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Abstract: Iiji volcano in the Niigata Prefecture, NE Japan, is a composite one 60 km behind the
Quaternary volcanic front. This volcano had been active between 0.3 and 0.2 Ma. The products of
this volcano are dacitic to andesitic and 8 km?® in total volumes. This study reveals new evidence of
an explosive eruption of this volcano that generated remarkable tephra during the Marine Isotope
Stage (MIS) 7 in the northern part of the Kanto region. The Echigo-Yuzawa pyroclastic flow deposit
is newly defined in this volcano; this deposit was previously regarded as non-volcanic conglomerate
and sandstone beneath the volcano. However, such conglomeratic unit is lag breccia containing abun-
dant lithic fragments with a pyroclastic matrix. The essential material of this deposit is cummingtonite-
bearing orthopyroxene hornblende quartz dacite, and its fission-track age for zircon is determined as
0.21 £0.07 Ma. The Moka pumice fall deposit in the northern Kanto plain has same compositions and
refractive index modes of glass shards and crystals with the Echigo-Yuzawa pyroclastic flow deposit.
Also, the tephrostratigraphic position of the Moka fallout is consistent with the radiometric age. So,
this is renamed as the liji-Moka tephra (Ij-MO); its volume is measured as at least 1.4 DRE km3.
Other previous study revealed that the middle part of the Miwa Formation (MM) in the coastal region
of the Ibaraki Prefecture intercalated the Moka pumice. Although MM was interpreted as the low-
stand deposit during MIS 6, observed lithofacies show that MM is made up of tidal channel and
fluvial deposits filling the paleo-Naka River at the high-stand system tract. Modal compositional
analyses indicate that the volcaniclastic deposit in MM, which was formally correlated with the Moka
pumice, is a resedimented mixture consisting of Ij-MO, Kinunuma-Kurodahara (Kn-KD) and other
tephra materials. This evidence suggests that the eruption of [j-MO and Kn-KD took place immedi-
ately before the deposition of MM. Previous K-Ar ages from the volcanic products of Iiji volcano
above the Echigo-Yuzawa pyroclastic flow deposit have been determined as about 0.22 Ma, and pre-
vious fission-track ages from Kn-KD below [j-MO have been dated from 0.24 to 0.20 Ma. Therefore,
the eruption ages of [j-MO and Kn-KD are close to 0.22 - 0.23 Ma and 0.23 - 0.24 Ma, respectively.
Also, these ages indicate that MM is the high-stand deposit at MIS 7.3 to 7.1.

Keywords: liji volcano, liji-Moka tephra, liji-Takatsue tephra, Echigo-Yuzawa pyroclastic flow
deposit, Miwa Formation, sea-level change, MIS 7
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Index map for the localities and geologic map of Iiji volcano. Triangles are Quaternary volcanoes.
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B2l SO OB SRR AR O FYE (Loc. 1), LB, MP, SSiZ, Zh-ZHikAMmueaH, BREAFM, ke

et — D, OKIZBRI A RmeHERI. I RENZ

, AEEAT. ORI GE13) PRIUTE.

Fig. 2 Outcrop of the Echigo-Yuzawa pyroclastic flow deposit along the Uono river in Loc. 1. LB, MP, SS are the lag breccia, massive pumice
flow and stratified surge facies of the Echigo-Yuzawa puroclastic flow deposit. OK is the Okuzoichi pyroclastic flow deposit. White
arrows show the unconformity between two pyroclastic flow deposits. A white circle shows the sampling point of the dated material

in Table 1.
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B - OKILBEREICE, BUERDRL LIRS, wWedhd h
IV YA EA SRV A R AR AP T A
YA MDA AEAREmE LTCEL I, BICkIEB %
AT HEBREREMA LN L2 5, —HoO KRk
TR O S BICHfHR L TEBELZEDEELL6N 5,
RO KO BAEALABEE S, KGR O G
BRI LITLIRBE NS DT, REAES (lag

—120—



7 7 7 REFE 70 b A 7 B U i T T ARk Ll JE s (L)

W1k HBRBEINKERERD (Loc.l) YLV - T4 v a3y b Ty 2 PRI,

Table 1 Fission track age for zircon from the Echigo-Yuzawa pyroclastic flow deposit in Loc. 1 .

Number Spontaneous Induced Dosimeter
Sample of grain ps [Ns] pi [Ni] pd [Nd] r U Agetlc  P(y)
(10°/cm?) (10%cm®) (10*/cm?) (ppm) (Ma) (%)
EYPO1 30 8.26 [8] 1.30 [1255] 8.664 [4436] 0.148 120 0.21£0.07 64

Note:

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

(2) All analyses by internal detector method using ED2.

(3) P(x") is the upper  tail probability corresponding to the observed y’-statistics.
(4) Age calculated using dosimeter glass SRM612 and { = 37245 (Danhara ef al., 1991).

