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Classification of Calderas Based upon Subsurface Structure
with Relation to the 2000 Miyakejima Eruption

Jzumi YOKOYAMA
(Received December 20, 2001)

Calderas are circular depressions, deep or shallow, in volcanic areas. Originally the
term caldera was defined by morphology in the 19th century. According to increasing
knowledge, we should reexamine and modify the definition. Once the present author
proposed the classification of volcanic structures based upon gravity anomalies, high anom-
aly type caldera, non anomaly or stratovolcanoes, and low anomaly type caldera. In the
present paper, calderas are classified in high anomaly type, “morphological caldera”, and low
anomaly type. The calderas of high gravity anomaly type generally originated from basaltic
magmas such as Hawaiian volcanoes and Izu-Ooshima volcano. Those of low gravity
anomaly type originated from silicic magmas accompanied with a large amount of pyroclas-
tic material such as Krakatau and Aira calderas. On the other hand, morphological calderas
don’t manifest any gravity anomalies and probably may have been formed by surface or
shallow volcanic activities.

The gravity anomalies on Miyakejima volcano obtained in 1963 are newly analyzed to
examine the subsurface structure of the volcano island previous to the 2000 collapse of its
summit crater. Its density structure proves to be not locally anomalous expressing undula-
tions of the basements. This means that the summit crater was not a structural caldera but
a morphological caldera. The 2000 Miyakejima eruption caused collapses of the summit
crater in a short time. This may have originated from lateral intrusions or downward
retreats of magmas.

Fernandia volcano, Galapagos Islands has a caldera, probably of high gravity anomaly
type, and the 1968 eruption caused an additional collapse at its bottom. In comparison with
Fernandia volcano, we may say that Miyakejima volcano may be at the beginning of
formation of a new caldera of high gravity anomaly type.
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DETR % Fig. 1IcR$. 77 /7

BN o o Fig.1l. Reconstruction of Mull volcano, in section
— y ;'1-‘ ’ /]
TAT (BAERRIUE) 1o X% during the early acid explosive phase. B, B’, ?B:

BENEALTVWES, 0B AMSRE Tertiary lavas of Mull basaltic volcano, Z: supposed
. ashes and rhyolitic lavas of cone-volcano, both were
REdmAL Ty T, B, removed by denudation. V: early explosion-vent,
F0EBI (Fig. 1 01313 E34) due to an acid magma (after Richey, 1948, Fig. 26).
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E9iR (1990) XHIFHES 1.8 8 Lk (1964). Bouguer gravity anomalies with correction
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Fig.3. A distribution of Bouguer gravity anomalies on
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(1)

Z T, S I 3HIERIEE, v I3 E A,
89/ SH IZE S HEREDE, 270GH 127 —
THIEMEE R, ZnBi%% Fig. 4 1%

Miyakejima volcano obtained by Komazawa (1990)

using correction density 1.8 g/cm?® and adding topo-

graphic corrections for the land.

gu+0t-r

mgal I

A{p=199/cc)

B(p=2.29/cc)

C(p=2.49/cc)

- 50! L 1 Il 1 L L L -
0 200 400 600 800m

Fig.4. Determination of the correction den-
sity using formula (1) in the text. B line is
obtained by the least square fitting.
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# (local anomaly) i1 Fig. 51cEBT 23N Thb. €®TCHEHENEZH7T—7RED
575 % Fig. 612 Y. X Omid 2000 £ 9 AREDIIERE OB ERT.

Fig. 6 I2REN B 7T—YREDGHZ R, ZEELEH 135~156 mgal NEEE T, dbi
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FRIEKT S, ZEBERNTIE, 5 mgal HBOERERIEL S, H50id, FEL(EBH#HT5L9
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N, 2oL GEAPRELERKUNEREZ L L Twb tEZLNE, ZEEN7T—5RERZ

Fig.5. Bouguer gravity anomalies
on Miyakejima volcano reduced
only from the gravity points for
the precise measurements along
the coasts. Topographic correc-
tion are not added: At these
points, they are small ranging
from 1 to 2 mgal.
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Ag," (mgal)
135 T

Fig. 6. Bouguer gravity anomalies
on Miyakejima volcano correct-
ed for topographies to a distance
of approx. 14km from the
coasts. Correction density is
assumed to be 2.2 g/cm®. A bro-
ken line indicates the rim of
circular collapses as of Septem-
ber 2000.
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Table 1. Comparison of the collapses between the
Miyakejima crater and the Fernandes caldera.
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