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Fluorine and chlorine have been determined for all kinds of the products of the ++*2 activity of Asama
volcano. The activity displayed various features that are characteristic of andesitic eruptions, i.e., scoria

(pumice) fall (B-scoria L), intermediate-type pyroclastic flow (the Oiwake pyroclastic flow) and lava flow (the

Kamino-butai lava flow). Their F-Cl variation patterns are widely varied according to the natures of the eruption

in a similar way to those of the +12- activity of Asama (Yoshida and Tsuchiya, ,**.).
The B-scoria L samples show uniform and the highest Cl contents in average. The Kamino-butai lava flow

samples have low and uniform Cl contents. These results coincide with those obtained by the study on the +12-
activity and may be explained by the enrichment of volatiles in the uppermost part of the magma column before

the eruption.

The F and Cl contents of Oiwake pyroclastic flow samples show very large variances. Some Oiwake samples

take almost the same halogen contents as the B-scoria L samples. Whereas, the other samples show the lowest F

and Cl contents and the largest variances, and indicate strong release of gas at or after the e#usion. The detailed
examination of topographical distribution of the F and Cl contents shows that the Oiwake pyroclastic flow is

composed of many flow units of high-halogen and of low-halogen contents and may suggest the transition of the

mode of the formation of the pyroclastic flow with di#erent degassing conditions. In the low-halogen flow units,
volatiles might be mostly released in the early stage of the flow.
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+. Introduction

Vesiculation of erupting magma plays an important

role in formation and transportation of pyroclastic flows

(e.g., Aramaki, +3/1 ; Aramaki and Yamasaki, +30-).
Hence it is expected that a study of volatile components

in pyroclastic deposits might provide useful informa-

tion. Fluorine and chlorine are the next, most ab-

undant volatile components after water in volcanic

rocks. Yoshida and Tsuchiya (,**.) analyzed fluorine
and chlorine on the volcanic products of the +12-
eruption of Asama volcano. Comparing with the results

of model experiments for the behavior of F and Cl in

volcanic process (Yoshida, +30- ; +31/ ; +33*), they
reached the following conclusions. The transition of

the mode of the eruption from pumice fall to two types

of pyroclastic flows followed by lava flow may be inti-

mately related to the volatile contents of the magma at

the time of e#usion. There might have been a vertical
concentration gradient of volatile components in the

magma column. The upper part of the magma might

have high volatile contents and vesiculation in the vent

brought about pumice eruptions. Volatile contents of

the magma, then, decreased until vesiculation took place

at the mouth of the vent and the expanding magma

overflowed from the crater while continuing to release

gas ; this could have produced an intermediate-type

pyroclastic flow (the Agatsuma pyroclastic flow). At

the last stage, the magma flowed out without notable

vesiculation as the Oni-oshidashi lava flow. The semi-

solid mass formed around the fringe of the vent might

plug the vent and be thrown out with violent outburst of

compressed gases. The fall of this material would have

brought about the Kambara pyroclastic flow. It is the

one and only report that discussed on the F and Cl

contents of pyroclastic flow deposit as compared with

pumice fall deposit and lava flow erupted by the same

volcanic activity. In order to ascertain whether or not

the proposed mechanism is generally applicable, it is

required to examine other examples.

Asama volcano has produced a number of pyroclastic
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flows (Aramaki, +30- ; +302). The Oiwake pyroclastic
flow is the largest intermediate-type pyroclastic flow

during the activity of Maekake-yama, which is the

younger cone of Asama volcano. Total volume of the

Oiwake pyroclastic flow is estimated to be *.0 km- and

fairly larger than that of the Agatsuma pyroclastic flow

(*.+ km-) (Aramaki, +30-). It was formerly regarded
to have erupted in +,2+ (Koan) with the B-scoria
(pumice) falls (the upper layers : *.+ km- and the lower

layers : *.. km-) and the Butai lava flows (the Kamino-

butai and the Shimono-butai : *.+�*., km- in all) from

descriptions of old documents (Aramaki, +30-). How-
ever, the stratigraphic relations between the B-scoria

falls and the historic relics of archeologically known age

(Arai, +313), and the +.C-age of carbonized wood-chips

buried in the B-scoria falls and in the Oiwake

pyroclastic flow deposits (Nakamura and Aramaki,

+300) indicate that they are more reasonably assigned to
be the products of the ++*2 (Tennin) activity (Arai,
+313 ; Aramaki, +32*).
Aramaki et al. (+323) carried out systematic sam-

pling of rocks presumed to be the products of the ++*2
eruption and determined their major components.

