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A Newly Found Pyroclastic Flow Deposit around 10ka
at Nikko Nantai Volcano, Northeast Japan

Yasuyuki Mryake*, Miyuki Sarro**, Yoshihiro TAKesHITA¥**
y b y b bl

Teruki O1KAWA™*** and Takeshi Sarro***¥**

Nantai Volcano is a symmetrical stratovolcano, situated in the southern part of the Northeast Japan arc.
Many geologic studies hitherto have suggested that the stratovolcano was formed during the Main stage, and the
overlying pyroclastic materials and a lava flow were formed in the Later stage. Because no sedimentary gap is
found between any deposits of the Later stage, it is inferred that all of the activity in the Later stage took place
successively around 12 ky BP (15-14 calka BP) and went dormant until now. However, we found a pyroclastic
flow deposit named Bentengawara Pyroclastic Flow Deposit (BPFD) at the northeastern flank of the Nantai
volcano about 2km from the summit crater. This deposit overlies an 80cm thick deposit of weathered ashy
sediments that in turn overlies the Arasawa Pumice Flow Deposit, a member of the Later stage.

The lower half of the BPFD consists of volcanic lapilli and ash that is remarkably fine-depleted while the
upper half contains abundant scoria of mainly lapilli-block sized clasts. The deposit also includes a small number
of breadcrust blocks and occasional accessory lava blocks and fragments of charred wood. The breadcrust blocks
consist of a dense outer crust that is significantly fractured and a vesiculated interior. It is noteworthy that the
edges of the cracks are sharp and never rounded, suggesting that the vaporization of the inner magma that
produced these cracks took place just before or immediately following the settlement of the blocks.
Paleomagnetic data from three breadcrust block samples indicate that the magnetic vectors of high temperature
components are aligned with our present-day poles. Two pieces of charred wood were measured for their '*C ages
with results of 12—-11calkaBP. The whole rock chemistry of scoria and breadcrust blocks are determined to be
significantly different from any of the rocks of the Later stage, but the accessory block in the BPFD has the similar
chemistry to the Osawa Lava, the last product of the Later stage.

We therefore suggest that the BPFD was deposited after the Later stage with a short (~3 ka) dormant period
between them. Since the age is possibly around 10ka, the Nantai volcano should be counted as active volcano
based on the definition provided by the Meteorological Agency of Japan.

Key words: Nantai volcano, pyroclastic flow, breadcrust block, active volcano
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Fig. 1.
the junction of Nantai volcano and the older

Index map. Bentengawara is situated along

Omanago volcano. The topographic map is
drawn using the software Kashmir 3D based on
the digital data by Geographical Survey Institute
(GSI) Digital Map 10m Grid (Elevation).
The square shows the extent of Fig. 2.
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Fig. 2. Locality map. The topographic map is
adapted from the 1: 25,000 quadrangle map
Nikkohokubu by GSI.

Loc. 1

© scoria -~
9 breaderust block
Q

2 pumice -

black soil 0(%0@
(I "ﬁ‘&? o0
Haruna-Futatsudake Pumice oéé PO é;_c:

Q.Q»aog'a-o

[£=] silt-sandy sediments 0)atpe 04
0 0o,

aj o iy

I:I Bentengawara Pyroclastic Flow Deposit :::o‘ i":o'q
- .Q'.v,'

]:l weathered volcanic soil L 0e ®ag
TSI

EI Arasawa Pumice Flow Deposit Im [ o (-0
P RN

Fig. 3. Columnar sections.
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Fig. 4. (a) Occurrences of the Bentengawara Pyroclastic Flow Deposit (BPFD) and other deposits at Loc. 2.

