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Magmatic Evolution in the Initial Products of Bandai Volcano, NE Japan:

Geochemical Results from the Ura-Bandai-Kogen Core on the Northern Flank

Takahiro YaMamoro*

Bandai volcano is one of active volcanoes in the southern part of the NE Japan. The Japan Metrological
Agency made a new 100.6-m-deep borehole (JMA-V19) within the 1888 collapse crater of this volcano in 2009.
I analyzed bulk chemical compositions of the core samples. This core consists of three units as follows: the
Ura-Bandai-Kogen core lower unit (UBL; 100.6 to 72.8 m in depth), the Ura-Bandai-Kogen core middle unit
(UBM; 72.8 to 20.3 m in depth) and the 1888 debris avalanche deposit (20.3 to 3.5 m in depth), in ascending
order. UBL is made up of andesite to dacite pyroclastic flow and debris flow deposits, showing a distal volcanic
fan facies. UBM is composed of a basal basaltic andesite lava flow and overlying andesite lava flows, showing a

proximal volcanic cone facies.

Geochemical features of UBL are well reconciled with the calc-alkalic rocks

corresponding to the medium-K series of Nekoma volcano, which is older than Bandai volcano. On the other
hand, UBM is made up of unique tholeiitic rocks, although the superficial products of Bandai volcano (Akahani-

Kushigamine, Kobandai and Obandai edifices) consist solery of calc-alkalic andesite.

UBM is regarded as

concealed initial products of Bandai volcano. *'Sr/*Sr and *Nd/'*“Nd ratios for the basal basaltic andesite in
UBM are 0.70406 and 0.51282, respectively. These values are further depleted than those of the younger edifices
of Bandai volcanoes and other frontal volcanoes in the southern part of NE Japan, and manifest the beginning of
Bandai volcano. Trace element variations of the subsequent tholeiitic andesite samples in UBM show that the
tholeiitic andesite was not derived from the initial basaltic andesite, but was generated by a partial melting of a

crustal material.

Such geochemical change presumably implies temperature-increasing processes caused by

intrusion of depleted melt from the mantle into the lower crust.
Key words: Bandai volcano, JMA-V19, core, geochemistry

1. FL®BHIC

LR D 2009 FERE R 7k — VTR e 25 B A 12
FEOERE s Nfc 2l 47 K0 2 7T > W T, K
I K FRISE S IckBE s e a T 7 v — 70 b &
TP ER SN TVE CRILMEKFHE T 7 @7
V=7, 2011). AERETIE, oD S BDERALT
EE & N - BB EIE 0 7 (IMA-V19) o K5 ok
BRSNS A ST U, B KL o LRI 4 H
Batd 5. K=V v 7EHloEN SIS, IR lEER
LBV AEBEATARER CEICH B EIZEIET

bisw, FRokLTIERRIEIOEEYIAS, 1Lk DR
Bt Fic#l% L cLE S 2T ENETHD, F—)
v ZPEEIE LT &K RE 2R T I3 H#E L .
SRR, BAEAINITOREER, fEEEEEAM AL
WALE T A5 KT, 1888 AEDME K « [LI{AAAEE (Sekiya
and Kikuchi, 1890; Yamamoto et al., 1999) 2B { A5 1
TW3, oKD AR 125 W T ld Nakamura
(1978) 1T & 2 PO FIE S ELIFE S, HH - 5K
(1981), i « &M (1982), =#F (1988), <FEE (1988),
T2 - fth (1994), /N - fth (1994), 11T « ZHiE (1996),
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Fig. 1.