They found that the major components of the lower

layers of the B-scoria (pumice) fall deposits (B-scoria

L), the Oiwake pyroclastic flow deposits and the

Kamino-butai lava flow ranged very narrowly (/3�
0+� SiO,). On the other hand, the upper layers of the

B-scoria fall deposits (B-scoria U), the Shimono-butai

lava flow, the Maru-yama lava flow and the Nishi-

maekake-yama ejecta show di#erent trends from the
former three groups in variation diagrams. They con-

cluded that the latter groups are the products of the

other eruptions.

All the products of the ++*2 activity are andesites
despite the di#erent nature of the successive e#usions.
The transition from one type e#usion to another is
similar to that in the +12- activity although the ++*2
activity lacked an equivalent for the Kambara

pyroclastic flow in the +12- activity. Therefore, we
presumed that the transition is also caused by di#erence
in the mode of gas-release from the magma at the

e#usion. In this study, we determined the F and Cl
contents in all kinds of the volcanic products of the ++*2
activity and examined their formation mechanism from

this viewpoint. Furthermore, Aramaki et al. (+323)
took so many samples of the Oiwake pyroclastic flow

deposits that we expected to be able to obtain more

detailed information on the distribution of volatiles in

intermediate-type pyroclastic flow.

,. Samples

The analyzed samples are the essential products of the

++*2 activity, i.e., ++ samples of the B-scoria L deposits,
2+ samples of the Oiwake pyroclastic flow deposits (-2

samples from the northern flows : Oiwake N and .-
samples from the southern flows : Oiwake S), and ++
samples of the Kamino-butai lava flow. The samples

of the B-scoria U deposits, the Shimono-butai lava flow,

the Maru-yama lava flow and the Nishi-maekake-yama

ejecta, which were excluded from the volcanic products

of the ++*2 activity (Aramaki et al., +323), were also
analyzed. All the samples were systematically sampled

and analyzed for major components by Aramaki et al.

(+323). Sample numbers assigned by them are

followed in this report. Fig. + gives the outline of
sampling locations.

-. Analytical method

Fluorine was determined by the method of Tsuchiya

et al. (+32/). A powdered sample is fused with Na,O, in

a nickel crucible. The cake is dissolved and F in the

solution is distilled as trimethylfluorosilane. The flu-

oride concentration in the distillate is determined with

an ion selective electrode.

Total Cl is determined by the method of Iwasaki et al.

(+3//) improved by Ozawa (Yoshida et al., +33.). A
powdered sample is fused with Na,CO- in a platinum

crucible. The cake is dissolved and the resulting sus-

pension is centrifuged. Chloride concentration in the

solution is determined by the Hg(SCN), spectro-

photometry (Tomonari, +30,). Water-soluble Cl is ex-
tracted by immersing the rock powder overnight in

water and determined by the Hg(SCN), spectro-

photometry.

.. Results

Analytical results with various statistical parameters

are shown in Tables +a to +d for the ++*2 products and
,a to ,c for the others. The errors in the determination
of both F and Cl are�+* mg/g. Water-soluble Cl con-

tents in Japanese volcanic rocks are usually less than /*
mg/g and can often be attributed to secondary contam-

ination (Iwasaki et al., +3/1 ; Yoshida et al., +31+). In
the present case, most water-soluble Cl contents are less

than /* mg/g and the following discussion is based on

the water-insoluble Cl contents which is calculated as

the di#erence between the total Cl and water-soluble Cl
contents.

Halogen contents of volcanic rocks have approxi-

mately lognormal distributions (Iwasaki et al., +3/1 ;
Iwasaki et al., +302 ; Yoshida et al., +31+), and it is
usually appropriate to use logarithmic values for apply-

ing statistical analysis to the data for F and Cl contents.

Several samples of the Oiwake pyroclastic flow have,

however, very low Cl contents, and when we take

logarithms of those values, the deviations from the other

values are exaggeratedly emphasized. They are

regarded as outliers on account of lognormal distribu-

tion but not on account of normal distribution as will be

Minoru YOSHIDA and Ryuji AOYAGI190



shown later. Those samples are supposed to be strong-

ly degassed samples and cannot be ignored for discus-

sion on the processes of gas-release. Therefore, we do

not reject those samples for some discussion and ex-

amined also on normal distribution together with

lognormal distribution.