(5) r is correlation coefficient between ps and pi.
(6) U is uranium content.

(7) the total decay rate for *U: AD = 1.480x10™" / yr.

breccia) &M Tw5% (Walker, 1985). Z DJKIA
1, RTINS & D R S e R E AR KRR
IZFET LTSN KETEL 20 kHeE LT
EM XN TR L7228 O (Walker, 1985) , £ 721348
AP E A SRR S TR A AR AR 320
KO 5 OFRAREE2R < & - 728 @ (Valentine and
Wohletz, 1989) & XN Tk 0, FEEEITIZM G OEM
BTV E2DTH A5, FRHEMEEHITRIRTH S E
DO, HEERBNY » TR T 12—V B EDOKE%
BT MR E 2 WEERICHN L2 6 XA L L 72
% D (grain dispersion-dominated emplacement;
Branney and Kokelaar, 2002) & &2 505, KA
T o — Y AHE S KNEER T 0 ORI, Wb
DR TR RO - I ERICKE 51EL
(traction-dominated emplacement; ditto) 12753 7 it
N5 ORI T, B — VTS 5. FEX
Fi TSI WAL 2 R D IR A SR A S - 0k
(BTS2, KR O AR ERE 3 ICHYT58 0T,
SRR TRENRENE U 2 6 KD £ & &
&L TxE (fluidzation-dominated emplacement;
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A5, KEMEBEEHEOFIEE, T OREOME RN FE
ICKEP 5722 L EmT EFIFIC, RS < P
IZh o722 L E/RL T3 (Walker, 1985). L7225
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Loc. 108k %5 RO e Rt o SR Amid (GR
BHREU B2 RIR) 22 5 0L 72 Vv a v
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1991) , HIEAESBIL30MTH 5. 56 7z F R0 I
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g3,

4. ERMT 7705 HMETDRIE
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2000) .
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T3 B3, ME102cmD A 3 v &7 b YR EER
HREAE AL T A 34 - O TG KILEED 5 &
5 (3X) . % FEb4 em 5 F 12 E &R kLK &
BN R DR ATES mm OEHMR AL, 2D LA
11 ecm ZFYE O KUK & R L kD Wik KEE1.6 cm
DOEFRER R 5812 FA736 cmidik KfE1.1 cm D
BEADRHDRE K L 2 F1E 612 & & HIA D KO iRk
%, % #8551 cm I3 FE O ALK % K < EIKO v
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ISR B EA S EANG T 4 4 O PN
ETh5HREEME T 75 (Kn-KD ; $A, 1993 ;
thot, 1999) Ad 0 (FE3MX), W77 7D+x v bidF
FREr R A 5 B AR WL AL ER 0 B g T ROV S &
KoTWd (54K).

BT 7 7 Mo 313, kil # 7 Z 511,501 ~
1.504, FHSHEFRA1.709~1.716, 5@ P05 25 1.680
~1.684DHEIFAIZ & % (F5K). ZTHIZK LE FDKn-
KD JEir 1, Kl 7 2 511.497 ~1.498, #}
FREAAL711~1.713, L@ ADIF A 1.677 ~ 1.6801
E—2o2d0 G5, w77 7okilhg I 2/KIZ
BWIIELZENAS S, 72720, WiT7I3DKILHF

«—

w3 REKIGEEOKR T T 7 7 % & AR O R,
BUANE LS 1 X E 2O Z & AgKP = RIkFEA
7 7 7; Ag-MzP = FRIRAKIAT 7 T 1 Ag-NM = bk
1TIN7 7 7 #F; Ag-OK = ’lGE H 7 7 7; DAD = )
T 2N HEREW; He-FP = 84 v %7 7 7; Hr-HP =
W4 IR T 7 7 Hi-NN = §% » T AT 7 7; -MO
=t EM T 7 7; [-TK = Ak a7 7 ‘7; Kn-KD =
WARYARMIE T 7 9; Nk-MA = HGizERT 7 7,
Nk-NM = H¥%47)11 7 7 5 ; Nm-NK = {38 A_K'(iﬁﬂ
7 7 7; Nm-SB = {3RE 7 7 7; On-NG = fiE =
7 7 7; 0n-Pml = fil%5517 7 7, Sn-KB b1 Ji
SIREHT 7 5.

Stratigraphic sections of the eolian deposits including the
fallout tephra from Iiji volcano. See Fig. 1 for the location
of the outcrops. Ag-KP = Akagi-Kanuma tephra; Ag-MzP
= Akagi-Mizunuma tephra series; Ag-NM = Akagi
Namekawa tephra series; Ag-OK = Akagi-Okkai tephra;
DAD = debris avalanche deposit; Hr-FP = Haruna-
Futatsudake tephra; Hr-HP = Haruna-Hassaki tephra; Hu-
NN = Hiuchigatake-Nanairi tephra; [j-MO = Iiji-Moka
tephra; [j-TK = Iiji-Takatsue tephra; Kn-KD = Kinunuma-
Kurodahara tephra; Nk-MA = Nikko-Mamiana tephra;
Nk-NM = Nikko-Namekawa tephra; Nm-NK = Numazawa-
Numazawako tephra; Nm-SB = Numazawa-Shibahara
tephra; On-NG = Ontake-Nagawa tephra; On-Pm1 =
Ontake-Pm1 tephra; Sn-KB = Sunagohara-Kunota tephra.

