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Fluorine and chlorine have been determined for all kinds of the products of the 1108 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 1783 activity of Asama (Yoshida and Tsuchiya, 2004).

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 1783
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 effusion. 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
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mode of the formation of the pyroclastic flow with different degassing conditions.

In the low-halogen flow units,

volatiles might be mostly released in the early stage of the flow.
Key words: fluorine, chlorine, volatile contents, pyroclastic flow, Asama volcano

1. Introduction

Vesiculation of erupting magma plays an important
role in formation and transportation of pyroclastic flows
(e.g., Aramaki, 1957; Aramaki and Yamasaki, 1963).
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 (2004) analyzed fluorine
and chlorine on the volcanic products of the 1783
eruption of Asama volcano. Comparing with the results
of model experiments for the behavior of F and Cl in
volcanic process (Yoshida, 1963; 1975; 1990), 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 effusion. 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.
the proposed mechanism is generally applicable, it is
required to examine other examples.

Asama volcano has produced a number of pyroclastic

In order to ascertain whether or not
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flows (Aramaki, 1963; 1968). 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.
Oiwake pyroclastic flow is estimated to be 0.6 km® and
fairly larger than that of the Agatsuma pyroclastic flow
(0.1km®) (Aramaki, 1963). It was formerly regarded
to have erupted in 1281 (Koan) with the B-scoria
(pumice) falls (the upper layers: 0.1 km® and the lower
layers: 0.4km®) and the Butai lava flows (the Kamino-
butai and the Shimono-butai: 0.1~0.2km?® in all) from
descriptions of old documents (Aramaki, 1963). How-
ever, the stratigraphic relations between the B-scoria
falls and the historic relics of archeologically known age
(Arai, 1979), and the “C-age of carbonized wood-chips
buried
pyroclastic flow deposits (Nakamura and Aramaki,
1966) indicate that they are more reasonably assigned to
be the products of the 1108 (Tennin) activity (Arai,
1979; Aramaki, 1980).

Aramaki et al. (1989) carried out systematic sam-
pling of rocks presumed to be the products of the 1108
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 (59~
61% Si0,). 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 different 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 1108 activity are andesites
despite the different nature of the successive effusions.
The transition from one type effusion to another is
similar to that in the 1783 activity although the 1108
activity lacked an equivalent for the Kambara
pyroclastic flow in the 1783 activity. Therefore, we
presumed that the transition is also caused by difference
in the mode of gas-release from the magma at the
effusion. In this study, we determined the F and Cl
contents in all kinds of the volcanic products of the 1108
activity and examined their formation mechanism from
this viewpoint. Furthermore, Aramaki et al. (1989)
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.

Total volume of the

in the B-scoria falls and in the Oiwake

2. Samples

The analyzed samples are the essential products of the
1108 activity, i.e., 11 samples of the B-scoria L deposits,
81 samples of the Oiwake pyroclastic flow deposits (38

samples from the northern flows: Oiwake N and 43
samples from the southern flows: Oiwake S), and 11
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 1108 activity (Aramaki ef al., 1989), were also
analyzed. All the samples were systematically sampled
and analyzed for major components by Aramaki et al.
(1989). Sample numbers assigned by them are
followed in this report. Fig. 1 gives the outline of
sampling locations.

3. Analytical method

Fluorine was determined by the method of Tsuchiya
et al. (1985). 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.
(1955) improved by Ozawa (Yoshida et al., 1994). 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, 1962). Water-soluble Cl is ex-
tracted by immersing the rock powder overnight in
water and determined by the Hg(SCN), spectro-
photometry.

4. Results

Analytical results with various statistical parameters
are shown in Tables la to 1d for the 1108 products and
2a to 2c for the others. The errors in the determination
of both F and Cl are =10ug/g. Water-soluble Cl con-
tents in Japanese volcanic rocks are usually less than 50
rg/g and can often be attributed to secondary contam-
ination (Iwasakiet al., 1957; Yoshidaet al., 1971). In
the present case, most water-soluble CI contents are less
than 50u¢g/g and the following discussion is based on
the water-insoluble Cl contents which is calculated as
the difference between the total Cl and water-soluble Cl
contents.