(b) Ditto at Loc. 1. (c) The bottom of the BPFD. The arrow shows the surge layer which is overlain by
the lower part of the BPFD. The lower part is depleted in materials finer than silt. (d) The top of the
BPFD (the broken line). The arrow shows the charred wood. (e) Fragments of scoria from the BPFD.
Their shape is characterized by the aggregation of small lumps. (f) A breadcrust block in the BPFD. The
edges of the cracks on the surface are very sharp and never rounded, suggesting the formation of cracks, and
therefore the expansion of the block resulted from internal vaporization took place just before or immediately
following the settlement of this block.
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Fig. 5.
the high-demagnetization-level component.

An equal-area projection showing directions of
Solid
circles denote the 95% confidence range of the
projections on the lower hemisphere.
direction (open square; Dec= —10.4°, Inc=51.5")
and its 95% confidence circle (dashed circle; aos=
32.5°) are also shown. The direction of the present

The mean

Earth’s magnetic field is also shown (star; Dec=
—7.33°, Inc=50.33°).
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Table 1. Whole rock chemistry. Fe,Os*=total iron
as F6:203
lava
wt.% breadcrust block scoria |fragment
SiO2 60.16 61.62 59.76 55.54 | 61.24
TiO2 0.63 0.61 0.64 0.71 0.62
ARO3 | 1692 16.69 17.17 18.19 16.72

Fe203'| 7.94 7.43 8.26 9.74 7.83
MnO 0.14 0.13 0.14 0.16 0.14
MgO 3.40 3.06 3.54 452 4.01
CaO 7.12 6.72 7.24 8.76 6.34
Na20 274 277 2.68 2.16 2.60
K20 1.37 1.59 1.30 0.75 1.49
P20s 0.12 0.12 0.12 0.13 0.12

Total [100.54 100.74 100.85 | 100.66 | 101.11
ppm
\% 181 166 189 227 168
Cr 195 185 196 326 619
Co 190 196 194| 259 281
Ni 73 69 78| 114 206
Zn 673 629 686 750/ 659
Ga 161 155 162| 17.7] 158
Rb 386 472 380 18.7| 452
Sr 264 259 268 2771 250
Y 152 168 150/ 139 159
Zr 865 917 793 589 909
Nb 30 36 33 1.5 2.9
Ba 302 368 320 195 350

bR O & FEHTicEEhcwie BB, K
{EARP & KRy & el bk kg & < & 7a L
72, s 28kE LR o Nt - . AERE
D—D> NikN-01 (32K AL U 72 EEEL cm T2 Ot
IRD & @ (Fig. 4d), NikN-02 (FERHIZBL B LL TV 3
DRSS RALE DIRWERS ©38% 51 5 EERHIE cm
BEORILRTH 5. FEROMEIL, NikN-01 kKA
fhovr A o 5RITT, NkN-02 2ERERBY Y 7 —1c
T b, WIFNOH vy 7 bl 7Uh 1) « FRIL
PAITIS 5 121k, COMMLL T 5724 v =4y b 2Hl
TELFERIIEE TS » 7o, MIERD /Ny 7 75 v FOFE
fffild TAEA CI BE#ER R 2 W TITie - 72, 72, &k
Blo 6 3C 2R [FIN A B IE & 1778 WAAE 2 5
L7, AIERES % Table 2 1ICFC Y. Table 2 1T, LAY
4 IntCal04 (Reimer et al., 2004) 12— < JEEKIE 7 &
27'5 & CALIB5.01 (Stuiver and Reimer, 1993) %2 {#H L
BOE L2 FRUE S b Tidd. NikN-01 (3 10,340E30
yr BP, NikN-02 (% 9760=160yr BP Th O, BL T 15
4R (BP) OETH 5. BFEIEE, NikN-01 2% 12,262~
12,377 cal yr BP, NikN-02 (3 10,658-11,715 cal yr BP T&
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Fig. 6. Whole-rock chemistry. The data of the rocks other than the BPFD are after Ishizaki and Kureyama
(2004). All the results are reculculated on the basis that the total=100% without water. See the text for
descriptions of the lines in the figures.