Fig. 3
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Fig. 4 Distribution map of the Iiji-Moka tephra (Ij-MO), liji-Takatsue tephra (Ij-TK) and Kinunuma-Kurodahara tephra (Kn-KD). Numerals
are thickness of the fallout tephra in cm of [j-MO in roman and Ij-TK underlined. IW = Iwaki, ME = Maebashi, MT = Mito, SR =

Shirakawa, UT = Utsunomiya.
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Wk & dd & USSR RS TR < DR 20 % HE R %
HER X B 5k e LT, 1E,I kil - B4
Kl - kil s 5 (BE4X) . L L, BRI
13 Kn-KDD A ZWEH L 2B kiLThd D, ThBsto
k= MEER SR T (LI, 1999). 77,
B4 KL 20 B0 0T eE S B RO & i A U (LTE

HIZKEILT IRERENZEELLON TS
(F-H, 2000) . BRAFFO ARG & FH7 A% 5E A
PAETFAH4 L ThHBH, R0 T 7T DRENTD
B Kklicmb» > TkAd 45, £/, kiid s 2 -7t
e - EEAKADEITREIER T 7 7 £ 13— L
0 (LT, 2006). L7228 T, B4 AL e IR K
CEM T 7 7 OB EEE AR SRk n,
A CRCIR T B AR L AL o B U IR R O R R
ORHTFEZ, KILHF 5 Z51.501~1.503, FHHAH
1.709 ~1.712, @ AP 231.676 ~ 1.685 D HiPHIZ &
D, HiMF7Z7LD0HEHENPRY (FB5X). Lrd, M)
TRINEZEEE T2 LT T 7 5O L8
N2 ARS8, BN REES R E T
[ HHTEZENTED (FAX). ThoOFEHE
6 ARG TIZERT 7 5 ARSI & Rk L
W CiREEMT 79 (-MO) & HE®RT 5. X
e & % G O HE R 1 — O TR & h
7t DEEZONDH, MEDOHIZEARKRIC OV TIEAR
kO EThsb. RELKUEHBHEELTETFT 75
DHEREF A EEELS ERTT 750D KM
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Refractive index mode

Glass (n) Opx (y) Hb (n2) Cum (n2)
YZ PF (Loc. 1) 2
Hb > Opx, [Cum]; [Qz] 20 4 8
glass: 1.501-1.503 (100%) 8
Opx: 1.709-1.712 (90%) 10 P g
Hb: 1.676-1.685 (100%) 4 =
Cum: 1.665-1.668 (90%)
0 0 0 0
1j-MO (Loc. 2) 14 1=
Hb > Opx, [Cum]; [Qz] 8 8
glass: 1.501-1.504 (100%) 10 10
Opx: 1.709-1.716 (90%) A
Hb: 1.680-1.684 (100%) 5 g 5
0 | 0 0
Ij-MO (Yamamoto, 2008) = 19y
Hb > Opx,[Cum]; Qz €0 |
glass: none ) LY
Opx: 1.708-1.715 (90%) 10
Hb: 1.679-1.685 (100%) 5 10 5
Cum: 1.657-1.666 (90%)
0 0 o ol
Kn-KD (Yamamoto, 1999) 2° 15
Hb > Opx; Qz 8
glass: 1.497-1.498 (60%) 10
Opx: 1.711-1.713 (70%) 10
Hb: 1.677-1.680 (50%) 5 4
ol . lo 0
OA101 (Loc. 5) 15 15
Opx = Hb, 8 8
[Cpx, Bt, Cum]; Qz 10 10
glass: 1.497-1.507 (90%)
Opx: 1.709-1.722 (90%) s 5 4 4
Hb: 1.670-1.691 (90%)
Cum: 1.662-1.667 (100%) o 5 5 o . |
0A102 (Loc. 6) 20 8 8 :
Hb = Opx, [Cpx, Bt]; Qz 8 8
glass: 1.497-1.510 (90%)
Opx: 1.699-1.703 (20%) 10
1.708-1.714 (30%) * 4
1.719-1.722 (30%)
Hb: 1.680-1.684 (90%) 0 0 0
g 8 B 8 g 3 8 g g
%5 7 7 7 RGO R & BT ER A, Cpx = WAHEAG; Cum = 7 3 v 27 b Y H; Hb = Yl AP0H; Opx = #H58G; Qz =
A [] =Ky .
Fig. 5  Characteristics of tephra layers and refractive index mode. Cpx = clinopyroxene; Cum = cummingtonite; Hb = hornblende; Opx =

orthopyroxene; Qz = quartz; [ ] = minor component.

