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Table 1. Calderas exsisting in Japan.

% # H 7% B B OB E

Name Diameter Depression

M # B Kuityaro 20~26 km 400 m

) %  Akan 13~24 450

Jis A Mashi 6~ 7.5 500

3%  %j  Shikotsu 13~15 600

B % % Kuttara 3~ 35 400

W % Toya 12~17 450

4+ f1 . Towada 12~125 450

) #  Hakone 8~12 500

W & Aso 17~25 450

g B Aira 23~24 400

tiieh B Ikeda 3~ 4.5 580

= E Iy Mt Mihara 3~ 45 100

2 B (1 Mt. Bandai 2 600
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1} H. Williams; Calderas and their origin, Univ. Calif. Publ,, Bull. Dept. Geol. Sci., 25 (1941),
239-346. .
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o: density
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2) B. G. Escher; On the formation of caldera’s,; Leidsche Geol. Med., 3 (1929), 189-219.

3) H. Williams; 3548 1).

4) H. Kuno; Formation of calderas and magmatic evolution, Trans. Am. Geophys. Union, 34,
(1953), 267-280,
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Fig. 2. Distribution of the maximum distortional stress under

the load of the body of a volcano.

6) K. E. Bullen; Seismic Wave Transmission, Handbuch der Physik, Bd. 47, 1956, S. 78.
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Fig. 4. Compression experiment of bored bricks.
Left: the depth of the bore 5cm. Right: the depth of the bore 4 cm.
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9, The Formation of the Caldera of the Krakatoa Type
with Reference to Earth’s Crust Elasticity

By Isao OnpA
{Department of Geophysics, Faculty of Science, Hokkaido University)

With the aid of theories of elasticity, the writer examines the hypotheses on the
mechanism of the formation of the calderas of Krakatoa type of Williams which have
been interpreted as formed by a collapse along a complicated network of fissures which

8) W. J. L. Wharton; On the seismic s2a waves caused by the eruption of Krakatoa, Aug.
26 and 27, 1883. Report of the Krakatoa Committee, Royal Society, 1888, pp. 89-150.
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originates through shattering of the shallow magma reservoir underlying the volcano by
an explosive eruption of pumice.

At first, ii the earth’s crust does not possess any tectonic anomaly in it, does the
crust break under the load of the body of the volcano expressed by Fourier-Bessel
series?. It is concluded that the crust may not be broken under this load alone, since
the maximum distortional stress

S = (V3 /2)ogh exp { —(344-240) /3(A~0)}

does not exceed the strength of the crust (3 x10°dyne/cm?) obtained on the assumption
that it is equal to that of granite under the confining pressure of 3,000 kg/cm?.

The formation of calderas, therefore, probably is caused by some anomaly in the
interior of the crust. Then, it is studied whether the roof of the shallow and empty
magma reservoir may collapse according to the theory of Williams. In this case, the
maximum shearing stress is represented by the expression

S = 0gz, .

This expression means that the roof of which the thickness is 10 km or less can not
undergo a collapse, giving the strength of the crust 3x10°dyne/cm? though considerable
obscurity attaches to the matter. ‘Thus, at least, one can conclude that the collapse
hypothesis may not explain the mechanism of the formation of small calderas so
favourably as large ones, because the radius of a caldera may be nearly equal to the’
depth of the magma reservoir as shown in Figs. 4 and 6.

On the other hand, if the pressure in the magma reservoir increases rapidly, the
maximum shearing stress takes the greatest value near the top of the reservoir. It is
represented hy the expression

S = [3(n*+n+2) 1+2(n°+60° +11n+6) u] P/4(n+2){(2n*+1) A+2(n*+n+1) u}].

Accordingly, in this case, the roof near the top of the reservoir begins to be broken,
and the produced fracture extends in a funnel-shape to the earth’s surface as indicated
in Fig. 7.

The great explosion of Krakatoa in 1883 transmitted the great tsunami represented
as an upward initial wave. It is plausible that water at the origin of the tsunami
moved upward, that is, the great tsunami was generated by only one great explosion.
The above discussion holds good for this phenomenon, because the radius of the Kra-
katoa caldera is about 4 km.

It is reasonable that the formation of the calderas of Krakatoa type having a radius
of several kilometers and less proceeds with an extraordinarily great explosion which
plays a dominant role in the formation of the calderas, followed by filling up of the
crater with ejected materials and destroyed crust, consequently the calderas take their
typical shape.