/. Discussion

/�+ Statistical examination of the di#erence of the

F and Cl contents with the type of eruption

The F and Cl contents are varied among the B-scoria

L deposits, the Oiwake pyroclastic flow deposits, and

the Kamino-butai lava samples (Table + ; Fig. ,) in

almost similar manner to the +12- products (Yoshida
and Tsuchiya, ,**.). Any significant correlation is

not found between SiO, (Aramaki et al., +323) and
halogen contents.

Dixon’s Q-test (Dixon, +3/-) is applied for each
group and some outliers are found in the Oiwake

pyroclastic flow samples. The F-content of the +*,1�
+- sample is extremely high at the +� significance level.

The high F contents of this sample and of the 2+1�+*
sample, and possibly of the 2+1�+, and 2+1�,. samples,
may be attributed to secondary addition of F from

gas-phase like the A-/ sample of the Agatsuma

pyroclastic flow in the +12- eruption (Yoshida and

Fig. +. An outline map showing the sampling locations of the volcanic products of the ++*2 and some other

Asama eruptions : BSL�B-scoria deposit (lower) ; BSU�B-scoria deposit (upper) ; ON�Oiwake northern

pyroclastic flow; OS�Oiwake southern pyroclastic flow; KB�Kamino-butai lava flow; SB�Shimono-butai
lava flow; M�Maru-yama lava flow; NM�Nishi-maekake-yama ejecta.
--------Isopatch curves of the B-scoria fall deposit. (/ cm, +** cm and -** cm)
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Table +a. F and Cl contents of the lower

B-scoria fall samples of the ++*2 eruption

of Asama volcano.

Sample
F

�mg�g�
Cltotal

�mg�g�
ClH,O-sol.

�mg�g�
F/Clinsol.

(atom)

LP-+-,

LP-+--

LP-+-/

LP-+-1

LS---,

LS---.

LS---0

LS-/-+

LS-/-.

LP-/-/

LS-/-1 bomb

,02

,/,

,/*

,/0

,.0

,00

,0,

,.2

,/,

,.,

,00

./*

.1*

.2*

..*

/+*

.3*

/,*

..*

.0*

/1*

.-*

+*

+*

+*

�+*

-*

,*

,*

+*

+*

-*

+*

+4+.

+4*,

*433-

+4*3

*43/0

+4*0

*4312

+4*2

+4*.

*42-0

+4+2

a4m4a

s4d4c

m (log X)d

s (log X)e

g4m4f

,//4-

2430

,4.*1

*4*+/,

,//4+

.0-40b

-.4.-b

,400/b

*4*-+.b

.0,4/b

+4*--

*4*3-0

*4*+,//

*4*.*//-

+4*,3

a Arithmetic means.
b Calculated for water-insoluble Cl.
c Standard deviations
dArithmetic means for log X.
e Standard deviations for log X.
fGeometric means.

Table +b. F and Cl contents of the Oiwake

northern pyroclastic flow samples of the

++*2 eruption of Asama volcano.

Sample
F

�mg�g�
Cltotal

�mg�g�
ClH,O-sol.

�mg�g�
F/Clinsol.

�atom�

0+3�.
2+,�1
2+1�+
2+1�,
2+1�.
2+1�/
2+1�2
2+1�3�+
2+1�+*

2+1�+,

2+1�+.

2+1�+/

2+1�+0

2+1�+1

2+1�+2

2+1�,,

2+1�,.

2+2�+
2+2�.
2+2�/
2+2�1
2+2�3
2+2�+*

2+2�++

+*,0�.
+*,0�/
+*,0�2
+*,0�3
+*,0�+,

+*,0�+0

+*,1�-
+*,1�0
+*,1�1
+*,1�3
+*,1�+*

+*,1�++

+*,1�+-

+*,1�+1

.*

+-0

,..

,3,

+,.

,+.

+*2

,**

./0

-3,

++.

+*0

+/2

+2,

+-*

--*

.*+

,*,

,/*

,/2

,+,

+32

30

+.*

,**

/.

2.