(Legros, 2000) 2ELH T X | 64 cm % @ )EH4 4 I ¢ 58
WO 6 4.5 km® (55 TIi31.4 DRE km?) &
K5,

5. (REKUZIRRET HMHDT TS

A - M (2002) AVER KL A 6 s L 7=
0.30~0.18 MaDFAHPH AT 8k L H i 7 7 7 Dist
AKX E AN B 7Y = — g N KIHERY
BIEAET 2. SR KLOFIERICNE T 3 WE M E
A, ZhE TRIEAVHEE L Than@Ekts 7
7 LI B TRAHERI 2 S 5 (1LJT, 1999). K
7 7 7 3 EAHOF AR SR 2 F -3 (Loc. 35 54
M) Tk, BrELtAT 77 (Hu-NN) O T g

67 cm CTF i KR ES mm D @A R ERES mm D
SR8 A PSS 2 & &Ik O BT AR HE Rt
MELTHMmTsd (RMBH), 72, TINTE » it
(Loc. 4 ; 33X TiF, 6 w5 E & 72 W HERE D & 0
TEAMRMAT 7 5 (Sn-KB) ORI, JE/EiE50 cm T
Wi KR 5 mm O [ @I & &R N AR &
LCHAT 3. K77 50kLH T 23588k 11b
LTkD, @ Fc3mapka - ftRabsbics I v
2 b VG - G SRR SRS D, Wl
A ORI EIF1.672~1.67512, # IV 27+ YA
DIEHT 131,663 ~1.666 1< Eh LT3 (1luic,
1999). A7 7 713#90.22 Ma® Sn-KBDE. FI2d % Z
&, NBEILTEERD SR B Ak U 72 A i e 1S P &
NTWBZE»5 (1JE, 1999), MIS8D ok HI iz mg Hy
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77 7 JE 6 A IR L P S AR KL o TR (1L0T)

A Lo::.s Loc.5
* ~— Eorian veneer

Ishizaki Formation

- |Naka River
m
|

Basements

e M BN =

2 ; =50m

F6 X A) KUEGB M OBEE WX, ML AR M, MM IS EAREG R, MU ARG B, a ldopRike, fidmnse: e,
WA (1975) 12k %, B) KEFIOHIZX. AIEWrimR o E, E-L e 1/25,000 MR [#E] o—8 %64,

Fig. 6  A) Schematic cross section through the Oarai terrace. ML, MM and MU are the lower, middle and upper parts of the Miwa Formation;
a and f are alluvium and fluvial terrace, respectively. After Sakamoto (1975). B) Topographic map around Oarai. The solid line shows
the position of the cross section. Part of the topographic map Isohama, scale 1/25,000 by Geographical Survey Institute, Japan.

LEzdnrfiens, 20k kb me
FOMHAITH ) | KBNZ I 5 1L T O R EYEPE =
DRKR EFEARBEDOMK T AWM BT 5 b s /i st
DEEME L7256 L7220 7T, NEBTLIEFLIERED S
N5 (Yamamoto, 2005) .

m T 7 7 OIS AEN R S A BT B8 T A
HERIE, R 2 OFEEA IR S 3 A O
Kn-KD & 0 & TROEKER, 2D Sn-KB XD
ETHNORKETE RO >Th56T, BHAF—1
25 o NI A 5 AL T 1A 0 53 Al B O g 13 ML
kgD e &S (FFAX). FHOBHEAD
ME R FASIFEREAKIL A RE T % 08, —JF TR kLo
T9IZ & 25RO OB e T % B 5 6RO JiUsk g
PSRBT EDOREOH» 5 Hwn (5t - #iik,
1981). L2 T, KT 75 &AL A2 5 & %
AN, Wik tEl T 77 (TK) L HERT 3.
64 cmFREEHE» L HHM SN KT 7 7 0w KA
(Legros, 2000) 1%2.0 km?® (O TI£6.2 X107
DRE km?®) TH 5. A7 7 7 OFEILHEHIZA L AL

FATHRO 5> Tugnd, IR TIZRIEEL T b
BEPE 2K Z 0,

6. RANEhEBDOHRE

[-MO & R 2 RAIRE I3, KR vh & s sk <, AT
B - BB G 2 E W30 mai R O A B o F
A& MRS B UK - WO EHL T, FE - hiEs - b
EIZHl gy X s (A, 19725 1975). R M3
ELTHSE R0 6 k2B Eh %0 » DM E
W Wb % 36 72 g T, g b 5 & B H 2 0 HERG
JETdh B (A, 1972). B RIZFEM T 2 FEid sk £
72V ORE L 2 AEYERLOED 5 h b v
b -WEILIRLAED, W AT ZF 27 ) —
MTd s, KUEMNIEIIZEAEN M OB RERE 2 H 0 |
ZOWRABEZN0mTH S (FE6X). FAEE b
13, FER A SEICHI DA A ZZ TR DM & M - HbRE T
KED» S RIZP T TOIZOAGAH L, Ik KEE
335 mTH B, FARE BB, Ao IS &

