 (Ys-1) y = 1.694-1.705 (1.700-1.702) (30) — Tama 125 -
(Gomoku kechappu)
Odamaki tephra group
Upper Odamaki tephra group
Odamaki-16 (0d-16) = 1.682-1.696 (1.686-1.689) (57) oD16 Tama 123 =
n, = 1.699- >1.710 (Bho) (8) (Inarizushi)
n, = 1.667-1.670 (6), 1.674-1.676 (3)
Odamaki-15 (0d-15)  ny = 1.684-1.698 (1.686-1.687, 1.692-1.694) (47) n, = 1.665-1.671 (1.668) (30) n, = 1.685-1.695 0D15 Tama 122 -
n, = 1.667-1.676 (1.669-1.670) (15) n, = 1.688-1.692 (1.690) (30) APm? (Furikake)
n, = 1.659-1.661 (cum) (3)
Odamaki-13 (0d-13)  n,=1.664-1.671 (1.668) (47), 1.680-1692 (4)  n,=1.665-1671 n, = 1.664-1.674 (1.670) (30) n, = 1.666-1.674 oD13 Tama 120 -
n, = 1.655-1.659 (1.657) (cum) (40) ny = 1.657-1.661 (1.657-1.659) (cum) (33) Yt-hop? (Atsuage)
Odamaki-11 (Od-11) n, = 1.668-1.679 (1.676) (29), 1.683 oDt -
n, = 1.687-1.693 (8) APm?
Odamaki-9 (0d-9) n, = 1.669-1.674 (1.671-1.672) (27) n, = 1.666-1.672 0oD9 Tama 119 -
n, = 1.684-1.696 (1.689) (17) APm? (Akaten-bio)
n, = 1.660 (cum) (1)
Odamaki-8 (0d-8) n, = 1.668-1.674 (1.670) (40) n,=1.666-1.672 n, = 1.665-1.672 (1.667-1.669) (29) oDs Tama 118 -
n, = 1.685-1.692 (1.687, 1.690) (20) (Okara)
n, = 1.656-1.659 (6) (cum)
Odamaki-6 (Od-6) ny = 1.686-1.700 (1.688, 1.692-1.694) (40) n, = 1.686-1.697 D6 (ODA) Tama 116 HBP?
n, = 1.667-1.675 (9) APm? (Hachiohiji Biotite Pumice)
n, = 1.659 (cum) (1) TES?
TE-5a”
Odamaki-5U (Od-5U) ny = 1.668-1.673 (1.670) (40) n, =1.666-1.670 (Od-5U/ Od-5L) n, = 1.665-1.671 (1.668-1.669) (30) 0D5 Tama 114 Kap-11%
(Ham sand)
Odamaki-5M (Od-5M) N, = 1.668-1.673 (1.670) (40) n, = 1.667-1.672 (1.670) (30) oD5 Tama 114 -
(Ham sand)
Odamaki-5L (Od-5L) N, = 1.668-1.672 (1.670) (40) n, = 1.666-1.673 (1.670) (30) oD5 Tama 114 Kap-10°
(Ham sand)
Lower Odamaki tephra group
Odamaki-4U (Od4U)  n, = 1.667-1.672 (1.670) (40) n, = 1.665-1669 (Od-4U/ Od-4L) n, = 1.666-1.672 (1.669-1.670) (30) o4 Tama 113 Kap-9”
n, = 1.656-1.660 (1.658) (cum) (40) n, = 1.657-1.662 (1.659) (cum) (30) (Sanshokupan)
Odamaki-4L (Od4L)  n,= 1.667-1.672 (1.669) (40) n, = 1.667-1.670 (1.668-1.670) (30) oD4 Tama 113 Kap-9”
n, = 1.656-1.659 (cum) (34) ny = 1.657-1.661 (1.658) (cum) (30) (Sanshokupan)
Odamaki-3 (0d-3) n, = 1.667-1.673 (1.670) (40) n, = 1.668-1.676 (1.670-1.671) (30) oD3 Tama 109 =
n, = 1.686-1.703 (30) n, = 1.657-1.661 (1.658-1.659) (cum) (30) (Anzu jyamu)
n, = 1.655-1.659 (1.657-1.658) (cum) (40)
Odamaki-2 (0d-2) n, = 1.666-1.674 (1.669-1.671) (40) n, = 1.666-1.669 n, = 1.667-1.673 (1.670-1.671) (30) oD2 Tama 106 Kap-6”
n, = 1.655-1.663 (1.656-1.658) (cum) (45) ny = 1.657-1.662 (1.659-1.660) (cum) (30) (Shokupan)
Odamaki-1 (Od-1) n, = 1.670-1.678 (1.673-1.674) (40) n, = 1.665-1.670 n, = 1.672-1.681 (1.675) (30) oD1 Tama 105 Kapsﬁ’

n, = 1.656-1.662 (1.656-1.659) (cum) (40)

