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Using Aggregated Particles to Estimate a Cloud Height

��Sedimentation Process of the September ,-, ,**.,

Pyroclastic Fall at the Asama Volcano Eruption��

Marekazu OHNO�, Shuji YAMAKAWA�, Masayuki O’ISHI��, Kou TAKAHASHI���,

Tatsuyuki UENO����and Takafumi IDA�

A cloud height generated by a volcanic eruption reflects the immensity and/or magnitude of the eruption ;

thus a measuring of the height’s temporal variation during the event is very significant in judging whether the

activity will become violent or decline. However, when a volcanic eruption occurs during bad weather, we must

take information about the cloud’s height by means of the pyroclastic deposits. In general, the total time taken

for pyroclastic materials to be ejected and deposited at a given distance from the source vent can be divided into

three parts as follows : the time for the eruption cloud to ascend and reach its neutral buoyancy level (T+) ; the time

for the pyroclastic materials to be transported laterally by the eruption cloud (T,) ; and the time for pyroclastic

materials to fall and be deposited on the ground (T-). Since T- can be calculated from the settling velocity of

pyroclastic materials, if the time that the pyroclastic materials fell at a given locality was observed and a given

value for T+ is assumed, the most suitable wind velocity to explain T, can be determined. Thus the height at which

pyroclastic materials separate from the eruption cloud can be determined by using the vertical profile of wind

velocity around the volcano. These ideas were applied to the eruption occurred at +3 : .. (JST) on September ,-,
,**., at the Asama volcano, which produced a pyroclastic fall deposit with a minimum weight of 1.,%+*0 kg.

Because this eruption occurred in bad weather, the pyroclastic materials fell as mud raindrops that were aggregate

particles saturated by the rainwater. Based on the depositional mass, the number of impact marks of the mud

raindrops in the unit area, and the apparent density and the equivalent diameter of these drops during their fall was

estimated to be ,.,�-.+mm, which is consistent with the grain-size distribution of pyroclastic materials. Accord-
ing to some experienced accounts, mud raindrops several millimeters in diameter fell at ,* : *-
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in the Kitakaruizawa area (about 3 km north-northeast from the source). Assuming ,�/ minutes for T+ and

++./�+,.* m/s of average lateral wind velocity, the height at which the mud raindrops separated from the

eruption cloud can be estimated at -,.-*�-,20* m (-,0+* m on average). From this conclusion, the

transportation and depositional process of the pyroclastic materials generated on September ,-, ,**., at the

Asama volcano can summarized as follows : the explosion occurred at +3 : .. and the eruption cloud rose to

-,0+* m while blowing ,..3 km downwind from the source. The cloud moved laterally for ../+ km with

generating raindrops. At +3 : /., mud raindrops separated from the cloud 1.* km north-northeast from the

source, then fell to the ground at ,* : *- after being blown ,.* km downwind by a lateral wind.

Key words : cloud height, pyroclastic fall deposit, mud raindrops, sedimentation process, the Asama volcano
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Fig. +. Schematic illustration showing the transportation process of the eruption cloud resulting from the

short-lived eruption (i.e., vulcanian explosion). The total time for the pyroclastic materials to deposit from

the start of the eruption is the summation of T+, T,, and T-. When the adequate range of T+ has been

assumed, we can obtain information about the eruption cloud’s height. For detailed explanations, see the text.
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Fig. -. Occurrence of the pyroclastic fall deposits derived from the eruptions at +3 : .., September ,-, ,**., at the
Asama volcano. The distance of each locality from the source is shown as follows : a, 0., km; b, ++.* km
(locality of “III” in Fig. . and Table +) ; c, 2.0 km (locality of “I” in Fig. . and Table +) ; and d, +*.- km. By

1 km from the source, the pyroclastic fall deposit included lapilli, some several cm in diameter, which overlay

fine ash particles (a). These lapilli contained a few amounts of pumice grains. Beyond 1 km° from the

source, the deposit showed black angular conglomerates (°,mm) surrounded by finer grains (°+** mm) with

a light brown color (b, c). The grain size of these conglomerates systematically decreased as the distance from

the source increased. In some localities, raindrop marks were observed on the surface of the deposit (d).
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Fig. .. An isopleth map of the pyroclastic fall deposit that accompanied with the eruption which occurred in