—125—



WEARADIGHGS 2007 - 9558 % H3/4%

Loc. 6
e SHORE FACE
MU > Bi-directional trough cross- == Pianar beds
1. \“\“;ff'% bedded sand; erosional base [=Trough, .
R Ripples
MM-d . ¢ Gravel
by SWAMP Rip-up clast
12my Massive mud: Burrow
rootlets abundant Rootlet
Volcanic
— sand
GRAVELLY FLUVIAL CHANNEL
Clast-supported massive gravel
MM-c > trough cross-bedded pebbly

sand > horizontal-laminated sand;
erosional base, rip-up clasts

SANDY FLUVIAL CHANNEL

MM-b Trough cross-bedded sand >
: clast-supported massive gravel
> horizontal-laminated volcanic
sand
i
e SPIT PLATFORM

Flood-oriented low-angle planar
cross-bedded sand (wedge sets)
> small-scale ebb-oriented ripples

Cil BRI s R (MIM) O 2 BEARIRIX . SR UAN B O RIS 5 XIBH. B3 m HALOBEE.
Fig. 7  Stratigraphic sections of the middle part of the Miwa Formation (MM). See Fig. 5 for the location of the outcrops. Numerals are

altitudes in meter.

B BRI T, AR K I R I o W 5 TRk
ENZIFIFEHEHEPEAmEO LISHERL TW3 (K
1E2,1969) . EEiZ RIS b7 7R E 223 ERAIR L
FOREL 02650, EEIMEMEAZEBEL T3,
WA (1975) (ERAIFGhEB AT § 2 A % ik i
KBV AE TP IZ d5 1) BRI 2 ViR TR & 7z Bk g
EEL TV, Z0H%, #AK (1989) 132 & koK
WL OB BN HER L 2B ©, BT 7 7 %
PET2ZE4MonIZL TS, LALEDAS, K
e cix R RE T dim LA oM ch 5 Z &,
KEHOEMT 75 Eh=3DMD T 7 5 LIRA

L7-HHRBMEO D TH B Z L AW o I2T 5. K
(1972;1975) O RHIFIEAES (v —7r v 25R) %
A ZFEBOMIE TS 5 Z L iEFET MIS5SIZTER &
N0 ARG BB A% #7225 ARG & U C b 3%
U, RRIRgGHE & Tz idm o kg 4 ¢ % L&
Wk b, UL, A% TIERIERIRD ADRER
EHELPToTC0nEnze, [HkOMESE 20 %
FHW3,

EAO RO KPEEMIZE T 2 RAREHEIE, T
75 MM-a, MM-b, MM-c, MM-d® 2= v b IZ[X%}
Eh3 (7). MM-ald, k8 mE TOE X124
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8 IX SN D M B HERE . PEAINERIOVETAD R TR R (F) & MR/ NSRS HERERD () 2> 5 75 % (Loc. 5).

Fig. 8  Spit platform deposits in the middle part of the Miwa Formation, consisting of landward-dipping planar cross-bedded, well-sorted
sand (F) with small-scale seaward-dipping cross-laminae (E) (Loc. 5).

i 5 8 U 2217k 0 B OIS E A 72 ok - FDR D
25k %, HERHGE T i ke & (AL - peALry)
DOEKAR LR - PO 2Ly FOEED
#EE U, MICHmmAAmmE (I - WREE) D/h
By T EFES TS (B8 . IKAFRIZZREA - F
TP OREEIE3 mm~20 mm T, 1t v b 26~15
cmDEE EFED, —fITWERD HIENIE IFEALE
L EZ T T a Wy, MM-bI, BH7~9 miZs
T 5Ey FE20~60 cm® b 7 7 RIFIAE RO F 5%
U 7=t - fkR D - R 0 ORI - oRUR D A
L5, FIEBEOGRME, 2 THHNETHS.
SIS E A R - RIS A DN T T T RE AV
BlICHkE NS GBI, ZOFMIZ OV TR
%, MM-ciith8 ~ 13 mIZ 54§ 2 Btk o h i - -k
BAFEARETE22=9 T, 7 7RI REE O E
U 7= MR D - Hp 0 AT g B & D ok - HDRI D 2
PATNSG, Wi - KRBTSR R CHIMEL A R
<, JBE50~120cm T, b4 A4 TDA VY TV r—3 3
VIRRELTWS, 72, ZOEHFEMZEBAETH S.
MM-cOREEHIZRERE L ->TED, KEL -
VL b ORHEREENEEIBICEEN TS, MM-d
13, MM-c® LiiiDEA %D 2 HIRDE KD 20 H

WIBT Wik 11 ~ 13 m O BB 54§ 5. filidh
ROM» % <, MHIELHEREG 258 & 2, BAkE L
HeDmBRIWPRME L > TH D, U ZARE L
HrSADRAALZWENZBOEND.