,22

,12

,**

,/,

+/*

+*,

3+

+*0

12

12*g

,32

+0*

.1*

./*

//*

..*

/-*

,.*

.1*

,/*

//*

.**

+3*

,-*

,,*

-,*

./*

/**

-1*

.-*

//*

.,*

.1*

/*

+0*

.3*

-0*

,+*

-2*

.1*

./*

/**

-2*

-0*

+-*

,1*

3*

1**

.2*

,*

,*

,*

,*

+*

.*

-*

-*

-*

.*

,*

,*

,*

-*

,*

,*

-*

,*

,*

,*

,*

,*

/*

-*

0*

+*

.*

,*

,*

-*

,*

,*

.*

.*

2*

-*

0*

,*

*4/--

*4/0.

+4*0

+4*-

*4/-2

*42+/

*430*

*42.2

-421g

+4.-

*4/0*

+4+0

+4.*

+413

*42*3

+4.-

+4/3

+4*2

+4+.

*43*2

*4323

*42,+

�+143g

,4*+

*4202

*4,22

*43,,

+4.3

+4+/

*4223

*432*

*4112

*4/3/

+423

+4*.

,4.-

,4,1

+4,+

a4m4a

s4d4c

m(log X)d

s(log X)e

g4m4f

,*34+

+-14/,

,4,.-

*4,0.,

+1/4*

-.-4.b

+/+43+b

,4./2b, h

*4--0.b, h

,214+b, h

+40--h

,413*1h

*4*//3h

*4,3*3/h

+4+-1h

a �f Same as in Table +a.
g Significantly di#erent from the others with +� level.
h Calculated on the assumption that Clinsol. in the sample

2+2�+* is +* mg/g (lower limit of determination).
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Table +c. F and Cl contents of the Oiwake

southern pyroclastic flow samples of the

++*2 eruption of Asama volcano.

Sample
F

�mg�g�
Cltotal

�mg�g�
ClH,O-sol4

�mg�g�
F/Clinsol4

�atom�

0+3�0
0+3�1
0+3�2
2++�+
2++�0
2++�1
2+,�,
2+,�.
2+,�/�-
2+-�-
2+.�+
2+/�+
2+/�-
2+/�0
2+/�++

2+/�+0

2+/�+1

2+/�,*

2+/�,+

2+0�+
2+0�-
2+0�1
2,*�,
2,*�.
2,*�/
2,*�0
2,*�2
2,*�+*

2,+�,
2,+�.
2,+�1
2,+�+*

2,+�++

2,+�+,

2,+�+1

2,+�+3

2,,�+
2,,�-
2,,�/
2,,�1
2,,�2
2,,�+*

2,,�+-

,*.

,00

,/,

+.2

,/2

,/*

,/2

,/*

+0.

,0.

,*.

,0,

+/,

,0.

,1.

,/.

+,,

+-0

,,2

,01

,1.

,0.

+00

,0+

,.0

,,*

,02

,2.

,/,

,0*

,/0

,.0

-+2

,10

,/0

+32

,,0

,..

,-0

,+.

3.

,00

+/*

.0*

/,*

/+*

,.*

.2*

/-*

/+*

/**

3*

.1*

.2*

.1*

/**

/**

/**

/.*

+,*

-3*

,+*

//*

.2*

/,*

.-*

/0*

/+*

/.*

/**

/**

,-*

//*

,0*

./*

/0*

/,*

..*

-/*

/,*

.3*

./*

.3*

-*

/**

.2*

,*

.*

-*

,*

,*

,*

+*

.*

-*

-*

.*

,*

+*

-*

-*

+*

.*

-*

,*

-*

+*

+*

,*

-*

+*

+*

+*

+*

,*

-*

,*

-*

,*

+*

,*

+*

,*

,*

,*

,*

,*

+*

,*

*420/

+4*-

*432*

+4,0

+4*/

*43+/

*430-

+4*+

/4+*g

+4+,

*420/

+4*3

*4/13

+4*/

+4*3

*423.

,42/

*41*/

,4,.

*43/2

+4*3

*4300

*41/0

*43+3

*43+2

*411/

+4*,

+4*2

,4,.

*43--

+433

+4*3

+4+*

+4*+

+4+.

+4*3

*42.-

*4303

+4*,

*42/*

+14/g

+4*+

*40*2

a.m.a

s.d.c

m(log X)d

s(log X)e

g.m.f

,-+4.