(Mame mochi)

(Kamikayama Pumice 5)

5) Refractive indexes are measured with RIMS86/87/2000 using the thermal immersion method following Danhara et al . (1992), Danhara (1993), and Kamata et al . (1994).
6) Correlated tephra: 1) Collaborative Research Group for Yatsugatake (1988), 2) Kimura (1987), 3) Machida and Arai (2003), 4) Nakaya (1972), 5) Machida et al . (1974), 6) Minagawa and Machida (1971).

EH T3 L,
®D NBS-SRM612 B X UREREE L=,

b P BRHR E O WIE SRR 5 A
FAE D R

&

xR

WCHWA Y —# 1L, ED2 = 372 £ 5 Th 5. OD2 1.

BLUOD6 EHEHED 30D ) &G ZE R &
LCHIEL. ODBICDOWTITHIEREZELS T D72
®, AN 150 D) T R EDAALE T >~
EAERL L CTHEKEE FT F£RMIE (BE, 1995) Z{7-
z. TNs O FT FRMEFEDOFMIL, Danhara et
al. (1991), fE (1995) =&MWz,

772 DERESREEHMNEFE

RS SRR PG D 2 FE LR /s E V209 D IPELENS, &
MRS T 5L Em AL THD, FNZT >
HRPEICRIR L7277 SRETH D LEO0—LABICED
NTW2 (BEO—LAWZEYZIV—7, 195672 &), %
PETII B DOLZEE [ AR OLENHICK I CH
B - pkiE, 1957), ZEETm EICIZZEI O—-LARNE
OFT7SREN, LEITREIEIOFLNEZETO—
LBU LT 7S BEN, FThEhn#HHEL TS (4
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FKILIR 7)) — 7« BE B B 76 o . e AR 92 27 )L —
7, 1998). EEEILE 1A E (Kap-1: &)1 - HTH,
1971) OEF™BIICEZLETI O0—LEIE, 2O
TITIMPIETL2HEEBEN 40 m D77 I RBETH
D, AXAHE 1 BaE )N - BTH, 1971 GoP1:
WTEIED, 1974) M6 U E2LEIO—-LABICED
NTnsd EEHEKILR )V — 7 - B B pa % A
WFE 27 )V—"7, 1988) BHH KK T IL—7 (1992) 1F
OD16 FAric\gmz e A 2RO T, BHIED — L4
EBhoT7 5% 0D16 M5 EALOZ2a) Y & EKRET
577 ML, ODI6 KD TOBEAEEKET LT
7 IR RAIL 7z, BEECKILIK 7 ) —7 (2001) 1Tk
T, BEFFO—AEE EREOLZE T O— AT
N, AIENED LI, BENEOHREIHE TS (M
3).

AL THS M LIZBHBEO—LAEFDOT 7 705
#, OEM, EREE, kiR 1/8 ~ 1/16mm ORI T DRI T
ek, HILWIHRE, BIOELEA (v), HEANA
(n2), BIFZR2RA (n2) ORFRER1ITRT
£ 11T, REROWFERICBIT BT 7 54 EDRIERIE
W7 930X RERIEET 7 7 L0 bRL .
AHFFEICHB VW TIE, BEFKILIKZ)L—7 (2001) &1
Biz0, 27 EBAEOWTNNT T IDTEERTH S
MEWVSIRIEE 77 T OIMIHRDENIEDE, B
HFOo—AEYOT 7 I T ORHEET 7 58 (OD1
~ OD17 ; ikl : Od-1 ~ 0d-16) & FiDZNrT 75
BE (Ysl ~Ys5; al#l: Ys-1 ~Ys-5) D 2DITKA
LCRE#id 2 (F1, K3).