FEIZH S iz EhTnd K510, RAREH Sk
DA TT5, MM-aOHERHIEZ, L2 Lk
NoMIMER & &< Ba D, Wik 0 #Eil» 5
B0 ENZZWABF ¥y XAV NICRELZLEDTH S Z
EAERLTWS, RiIERM O RO HERREE 2L 5 28,
IR ISR A RAEIRE <Ry s han., KA
B - SFITREEOL CEE Y Mk, WRANO
W75 o b7+ — 24 (spit platform) 12 & FiHY 7%
L D THD (Kumar and Sanders, 1974; Moslow and
Tye, 1985) , JEHBIMNI DM LIEBIZTZEL & 41 72 e 4 #§
L TWE=DTHAS., T 7 v b7+ — LHER
O TR b 7 7 BIRIZE G E O R & U 7= 1% B /iy
F v 3L HEREM) (active tidal channel deposit; Moslow
and Tye, 1985) 2% 5 Hifs & h B2, KkBHOH
FITIBEIM L v, POk (1975) 12K % & Loc.5Di
T-16 mE CRAMEHHOMEIFMAT 2L SN TE
D, W F v FOVHEREYNE S RIS IRAE L T B A REYE
MRKEV, F72, BDWORE LIIZH 72 2 HERHIZ R D
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B KA 7 2RISR AT ER 2 O @M RE (Loc. 6). sURFOA20113 2 DM rin 5 HREL.

Fig.9  Parallel-laminated white fine-grained sand, containing abundant volcanic glass shards and crystals (Loc. 6). OA201 was obtained

from this layer.

oA, RAEHEAEYD 3 BEA VL DT
Hot=DT, KBELWWEOREZ AL, B EHIE
Hoz LTHEEPT, MIIRABTEADRTVWBEDT
HA5. WFRIZBELIMM-aOBWET T v 75— 4
HERE A, (KA BT RE & 7z VLRI g vh B o FE s
DOWHk-18.6 m» 6 G T26 mE W RLE (24 HF 0 I iR
WHEICEmEY) ETHETEZEE, ZORAEH
WO win EAMICER SN2 & E2BHKL TH
%. MM-bid, VORI 2w B w1 i s HER  (Miall,
1978) T, WIWHOHEZRD 5 sy, MM-as b
MM-b\DOEM O LA, i B3R X0 & R
WEPKEL o220, WMIOOMNE PN & B E)
L7zZLEEKRTEDOTHAS. MM-cd , R 7 i
B HERY (Miall, 1978) T& 5. MM-b» 5
MM-c DRI IZPAZE LR B2 H D, Kl 2R Ak
WEHOK T, $TabbiROIK TS 722 & Z2mE
LTWwW3, — 5T MMcix EHIZ5mPl FRELTEH
D, KIS 88 U CHERT T RE 22 1 O B K 73 i HE R
PR T TR X 2720 EWiIEBOERE & 7256
L72DTHAHS. MM-dDEHIZFERToOMhh £ 7213
RO HERINZ R 2 2 D TH 5. MM-c & MM-
dOBRE  F v 3 LIRIZ B2 Wl A h =R AeN

DAREmZZLTE D, MM-diZ i & /= IHmE
Y THWIEALNS,

7. RMERIICKRENZT 7 70HEH

AR D & 5 12 MM-b O BB I HERE P iz, &G
Frics A2k - R D 7 7 F R A BB O ke 1232
wohd GETK). 77 BT FIrEES 5 7/l
BB FEE L, WIIHER O~ & U CTEE L 7=
ZENRMENTH D, $iRk (1996) BHEMT 77 L L
CRE# L 23/ NBOHERMNG , BEICHEUEANAL Tk
DIRBIEBZZENTE LIS, KHEDLoc. 6
DOA1021385A (1989) D Loc. 5D T 7 7 & [l —
DEO LD 2 5 Il 5. S BN O #
AT 5 2 2B ORI R DED TH 5.

