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Abstract: The systematic change in chemical composition of pyroclasts from scoria (Ninokura
stage) to pumice (Nakanoumi stage) is observed in post caldera stage of Towada volcano, northeast
Japan. The objective of this study is to characterize pyroclasts in post caldera stage of Towada
volcano, in the recent 13,000 years. Field investigation, systematic sampling of pyroclasts at the post
caldera stage and modal analysis on the samples were performed. Particularly we have focused on
the chemical variation of the glass inclusions enclosed in phenocrysts, that can be considered to
represent magmatic melt at the time of crystal growth. The transition from scoria eruption to
pumice eruption, from basaltic to felsic in composition, and from tholeiitic to calk-alkaline in rock
series was recognized in eruption units G (Shingo) and F (Natsuzaka). In this transition stage the
chemistry of bulk rocks represents tholeiitic series, while that of glass inclusions shows calk-
alkaline series. The results of this study for equilibrium between glass inclusions and host pheno-

crysts suggest that coexistence of different series chemistry was caused by crustal melting.
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BAKOBHE, £, MERLEWEESTENOI TV S,
K22 FERMCHBE > ans KIUEERH LW A»
SIEWC AH»S ZIHEINT WS, BAKIEENI KR
OB ELES 4 BDA R N BT AR 2T E T
LEBOBEKA R PSR DIL-> T3, FRIZ13,000
FERTOE Y L (T KFRFR) DO RFRAE 208 H AR B D
ERKBELCTWS, BT, BAKA XY bOERTIR
Hayakawa (1985)iZf€>, 727 L, ZOBAIVTHE
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Fig. 1 Locality map of the studied area. Solid circles show localities of investigated outcrops. Columnar
sections of the numbered outcrops (1-13) are shown in Fig. 2.
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Fig. 2 Columnar sections. Locality for each columnar section, shown with number in Fig. 1, is represented by distance from the inferred eruptive source,
Nakanoumi crater, and clockwise azimuth from a north reference direction centering the source. A to G and NK-I to NK-IX are stratigraphic eruption
units of Nakanoumi and Ninokura stages, respectively.
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Fig. 3 Frequency histograms for a) bulk density, b)anorthite content of plagioclase, ¢c) Mg # of clinopyroxene, d) Mg # of orthopyroxene, and e) SiO, content
in glass inclusion. Data of bulk density for C and E are compiled from Kaku (1997)(C: 14.6km, ENE; E: 12.1km, SE). The notation of stratigraphic eruption

units is the same as in Fig. 2.

Bulk Density
this study
Kaku, 1997
<
N=11
m
8}
a
m
5
0
8
6
4
2
0
12
10
8
o 6
4
2
0

OPx core
OPx rim

- W A

glass in PL
glass in CPX
glass in OPx
glass in OL
matrix glass

2]
=]
1]
[m]
]

o
o

o
=}

)

MFNWBEURAO=NWARANAS = N W H O KN & O © = W H
o

105 (wt.%)

(118 R0S5%E 666D B HEHEEE X




=
g
~ .8
W 5
2\
1)
on
e
fy

TRIEKILEA VT 7 B OEE T KR OHERS (AR - ZEH)

1
60 65 70 75 &
Si02 [w.%]

1
55

50

45

=3

[ R} 1
VTN —D T MN O 00N RO NODTNN O T N O

I3IN II-2IN II-3N A-AN IAAN HA-IN TIA-AN XI-3N 1

— 703 —




A

HEWEAERA K (199 £50& F11S)

BI1®R FI7REEW, M)V AFTABICELEOFEYEETREMAR(wt. %). SPEIZEFH 100%1 %
X CHFERfToEEAV, BHE2=v ORTEIFE2NEBR. BSRIUTOED. PL: #&
A, CPx: EflEn, OPx : flAkEA.
Table 1 Average of normalized major element chemistry (wt. %) of glass inclusions, matrix glasses and bulk
rocks. The notation of stratigraphic eruption units is the same as in Fig. 2. Pl plagioclase, CPx:
clinopyroxene, OPx: orthopyroxene.