September ,-, ,**. at the Asama volcano. This map also shows localities where the diameters of mud

raindrops were estimated (I, II, and III on this map). The pyroclastic fall deposit distributes in a north to

northeast direction and has a secondary thickening at about 3 km away from the source. The amount of the

deposit within the isopleth contour of 2 g/m, is estimated to about 1.,�+*0 kg. The meanings of the

abbreviations in this map are as follows, Hg : Higashine city (Yamagata Prefecture), Yg : Yamagata city

(Yamagata Pref.), Ym: Yamato town (Niigata Pref.), Sm: Shima Hot Spring (Gunma Pref.), Wj : Wajima

weather station (Ishikawa Pref.), Tt : Tateno, Kk: Kitakaruizawa, Sz : Suzuranzaka crossroad, Fj : Fujiwara,

On : Onioshidashien park.
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Fig. /. Grain-size distribution of pyroclastic deposits

derived from the eruptions that occurred on

September ,-, ,**. at the Asama volcano. The

distribution is bimodal, showing one grain size

that is of a coarse mode, *�, phi (+�*.,/mm in

diameter), and another of a finer mode, -�/ phi
(+,2�-, mm in diameter). With increasing

distance from the source, the coarser mode

migrates toward finer fractions, whereas the

finer one is fixed.

Fig. 0. A surface synoptic chart at ,+ : ** (JST) on
September ,-, ,**.. A stationary front was

stagnating south of Japan, and an atmospheric

ridge expanded to the Kanto area from a high

atmospheric pressure existing southeast of

Hokkaido. This atmospheric pattern indicated

that, in the Kanto area, the surface wind

direction was north-northeast and its velocity

was weak.
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Fig. 1. A vertical profile of wind velocity, tempera-

ture, and dew-point temperature obtained at the

Wajima weather station at ,+ : ** (JST) on

September ,-, ,**.. The additional number

beside the wind velocity is the wind direction.

The temperature and dew-point temperature

show no significant di#erence regardless of

changing height, indicating that the air was

saturated with water at the time of the eruption.

Table +. The results of the equivalent diameter of

mud raindrops estimated by equation (-). On

the assumption of ,*�,/wt.� of water content

and ,,,**�,,,2* kg/m- of apparent density, the

mud raindrops ranged from ,., to -.+mm in

diameter.
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Table ,. The upper meteorological air data around the Asama volcano and the settling

velocities of the mud raindrops calculated from these data.
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Fig. 2. The relationship between the height at which the mud raindrops separated from the eruption cloud and the

time at which they fell on to the ground (T- ; Fig. +). In consideration of the height of the Asama volcano

summit and some experienced accounts, the estimated range of heights at which the mud raindrops separated is

represented as the gray area in this diagram.
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Fig. 3. The relationship between the height at which the mud raindrops separated from the eruption cloud and the

time at which they hit the ground. Combining some experienced accounts and results obtained from Fig. 2,
we estimate the range of heights at which the mud raindrops separated to have been -,//*�-,2/*m.
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Fig. +*. The relationship between an average lateral

wind velocity and the height at which the mud

raindrops separated from the eruption cloud.

Assuming ,�/ minutes of T+ and +*�,*m/s of
average lateral wind velocity, we find that an

average lateral wind velocity of +-�+. m/s

corresponds to the real wind velocity described

in Fig. 1 (the gray area in this diagram). Con-

sidering +* m/s of wind velocity near the

Asama volcano summit, we find that the actual

lateral wind velocity should average a value

ranging from the average lateral wind velocity

(+-�+.m/s) to the wind velocity near the

summit (+*m/s), or ++./�+,m/s. The height

at which the mud raindrops separated from the

eruption cloud is therefore estimated to range

from -,.-* to -,2**m. See the text for a

detailed discussion.
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Fig. ++. The relationship among T,, D- and T-

under the conditions of average lateral wind

velocity estimated from Fig. +*. Considering
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of the sum of T, and T-. The range of T, can

therefore be estimated at ..2 to 0.2 minutes (a).

Furthermore, the range of D-, which transported

the pyroclasts, can be determined as +,3**�,,***
m (b).
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