Loc. 50 0A1014%, JE/FE4 cm D17 fg B % 5Ol
ki - RO H G T, KR DOKI65 % 3 bk, 930
%A KA T 2K KO Z DR, K95 %HEH 25 7%
5. fEEF O BEBEYNIFHEG - A0k, EIEMERT
TR (36 %) - MW@MK A (12 %) - HEDEH (3 %) -
HER (ME) -2 Iv s b rA (M) - RSBV
W (49%) 25k 5. KA T 2IFHITEDE — K5
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7 7 7 REFE 70 b A 7 B U i T T ARk Ll JE s (L)

TS K512, 1.49912¥ — 7 A DO EEEW 7«
L ONEBT B A, 1.503%1.507~1.508128 % 7 E —
FAH D, EEOMEDOEDHRMEL TWDB (B5K).
FRICHIT 1,507 ~1.508 DKL # 5 22 @& T, ftho
Kl g 2 L EMELE N S 5. FTROO TR
$1.707~1.723 D FEHIZ /B L, BB D T — FHAFAE
T35, LA aORTE L KT, 1.670~1.6930D
HPIS AL Th 5,

Loc. 60D 0A10213, JE/58 cm D AT HL & DA
MRED A 5 72 0 (BEIIX) |, RERMIDKIS0 %23 k1L H Z
2R KO DALY, $940 %AHEEE, 910 %2V
Mok Bb, MO bEEMERIEEA - A%, EL
YA (59 %) - RAEA (11%) - 7284 4
Fo(8%) - HAENA (2%) - BER (1%) - ANEVHE
W (19 %) »56x5. KiliA T 2k, EIF%E1.507 ~
1.508IC¥ =27 2 >WEDOEDHNE#L, 1.503 ~
1.504%°1.498 ~1.4991 ¥ — 7 22 ¢ D A>T 5
(GBS . RHHFERIZOWTE, JBITERT3IOD I L —
Tz, ZOHMIE1.699~1.703 - 1.708 ~1.714 -
1.719~1.722Th 5. —F, LEAKNAORITRIL £
EFEDHAEL, 1.680~1.68412HH T 5,

gk (1989) 1%, RAIEHIHIZHIMET 27 7 7 &7l
It & EE AP A DRI RE» S T 7 Z IS L
2. L LAEDS MRMOBEITEET— F 5 4i» 5 E
HDH 7 5 0A101-0A102 & DA< L& 3M L Eo
F7IMNRIEL TWBZ EIFHEET (E5K), 2hb
FHM AT T 7 7Tk gy, -MOMERY O T
X, kI H T 2A21.501~1.504, FHTHEAA1.709
~1.716, @A 231.680 ~1.684 DHIPHIZH 1 |
0A101-OA102ICj-MOEIHD Z N6 DR 238 5 Z
EFRIBT BT E - FOGFE,» S RTINS,
12, OA102I2 KaicH Eh 2% ®E AL, -MOD
ZhEMPTHFEARL ~FHL TS, LrLay
5, JEITEE1.498 ~1.499 DMEEFE 57 5 2 R JEITFE
1.507~ 1.508 D EH 7 A, JEITZE1.719~1.722D
BRI, G-MOBEIHE 35 2 5 hmn, KIET
FEWH 5 21220 TIRT-MO & JEHE W Kn-KD
HeAONh2E0D, GIEITEOBE T 7 2R
ARl T 7 7 £ 32O EDIZHkYT 5 2 &K
TH%. 0A101 R 0A102D & 5 % IRA KW A MM-
bOWEBIEHEIZZ < HE 2 EREDIMNT 5 720121F,
TR _F SIS R R X T A 5 i & B
1z 13-MO - Kn-KD R ZDfthd 57 7 5 % & & )ik g
NHEAEL T T 200856 LW, Thb
5 RAKBEMSHEOR LA ENDE Z 2103, i4 D
T THEICHIR L THEKANY P Ad o/ T5F
AT ESBET S, £72,0A101 - 0A102 & & K iim L
HNOEFEEBNNI N L ST AL AR
THEIZZF TR &2 5 I % = 70 B i X

N7 @BEFEZAIILL, TKEFHIBBE LS 5 72 & A
5N 5.

8. (RTEMT 7> DEHBELEMIST BEEED
ESRET

WA (1972) &k > TH sz h =Btz
AW AESERIL, TO%OT 7 TREIFICK ST
ICEDREIN, 2—24>—2Ox{lknTE5kS
125> CE 72 (8K, 1989 ; Bl A, 2004). A
(1972) © WHIE [#13 MIS5e DM FA THEK X h
7o HERE YT, WA A O S 2> & MR 270 m D
Wi LSRR D 52 Z ERHE NI IR TS ($
1989). WAk Lo FE T (i im LA ORI & T
ER SNy =7 v AR TH D, BARE FE L
IEMISS LRI D 2B D Wik F & LR TR Eh-Z &
1245, I, RAE TEICARA TEDLNI S AR
(55 6[4; JiA, 1975) 12T, BIE» (2004) 1%
I EMISOIZHERE L 2 i B o8 Bk ikt L
TV, ZHhIZHES &, BRI T L dEiIEMIS8 2 5
MIS7.5 & MIS7.4 7% 6 MIS7.3 ~ 7.1~y _FFHWIxR
ahks, RAREHEAHET2HEALD & T
OMEBEAROTT BN Lk (56X), MIS7T.4K%0
MIS8 DEFHIE T B AKX 5 - 7= Z & (Martinson et al.,
1987; Bassinot et al., 1994) L FHMPKTH 5. /-, R
Mg MM-b & MM-cOBIZIR BRI D Z T L B,
MIS7.2 D Wy 2K F MMM TH 5. — 5,
BEILIE A (2004) 13, KIRE A C A kg & BAE O
MU AREEA TP E N 2500k (AR IZ A, 1981) %2
DR A 2 N IThT, T & MIS7.5, kA% MIS7.3
XL TW3, 543 L0k (1972) O BHET
B IR e ARIE A (1981) DF I 5 MR A
ICHERE L 2RI R T h 2 aTREME K X <, M4 %
SHEmT A 0ERD S S .

