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During eruptions of the “directed explosion” type, the erupted material is dis-
tributed with force over an area, independently of the relief (1). It is of interest
to investigate the relation between the orientation of the ejecta from “directed
explosions” and the dominant orientation of rupture surfaces in earthquake foci
in the region of a volcano.

The gigantic eruption of Shiveluch volcano in Kamchatka in 1964 belongs to
eruptions of the “directed explosion” type (?). It was preceded by an intensive
seismic preparation that lasted several months. For the two strongest volcanic
earthquakes, nodal surfaces have been constructed (3). The principal parame-
ters of the movements in the foci are given in Table 1. During the earthquakes
there occurred horizontal
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Time

in Type
the FEarthHoekk of I I I 1I . VA Y
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* _angle with the horizontal plane.
** _axis of compressive stress.
*** _axis of tensile stress.

shears; the compressive and tensile stresses in the earthquake foci were directed
almost horizontally. Comparison of the orientation of the ejecta deposits of the
“directed explosion” of Shiveluch volcano with the orientation of nodal surfaces
corresponding to possible rupture surfaces in the foci of volcanic earthquakes
showed that one of the nodal surfaces is close in azimuth to the orientation of
the deposits of the “directed explosion” (Fig. 1, g).

The mechanism of the focus of tectonic earthquakes of Kamchatka has been
studied in sufficient detail (*). Let us compare it with the focal mechanism of
the volcanic earthquakes of Shiveluch volcano considered above. The Kuril-
Kamchatka seismoactive zone is characterized by nonconstancy of the orienta-
tion of stress fields as a whole, but over sufficiently small areas the regularities
of the stress field remain unchanged (). In this connection let us consider the
focal mechanism of five earthquakes in Kamchatka Bay, located at a distance
of 2-3° from the volcano (see Fig. 1, g). Their foci, as in the case of volcanic
earthquakes, are located in the Earth’ s crust. The principal parameters

movements in the focus of one earthquake typical for this region are given in
Table 1. It can be seen that the mechanisms of volcanic and tectonic earthquakes
in the region are similar. One of the two possible rupture surfaces in the foci of
tectonic earthquakes is also close in azimuth to the orientation of the “directed
explosion” of Sheveluch.

Consideration of the “directed explosions” of a number of other volcanoes of
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Fig. 1

Figure 1: Fig. 1

the world and comparison of their orientations with data on the orientation of
rupture surfaces in the foci of nearby tectonic earthquakes show the general

Fig. 1. “Directed explosions” of some volcanoes and rupture surfaces in the
foci of nearby tectonic earthquakes. 1 —orientation of the ejected deposits of
a “directed explosion” ; 2 —possible rupture surfaces in earthquake foci; 3 —
averaged local possible rupture surfaces in earthquake foci

significance of the noted regularity. The source material for the study was taken
from review works (1476).

Volcanoes of Japan. Among eruptions of Japanese volcanoes, the eruptions
of Asama volcano in 1783 and Bandai-san volcano in 1888 belong to eruptions
of the “directed explosion” type. Both volcanoes are located in the central part
of Honshu Island (Fig. 1a). At Asama volcano the explosion covered a fairly
narrow sector to the north of the volcano. During the eruption of Bandai-san
volcano, 15-20 strong explosions occurred, of which the last had the greatest
force and was directed horizontally northward (1).

H. Honda et al. (%) give the parameters of rupture surfaces for three crustal
tectonic earthquakes of this region (Fig. la). The orientation of the rupture
surfaces of all these earthquakes is close; moreover, one of the two possible
rupture planes of these earthquakes has a northern direction, i.e., is close to the
azimuths of the ejection of the deposits of the “directed explosions” of Asama
and Bandai-san volcanoes.

Katmai Volcano, Alaska. In 1912, at the summit of Katmai volcano, a
powerful directed explosion occurred, destroying a significant part of the summit.
The explosion was directed predominantly to the northwest (1).

The compilation (°) gives data on the orientation of rupture surfaces of three
crustal tectonic earthquakes whose epicenters are located south of Katmai, in
the sea (Fig. 1 ). The azimuths of the two possible rupture surfaces of all three
earthquakes are close, and one of the possible rupture surfaces is directed to the
northwest.

Hibok-Hibok Volcano, Philippines. The eruption of the volcano occurred in
1948. A series of directed explosions was oriented to the northeast of the crater
(1). A. Ritsema (5) determined the orientation of the possible rupture surfaces
of a tectonic earthquake recorded on Camiguin Island, where the volcano is also
located. One of the possible rupture surfaces is oriented to the northeast (Fig.

1).
Volcanoes of Kamchatka. In addition to the example considered above of a
“directed explosion” of Shiveluch Volcano, let us turn to data on the eruption
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of Bezymianny Volcano in 1956, which, like Shiveluch, belongs to the Northern
group of volcanoes of Kamchatka (Fig. 1 ).

During the eruption of Bezymianny Volcano, a gigantic explosion encompassed
the summit crater and the extruded ancient crater on the southeastern slope
of the volcano and was directed to the southeast at an angle of 30-40° to the
horizon (1).

We have already noted that the orientation of the ejecta deposits of the “directed
explosion” of Shiveluch Volcano is close to the orientation of one of the two
possible rupture surfaces in the foci of earthquakes of the Kamchatka Bay region.
The “directed explosion” of Bezymianny Volcano is close in orientation to the
azimuth of the second possible rupture surface.

Data on the averaged orientation of the possible rupture surfaces of tectonic and
volcanic earthquakes and on the orientation of ejecta from “directed explosions”
of various volcanoes show that the coincidence noted for Shiveluch between the
azimuth of ejecta from volcanic “directed explosions” and the orientation of
one of the two possible rupture surfaces has general significance. It may be
assumed that the orientation of ejecta from volcanic “directed explosions” is not
accidental; it is governed by the tectonic setting of the region.

Institute of Volcanology
Siberian Branch of the Academy of Sciences of the USSR
Petropavlovsk-Kamchatsky

Received
17 VI 1969

CITED LITERATURE

1 G. S. Gorshkov, Geology and Geophysics, No. 12 (1963). 2 G. S. Gorshkov, Yu.
M. Dubik, in the collection Volcanism and Eruptions, 1969. 3 V. M. Zobin, in the
collection Volcanism, Hydrotherms and the Depths of the Farth. Petropavlovsk-
Kamchatsky, 1969. 4 V. N. Averyanova, A Detailed Characterization of Seismic
Foci of the Far East, “Nauka,” 1968. ® J. Hodgson, in the collection Continental
Drift, 1966. 6 N. Honda et al., Sci. Rep. Tohoku Univ., Ser. 5, 4, No. 1 (1952).

Note: Figure translations are in progress. See original paper for figures.

Source: Math-Net.Ru and CyberLeninka. Machine translation. Verify with the
original.

sovietrxiv.org/items/ru-197001.92895 Machine Translation


https://sovietrxiv.org/items/ru-197001.92895

	Abstract
	Full Text
	ON A REGULARITY IN THE ORIENTATION OF EJECTA FROM “DIRECTED EXPLOSIONS” ON VOLCANOES
	CITED LITERATURE