Geologic map of Bandai volcano and localities for analyzed samples. Numerals are the

sample numbers. 4= Mt. Akahani; K =Mt. Kushigamine; O=Mt. Obandai; JMA-VI9=
borehole. Modified from Yamamoto and Suto (1996). QVF-1, -II and —III in the index map
are three groups in Nd-Sr isotopic space (Kimura and Yoshida, 2006).
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el ETHRICEETH 5. BHKINTIE 19901 b
1888 FEREEREN TR — ) v VS RBESEMBS AL (HP -
fih, 1995), HiZHc (3FEH L 75 WP it e e 2
EBRES 2 EMHERSN TS (kS - fth, 1992).
CoXREEZIIERA bIHls N TE D, TOEER
%37 OOFHERP OWHTHEZ L EICTD

2. BHAKLOHE

LKL 7~10km, S Tkm OZLE B
Ekumwmgu%ﬁgﬁm(%%wmﬁm>-%:%
(B2 1636 m) » ARHELL (HE5 1430m) O =i SRk &
NTW5 (Fig. 1). 1888 AEAREEEENICIE, H D T/NERR
(hEFRE N ITER S S 0, KEBSL X D bEFHO PP
EWRE DA TH - 722 &4, BEKHTO IR >
S5IEILEN TV S (Yonechi, 1987; KM, 1989). JLi#ic
(3 1888 FEFHE CTHAE L B LS km® DB E i
HERWIDNLAS > TH 2 O IRIFH] « /NP « Foti?s
EOMIPEAERNT 5 & & b, L EREEN /N
UL L 72 (Nakamura, 1978). AL T
S oNAHEREYIE, O R bIES A/ LT
5 (HEABELIENHEREY: SFE, 1978).

2Ep L OTERE 1, BB OHEERICX SR ER
EFRIZDLFLd—HLTVWBEDITIREVA, (Rik
a3 S ATHIHZ>OIEFRHIIcKEIT 2 2 Lico0
TREFAESNTVS, Tbb, FHE—H - 1EE7F
5Lk <, FEORERLR &K TREN Kb
Jto/NERR LA DSET LW (Fig.1). 1T » 28 (1996) @
JE@FARMT 5 &, T SR - B g Y G
WA D, B2 KRHEREY), /INERREHY, 45
IS FNHER) / L1 1 KRR, AR BRIE )
BE LIRS, EEEERA B 72 12 U HERR, 1888 4F
Y& SO RFIHEHY ORI 72 2 GIEXITIEIE L
2« 1 KWHEREYN IS E0E) . AR o 18k LR 25 4R
HIDIE K Z SR I TRENZ I L, %9 8 JTAERTOIE 1 2 K
MR & TREREHKRIENS 5. SEEEBIENME
YOI ST 1 KK B EFEEIcRAE LT
D, ZOFIT 4.6 HERITH 5. T 1 KPHERY OB
Th 513 42ka D AMS BEHFERERG STV d G
#F AB201: (LI7t, 2003), C#1% Fairbankset al. (2005) %
VRIS 2 & 46calka & 78 5. &7z, KEERELI34A
ETnF 75K FERCEY 7 vOBEEAE LT3,
ERp L oI, 2L B KL o J K
(Nakamura, 1978 ; Kimuraet al., 2001; =4}, 2002) 5[
L, B KLORE— M - g LA EDN S, DK
i, —BOREREICOIAEN S KILHTE M E 25K 5 13
»id, FHLLBIFE TV 3. Kimura et al. (2001) 12K

% &, JEEEKILO R, SPEMANITE, BEH ) v AR50
(BELK)~1&A Y v 225 (LK) DL LEE AR H 0,
N ARBESICHE > TIAREEBIC I, thh ) v & R7
(MK) OZIEE AP 5. FE~{KAH ) v 4317
DEINEHRED 513 1.11~0.60 Ma @ 8 il D K-Ar FALE
(NEDO, 1990) &, 1.43+0.51 Ma & 0.68 = 0.04 Ma ®
K-Ar FRE (54, 2002) G shTws, —4, hih
Vo LRI OGRS GRS 75130471010
Ma @ K-Ar FEREDSHE SN TW3E (NEDO, 1990).