Table 2. Age determinations.

libration Age (cal BP) /
Sample y  dlity* §°C (%) "C data (yrBpyr  CPlioration Age (cal BP) Labo ID

name probability(%)***
12,050-12,248 / 27.8,
12.262-12.377/72.2

10,608-10,615/0.2, 10,658~

NikN-01  Loc.1 -26.54+0.11 10,343 +£32 PLD-1007 1 ¥¥*%*

NikN-02 Loc.2 -25.96+0.02 9,756 + 161 11,715 /997, 11,741-11,745 / 0.1 6578****x
*See Fig.1. Loc. 1: 36°46' 51.8"N 139°30 28.8"E, Loc. 2:36°46'51.2"N 139°30'21.6"E
**Error 16 level, ***CALIB 5.01(Stuiver and Reimer, 1993) is used, Error 20 level.
#xxx4C dating was carried out at the Paleo Labo Co. Ltd. (NEC CAMS-500).
#xxt4C dating was carried out at the Tono Geocience Center of JAEA (NEC 15SDH-2).
B aRE sl bR E . TR A>TV, F7o, KMRIREI Iy v Ky —
VICHHY T B EF A SN ARSI /R < HEREI 37
7. & kil 169" % (Fig. 4c). 512, RILRABGEhs T &, E
71 KPR DAL EEATE 72 (FEE ORI & > TR S NS VR

FEREF KRR, € O EERBIR» S AR KT vy 7820 FHITEEN S C & (Fig. 4) 8 E»
THHALSIEDFE L T 5 T & o SERHEREN DR 5, it PR EEiRTh - e EEZ S5, ORI
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KW GRA » /NEF, 1996) ECIEOHERIY < db 5 & HIWT
INB. PTHEEREICL > TIER S Nty v EOR T
Oy 7 GEERIRORHICHE - R L 5 2720 0k
TS RIRRE 2 PNEBIC AR > T WO 7z & W S FERRA 18 3L T &
5. XoICHMEMNIERLE LT, YRR oy 7 3
FHZ S W TR AR ZRIE Lic & & A, 33k &,
L& b OBRAEOTA L RLITE VARSI IEH > 7. D
CEiF, TNSOEMN, T0F ) —SAP EoEET
EE L EEBERLTWS, k2L, 3RO,
MO »IZ D> NE NS, TOHHELT
&, RHEICHERE L 2 e D ICEB B OB T OBENSH - /2
&, NVERIRT ey 7 BEERRBRICEBELTVDEO
T, TOREEERO eIV ANATNIc &, BE
DOEHMNEZ 5N 5.

72 U CEEEEHFE
PRV Ic G TN D 23 ) 7 Lo VIR
7y 7 BAEEERIC B W T —AROERE N LY K
DB, O &, NYRIKT ey s ORFEH L KB
WO GE P itETE v boThbE I E L
HEEALT, Thoh—dHo< I/ <iREEaICL - TS
NrcEHYICH B alEEESE W S E AR LTV A, S0,
wmS56wt.% DR 3 T IFRIEENDT VDK LT
SiO, B#Y 60 wt. % BiifR DX YR 7w 7 133 h 2w,
Z 0 Sio, & EHFEOMBE, [HKI kilgfEHo~< 7
vREAICOVTHEICEDONTEBY, AlF - Bl
(2004) S¥ERE L 1CiRGE T V; 3b L, HRICEL T
494 b=r<s, FEREOLVZ LVERAERIS
< R OEE, EWVWIEFNICE - THWATRETSH 5.
722U, FRRE KRR O 2 2 ) 7 & X v IR T
oy 7 OLELEERE TR ovwdho< s <iRE
V) =REBRLSTOVAE, & 51T, FFREGFKEETHE
PN, SORETEZ & B S ICRBEYE Tl W E
BRGahhaEEns. zoEllkod 5w a0k, B
L URRPER R, ERES Rt 21~51vol.%; f1
I « (1, 2004) &—Fd 5.
INODHEENGLTOI EMfEHRSNS, AR
KR O< 7<id TR obD&id-E 0 EXBlEh,
Lo b, R OREZOEIY) & Sh 2 HIREG D%
GLTENDS, TR (15-14calkaBP) £ 0 &1 L Wik
FOEYITH S EEZONE. TDT & IFFPRAEKRE
TRHEREY) & iR e HERE ) & oo R JE bk LK % 8k
T EEPFIRITH 5.
FROERIEAH D 12D ICHFRAFKERICEEN S
RAEARF OBSFHEERORIERTT - 72, FERREZETTS -
oMb, BERD S, KRRHEREYI AN P i H D A
FNh, TOEDIHITRILLIzbDEZEZ OND. A