Halogen contents of volcanic rocks have approxi-
mately lognormal distributions (Iwasaki et al., 1957;
Iwasaki et al., 1968; Yoshida et al., 1971), 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
exaggeratedly emphasized. They are
regarded as outliers on account of lognormal distribu-
tion but not on account of normal distribution as will be

values are
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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.

5. Discussion
5-1 Statistical examination of the difference of the
F and CI contents with the type of eruption
The F and ClI contents are varied among the B-scoria
L deposits, the Oiwake pyroclastic flow deposits, and
the Kamino-butai lava samples (Table 1; Fig. 2) in

almost similar manner to the 1783 products (Yoshida
and Tsuchiya, 2004). Any significant correlation is
not found between SiO, (Aramaki et al, 1989) and
halogen contents.

Dixon’s Q-test (Dixon, 1953) is applied for each
group and some outliers are found in the Oiwake
pyroclastic flow samples. The F-content of the 1027—
13 sample is extremely high at the 1% significance level.
The high F contents of this sample and of the 817-10
sample, and possibly of the 817-12 and 817-24 samples,
may be attributed to secondary addition of F from
gas-phase like the A-5 sample of the Agatsuma
pyroclastic flow in the 1783 eruption (Yoshida and

Fig. 1.

5 km

An outline map showing the sampling locations of the volcanic products of the 1108 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. (5cm, 100 cm and 300 cm)
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Table la. F and Cl contents of the lower Table 1b. F and Cl contents of the Oiwake
B-scoria fall samples of the 1108 eruption northern pyroclastic flow samples of the
of Asama volcano. 1108 eruption of Asama volcano.
Sample F Cliotal Cli,0-s0l. F/Clinsol. Sample F Cliotal Cliz,0-501. F/Clineol.
(ug/e) (ug/e)  (ug/g) (atom) (ug/e) (ug/e)  (ug/g) (atom)
LP-1-2 268 450 10 1.14 619-4 40 160 20 0.53;
LP-1-3 252 470 10 1.02 812-7 136 470 20 0.564
LP-1-5 250 480 10 0.99; 817-1 244 450 20 1.06
LP-1-7 256 440 <10 1.09 817-2 292 550 20 1.03
LS-3-2 246 510 30 0.956 8174 124 440 10 0.53
LS-3-4 266 490 20 1.06 817-5 214 530 40 0.81s
LS-3-6 262 520 20 0.97g 817-8 108 240 30 0.960
LS-5-1 248 440 10 1.08 817-9-1 200 470 30 0.84;
LS-5-4 252 460 10 1.04 817-10 456 250 30 3.87¢
LP-5-5 242 570 30 0.83¢ 817-12 392 550 40 1.43
LS-5-7 bomb 266 430 10 1.18 817-14 114 400 20 0.560
a.m.? 255.3 463.6° 1.033 817-15 106 190 20 1.16
s.d.c 8.96 34.43b 0.0936 817-16 158 230 20 1.40
m (log X)* 2.407 2.665 0.01255 817-17 182 220 30 1.79
s (log X)° 0.0152 0.0314° 0.040553 817-18 130 320 20 0.80,
g.m." 255.1 462.5° 1.029 817-22 330 450 20 1.43
+ Arithmetic means. 81724 401 500 30 1.59
®Calculated for water-insoluble CI. s18°1 202 370 20 108
¢Standard deviations s18-4 2%0 430 20 L1
9 Arithmetic means for log X. 8185 258 350 20 0905
. . 818-7 212 420 20 0.98,
fz::iz(:if::::.ns for log X. 818-9 198 470 20 0.82
818-10 96 50 50 >17.9¢
818-11 140 160 30 2.01
10264 200 490 60 0.86g
1026-5 54 360 10 0.28s
1026-8 84 210 40 0.92,
1026-9 288 380 20 1.49
1026-12 278 470 20 1.15
1026-16 200 450 30 0.88
10273 252 500 20 0.98,
1027-6 150 380 20 0.77
1027-7 102 360 40 0.59s
1027-9 91 130 40 1.89
1027-10 106 270 80 1.04
1027-11 78 90 30 2.43
1027-13 7808 700 60 2.27
1027-17 298 480 20 1.21
a.m.* 209.1 343.4° 1.633"
s.d.© 137.52 151.91° 2.7907"
m(log X)* 2.243 2.458™h 0.0559"
s(log X)© 0.2642 0.3364%" 0.29095"
g.m." 175.0 287.1%1 1.137"

2~fSame as in Table 1a.