.341*

,4-/,

*4++,0

,,.43

.+242b

+--43,b

,4/0-b

*4-+01b

-0/4.b

+4/1+

,40*-/

*4*0*+

*4,/*1+

+4+.3

a �f Same as in Table +a.
g Significantly di#erent from the others with +� level.

Table +d. F and Cl contents of the Kamino-butai

lava flow samples of the ++*2 eruption of

Asama volcano.

Sample
F

�mg�g�
Cltotal

�mg�g�
ClH,O-sol.

�mg�g�
F/Clinsol.

�atom�

BU-U-,

BU-U--

BU-U-1

BU-U-2

BU-U-3

BU-U-+*

BU-U-++

BU-U-+1

BU-U-+3

BU-U-,*

BU-U-,+

,0,

,..

,0*

,2+

,/*

,2*

,0*

,/0

,0,

,.0

,0*

..*

-,*

--*

..*

--*

.+*

-1*

-2*

.**

.**

.+*

,*

1*

/*

.*

-*

,*

,*

,*

-*

,*

-*

+4+0

+42,

+41-

+4-+

+4/0

+4-.

+4-3

+4--

+4-,

+4,+

+4,2

a.m.a

s.d.c

m(log X)d

s(log X)e

g.m.f

,0*4+

++43*

,4.+/

*4*+31

,/342

-/,41b

/-4/*b

,4/.,b

*4*1*3b

-.241b

+4.*.

*4,+*/

*4+.-,

*4*0+1.

+4-3+

a �f Same as in Table +a.

Table ,a. F and Cl contents of the upper B-scoria

fall samples of Asama volcano.

Sample
F

�mg�g�
Cltotal

�mg�g�
ClH,O-sol.

�mg�g�
F/Clinsol.

�atom�

US-+-+

US-+--

US-+-/

US-+-0-b

US-+-1-w

US-+-2-b

US-+-+*-w

US-+-+*-b

US---,

US---.

US-+-+,-allw

,/2

,/,

,/2

,/,

,/,

,/.

,/1

,0+

,.*

,10

-/2g

.2*

./*

.2*

.-*

.0*

./*

.3*

/**

.2*

.2*

+*/g

,*

+*

,*

,*

,*

�+*

+*

+*

�+*

+*

,*

+4*/

+4*1

+4*/

+4+/

+4*1

+4*/

+4**

*433.

*43--

+4+*

1420g

a.m.a, h

s.d.c, h

m(log X)d, h

s(log X)e, h

g.m.f, h

,/04*

34*2

,4.*2

*4*+/-

,//43

./24*b

,-43.b

,400*b

*4*,-+b

./14.b

+4*./

*4*/3+

*4*+20

*4*,.2*

+4*..

a �f Same as in Table +a.
g Significantly di#erent from the others with +� level.
h The sample US-+-+,-allw is excluded as an outlier.
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Table ,b. F and Cl contents of the Shimono-butai

lava flow samples of Asama volcano.

Sample
F

�mg�g�
Cltotal

�mg�g�
ClH,O-sol.

�mg�g�
F/Clinsol.

�atom�

BU-L-+

BU-L-/

BU-L-0

BU-L-+,

BU-L-+-

BU-L-+.

BU-L-+0

BU-L-+2

BU-L-,,

,3.

-*,

,32

-+*

-*,

-*0

-*2

-*,

-*2

-/*

-/*

.,*

-2*

-.*

-0*

-3*

.**

.2*

-*

-*

,*

,*

,*

-*

,*

+*

,*

+41+

+410

+4-3

+40+

+410

+41-

+4//

+4./

+4,/

a.m.a

s.d.c

m(log X)d

s(log X)e

g.m.f

-*-4-

/4,*

,4.2,

*4**1.1

-*-4-

-0-4-b

.141*b

,4//1b

*4*/.2b

-0*41b

+4/13

*4+2.+

*4+30

*4*/,2

+4/03

a �f Same as in Table +a.

Table ,c. F and Cl contents of the Maru-yama lava

samples (Maru) and Nishi-maekake-yama

samples (MA) of Asama volcano.

Sample
F

�mg�g�
Cltotal

�mg�g�
ClH,O-sol.

�mg�g�
F/Clinsol.

�atom�

Maru-,

Maru--

Maru-.