3. EEBEFEITOER

HARRE 2 4+ — 35 (BTE 140°04712.17, Jb#& 37°38700.57)
DR 902.1m IZ BV TEE 100.6m ® 3 7 (JMA-V19)
DREITIT LD 2009 HFICHElls N TW 5 (Fig. 2). 27
WBEERRIFO 3 7 54 75 ) —ITRESNTE Y, iL#d
PERIFD o 7E¥ER =2 THEM L7z, 2 7I1dZOHM
MOELITD 4 2=y MITKBIAIRET, Z OFEIEALE
K EBE 3 7T 7 v — 7 (2011) iSRS LTV B,

HWEHE» SEE 3.S5m £ T, EotThs.

HE35m 25 203m £ T, AEROaITH 5K
KKOEMBEFELOSVWbDOD, HIFOHE &5
a7 O S, 18BELERIENEN LA SN
5.

FEE203m A5 72.8m F T, 4 BOEVASEREE
&L, BE KSR 5785, BEE203m» 5
53.0m £ T3, EE 7~18m ORI A B2 1S
D=HDEERD» 6185, 1AL 2 [EOEER ISIEEHSE
MEAE T, KYIELJR (clastogenic) DIES TR & A 5 1
5. HEIF3EOREGE HML, Ml L CHEED 10
~20 % (Table 1), FHREINA TOX 7 47 1 v 7 FHFHk
P72V T 4oy JHERERFD. B 53.0m 5 57.4m
T, HARHERY» 5755, EE5T4m 5 72.8m
FTE, BEORSEARREA XU B L e DBt
MO, RS 20 RENED NS, £
72 = DBLEE T 15~20% T (Table 1), AH: (3HkI75 A
vy = — g ViAo, Uk Bn08 (2R 21.8-22.0
m OLZIEAES, Bn07 (2EE 32.7-32.9 m DL IIETAE
%, Bn061 (3 40.0-40.1m DL IEES, Bn06 137
FE 47.5-47.6 m DG HE, Bn05 1375 62.9-63.0 m
DO LR EB LSS, Bn05S1 I$FEE 69.9-70.0m O L
REEZRIEBED SBIL 1.

R 72.8m » SALED 100.6m % Tld, FITKILESE
PRHHERE 2> 5750, RN ATRHERY) A B O KI5
HERE A2 B O K LT b 5. I RHIHERE) 1322
HIE b 578 5 T ATRHERY) & s doKGRHER) O
HETHKSIN TV S, BARHERYIZFEE 83.2m » 5
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84.8m ICHHFIL, ABORTIEAHEMEATA A b D
BT EHE LIRS TH 5. $7, AEOKPERHER
PNEZERE 90.95m 5 99.6m ICHIER L, ZOREEH IF
75 AETHEEROZ VRIS EANEAZS T,
B~POR L B0 KIS - KL S5y, JE
s CTh B, OBPEERIKEORIES R B
LLTEENEBZORBDEV. HEFRHERYI PR
HHERE I P o ZIE VSN b B E 40~55 % T
(Table 1), ZHFETH 5. HE Bn03 1375 75.8-75.9m
D AFRHEREY P OZI IE S, Bn0l (Z2FE 94.2-94.3m
DO KPFHEREY h O WEARE SR D SERILL 72,

4. (LS5

EREHY O 2B LA T & Nd-Sr [E] A7 A4 LRI
EZIT - 7o, Aalttisonttida 7o 8 &kt 3h,
R FEH 9 5 AT A D IRIE A o 16 LA & i o/ NERE
Wik » KR LAD 2 nEh 6 bkl 205 & L, [Er
IRIEAIE (=2 7 o 2 50k & R O ARIE-]G & 1L LHA D &
D 1R 2SR E L7z, 570113 Activation Laboratories
TR L, FERTTH LT Se, V, Ba, Sr, Y, Zr IZ25 W
T & Thermo Jarrell-Ash ENVIRO II ICP, T 5LIAAD
MERLS TS W T Perkin Elmer SCIEX ELAN 6000
ICP-MS CHIE S N7z, Sr-Nd [6](7{ALL1Z Finningan MaT
261 8-collector Mass spectrometer CTHMrElCW 5. %%
K OFRINALE 3 Appendix 1 IR LTWA.  SiratE
IZ>W\WTld, Bn01 & Bn03 (3 UBL (FE&EEEHa 7
#5), Bn05 2> 5 Bn08 |3 UBM (FEAERLEE 2 7 i) 1
S s, RN s LA DRRE AR, RERE—/N
g2k Lk Dk %2 OK L IRFRd 5.