£Significantly different from the others with 1% level.

"Calculated on the assumption that Clig. in the sample

818-10 is 10ug/g (lower limit of determination).
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Table Ic. F and Cl contents of the Oiwake
southern pyroclastic flow samples of the
1108 eruption of Asama volcano.

Table 1d. F and Cl contents of the Kamino-butai
lava flow samples of the 1108 eruption of
Asama volcano.

Sample F Cliotal Cli,0-501. F/Clinol. Sample F Cliotal Cli,0-501. F/Clinol.
(ug/g) (wg/e)  (ug/® (atom) (ug/e) (ug/e)  (ug/® (atom)

619-6 204 460 20 0.86s BU-U-2 262 440 20 1.16
619-7 266 520 40 1.03 BU-U-3 244 320 70 1.82
619-8 252 510 30 0.98, BU-U-7 260 330 50 1.73
811-1 148 240 20 1.26 BU-U-8 281 440 40 1.31
811-6 258 480 20 1.05 BU-U-9 250 330 30 1.56
811-7 250 530 20 0.915 BU-U-10 280 410 20 1.34
812-2 258 510 10 0.965 BU-U-11 260 370 20 1.39
812-4 250 500 40 1.01 BU-U-17 256 380 20 1.33
812-5-3 164 90 30 5.108 BU-U-19 262 400 30 1.32
813-3 264 470 30 1.12 BU-U-20 246 400 20 1.21
814-1 204 480 40 0.865 BU-U-21 260 410 30 1.28
815-1 262 470 20 1.09 a.m.? 260.1 352.7° 1.404
8153 152 500 10 0.57, s.d.e 11.90 53.50° 0.2105
815-6 264 500 30 1.05 m(log X)* 2.415 2.542° 0.1432
815-11 274 500 30 1.09 s(log X)° 0.0197 0.0709° 0.06174
815-16 254 540 10 0.89, gm.f 259.8 348.7° 1.391
815-17 122 120 40 2.85 ~tSame as in Table 1a.
81520 136 390 30 0.705
81521 228 210 20 2.24
816-1 267 550 30 0.95;
816-3 274 480 10 1.09
8167 264 520 10 0.966
8202 166 430 20 0.75 Table 2a. F and Cl contents of the upper B-scoria
8204 261 560 30 0.91, fall samples of Asama volcano.
820-5 246 510 10 0.915
820-6 220 540 10 0.77s Sample (ﬂF/ ) (; 1‘;‘“‘) 2“;’; F</Cl‘"‘;"
8208 268 500 10 1.02 &’s &8 &8 atom
820-10 284 500 10 1.08 US-1-1 258 480 20 1.05
821-2 252 230 20 2.24 US-1-3 252 450 10 1.07
821-4 260 550 30 0.93; US-1-5 258 480 20 1.05
821-10 246 450 30 1.09 US-1-7-w 252 460 20 1.07
821-11 318 560 20 1.10 US-1-8-b 254 450 <10 1.05
821-19 198 350 10 1.09 US-3-2 240 480 <10 0.93;
822-1 226 520 20 0.84; US-3-4 276 480 10 1.10
822-3 244 490 20 0.96¢ US-1-12-allw 358¢ 105¢ 20 7.868%
822-5 236 450 20 1.02 am®" 256.0 458.0° 1.045
822-7 214 490 20 0.850 s.d.oh 9.08 23.94° 0.0591
822-8 94 30 20 17.5¢ m(log X)*" 2.408 2.660° 0.0186
822-10 266 500 10 1.01 s(log X)=" 0.0153 0.0231° 0.02480
822-13 150 480 20 0.60; gm." 255.9 457 .4 1.044
a.m.* 231.4 418.8° 1.571 *~"Same as in Table la.
s.d.° 49.70 133.92° 2.6035 ¢ Significantly different from the others with 1% level.
m(log X)? 2.352 2.563° 0.0601 "The sample US-1-12-allw is excluded as an outlier.
s(log X)*© 0.1126 0.3167° 0.25071
gm. 224.9 365.4° 1.149

2~fSame as in Table 1la.