00

-2,

,/*

+.*

.0*

.3*

-*

+*

,*

+4+,

+4/2

*433-

MA-2+.-,-,w

MA-2+.-,--

MA-2+.-,-/b

MA-2+.-,-/w

MA-2+.-,-/a

MA-2+.-,-.

MA-2+.-,-0

MA-2+.-,-1

,22

,.*

,12

,-.

,.,

+,*

+*0

+*.

.0*

.0*

/**

/,*

.3*

.*

+*

.*

,*

,*

+*

+*
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Fig. ,. F�Clinsol. variation patterns for the samples of the ++*2 eruption of Asama volcano : ��B-scoria L
samples ; ��Oiwake N pyroclastic flow samples ; ��Oiwake S pyroclastic flow samples ; 	�Kamino-butai
lava samples ; 
� Oiwake N 2+1�+* sample. The sample Oiwake N +*,1�+- is excluded from the figure.

Error bars.

Regression lines for

Oiwake N samples, : F�*...//Cl�-/./* (r�*.1++)
Oiwake S samples, : F�*.,-2-Cl�+-+.0. (r�*.0.,)
The sample Oiwake N 2+1�+* is excluded from the calculation of the regression line.
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Tsuchiya, ,**.). The log Cl-values of the 2+,�/�-,
2+/�+1, 2,,�2 and 2+2�+* samples, the F/Cl-values of

the 2+,�/�-, 2,,�2, 2+1�+* and 2+2�+* samples, and

the log(F/Cl)-values of the 2+,�/�-, 2,,�2 and 2+2�+*
samples are regarded to di#er at the +� significance

level from the other samples of each group.

The significances of the dissimilarity in the arithmetic

mean values m and the mean logarithmic values m(log

X) among the groups were examined by t-test (Table

-). Also di#erences of the variances s, and �s(log X)�,

among the groups were examined by F-test (Table .).
The values distinguished as outliers by Q-test were

excluded in these examinations. The results support

the deduction from Tables +a-+d and Fig. , that the F

and Cl contents of the volcanic products strongly

depend upon the type of eruption.

/�, The F and Cl contents of the scoria and the lava

The Cl contents of the B-scoria L samples are uni-

form and the arithmetic mean is higher than those of the

others. On the other hand, their F contents are almost

the same as those of the Kamino-butai lava flow. The

Kamino-butai lava samples show lower Cl contents and

a little higher variance than those of the B-scoria L

samples. This relation coincides with that between the

pumice and the Oni-oshidashi lava flow in the +12-
activity. The results support the conclusion of the

Yoshida and Tsuchiya’s report (,**.) that Cl (and

perhaps also H,O) may have been enriched in the

uppermost part of the magma column at the beginning

of the eruption, and vesiculation in the vent would have

Table -. Di#erence of the arithmetic means and of the

mean logarithmic values m(log X) among the

volcanic products of the ++*2 eruption and some

others examined by t-testa.

Fb, f :

Kamino-butai�B-scoria L�Oiwake S�Oiwake N

B-scoria U�B-scoria L

Shimono-butai�Kamino-butai

log Ff :

Kamino-butai�B-scoria L�Oiwake S�Oiwake N

B-scoria U�B-scoria L

Shimono-butai�Kamino-butai

Clinsol.
f :

B-scoria L�Oiwake S�Kamino-butai�Oiwake N

B-scoria L�Kamino-butai

B-scoria L�B-scoria U

Shimono-butai�Kamino-butai

log Clinsol.
c, f :

B-scoria L�Oiwake S�Kamino-butai�Oiwake N

B-scoria L�Kamino-butai

B-scoria L�B-scoria U

Shimono-butai�Kamino-butai

F/Clinsol.
d, f :

Kamino-butai�Oiwake N�Oiwake S�B-scoria L

Kamino-butai�Oiwake S

B-scoria U�B-scoria L

Shimono-butai�Kamino-butai

log (F/Clinsol.)
e, f :

Kamino-butai�Oiwake N�Oiwake S�B-scoria L

B-scoria U�B-scoria L

Shimono-butai�Kamino-butai

a�means that the di#erence is significant at the +� level ; �
means that the di#erence is significant at the /� level ; �means

that the di#erence is significant at the +*� level ; �means that

the di#erence is not significant at the +*� level.
b The sample +*,1�+- is excluded as an outlier.
c The samples 2+,�/�-, 2+/�+1, 2,,�2 and 2+2�+* are excluded

as outliers.
d The samples 2+,�/�-, 2,,�2, 2+1�+* and 2+2�+* are excluded

as outliers.
e The samples 2+,�/�-, 2,,�2 and 2+2�+* are excluded as

outliers.
f The sample US-+-+,-allw is excluded as an outlier.