1) EBEFT7>%8 (OD1~ 0OD17)

EBHiET 7 I8, SEaEAE ARAE (Ral
WANA - BEgEaRa - IO WA, BX
OB (BE8KIL - 74 > 8k85 - AREk/ &) &%
BHMEL, ME~VEORERNEMEDS TETRHMD
JFoend, BHET 7 SHTIE, AfR~EHGTERA
WKEDT 7 I OEGIMIANEENEERTH D, OD3,
ODS8, OD16 D XD ICEAICMATA Y 7oKL
HLLKIBKILAERICEDT 7 T TlE, RNEHIEY>®E
WA PIE DEIE RN L W EAAFED 55 (E
1). & Fo OD1 ZBRWWT, @AM ADRITE (n2)
13 1.664 ~ 1.674 O&iPHIZH D, T— KiL 1.670 mif%
THRITS (M4). OD3 TW, #BamAaRaoEiT
RlIn2=1.686~1.703 TH3 (F1, M4). 5
EHRAAYE (B -—AK) RAI DTN HAOERED
EWHhS, BHEET 7 S#%2 M ERHET 7 7# (OD1
~ OD4 ; itBHE 0d-1 ~ 0d-4) & E{IEHIET 7 5
B (OD5 ~ OD17;it#HE Od-5 ~ Od-16) (25 L 7=.

T ERHET 7 I#IE, B E U THEZE i
2L FY. AETIE, PO B - HENERTH 5.
EPMELTLI~5 %XOhI T lazEess, =
<MEBOBEATHOBHREINS B, h32 T M2
PG OJEITER (n2) 13HELIL, #HiFHIX 1.655 ~ 1.663,
T— RIZ1.657 ~1.659 TH5. OD1 I, GHEDEH
NREADOEE ERBEENLODKREL, FTRERHEET
TIOMOPFTHRYMTHS ED. LEANAGDR
&I n2 = 1.670 ~ 1.678 (E— K :11.673 ~1.674)
ThO, EMOBAET 7 FICEETN 5 EmaMADR
PR (n2 = 1.664 ~ 1.674) ITHNTHEIZEW (K 4).

EiRrRMEET 7 IR, BERICELLEOERML
D VTZHIRIKILIRMN 5725 T 7 SMPRIET 2 (3K
2000). =nsix, FiL OJEIC OD6, ODY, ODI11,
ODI5 D4 ETHY, TNZENDOEEIT 10 ~ 15 cm,
20 ~ 25 cm (EE/BEEHTE - PRI RHE,
5~8cm (EMOXKILUFAER), 30 ~40 cm (RZE
R T L TRRIZOSAHE) Thd (F1, K3).
& Ao OD17 (Kkt) EH EDEZH 20 ~ 30 cm &
SICHREROEEBENREDSNDA (K3), k-
TIRMNARHKETH O, RERNTALO OD15 25 DR
ATHDAHEMED S 2720, RFKTIIT 7 7B ER
Lisino 7z

IS 4 O XIUKIEHR 7220 3 > O H A
ZHaEL, 0D OD6 TR EHEL O B EHE &% % <
. FERIFIE OD6 TIREMRNEZ <, iR
MW, £7z, nz = 1.686 ~ 1.700 OEEITRZRT
Kk~ Hr ik o TR oS EANAGE D (F1, K
4). @ETROEEAN AL OD6 THEAMAGD 70
% LAk, OD15 THUK 50 %HitkaE 595, Lal,
OD9 % OD11 Tld, RBH#ET 7 I #ICILE I S {KEHT
ROE@EARGDEFICZ N, SEITROEEARG
1310 X RKWOEERETHY, BITEH N2 = 1.684 ~
1.696 O#iPHT, T— RO ERMEAVE < 72 2 {#E A0
55 (1, M4). OD11 Tz LD 5 E@EAKN
AOESR (n2) 13 1.668 ~ 1.679 D& TIES DX,
TALRMEET 7 S EED OD1 O /G O R R i
LTS (M4). —K, OD6HE E® ODS TldE/H
RO ARG O GVHENCE <, BALZXa
TEFEOEEANAIIIMAT, OD6 IZHRET %M@M
PIADNEA L TWAAREMZRE L TWD (F 1, X 4).