G
element  glassin Pl glassin CPx glass in OPx matrix glass bulk rock element glassin P1 glassin CPx glass in OPx matrix glass bulk rock
ii(())z 78.4 771 75.1 73.6 - Si0, 724 71.8 722 71.5 62.0
i0, 5 0.4 0.5 0.3 - TiO, 0.7 0.7 0.7 19 1.0
ALO, 13.3 13.1 13.9 15.9 - ALO, 14.2 14.6 14.6 13.3 174
Fe,0, 2.0 2.1 2.5 1.3 - Fe,0, 3.8 4.0 4.1 4.0 6.8
MnO 0.2 0.1 0.1 0.1 - MnO 0.1 0.1 0.1 0.1 0.2
gg(()) g.? gg gz gg - MgO 1.0 1.1 116) (3).«; 221‘
. . . . - Ca0 35 3.9 3. . .
Na,0 3.6 3.5 3.7 4.1 - Na,0 3.1 2.8 2.7 33 35
K,0 1.4 1.4 1.3 0.7 - K,O 1.1 1.0 1.0 1.1 0.8
B NK-I
ii%z 7(7).; 73-3 78-8 76.9 - Si0, 63.0 59.1 57.6 - 48.0
i0, . ; 4 0.4 - TiO, 1.0 1.3 13 - 12
AlLO, 133 153 134 13.1 - ALO, 14.6 15.1 15.0 - 21.6
ﬁﬁ% g.g (1); 31 (1) ; - Fe,0, 8.1 9.8 10.6 - 13.;
. . . . - MnO 0.2 0.2 0.2 . .
MgO 0.4 03 0.2 02 - MgO 33 3.7 3.8 - 49
Ca0 2.1 2.9 2.1 2.0 - Ca0 6.5 73 8.0 - 9.2
Na,0 3.2 3.5 3.6 4.1 - Na,0 2.6 3.0 2.9 - 16
K0 L5 1.0 1.2 13 - K,0 0.8 0.6 0.6 - 0.1
C NK-II
"?‘igz 73-2 73-2 - 757 - Sio, 57.4 58.5 571 56.6 486
10, - - - 0.5 - TiO, 1.1 13 1.3 15 12
ALO, 13.8 14.0 - 13.5 - ALO, 15.7 15.3 152 12.3 21.6
Fe;0, 2.6 2.4 - 23 - Fe,0, 10.0 10.6 10.1 13.4 12.8
MnO 0.1 0.1 - 0.7 - MnO 0.2 0.1 0.2 0.4 0.2
MgO 0.6 0.5 - 0.4 - MgO 42 3.5 39 59 48
Ca0 2.7 2.7 - 25 - Ca0 8.3 7.2 8.0 7.8 9.1
Na,0 3.6 32 - 4.0 - Na,0 2.5 2.9 3.1 L5 1.6
K0 1.2 1.2 - 1.2 - K,0 0.6 0.6 0.5 0.5 0.1
D NK-III
by 73'; - 73-’;‘ 7(5)'2 - Si0, 58.5 61.8 61.5 ; 51.0
i0, . - - X - TiO, 12 1.2 1.2 - 11
ALO, 14.2 - 13.6 134 - ALO, 14.6 14.5 15.1 - 20.1
Fe,0, 2.5 - 2.8 2.4 - Fe,0, 10.6 10.1 9.7 - 11.5
MnO 0.1 - 0.1 0.1 - MnO 0.2 0.2 0.3 - 0.2
MgO 0.7 - 0.2 0.5 - MgO 3.7 2.6 2.1 - 4.9
Ca0 3.0 - 3.0 2.5 - Ca0 7.3 6.9 7.1 - 9.1
N2,0 3.9 - 3.4 3.9 - Na,0 3.1 2.1 2.3 - 1.8
K,0 1.1 - 1.2 1.2 - K,0 0.7 0.6 0.7 - 0.2
E NK-V
Si%z 75.0 73.2 74.2 - - Si0, 585 567 - 515 - 53.1
TiO, 0.6 0.6 0.7 - - TiO, 1.2 13 12 - 1.0
ALO, 13.6 14.9 13.6 - - ALO, 15.6 14.4 14.8 - 19.3
Fe,0, 2.8 3.0 3.3 - - Fe,0, 9.8 11.8 1.1 - 10.7
MnO 0.0 0.1 0.8 - - MnO 0.2 0.2 0.2 - 0.2
MgO 0.4 0.5 03 - - MgO 3.5 41 37 - 4.1
a0 2.9 3.4 3.1 - . Ca0 8.0 8.4 8.2 - 9.8
Na,0 3.4 3.1 3.4 . . Na,0 2.7 2.6 2.8 - 1.6
K,0 1.4 12 1.4 ) . K,0 0.6 0.5 0.5 - 0.2
F NK-VI
$i0, 645 641 652 63.8 549 Si0, 55.9 56.0 57.2 55.1 49.1
TiO, 10 10 08 10 s TiO, 1.1 1.1 1.0 1.0 1.1
ALO, 152 148 144 153 203 ALO, 15.7 15.4 145 18.7 21.2
Fe,0, 9.9 10.5 107 8.4 116
Fe,0, 7.0 6.5 6.3 7.1 10.0
MO 02 02 02 02 0.2 MnO 0.2 0.2 0.1 0.2 0.2
MgO 2.4 2.8 27 22 29 MgO 5.3 48 32 40 32
Ca0 59 63 66 59 74 Ca0 9.0 8.8 7.7 10.2 9.9
Na,0 31 31 30 38 04 Na,0 2.6 2.8 3.1 2.1 1.7
K,0 07 07 038 0.8 0.4 K.,0 0.4 0.3 0.4 0.4 0.1
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F1x (fex)
Table 1 (Continued)