OFEMRIAE IRk & & B &2 1 JTHER] (BP) OfEZ R
. UL, BonkoOlEMICIEEEABAZER
BV SN D, WlEEOBHERIEFER S, NikN-
01 7335 & % 12,400-12,300 cal yr BP, NikN-02 3% & %
11,700-10,600 cal yr BP ¢, mizlitoFERAEIX, FE4ITE
—HLBw, JESEDO—> NikN-01 (F+ W2 WE R
cm FEE OBIEIRD & O (Fig. 4d), NikN-02 421 LD
PORXUAF P ORELZ DT, BIROIRELI D
ZTHEFMORE ERENRL > TV B EIFEAIC
W, —F, KRIETEERELZNCE TN A
(bAZET T END B ool kKRR OMALA OFERE
BRES-LTEbH B (FLEZIE, K- fih, 2002). 45
[ DERIED A DR S = D rJfeE s fefis 5.
ZorEFT L, RKPEROEKERIE, 11,700-10,600
calyrBP KD FHWHREM S H D H 5. FEHH L, KR
KPR, TR 758 (15-14 calkaBP) & 13, #93
ky EEOHMZEE BV T TE L LRI NEH, &5
KzhE D bHFVEWS R bERI N TV S, &5
1, IERETS KPR O TR A RS 211, KIHRAAE
1 BABSSR MR 7o 72 C & DSEIR & N B AR ERES -
FEEFOTRET 21718 5 MEN D 5.

B, Al e K1 (2008) (EFBALNLTEK TN OB T
KPEHERE 75 & Dfi/p & Tkacal BP & 0 25 WL R AL
LERELTOWA, RREFEKRSED T, [HRKIH] L
B & BRI KILEBHEGE L T D, SRR K
WO X DTG 5D &b 2km O IC F T
BiiE b5 bbb EDBHLMITE -1DT,
ZHITHIE S B+ 15 KB SRR E N 5.

73 HmEEHER, hOELY & OLE

FRIAEUKIERIEE D & Z AFRRAERER O TR
BINCEIENZD SN TV B DAT, Kikkais & ok
PRI E DM bE> TORW T &5, SRDHTFEIC
SVWTEARLPHS A TRV, L L, Z OKERTER
PIEHIEZRIEER D> © A [alR0H U 7o 80 7 0 2 HERE L
TLAHHEE b H 2. Tbb, oI BAKLEZ
nLHioKIlich s REATILORER I, Bikho
M KRB TINT 3250 B & 15 - TZ ORISR
MITH > TV B (Figs. 1,2) DT, KEEFRHEREHM S0 L
PTVHIE L Lo T A, [EfkoflE LTETKLIOXR
HEE KR S 1L TARA D 5 00118 - f i
DHSHBE SN S EF B (Yamamoto et al., 2005)
DT SN, AT TN E R FRIA S - 7o TRENE
bd 5.

FERIAE KRR AER I > W TR Ic 2 O FRICBI L
TR D2 <, BRI > W TR 084
BWIHIRTH D, KigTREITNOrEE G AR~ 2 I1ICH
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Appendix 1. Radiocarbon data by Akutsu (1979). We calculated the calendar age.
. . . 13 14 Calibration age (cal yr
Geological Unit Labo code  Material §°C (%o) ~C data (yr BP)* BP) / probability (%) **
Arasawa pumice flow deposit GaK-5333 ?:22%31 - 12430£270 13,776 - 15,268 /95.4
Arasawa pumice flow deposit GaK-5334 c(}:)va:(:)(()gl 12,280 £250 13,690 - 15,085/95.4

*Error 16 level. ** These are conversion by calibration curve from Reimer et al. (2004) and computer program from

CALIB 5.01 (Stuiver and Reimer, 1993) . Error 20 level.