FIRHEET 7 ST, ODI3 ZBRWTHI >
FRGEOEHEIT1 XLLTFTHD, BERICED4E
DT 7 T7&RTIER -ARDBIMETHS. LaL,
OD13 B -aHkELEEH, NI T 2 HADE
HBM9 %EREL, FIRMAET 7 IR EHELULZE
GAREENFEMERT (£, A7 M RAORENT
#Hne = 1.655-1.659 (1.657) &EMELIT B (%K1,
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Figure 4. Histograms of refractive indices of orthopyroxene (y), hornblende (n:), and
cummingtonite (n2) phenocrysts from the Chibanian tephra layers on the Odamaki surface.
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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)
(em) ’ (em?) (x10* cm™) 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 p 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.

B 4). —%, OD16 dmEH RO T@MmAaE FKRE
50, TOEFRITINnz = 1.682 ~ 1.696 (1.686 ~
1.687) TH VO, H FD ODI5 DZFNITHRTHRRME
W (E1 M4, 351, Boa~FRBto%mAaNa
EOBEOEN, EAEA - BREOE, 125 a0
ZTOREBRIEMTH D1 T 1 > TV MNeE~PE
B, BRLDENLT T TR DRI TG A Rk R
2RY (D). £ BEVAKROEREZSDREEN
20~40 %E%<EFEN, EHFOODI5SICHKT HE
ERHMRZ L TS A HEMEAE .

2) RIT 758 (YS1~YS5)

WNLT T TR, Bk &, HEAAERASRIT
THREEAD) T DEENSEDIEE 30 ~40 cm
D YS1, Hfa~#FAARAGE BZAREL TREE AT
7 EHFRAER EDPEEZDIES 10 ~ 20 cm @ YS2,
Ha~#FHHEEANEEL, FBaxa) 7 EHKEsE
FraeftdEX 10 ~ 20 cm @ YS3 EJE X # 30cm @
YS4, JEEZ 30~90 cm EEEOMIG AN KEL,
B ta~RR G023 7 &KL N 5785 YS5 &
WO KDIZ, EHDOEL DN T 7 M oMikEh
5 (1, 3.

YS1, YS3, YS4id, EALMiEA T TARIEHILY)
DEIGN 50 %L EEEL, Hin EE A, 7>
TaAEAT A 2 THA N, BROEEANAGELES
. REMOYS51E, 2o 3 BICtkNs & |k
HATEBST, 25 %REOHN > T A, BAHEA, K
B E FIRE LT, 12 %O mEEA & 2 %k
& DM@ A 2D RN s ESL R 2 R (R
1). YS1 & YS5TIE, BEAHMADOREITE (v) 13Eh
ZH, 1.694 ~ 1.705 (1.698 ~ 1.703) B LU 1.696

~1.707 (1.701 ~ 1.705) TH VD, YSEMETEHW
ERY (E1, K4). YS3EYS4icid, PETH
B DGR~ RS TEERO S E AN A 6.5 ~ 11
%EEN, YS4 Tldnz = 1.688 ~ 1.696 (1.690) @
IR R E R

—75, YS21329 ~ 36 %DEEMAE EK 50 %D
ABEWIEMZ EAREL, 5 BULEOHI 2T NG
EED GRD. BIMTOBR - AROEED 7 %Lk
LEL, THNRAET 7 JHORAGICED T 7 7 &8
PIL =ik z= A9 5. HEANAGOEITRII N =
1.663 ~ 1.674 (1.665~ 1.671) T FiEHET7 5
HOZNIDPORMEL, W27 M HAaDORTRIT
nz = 1.655 ~ 1.661 (1.657) T NiBHIET 7 &
FIEFRUEERT (F1, K4).

