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Grain Size Distribution and Aggregate Structure of Volcanic Ash Produced
during the Phreatomagmatic Eruption on 31 March, 2000, Usu Volcano

Daisuke NAGAT*, Kunihiko ENDO*, Mari KUNIKATA*, Satoko NAKAYAMA¥,
Fumitoshi MOTOMATSU*, Marekazu OHNO¥*, Tatsuro CHIBA** and Masaaki SUZUKT***

Usu Volcano commenced the first eruption with a phreatomagmatic explosion at the western foot of the
volcano on 31 March 2000. The total eruptive products during the March 31 eruption attained to 2.4 X 10° tons,
which was the largest among the numerous number of eruptions in the following months.

In this paper, transport and depositional processes, aggregate structure and whole deposit grain size
population were investigated for the March 31 tephra of the phreatomagmatic eruption.

Each sample of March 31 tephra dispersed to NE, reaching to Sapporo 80 km away from the vent, was
analyzed in grain size. The grain size distribution of each sample was separated into a, b and ¢ subpopulations,
which are characterized by Log-normal distribution. The subpopulation-a (in sand and granule) decreases
gradually in mean grain size with distance. Even in proximal area, however, subpopulations-b (coarse silt) and -c
(fine silt to clay) occupy about 30 wt.%. Subpopulations-b and -c tend to increase gradually with distance. This
is because the tephras fell out mainly as aggregate ash, as eyewitnessed on the day of the eruption and observed
in the deposits.

Aggregate ash is classified into two types. One is ash-coated grain (type 1) : a sand-size core is coated with
grains mainly finer than 45 #um. Another is irregular ash aggregate (type 2): sand-, silt- and clay-size grains are
accreted irregularly. Based on the experiment Schumacher and Schmincke (1995) thought that the rims composed
of grains finer than 45 um are accreted by the electrostatic attraction in the rim-type accretionary lappilli, which
is similar to the type 1 in this paper. Such condition will exist only in the ash plume near the vent. In case of the
type 2, capillary forces may accrete grains of various sizes in the higher and/or distant ash cloud where binding
liquid is abundant by the condensation of moisture. As the type 1 is distributed only within 200 m from the vent,
binding forces of aggregate ash probably changed from electrostatic attraction to capillary forces beyond 200 m.

The whole deposit grain size population was reconstructed for the deposits of the March 31, phreatomagmatic
eruption. It ranges widely from granule- to clay- size. Silt and clay occupy nearly half of the total. The whole
deposit population fits for composite population of four subpopulations with Rosin-Rammler distribution. Each
subpopulation is checked by the result of component analysis. Lithic fragments are dominant in the coarsest
subpopulation-I, pumice and glass shards with fine crystals are dominant in the subpopulation-2, fragments of
crystals are dominant in subpopulation-3, and fine fragments of pumice and glass shards without crystal are
dominant in the finest subpopulation4. This suggests a possibility that the fragmentation processes by the March
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31 phreatomagmatic eruption produced a composite population of four different Rosin-Rammler subpopulations

corresponding to different source materials.
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Fig. 1. Isopleth map of the Usu 2000 eruption, the
March 31 tephra, showing sample sites for
grain-size analyses (modified from Endo et al.,
2001). Fig. 1-(b) shows the isopleth map in the
proximal area. I ~ IX: localities of samples
shown in Fig. 3.
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Fig. 2. Spatial variation of grain-size parameters of
the March 31 tephra. I~IX: samples shown in
Fig. 3. Parameters calculated by moment
method. (a) mean grain size, (b) sorting (g¢)
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Fig. 3. Change of grain-size histograms in distance
from the vent (a), and separation into

subpopulations with Log-Normal distribution.
(b) Figures at upper right corner are distance
from the vent. Sample sites are shown in Fig. 1.
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Table 1. Proportion of separated subpopulations (a,
b, c¢) for each sample site along the main
dispersal axis, and correlation coefficient (R)
between composite population from three
subpopulations and original population for each
site.

#1 3[31 8777 OBRKRSTOLEHNE 5K
D DOFNER (a, b, ¢) DEEB X, IE
T I & - THEI S o NMERIZBAR L 72
dhfR & LD 5T & OEBIREL o — < HEFE,
3 H 31 87 7 7 OBIKRAT O X8 ia 5 B
Stratl R I~IX, K3 28D,

Sample site Subpopulation(%) R
a b c

| 73 10 17 0.993
Il 67 14 19 0.989
1l 60 19 21 0.979
v 47.5 26 26.5 0.990
41 37 22 0.961

v 29 58 13 0.994
vi 8 71 21 0.997
Vi 0 91.7 83 0.997
IX 0 83 17 0.995
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Fig. 4. Spatial variation of mean (¢)for separated

subpopulations of the March 31 tephra. Dots
and bar indicate the mean and sorting for each
subpopulation respectively (a, b, and ¢ same as
in Fig. 3-(b)).
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Photo. 1.

Type 2 aggregate ash of the March 31
tephra, Usu 2000 eruption, preserved on a tree
leaf on the east shore of Lake Toya, 12 km from
the vent.
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Photo. 2. Type 1 ash-coated grains in the March 31

H

Photo. 3.

EH3

tephra, Usu 2000 eruption found within 200
meters from the vent. Sand-sized fragments of
phyric volcanic rock form cores, coated with
dark rims composed of very fine particles. The
sample taken from west of the site III.
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Internal structure of type 2 aggregate ash
found in the March 31 tephra, Usu 2000
eruption, beyond 800 meters from the vent.
This one has a diameter of several millimeters
and consists of irregularly accreted sand-, silt-
and clay-size grains. The sample taken from the
site I
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Fig. 5. Isopleth map showing the method of
calculation for the whole deposit grain size
population of the March 31 tephra. Weight
obtained from each sector a to z was divided
into each grain size-grade according to the
representative grain size distribution in each
sector. Then each weight of each size-grade was
summed up to estimate whole deposit grain size
population.
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Fig. 6. Estimated whole deposit grain size population of the March 31 tephra Usu 2000 eruption. (a) Histogram
showing the estimated total grain size distribution of the March 31 tephra, Usu 2000 eruption. (b) Separation
of whole deposit grain size population into four subpopulations (I, 2, 3, and 4 ) with Rosin-Rammler
distribution. Broken line shows the population composed of 4 subpopulations.
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Table 2. Proportion of separated subpopulations (I,
2, 3, 4) for whole deposit grain size population,
based on Rosin-Rammler distribution and
correlation coefficient (R) between composite
population from four subpopulations and
original population.
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1 2 3 4
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Fig. 7. Variation in component abundance as a
function of grain size for the March 31 tephra,
Usu 2000 eruption along the main dispersal axis.
Roman numerals refer to the sample sites.
Numbers in kilometers refer to the distance
downwind from the vent.
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