INhE TICHE SN MIS8~ 7D 44X (Martinson
et al., 1987; Bassinot et al., 1994) &, Ij-MO - Ij-TK -
Kn-KD DO T e K OB 9 2 O R 0 B £R % R
L7zeDAEI0XTH 5. Ij-MO & Kn-KDIZDW Tk
VLRI T & s o B O REEA T & T L 2231 R
B2 OBEBRICE T L2 88, MiRoEED» 5 HR
ENhb. F72  -TRKIZOWTEHHIED & 5 12Sn-KB &
DO RBEBRL 5 MISSOKHIZE F LA EZ 6N S,
Sl Tj-MO OS5 T & % bk 5 IR A W i HE
MD7 4 gy bTy 2iERIZ0.2120.07 Ma T,
HFamEnsAkE L h-oTn3 (B1£). LarL, Wik
GIUKT AR O | FOEE 2> & s S h 248K~
i GRA - #EH, 2002) ®° Kn-KD O ERAE ($iKIEH,
1998 ; 1JC, 1999) & FWICANS &, FEfi i »
BONELKRDIAD LS. Thbb Hia-HEH (2002)
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ML
300ka T ~— 7 ~Above I]-MO

Oxygen isotopic stack
(Bassinot et al., 1994)

® K-Arage
O Fission-tfrack age

Y
Below [[MO-— —————————— — — —

HI0X ARLER T 7 5 - WAGARMET 7 5 & R RN A 2 7 — ¥ ORFFEAERFIBEHR. 0180 HitiE Bassinot et al. (1994)
12k %, BAEBERMAZ T — 25 a=AK2¢; b =4 - M (2002); ¢ =#AKIEA 1998); d =1117C(1999); e =
NEDO (1985); EY =B IR mHER ; 1 =8E1va%s ; ML =3 KRR ETE ; OK = B K i HE R

T =VANEEE ;Y =506 A.

Fig. 10 Geochronological relationship between the tephra of Tiji and Kinunuma volcanoes and the marine isotope stage. ¢ *O curve is based
on Bassinot e7a/. (1994) . Numerals are the numbers of the marine isotope stage; a = this study; b = Akaishi and Umeda (2002); ¢ =
Suzuki ez a/. (1998); d = Yamamoto (1999); e = NEDO (1985); EY = Echigo-Yuzawa pyroclastic flow deposit; I = Ilijisan lava; ML =
Main edifice lavas; OK = Okuzoichi pyroclastic flow deposit; T = Tachigarayama lava; Y = Yumoto lava.

13, RGP HE R O FAL T O WK EY) T
B B BRI R AR - BR T ILVA S 20 5 0.18 £0.04
Ma - 0.22£0.02 Ma - 0.24 £0.02 Ma® K-Ar 4l %
WELTHD, Zh6 DO EMEH A, S M AENR
130.22 Magifk & % %. —J%, [-MOE T ® Kn-KD
DT 4 y¥ay-bTyr7HMR130.20£0.03 Ma (8

WE A, 1998) - 0.24£0.05 Ma (1LJT, 1999) &
EhTkD, HWAFEMRIZ0.20~0.24 Mak k5. L
TOFEROBIZ-MOEkEh 5D T, Z O HF
fR120.23~0.22 MalcZ TR O AD LS (FE10X).
% 72, Kn-KD O 4 3 0.24 ~0.23 Mall £ T
DAD B, ZOEMRMEII 1258 R 7= 7RG rh s %
MIS7.3~7.11cxbd 2 RiE L #ME %A < XFL T
WAL, HEICSROFEREERSL - 24
T4y I BBFREAKREFIELANI &L EKL TV
5. 72, BHEBEBA»50.28~0.25 Ma® MIS8 & L
72L-TKO M AR Bk G IRARRAER I &L 0 &
T & B AR KR O A O FARAE (AT - g

2002) R —FHLTED, SHOXIOEHEL &
KoTW5b,

9. £&OH

1. kili7 ey b A 58960 kmi§HILZ & 2 B
T, 30~ 20 TR HEE) L 72 A KL O Rk O FE
R L 72 AR NS, BB S UK W HE R
(HiFR) #PeA RO BT - IARILES & I
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