2. OD2 &£ 0D6 (ODA) M )L FT &t

OD2 M HIH L2 )L k@mns 30z 5 >4
LITEATHELZEREZR 2I1TRT. s 30 KT
OHEET =1L, 1R TEOERERIVOFHEE FT hd
BWEORFHERONTYFIEREN. L, 1 °#
EITIEE#K L, #et RIIMELNED s Nan. vI >
DM DR LI DR T D 10 {504 E & 75 2 Hr Bk 5
M1 KT H-o M, RFHUEIX 0.35 Ma EHMAYIZ
G, EHOAFHCREDREEERIBN. 20D
HIE LUz 30K T2E—T7 FRFEICET DD LRI
LT, 2RTomEEEFEREL T510 £ 160 ka GR
31 0) ZHEIMUZ. RHEE TG E % A < T
NAHMBLIIR I A KERMNEN ST, UF VREMN
70 ppm E/NI Do 2 OBPEREDN 31 % EREL TR
o7z,

OD6 MBI LZ2)b 3 & 5, [FEEIC 30 ki
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TERAUTHE USRS, B 150 ki1 2% A THl
ELZEEEFT FRUEOMEE, £21RT, 0
TNHRADHER D) I FERTH, 7T EE
% 310 ppm &ELEEHIE DN D 720Y, BHEWERHEI TH o
T2l 1R TFHZ0DFEFT 3P iaho7. 30K
TOHEETIE, K THERDINTYFIIREND ¢ HWE
IZEH USET FISBESDGED 5NN En S, kL
FOMEEEEMNRELT350 £ 70 ka 2157/~ 2)La
SAER 150 R RN S E LZHETD, K TFHERDOE
EEVRBEBLABVHDOD, yMEITERKL TH LT
MEEDNED SNRN. ZDEOE 150 ki Ta2dHs
L, 356 * 29 ka OIEFEFEREEH L /.

1. OD1 DEALHMFHLAEARMRDT 75 D3t
Lt

EHEEEZE S & MIOT 7 5 Tdb 5 OD1 I, i
YL Bk S EILWIAE R ATBI S K IR 7))L — 7 (2001) &
—HT 5. UL, HEARNGOEHIRIEn = 1.670
~1.678 (1.673 ~1.674) TdH VD, BHHRKILIKT IV
—7 (2001) O#HE (nz = 1.665 ~ 1.670) LIS

MTHEZD, WHIEN (2012) XD n2 = 1.672 ~
1.681 (1.675) OUEFERELIFIF-HKTED ED. &
SO RAOEYTEII N = 1.656 ~ 1.662 (1.658
~1.659) T, EfioOD2 DFNEHFHMIIFLTHS
ME— RiZeomn, WHIEN (2012) TiE, ODLIZ
B2 T M RAGOEERBITRIIREINTY
BV, INSOENG, OD1 OEAREHNEEE, &
MERICEDREINDZIRETHDEEZS.

MTH - B%H (1983) 1%, ODI1 21l - BTH (1971)
BRUHTH (1973) @ LEELE 5 &4 (Kap-5) 1Tk
U7 &) - BTl (1971 13, BEILWHARSREAL -
JEHHAS Kap-5 EFEARSE 1 A (Hdp-1) TR
20D, (Wi ORBLIEILY) DB AN IR S Z
EM5, Kap-5 & Hdp-1 N —#H O KIZHBIT 5 B
ZTFI=Zy NTHLHAfEEZRBL TWVDS (K5).
OD1 & Kap-51i3, WIinhb p-a%Ez2E£<&H b
BONI T N NG EMED STHENTHS I -
W, 1971). Kap-5 OE LICHRET 5 LEELS 6 8%
i (Kap-6 : W7 H, 1973) &, )il - WTH (1971
TIRBARE 2#&A (Hdp-2) THHENTHD, =
SIZEM SO —F ) 6 OD2 ITxtb T i Tn
% (WTH - B%MH, 1983). Hdp-2 D@ AN G O HE
FRITn2 = 1.667 ~ 1.671 (1.670), HI T k>

This study Machidaand  Minagawa and Kanto Ash Layers
I Isoda (1983) Machida (1971) Research Group
(2001)
(HBPup, TE-5up, TE-5b, J4up, Ty1b)
NLu-20 (Clenser), HBP Odamaki Ash )
APM—— TE 5 (TE-5a), J4, Tyla OD6 [ (ODA) (HBP) (HBP?) T";‘,Tg;}ﬁ
37521 ka (FT), mostly 380-400 ka | |
Kap-11
| (|3D5| H Hu|m sTnd }— Kap-10 Tama114
|