WA NIRRT Oy s ERa ) Tid—EHD < S <iRES
TEHOBEE e~ 7/ <ICHELTVWS., COov s ~<D
HARK 13 Si0, B H T 56~60wt.% DOHKIEEZ b > Tz,
ZORIT=PNVEIRT ey 7 2B LI EDNEER
T, BEDTALICH 2 O@BFENEE S 5T a)ic 7
Wi ) RIEKERL T TICRED, ZDORRIC S0 122 LW
DEIREERE VDT b B A EL L5 LTH Y
757 = ROZ3) 7 ELED, Si0 ICELEST1E Walker
(1969) Dizfim L T\ A X 91T, X 0 Makkinc Zimidkic
N, RIOSVERIRT oy 7 &t ThsRK
Wi & 75 - TILTEK D5 55 2km OFRAF £ THR N
LC, ABCofEVAHIcHER L 7c. IBRERTOIES D
— I SHIRA G TH - forlEMEA S <, Z DR 3Ktk
WHERE I ORICHE L TRWIEE NG, B, Tus s
KK ICEb N TRIERAF AT 5 T &3, 197342 A
WKL/ NSRS 2 KRR A FE A L o BT < v BRER K
LIsHASTREL L 72 & O G, 1973) 73805 bifism
INh3.

T 7 NIEKOBICARE K & L CEFE D & D
RSN A PN, HEHEKIL 1988-1989 T K DFR I
EENTED, KEOTTO= /<~ DEFEFEEDEWIT
J& LT, plastic bomb, vesiculated bomb, jointed block 73
EDHE N, TS IFVTN D SO, & 53-54 wt. %
D ERAEELIIETH - 72 (Yamagishi and Freeby, 1994).
COFNT LTI REFEK PR D5 & O A B OILRED
SR, dbBEA Y 757 —IRZX 3 ) 7 (Fig. 4e) &,
WYUK T By 7 (Fig. 4f) 25 ATWA T &3, K
WD = 7 2 IRATEE OE WIS Lk, vwvTid
FhEomOIcHk LTV B,

T/, FRAFE KPR EFRRICH ) 7 57 —kRx 3
TICEC KR ORI R S N7l & L ChgRo R
KBRS EF 50 5. Miyabuchi et al. (2006) 1< K411,
RINKPERIE A ) 7 57 — RO KL EZATIROAE
ahE&EATEBY, WINbAREEOUIHEKE b
o, TOKBERDH ) 7 57 —IRKILBRIZPIER S T
NEWZHETH 5. DT L7 EH S Miyabuchi et al.

(2006) &, BLKENCHLERE Lo~ 7 < AKEZEND T
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FNd “Fr~xv” KT oy 7 (Aramaki, 1963) 11T
W5 EWVWZA S, SEMEOAREYIEGEEE = i L <,
9 Lo KPR HLBIRIC > W T O Z D T2\,

8. ¥ & ®

(1) BEXBEEALOFEIZEWT, Wb s[RI
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O _EA7I 80 cm D EL K LK %[BT B A THT 72 15 Kk
MHEEE 2R U, SRR PR HERE ) & dads L /e,
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7oy 2 THD, INSR—EHOTISTEE LY FE
R LTwa, L, Thoo bk R g
HPpowdFns b—8Lisv., —F, HEMELT K
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THREBEKRRHERZ TR 2o bBilicTcxk
RTINS,

@) FREFEKEREREYICE N 5 2 Mo RIER
Fo"“CHEREZRTE L. FERIEH 12-11 calka BP &
FEIND, ThX 0B VAR ORI N TV 5.
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