Table .. Di#erence of the variances s, and of �s(log X)�,

among the volcanic products of the ++*2 eruption

and some others examined by F-testa.

Fb, f :

Oiwake N�Oiwake S�Kamino-butai�B-scoria L

B-scoria U�B-scoria L

Kamino-butai�Shimono-butai

log Ff :

Oiwake N�Oiwake S�Kamino-butai�B-scoria L

B-scoria U�B-scoria L

Kamino-butai�Shimono-butai

Clinsol.
f :

Oiwake S�Oiwake N�Kamino-butai�B-scoria L

B-scoria L�B-scoria U

Kamino-butai�Shimono-butai

log Clinsol.
c, f :

Oiwake N�Oiwake S�Kamino-butai�B-scoria L

Oiwake S�B-scoria L

B-scoria L�B-scoria U

Kamino-butai�Shimono-butai

F/Clinsol.
d, f :

Oiwake N�Oiwake S�Kamino-butai�B-scoria L

Oiwake N�Kamino-butai

B-scoria L�B-scoria U

Kamino-butai�Shimono-butai

log(F/Clinsol.)
e, f :

Oiwake N�Oiwake S�Kamino-butai�B-scoria L

Oiwake S�B-scoria L

B-scoria L�B-scoria U

Kamino-butai�Shimono-butai

a�f Same as in Table -.
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brought about pumice eruption.

/�- Variation in the F and Cl contents of the

pyroclastic flow deposits

The Oiwake pyroclastic deposit samples exhibit the

largest variation in the products of the ++*2 activity and

release of Cl and F after the e#usion from intermediate-

type pyroclastic flow is indicated. Generally speaking,

tendency for the distribution of F and Cl is consistent

with that for the Agatsuma pyroclastic flow in the +12-
eruption. Nevertheless, the F and Cl contents of con-

siderable numbers of the Oiwake pyroclastic flow

samples are within the range : m(X)�-s(X) of the

B-scoria L samples unlike the relation between the

Agatsuma pyroclastic flow samples and the pumice fall

samples in the +12- activity. We name these samples

high-halogen samples. Aramaki (+30-) pointed out

that the Oiwake deposits show no welding or induration

in many exposures as di#er from the Agatsuma deposits.

He attributed the di#erence to the temperature at the

time of settling. Then, he concluded that the material

of the Oiwake pyroclastic flow might be vertically

ejected and cooled, deposited on the flank not far from

the crater, and then flowed down. The high-halogen

samples, which have the F and Cl contents almost the

same as those of the B-scoria L samples, might be

produced by this mechanism.

On the other hand, the other Oiwake pyroclastic flow

samples have low Cl and F contents. We name them

low-halogen samples. Yoshida and Tsuchiya (,**.)

thought the formation mechanism of the Agatsuma

pyroclastic flow in the +12- eruption as follows. The

vertical change of the Cl content in the magma column

might be gradual and after the pumice eruption, some-

what less volatile-rich magma would come up to the

vent. The magma would have vesiculated near the

mouth of the vent and overflowed without being

quenched. In this case, volatiles would be released by

vesiculation after the e#usion, and the F- and Cl-poor,

heterogeneous deposits could be produced. The

Oiwake low-halogen samples might be resulted by a

similar cause and are consistent with the surface flow of

high-temperature, gas-releasing, fragmental material.

As a whole, the distribution range of the halogen con-

tents of the Oiwake pyroclastic flow became wider than

that of the Agatsuma pyroclastic flow.

/�. Examination on the topographical distribution

of the F and Cl contents in the Oiwake

pyroclastic flow deposits

The samples of the southern flows (Oiwake S) show

higher F and Cl contents than those of the northern

flows (Oiwake N) in average. Correlations between F

and Cl content both for the Oiwake S and N samples are

significant (Fig. ,). The slopes of the regression lines

for the two flows are significantly di#erent, but the lines

converge at the distribution area of the scoria samples.

This indicates that they were derived from a similar

magma but conditions of gas-release were di#erent.