| OD4 H Sanshokupanj Kap-9 Tama113

OD3 Anzu jyamu l Tama109

Hdp-2 (Kap-6) oD2 | Shokupan | Kap-6 Hdp-2 Tama106

510+160 ka (FT) (3)400+170 ka (FT)
460120 ka (FT; OD2+Hdp-2)
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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.
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MHE DXL ZHERTEEHTHSD.
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(1) Suzuki (2000), (2) Suzuki and Hayakawa (1990), (3) Kanto Ash Layers Research Group (1992). Odamaki Ash, Okara, Akaten biotite, 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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BB fRICE D &, OD6 2 HBP, TE-5 BX U AiPm
IZ, OD9 & AsPm T, OD11 # AsPm IZ, OD15 %
APm I, TNZTNREL TS (K6A). L2L,
OD13 & Yt-hop O ILICHERENH B Z LRSI N T
W5 (RHEE2, 2012) 728, AWFFETIEHA - B
(1990) #A (1992) &Rk, 775 DREMENE
OREEAEBICHEOW T 0T 7 5 L OXf L2870
5.

4 BOREREAKLKIE, KktiZktbxns OoD17
KO TFAICEAT S Z &5 AtPm ~ AdPm IR L
N5 Gk, 2000). &577 7 OEEOHE, M
B2 APM T 7 S HOBEEDOMHE (F4, 1972
A A, 1987 & K, 1992) & —FH L, OD11 &
AsPmAERDEETHD. 77 MO KUK L DEE
%, 0D11 ~ OD15 {1 & AsPm ~ AsPm [ THRHHL,
INBIE, WINH APm 77 SREZEBMOG SR
ROW@EANG Gk - B, 1990) 284, TOH
FEIZOD6 & OD15 T£<, OD9 & OD11 TIIME
Thd (E1, 4. YLK TIE, OD6 IZId#k
FEEATRL O AR 2 <, o T 7 T T3 EEAEH
D IAEIRAS R AIZL .

#iA (1992) 13, BT d 2 EW IR ER T KR &
WHESEICHB W T APm 7 7 T BED JEAH A £ il fik R
BRI L, APm S2MRICEAL A3 AR 7R
FEENSD 2 &, AsPm CIREERN - A¥ENHNLD
&, APm i FESCTHBEMANEGOREITED LR &
bR AT EREEHSMIL TS, £/, AiPm
~APMICEREIND DN I CHERBICEEBEMNH O,
A2Pm & AsPm TII IS Z 31U WIEHDR S
MENDITH LT, AiPm Tk @ a1
BT LHELIRY gk - HE, 1987). LALRHEET
7 IEIIBNTH, OD6 IZE[bASHEA TR L 72k
IR TH D, HERDHE, 2375 EOHIK THE
IAERICE A, DIV R A TRER Z FE
&9 %. OD6 & ODI11FHEERNNZ <, OD15 d n2
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L22<850 (&1, 4. 2ok, HEXMIZE
HHEFE T % APm T 7 T HEOKEIIEHIG T 7 SIS
WTHFEFHTED. LMo T, OD6 & AiPm, OD9
& AsPm, OD11 & AsPm, OD15 & AsPm 75, £
TSN HHEEITEVWEEZSNS (K6).

753, OD17 (Kkt) H EICITEEREEEENTHER
XN, BEEKIR IV —F (1992) K- 7 U AT ).
7 w2 (KET APm, BP) #f7t& (1996) @ [Wix
DY UEREE] (K6B) ITHLT 5. ARFHEIL Kkt A7
WZEAM L, AsPm H L <Id AsPm (RHIEH, 1992),
HDNVIMT 7 T ORLEICHIEIN D [N H B
M, 77 T BEDHRC A AL EFR O EZ DT,

T OIS EROMEL Lz,

3. Yt-hop &D¥ttk

APm 77 B & OxICEDIE, OD13 13 AsPm
DE F, AsPm O MLIZIEMT 5. A - 511 (1990)
P HAR (2000) 13 0OD13 2 Yt-hop IZ kb L 72 (K
6A). /\r EHERIIZEZ IV —7 (1988) iIckiud, Yt
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N ERBICHMT 5 Bo 777 U\r ERRIIZE S
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B1E _EIZ Yt-hop 23SHEFET 5 U\ 7 HHKRIFZE 7 )L — 7,
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1984) OE LICE@EANGOLZNEAET VT (Th
Z# TE-5up, HBPup, J4up & # ) MNHRET 2 Z
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13, EOBEET 7 IMRALLGEER ThoileE
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EU7/ 72 Bo, 7L ¥ —, OD6 OAARCHEMEH
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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.
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OD8 OAEAREME#M (E 1) 38T LH ODS & Yt
hop EDREZHFETZHHDTIEARWL. LnL, AW
FTHEHFLZ A2Pm Bos ?) IS5 OD9 ®
AsPm (B1) IZxtbE41% OD11 & D JEAL D F G 13 iR
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PR d 2 DMH L.