5. ERSY - MERSHERK

JMA-V19 ® ‘%A 13, UBM @ Bn05 & Bn051 A1 SiO,
G 52.7~531wt% ORREEL LS, R oalkhi
56.8~61.6wt% DI IETH % (Table 2). ZILIEfERk D
KA sl 2 R iR o &R K LS Y (AK J
UOK) &3fid 2 600, fioFEks) & DTy
ML ca = MEICHER O E WD 5 B (Fig. 3).
9B, Si0-FeO*/MgO XT3 UBM %3, HS 275
LT A NRAIGEEIC S0y P ENBDICH LT, AK I
VLT A Mg Tovn ) R OERES, UBL & OK
WEAhNT Tuh ) RIGRIIC T a y ha b, F

Fig. 2. Lithofacies of the JMA-V19 core. Bn0I to Bn
08 show the sample positions. UBL =the Ura-
Bandai-Kogen core lower unit; UBM =the Ura-
Bandai-Kogen core middle unit.
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Table 1.

Modal compositions of phenocrysts.
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Pl =plagioclase ; Cpx = clinopyroxene ; Opx = orthopyroxene ; Opg = opaque minerals ;

gm=groundmass; tr=trace (<0.1%).

Unit Sample Pl Cpx Opx Opq om Total
... 100530-5 | 27.2 5.2 3.2 0.9 63.5 100.0
Obandai edifice (OK)  —605304 T To.8 | 7.5 0.3 | 724 | 100.0
.. 100601-4 | 29.1 4.3 1.0 1.0 64.6 100.0
Kobandai edifice (OK) 6060131238 [ 33 | 17 | 02 | 710 [ 100.0
Akahani-Kushigamina [ 100530-3 | 36.7 8.6 4.6 1.7 48.4 100.0
edifice (AK) 100530-1 32.8 7.3 1.8 1.8 56.3 100.0
Bn08 7.0 0.7 tr 0.2 92.1 100.0

Ura-Bandai-Kogen core| — Bn07 10.2 4.3 4.3 0.2 81.0 [ 100.0
middle unit (UBM) Bn06 9.8 1.6 1.6 0.9 86.1 100.0
Bn05 13.1 3.3 0.5 0.2 82.9 100.0

Ura-Bandai-Kogen Bn03 31.1 10.5 10.5 0.2 47.7 100.0
core lower unit (UBL) Bn01 30.7 4.7 4.7 1.3 58.6 100.0

Si0,-K,0 XT3 2 ToEKI A h A ) RANGHEKICH 5 &
DDE—SIO, EHETOD K0 & H &3 UBM, OK &
UBL, AK DRI 8D, 2=y FFHTELSZ LV F
ZE- TV A, ARk ERSY O MgO, TiO, &H &
(Fig. 3), & ® Rb &F & (Fig. 4) THEAE T,
% DAL D> 5 2 = » b OFHIHOIRET H 5.

RIZ UBM NI OZ LIcEHT 2 &, [Ha=y b
N D LA EZ s & ZE & TR SO D F + v
TFMRZWIZITFTEL, WMERYICBOWTE—D L v
FiZimnWZ & CTH 5 (Fig. 4). FFic, wH%EICH
THDH13T D Ba GHENLREEZIE L0 bZLS
TR, B ECRETED SBESET 0 T