¢ Significantly different from the others with 1% level.
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Table 2b. F and CI contents of the Shimono-butai

lava flow samples of Asama volcano.

Table 2c. F and CI contents of the Maru-yama lava
samples (Maru) and Nishi-maekake-yama
samples (MA) of Asama volcano.

Samol F Cliotar Cli0-01. F/Cligsol.
ample
g/ wg/p)  (wg/p)  (atom) Sam F Closr Cliyoss,  F/Cly,
ample
BU-L-1 294 350 30 1.71 (wg/e)  (wg/e)  (ug/e)  (atom)
BU-L-5 302 350 30 1.76 Maru-2 66 140 30 1.12
BU-L-6 298 420 20 1.39 Maru-3 382 460 10 1.58
BU-L-12 310 380 20 1.61 Maru-4 250 490 20 0.99;
BU-L-1 2 4 2 1.7
U-L-13 30 340 0 6 MA-814-2-2w 288 460 20 1.22
BU-L-14 306 360 30 1.73
BUL.16 208 200 0 s MA-814-2-3 240 460 20 1.02
BU_L_18 20 100 0 X ‘45 MA-814-2-5b 278 500 10 1.06
BU'L'22 208 420 2 X ‘25 MA-814-2-5w 234 520 10 0.856
il : MA-814-2-5a 242 490 20 0.96,
am.” 303.3 363.3 1.579 MA-814-2-4 120 40 20 11.2
s.d.c 5.20 47.70° 0.1841 MA-814-2-6 106 10 5 39.6
m(log X)* 2.482 2.557° 0.196 MA-814-2-7 104 40 10 6.47
s(log X)* 0.00747 0.0548" 0.0528
gm. 303.3 360.7° 1.569
2~fSame as in Table la.
500
I A
400 | A,

F (ue/g)

300

200

100 |

300 400 500 600

Cl-insol (ug/g)

Fig. 2. F—Clino. variation patterns for the samples of the 1108eruption of Asama volcano: @ =B-scoria L
samples; /\=0Oiwake N pyroclastic flow samples; X =Oiwake S pyroclastic flow samples; [ |=Kamino-butai
lava samples; A = Oiwake N 817-10sample. The sample Oiwake N 102713 is excluded from the figure. -
Error bars.

Regression lines for

Oiwake N samples,——: F=0.4455C1+35.50 (r=0.711)
Oiwake S samples,~---: F=0.2383Cl+131.64 (r=0.642)

The sample Oiwake N 817-10 is excluded from the calculation of the regression line.
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Tsuchiya, 2004). The log Cl-values of the 8§12-5-3,
815-17, 822-8 and 818-10samples, the F/Cl-values of
the 812-5-3, 822-8, 817-10 and 818—10samples, and
the log(F/Cl)-values of the 812-5-3, 822—8 and 8§18-10
samples are regarded to differ at the 1% 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

Table 3.
mean logarithmic values m(log X) among the

Difference of the arithmetic means and of the

volcanic products of the 1108 eruption and some
others examined by t-test®.

Fo

Kamino-butai~B-scoria L”>Oiwake S >Oiwake N
B-scoria U~B-scoria L
Shimono-butai~>Kamino-butai

log F':

Kamino-butai~B-scoria L>Oiwake S >Oiwake N
B-scoria U~B-scoria L
Shimono-butai>Kamino-butai

CIInsolvf:

B-scoria L =0Oiwake S >Kamino-butai~Oiwake N
B-scoria L>Kamino-butai

B-scoria L~B-scoria U
Shimono-butai~Kamino-butai

1og Clineat” "

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/Clinsa® "

Kamino-butai > Oiwake N~OQOiwake S~B-scoria L
Kamino-butai>Oiwake S

B-scoria U~B-scoria L

Shimono-butai = Kamino-butai

log (F/Clinsor )

Kamino-butai>Oiwake N~QOiwake S~B-scoria L
B-scoria U~B-scoria L

Shimono-butai = Kamino-butai

2>means that the difference is significant at the 1% level; >
means that the difference is significant at the 5% level; =means
that the difference is significant at the 10% level; ~means that
the difference is not significant at the 10% level.