4. APm OEEER
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LOHlEEZN, 2 TCE—FYHKENEINTWS., Tyla
WEHTH - # 3 (2003) @ TE-5a IoxftbaNTH 0 (FHE-
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DO FT FRIT, BHEREOR—F77 In6/EoNT
B0, EEHEE 1 0) NT—HT5. 3EOMEFEY
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J4, Tyla HEZEHM (1 o) T—%T 2 FTEAMN
BonTnsg (£3). 05 OIMENEFEMRIL 400 +
38 ka (FR7 1 0, KFH 193 M) THO, hlfElX
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DOMEFEERZRD D &, ERERHIO A/PPmIZDOWT
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L < O AiPm IZDW TR —O Tk, W THlE SN
722 D@ FTFROIME (398 + 36 ka:iizE 1 o,
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ka CKiT¥c 150 fE) WO BIFETHESNA FT 418
(g, 1999) L HIEHIFANT TS (E3). FT
e RS 388 £ 50 ka @ RITL 44t (Tsukamoto

et al., 2007) °2)a kM E MW/~ 375 + 13 ka
® (U-Th) / He 4 & (Ito and Danisik, 2020) (i
Z3nwind20) &b, BEMBANTRLS 8T 5.
L7223> T, AtPm ORHAFERIE, 838 (2000) SHH-
fEE (2005) T 5 X 512 350 ~ 400 ka D HipH
WCADREENE N EE Z 5N 5.

BB &39I, ArPm DR HERITIIL FO X
S IERBIKIDFERH SN TS, 1) TE-ba lZ%E T-e
m (ATHE, 1974) OBEKBRICKHE T LZT 75 Th D,
2 T-e HIlE MIS11 OUFHEIT R S 7= (BT H - Fr
2003) ; 2) RREHHPTIE Tyla OE FICHKE T >
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ka @ @UNEH,, 1995) D (FH - [EEH, 2005) ;
3) HURHEBEHEHD I3 77 THE LICH D R A H
ORA, 1935) iz BbaBED SRS,
Z DB NI TR RO F LI L ET HE —
IR HHEND. JARIAMEATEE BT, EEoResn
e, FRRENY Z MR 2 B UEICHE T % (4G - 5%,
1984) ; 4) ZOBRBREBEOEILRNLMET HE—T 1
MIS11.3 icRtbx N TS (HTH, 2008) 5 5) /\r &
e~ 79 DA E R N HE T3k
e ba i S 1L B oSN EESINTBD ((F
HIE D, 1988), Bz (AsPm) 72WL Bs (AdPm ® L
<13 AsPm) DFRIKJEHE TR MENIERIL L 72 rTREMED S
weaIhd GEE - /\ 7 BEIEHFE 7 I)L— 7, 1992) ;
6) EHREMEET O Ybl 77 T AdPm I b I N,
F ORI Kkt FLO MIS10.2 fHE eI s (0]
H - #2003 #iK, 2003) 5 7) B SEHGLIPE D H
AFNETIE, MIS11 O&RBEN (MIS11.3) 1IN T 5%
PSRRI, AN RO LA N EET S &
TH#DOI SN2 (R, 2009 &H, 201772 8).
BE S i TR X 172 GS-KS-1 a7 DML
FEEE (FPERIFEDY, 2009) TlE, Tyla (AiPm) JE#i
TFESESE L, 7 HHHEOEIL 3% AR & KR
THV, TylaWMIS11.3 KD ORENTHEK LT
EDURIREINS.