ZEHRLTWAS,

#i T MHc % (REE) IciHJ % &, UBL » UBM -
AK « OK & bBATICEA, ERTIE 75 v b, Bl
KIS ITHERER) 15 7 — v 3B 6, 2= FETO
EOVIRIEEA LW (Fig. 5). UBM O LA EZ e
&S D, Bu OBOEEE /KA, ThidfHEAD
BAGHHINT/NE ol T EDENEEZEZ SN D,

6. Nd-Sr BAL{ALE

UBL O Bn01( 2155 ) 13, "*Nd/™Nd=0.51265 & ¥'Sr
/%8r=0.70512, UBM @ Bn05 (X EHEZIIE) 13 Nd
/M™Nd = 0.51282 &% Sr/%Sr =0.70406, AK @ 100530-1
(Zl ) 13 NA/™Nd=0.51267 &7 Sr/*Sr=0.70506
EHIE S N7z (Table 3). F 72, OK OKERLEHYIH 5
FHEIC Nd/™Nd=0.51272 &% Sr/%Sr=0.70468 DS
SN TV A (Kimura and Yoshida, 2006). UBL & AK
375 DHEPLL 72 Nd-Sr RIfiAlLE 6> boD, Th s
& UBM (XEAEZ), BHiCid OK @ Nd-Sr [Af7{&
HWolEic 3KREL, 2=y MBICED - H#AERL
T % (Fig. 6). UBM LIZAD#HEK LK O 0 54

ALY, W b Kimura and Yoshida (2006)
IC& B QVFILIZBLTWA, LAL, UBM LIVEE%
I @ Nd-Sr [EALfR L, SHbEAIIOE M kLE L
TS L Mg cH 5. Tib5, O UBM
SREEZ AR, FRILEARNO 7 0 v ookl
Fw 5N B, QVF-L A 5 QVF-IIL A~ & FFIC[alh» » TR
IRBIC BRI 75 % MU BE ) 75 @ 0] (Fig. 1;
Yoshida, 2006) 7> & [ZH] & IcAN T B,

Kimura and

7. EBE

7-1 27 EF DI

A [AlD IMA-V19 OPURGPE 200 m (274 %, B SR
EHARFFEATIC X D 1990 FE I HI < 7172 BD-1 (BEEE
100.0m) T, SO a7 &1313HE L UBM LR EEZL
LSS £ CORMEFED, TofEE clEsnTun
% (Hrr - fth, 1995). Hh« fihh (1995) Itk 5 &, FE
64 m f-3IF DL IEE S 5 0.1410.06 Ma~0.15£0.07
Ma @ K-Ar B, FE 81~98m OFE—O LREHE%L
s 7E 3 3k S 0.41£0.26 Ma~0.8610.39 Ma @
K-Ar FFUEDERE SN T WS, 7272 LIEER 64m D2
O K-Ar FEVEE, BT 7 5 OEERME» S E
5 AL D ARKE-H o LA D E (25 TTERTLIAT; 1
I ¢ JEER, 1996) KO bHEEICH, FEEICZ LV,
i, DEHEZLED K-Ar EW‘% HEDRE CIH
HIFERORFE FEEL V. BH - fth (1995) DRk AE D
Bafick s &, fUEE CoORREERILE% ST BD-1
DATIFAETTY) 2 v XEEHBRFIcHdhsnh T 5,
it->T, ZoRREHZIGDFEAUL, HIAEEHERE
D, WEFNHPOEIE TIC LA DAD TV, =k
(1994) 13, 1888 FEAHEERED PUMI N EBIc T4 2 Zilis
BED S 0.7£02Ma ® K-Ar FEREEET, ThER
e K Lo FEEEEE L, BD-1fUEOXRREHE
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3. Bulk major element variations of the products of Bandai and Nekoma volcanoes. SiO, versus K,O, FeO*/MgO,
AlLOs, Fe,0;, MgO, TiO,, CaO and Na,O. The boundaries defining the low-, middle- and high-K fields in the
K,0-SiO; diagram are from Gill (1981), and that between tholeiitic and calc-alkalic fields in the FeO*/MgO-SiO,
diagram is from Miyashiro (1974). AK =the Akahani-Kushigamine edifice, OK =the Obandai-Kobandai edifice; UBL =
the Ura-Bandai-Kogen core lower unit; UBM =the Ura-Bandai-Kogen core middle unit. Data for the extreme-low K
(ELK), low K (LK) and medium K rocks (MK) of Nekoma volcano are taken from Kimura et al. (2001).
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Fig. 4. Bulk trace element variations of the products of Bandai and Nekoma volcanoes. SiO,
versus Rb, Ba, Sr and Zr. Data for ELK, LK and MK of Nekoma volcano are taken from
Kimura et al. (2001; 2002).
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Fig. 5. Chondrite-normalized rare earth element patterns for UBL, UBM, AK and OK.
Chondrite-normalized values are after Sun and McDonough (1989).
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Table 3. Sr and Nd isotopic ratios.
Sample 87Sr/868r +20 143Nd/144Nd +2c
Bn01 0.705121 0.000011 0.512650 0.000007
Bn04 0.704055 0.000009 0.512818 0.000004
100530-1 0.705063 0.000007 0.512670 0.000010
0.5132 T T T T
0.5130 =
3 05128} -
<
<
‘_"‘-h.
o
mZ 0.5126 =
ul
0.5124 |- QVF”—'
0.5122 L L L I »
0.703 0.704 0.705 0.706 0.707 0.708
87sr/8%sr
Fig. 6. ¥Sr/%Sr versus '*Nd/'*Nd diagram. Data of Quaternary volcanoes, including OK and