Detailed topographical distribution of the F and Cl

contents in the Oiwake pyroclastic flow is illustrated in

Figs. -a and -b. In these figures, the halogen contents

are divided into 2 classes based on the arithmetic means

and the standard deviations of the F and Cl contents in

the B-scoria L samples. The classes are expressed with

the lengths of sides of rectangles, the F contents with

the height and the Cl contents with the width. Any

relations cannot be recognized between the halogen

contents and the distances from the crater to sampling

points. The low-halogen and high-halogen groups

rather seem to line up roughly parallel with the stream-

line of the flows. According to Aramaki (+30-), the

Oiwake pyroclastic flow may be consisted of many small

flow units of a few meters thick and a few hundred

meters long. Then, these results may suggest that the

F and Cl contents will reflect the degassing condition of

each flow unit and volatiles might be mostly released at

the early stage of the flow. Some flow units indicate

very intense gas-release as compared with those of the

Agatsuma pyroclastic flow. We cannot clearly explain

the condition to cause such a strong degassing, but

imagine that addition of external water might play a

role as presumed from the experiment by Sugiura

(+302). He reported that H, O vapor accelerates re-

markably the volatilization of halogens from volcanic

rocks on heating.

Putting all these observations together, we can

deduce a transition of the mode of formation of the

Oiwake pyroclastic flow. After repetition of the scoria

eruptions, volatile contents of the magma decreased.

Then, scoriae were not highly ejected, rained mainly

over the flank near the crater, and flowed down like

pumice flow. They were cooled enough not to release

volatiles after the eruption. The flow units of the high-

halogen group might be produced in this stage. Fur-

ther decrease of volatiles led to the next stage in which

the magma vesiculated near the mouth of the vent and

the gas-releasing magma overflowed without being

quenched. This would result in the flow units of the

low-halogen group, which are similar to the Agatsuma

pyroclastic flow of the +12- eruption. High-halogen

samples were not found in the samples of the Agatsuma

pyroclastic flow unlike the Oiwake pyroclastic samples

(Yoshida and Tsuchiya, ,**.). The di#erence may

indicate that the +12- eruption lacked the pumice flow

stage, perhaps due to the di#erence in scale of the two

eruptions (Aramaki, +30-). Another possibility is that

the number of analyzed samples (3) of the Agatsuma

flow was not large enough to find high-halogen samples.

/�/ The F and Cl contents of the samples excluded

from the ++*2 activity

The samples of the groups excluded from the ++*2
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activity by Aramaki et al. (+323), i.e., the B-scoria U,

the Shimono-butai lava flow, the Maru-yama lava flow,

and the Nishi-maekake-yama ejecta, are also analyzed

for F and Cl. The Shimono-butai lava flow samples

have distinctly higher F contents than the Kamino-butai

samples and is consistent with the conclusions from the

petrological studies. On the other hand, we cannot

find any significant di#erence in the halogen contents

between the B-scoria U and the B-scoria L samples.

But, the US-+-+,-allw sample has halogen contents very

di#erent from the other B-scoria U samples and this

sample must be reexamined for its assignment. We

cannot make any discussion on the Maru-yama lava

flow and the Nishi-maekake-yama ejecta because they

show very large variations even within a small number

of samples.

0. Conclusion

The F and Cl contents of successive phases of the

++*2 eruption of Asama volcano lead to the following

conclusions as compared with the +12- activity.

The transition of the mode of eruption from scoria

(pumice) fall to intermediate-type pyroclastic flow and

then to lava flow may be intimately related to the

volatile contents of the magma at the time of eruption

almost similar to that reported for the +12- eruption.

There may have been a vertical concentration gradient

of Cl as well as H, O in the magma column before the

eruption. The upper part of the magma had high

volatile contents and vesiculated in the vent. The

vesiculation in a limited space would have brought

about violent explosions ejecting scoriae highly. At the

last stage of the scoria eruption, the eruption became

weaker to eject the material not so highly and rained

over the flank near the crater and piled scoriae flowed

down. The volatile contents of the magma decreased

further as to vesiculate at the mouth of the vent and the

gas-releasing magma overflowed from the crater with-

out being quenched. The volatiles might be mostly

released at the early stage of the flow. The Oiwake

pyroclastic flow may be consisted of many flow units of

these two eruption stages. At the last stage, Cl-poor

magma flowed out without notable vesiculation as the

Kamino-butai lava flow.
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