NK-VII

element glassin Pl glassin CPx glass in OPx matrix glass bulk rock

Sio, 60.9 61.9 63.2 614 541
TiO, 1.0 1.0 1.0 09 1.2
ALO, 14.9 143 15.0 19.8 18.1
Fe,0, 8.2 8.7 7.5 7.1 114
MnO 0.2 0.2 0.1 0.1 0.2
MgO 39 33 2.9 17 4.1
Ca0 72 6.8 6.1 49 8.4
Na,0 3.1 3.1 33 3.2 23
K.0 0.7 0.7 0.9 1.0 03
NK-VIII

Si0, 60.9 63.9 60.8 71.9 56.0
TiO, 1.2 12 1.2 0.6 1.2
ALO, 15.4 14.8 15.6 15.1 17.8
Fe,0, 9.0 8.3 87 29 10.7
MnO 0.2 0.1 0.3 0.1 0.2
MgO 2.7 2.1 2.3 0.4 33
Ca0 7.0 5.7 7.7 37 77
Na,0 2.9 3.1 2.9 44 2.6
K.O 0.7 0.8 0.6 1.0 0.4
NK-IX

Si0, 61.9 70.8 63.8 - 554
TiO, 0.9 0.9 0.9 - 1.0
ALO, 14.8 12.8 14.1 - 18.0
Fe,0, 8.5 5.2 8.5 - 9.9
MnO 0.2 0.2 0.2 - 0.2
MgO 35 1.9 3.0 - 3.9
Ca0 6.6 45 5.8 - 8.9
Na,0 2.9 2.8 2.9 . 24
K.O 0.7 1.0 0.8 - 0.4
L (HP4)

Si0, 76.2 - 715 76.0

TiO, 0.5 - 0.3 0.4

ALO, 13.3 - 127 13.7

Fe,O, 24 - 1.9 2.0

MnO 0.1 - 03 0.2

MgO 0.6 - 0.5 0.2

Ca0 2.5 - 23 22

Na,0 32 . 34 4.0

K,0 13 . 1.2 1.3
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5, BWENIKESSBER>TWE I LE2EKT S, X2
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Fig. 4 Variation diagrams of normalized major element oxide vs. SiO, wt. % of glass inclusions and matrix
glasses. A to G and NK are stratigraphic eruption units of Nakanoumi and Ninokura stages, respec-

tively.
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Fig. 5 Variation diagram of FeO*/MgO vs. SiO, wt. % of glass inclusions, matrix glasses and bulk rocks.
The notation of stratigraphic eruption units is the same as in Fig. 4. Boundary between tholeiitic series
(TH) and calk-alkalic series (CA) is taken from Miyashiro (1974).
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Molar Ca/Na plot of plagioclase and coexist-
ing glass inclusion (upper). Molar Fe/Mg plot
of clinopyroxene and coexisting glass inclu-
sion (middle). Molar Fe/Mg plot of orthopyr-
oxene and coexisting glass inclusion (lower).
Solid lines show exchange equilibrium
coefficients Ky between plagioclase and melt
(Sisson and Grove, 1993) (upper) and between
pyroxenes and melt (Grove et al., 1982) (mid-
dle and lower). The notation of stratigraphic
eruption units is the same as in Fig. 4.
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