Nekoma, in NE Japan are from Kimura and Yoshida (2006) and Kersting et al. (1996).
Symbols are same in Fig. 3. QVF-1, -II and —III fields are shown in Figure 1.
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ETHEEN TV B (Figs. 3, 4). ¥ 7, Nd-Sr A&z
WT & UBL i MK I8 Dt WE & 72 > TW 5 (Fig.
6). TN o OHIERIL FRTISFEEIE, UBL 2K LDz
WEHHEREI E 95 2 EEFE LBV, —, KIDEFFHE
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3, Al KLTH S, LeLiEsns, Z
DEAPINCIE, FRAFNCHEE L e Xile B L LE -+,
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SFE (1983) DIEZ 72, Bl H 1 A8 kI LFsEL &
Fov kAR HEdT 2 b0 TH B, £/, Fujinawa
(1988) 14, HfEDLHERRKINICBWT, YL 74 bR
FI&E A vy 7ov s ) RO HYIRIT Sr [EIGLIA LAY TR
0, MEORESELEZCEEHSMIIL TS, &
51T, HILAAINC B 5 B KL OREIITS S A%
1€ 7V AR A3 C /- Kimura and Yoshida (2006) I3,
KL @ Nd-Sr-Pb [EfiLik b o2 b %, < v b ovHsREL
& NEHIEER Sy E OIRETHRATE S T LERLTOL
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22 &, TROLLRGINCIE TGRS S £ VRS
T5I L0~y PVHRERABERTE o b DN, K
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Fig. 7. Reciprocal plots of trace element abundances for UBL, UBM, AK and OK. Solid

straight lines are the linear correlation lines for the UBM andesite.
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Appendix. Sample localities.

Sample Location Latitude Longtide
(DD.MMSS N) (DD.MMSS E)
911107-5 EHEARIIE 37.3726 140.0634
100530-1 HEAERR 37.3634 140.0710
100530-2 EEHRETRR 37.3706 140.0656
100530-3 HHE BT R 37.3501 140.0628
100530-4 EEAREXRS 373438 140.0353
100530-5 BT KR 37.3548 140.0409
100530-6 B CETIRAL 37.3451 140.0315
100601-1 LIS FE 411888 R EE 37.3653 140.0357
100601-2 FamE BT g 37.3633 140.0458
100601-3 EIEFRHEEHZF—15 37.3752 140.0400
100601-4 ERIEER X —15 37.3759 140.0223