s OFERFFIMN S, AiPm id MIS11.3 D%
T, MIS11 Iz Lz b EWnEE 2 5N
%. MIS11.3 % MIS11/10 @ K& FEMR1L 405 ka
PBIUN375 ka LN TW3B (Lisiecki and Raymo,
2005) OT, FRAHEHINSHEE I NS AiPm OEHIFE
1% 380 ~ 400 ka D#HIF EHABND. RIFFLTRL
72375 £ 21 ka WS AIPmOEKEEFTE£RILZ
OFMREEHEDERD, BEGWTHS. A (2000) 13,
OD6 7Y AiPm, HBP, TE-5, J4IZxflkT& % &L,
R JE D T4 O JE AT B L OVHE B E A MIS11 D fH]
KIFICHERE L 7=k E CTh 2 2 & (MTHIEDy, 1980 7
E) ns, ZOEHFEMRIL 380 ~410 ka THAD &
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JEHFEXILKE (OD6/ODA) EZHUTHILIND AlPmREDT 7 TJE, BIUVRBHIEE 2 &4)8 (OD2) &Zzhicxt

HENBF7I7IBOE—YRIEERH W)V aAY T var - Ty 7HER,

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, 2O, HTH - FHH (2003) SHTH (2008)
X TE-5 (A:Pm) OHINFERZE 350 ~ 360 ka, #iA
(2008) 12 OD6 (A:Pm) O Mg H 44L& 360 ~ 380
ka &L TW5., RFKORENSIL, #i 2 FZO0HE
TEDHEFENRTHO, A (2000, 2008) DHEEM
HERNZY THoEEZEZ BN,

5. EHEEOTEAENS

#A (2000) 1% AiPm ~ Kkt [ @ k1K + & o HE
BEEZ T EkRELl, Thz2/EL TODI % OD2
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IZEDWTEHA (2008) 13, REHEEm OB (HEK)
FERZHKI S50 TEMDMIS13/128BR A TH D E L.

IR L TEARIER (2000) 13, HBPIZDWTHEHS
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BE) e, BHEWIE MIS12 OKMIC HERE L 72 b
JE A MIS11 ORPKINIC TR E N TR S Nz KB T
THO, FTOEKINZ MISI2 KTHh D EEXT-. A
JEI &L % OD2 EFNiTxik N5 HAP-2 @ FT 1L
(BARIZ 2, 1998) DOMMEEHFEMRS 460 + 120 ka
EEENKRELS (K3, 77 TIDOFTHERETNSRE
HiEmOERENRZREET 22 30Tl Ly
L, Kkt (OD17) D% 330 ~ 340 ka (ATH - #r
JE, 2003), AiPm (OD6) DWiHFEMRERTL D LS
12 380 ~ 400 ka & L T#iA (2000) &[FFRIC OD2
DOEHERZRBES & 420 ~ 480 ka £750, OD2 @
JNENE FT H#RERL —ET 5. OD5S E 215 OD4
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HoMit - IV NEEWEEREOAE N AL, R
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1952 : WTH - B&H, 1983 /K - YO, 1994 72 &).
a2} T RN N = b =Y = S A= Ry AVA VA b S = = F A )
AREESE WY A ER U (A, 1936). k
7 AT, K63 JTER O MIS16 O AL NI
PR L OEGEZEL THASISICEAL, 577
EETO MISI5.1 I L7=EZE 26N TS ()
P - 5L 1999). Lad->7T, BYIbmaE hoay
VUl ORISR THL, R EEEE o RN
MIS15 O 60 FAEMETHMD EEZ 5N, BHEF
e, BRI DT RIRITIAD S E G R 2 Ak
LTWwizEHftEanTHso (ITH - s, 1983), H -
AL D7 B Bt e R R T LE R TR N 0 S M2 b2 L
<, WEHERFOWMIRENRKESEBL TWzEEZ SN
Twa (ITH - H10, 1952). 2o X5 R, BH
FEIE 7S MIS12 & WD H—D KT TEAR & Nz SfsEE I
Tl <, XOEMITHOZOERINZMKETHS Z
LERBLTWS., Doz ens, BHIBEHIZH S50
~ 60 FERD MIS13 ~ MIS15 IZJER S, #9542 ~
48 HAERTO MIS12 12139 Tz FHIE N, B E{EL T
WizkEZH6N5.

s

BASEEF I EE, BER MO BHED — ABICHAET S
17 BOT 75 ORI TFHLK - B, B A - %
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Appendix Table 1. Names and abbreviations for the Omachi APm tephras and related tephra layers with their original
references.
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