®The sample 1027-13 is excluded as an outlier.

¢The samples 812-5-3, 815-17, 822-8 and 818-10 are excluded
as outliers.

4The samples 812-5-3, 822-8, 817-10 and 818-10 are excluded
as outliers.

¢The samples 812-5-3, 822-8 and 818-10 are excluded as
outliers.

"The sample US-1-12-allw is excluded as an outlier.

3). Also differences of the variances s> and {s(log X)}?
among the groups were examined by F-test (Table 4).
The values distinguished as outliers by Q-test were
excluded in these examinations. The results support
the deduction from Tables la-1d and Fig. 2 that the F
and Cl contents of the volcanic products strongly
depend upon the type of eruption.

5-2 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 1783
activity. The results support the conclusion of the
Yoshida and Tsuchiya’s report (2004) 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 4. Difference of the variances s> and of {s(log X)}?
among the volcanic products of the 1108 eruption
and some others examined by F-test®.

Fo

Oiwake N>>Oiwake S>Kamino-butai~B-scoria L
B-scoria U~B-scoria L

Kamino-butai > Shimono-butai

log F':

Oiwake N>Oiwake S>Kamino-butai~B-scoria L
B-scoria U~B-scoria L

Kamino-butai > Shimono-butai

Clingol."

Oiwake S~Oiwake N>Kamino-butai~B-scoria L
B-scoria L~B-scoria U
Kamino-butai~Shimono-butai

log Clins® '

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/Clipsa® "

Oiwake N~Oiwake S>Kamino-butai > B-scoria L
Oiwake N>Kamino-butai

B-scoria L~B-scoria U

Kamino-butai~Shimono-butai

10g(F/Clinsor)*

Oiwake N>>Oiwake S >Kamino-butai~B-scoria L
Oiwake S>>B-scoria L

B-scoria L~B-scoria U
Kamino-butai~Shimono-butai

*~'Same as in Table 3.
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brought about pumice eruption.

5-3 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 1108 activity and
release of Cl and F after the effusion 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 1783
eruption. Nevertheless, the F and CI contents of con-
siderable numbers of the Oiwake pyroclastic flow
samples are within the range: m(X)=*£3s(X) of the
B-scoria L samples unlike the relation between the
Agatsuma pyroclastic flow samples and the pumice fall
samples in the 1783 activity. We name these samples
high-halogen samples. Aramaki (1963) pointed out
that the Oiwake deposits show no welding or induration
in many exposures as differ from the Agatsuma deposits.
He attributed the difference 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 CI 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 (2004)
thought the formation mechanism of the Agatsuma
pyroclastic flow in the 1783 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
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 effusion, 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.

5-4 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. 2). The slopes of the regression lines
for the two flows are significantly different, but the lines
converge at the distribution area of the scoria samples.

vent.

This indicates that they were derived from a similar
magma but conditions of gas-release were different.

Detailed topographical distribution of the F and Cl
contents in the Oiwake pyroclastic flow is illustrated in
Figs. 3a and 3b. In these figures, the halogen contents
are divided into 8 classes based on the arithmetic means
and the standard deviations of the F and CI 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 (1963), 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 CI 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
(1968). 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 1783 eruption. High-halogen
samples were not found in the samples of the Agatsuma
pyroclastic flow unlike the Oiwake pyroclastic samples
(Yoshida and Tsuchiya, 2004). The difference may
indicate that the 1783 eruption lacked the pumice flow
stage, perhaps due to the difference in scale of the two
eruptions (Aramaki, 1963). Another possibility is that
the number of analyzed samples (9) of the Agatsuma
flow was not large enough to find high-halogen samples.

5-5 The F and Cl contents of the samples excluded

from the 1108 activity

The samples of the groups excluded from the 1108
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activity by Aramaki et al. (1989), 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 difference in the halogen contents
between the B-scoria U and the B-scoria L samples.
But, the US-1-12-allw sample has halogen contents very
different 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.

6. Conclusion

The F and Cl contents of successive phases of the
1108 eruption of Asama volcano lead to the following
conclusions as compared with the 1783 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 1783 eruption.
There may have been a vertical concentration gradient
of ClI 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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