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Eruptive Style and its Temporal Variation through the +3+.�+3+/ Eruption

of Sakurajima Volcano, Southern Kyushu, Japan

Maya YASUI�, Masaki TAKAHASHI�, Kazuhiro ISHIHARA��and Daisuke MIKI��

The +3+.�+3+/ Sakurajima eruption was the largest eruption in Japan in the ,*th century and erupted

andesitic magma was about +./ km- DRE (Dense Rock Equivalent) in volume. Pumice fall and lava flows were

generated from the fissure vents on the western and the eastern flanks of the volcano and pyroclastic cones were

formed around the vents. Eruptive style changed with time. It is divided into three stages. After the initial,

vigorous, Plinian eruption of about -0 hours (Stage +), extrusion of lava associated with intermittent ash-emitting

eruptions with or without detonations lasted for about ,* days on both sides (Stage ,), followed by an outflow of

lava for more than +./ years on the eastern side (Stage -). Consequently, the vast lava fields, which consist of a

number of flow units formed on both sides of the volcano. Some units of lava show evidence of welded

pyroclastic origin, suggesting clastogenic lava. In the western lava field, surface blocks characteristically consist

of pyroclastic materials which show variable degrees of welding even within a single block. Typical eutaxitic

textures and abundant broken crystals are also recognized under the microscope. Some flow units can be traced

upstream to a pyroclastic cone. These features indicate that many flow units of lava on the western flank are

clastogenic, which were generated by the initial, Plinian eruption of Stage +. In the eastern lava field, evidence

of pyroclastic origin is rarely discernable. However, the content of broken crystals varies widely from ,*� to

2*� in volume. Most lava flows, which were erupted in Stage , associated with frequent ash-emitting eruptions,

contain broken crystals more or less than /*�. This fact indicates that magma in the conduit experienced

repetitive fragmentation and coalescence due to intermittent explosions prior to outflow. Lava flows of Stage -
contain much smaller amounts of broken crystals indicating gentle outflow of coherent lava. Relatively

large-scale lava deltas developed toward the sea in the eastern lava field. Eyewitness account at that time reports

that ocean entry of lava from several points started several months after the beginning of Stage -. Although

small-scale breakouts formed at the flow fronts of some lava on both sides, a large volume of the deltas can not be

accounted for by secondary breakouts of ponded lava within the precedent flow lobes. It is considered that lava

tube system fed lava to form the lava deltas.
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Fig. +. Index map of Sakurajima Volcano (a) and distribution of the +3+.�+3+/ eruptive products (b). Area of

submerged lava flow on the eastern flank is after Ishihara et al. (+32+). Isopachs of the +3+. pyroclastic fall

deposit by Kobayashi (+320) are slightly modified. Thickness in cm. The squares on the map show the areas

of Figs. ,, -a, 2 and 3a.
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Table +. Summary of ash-emitting eruptions and period of eyewitness of incandescent lava during

the +3+.�+3+/ eruption of Sakurajima Volcano. Data were based on Kagoshima pref. (+3,1),

Omori (+3+0b, +3,*a) and Yamaguchi (+3,1, +302). One month is divided into three in the

table : early represents from + to +*, middle from ++ to ,*, and late after ,+. Phenomena

including rumblings, air disturbances, detonations and eruption clouds were observed at the

north of Kagoshima city and were recorded in detail in the journal of Kagoshima

Meteorological Observatory (Kagoshima pref., +3,1). Based on the descriptions of the

journal (Kagoshima pref. +3,1), types of ash-emitting eruption are defined as S for eruption

with shock and detonation, R for eruption with rumbling and A for eruption without shock

and rumbling. Number of days of individual type of eruptions were distinguished by, � for

more than five days, � for three to four days, and � for one to two days. Asterisks show

the period of tromometer observation at Furusato (Omori, +3,*a). According to Omori

(+3,*a), tremor and air disturbances were observed throughout the period of the observation

and sometimes detonations were heard. � indicate witnessed incandescent lava.
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Fig. ,. Surface features of the +3+. eruptive products on the western flank of Sakurajima Volcano. G+, G, and

G- show the localities where samples for sieve analysis were taken. “B” shows the locality of photo b in Fig. /.

HI�CJ�¸�¹JO6DºJE»�¼166



�� ������	�
��
� ���������
���������
�	���� !"#��$ +-

%&�'()*�
�� (Omori, +3+0b) � +,%&
����+,��-./0��� (Koto, +3+0)� 1-2
3�4#�)����5+6!'78 '-�9��

� � W.$2:5+;<*�����=>? ���
@�W/�W0$� A�B�CD�EF�GHI�
JK��� +3+.L -MNO PQRSTUVWX� +322

YZ -*[ 
$� CDGH�\]^_-��� `
���a�	 ()-�� W.b�JK���,� W/

Fig. -. (a) Distribution of individual lava flow units, pyroclastic cone and craters C+-C0 on the western flank. W

+ and W- : the remnants of pyroclastic cones. Broken thick curves show restored outlines of collapsed cones

W+ and W-, W, : pre-existing domal edifice “Hikinohira” which is thickly covered by the +3+. pyroclastic fall

deposits, W/ and W0 : lavas on the pre-existing slope of Yunohira and Atagoyama, respectively, W., W1 - W
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(X-X�, Y-Y� and Z-Z�) through the +3+. eruptive products on the western flank. Vertical exaggeration is two

times. Numbers on the sections denote unit numbers in Fig. -a. Gray area shows the +3+. eruptive product.

S+ : shoreline before the eruption, S, : present shoreline.
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between units of the +3+. eruptive products on

the western flank. Black tie lines between blocks

are stratigraphic relations based on the aerial

photos. Approximate date is shown on the right.
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Fig. /. Photographs of the +3+. eruptive products on the western flank. (a) Pyroclastic cone seen from

Yunohira. C+ : C+ crater, C- : C- craters, C : flat-topped surface of the pyroclastic cone around the C+
crater, F : fractures develop on the cone, H: Hikinohira, M: Minamidake and K: Kitadake. (b) Coarse

pyroclast contained in the +3+. pumice fall deposit. It locates +.3km NW from C+ crater. Locality B in

Fig. ,. Scale : -- cm. (c) Surface block of W+*. The degree of welding changes from weak to dense

downward within the block. It locates +./km WSW from C+ crater. Scale : -- cm. (d) Moderately

welded part of W+* near C- craters. It locates *.3km WNW from C+ crater. Note that many flattened

pyroclasts are contained. Scale : -- cm. (e) Densely welded part of W+* near C- craters. It locates *.3
km WNW from C+ crater.
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Fig. 1. Downhole variations of density (kg/m-), phenocryst content (vol�), bulk SiO, content

(wt�), bulk CaO content (wt�), FeO*/MgO, and broken plagioclase (BPL) content (vol

�) for selected samples from W3 on the western flank. Bore hole site is shown in Fig. -a.

Lithology is shown on the left column. Sl : soil and sandy part, B : breccia, M: massive

lava, P : porous lava, A: alternation of massive and porous lavas, S : sandy part.

Fig. 0. Cumulative curves of the grain-size distri-

bution of three samples taken from non-welded

part of the units W. and W+* on the western

flank. Localities of samples are shown in Fig.,.
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Fig. 2. Surface features of the +3+.�+3+/ eruptive products on the eastern flank of Sakurajima Volcano.
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Fig. 3. (a) Distribution of lava flow units, pyroclastic cone and craters C+-C2 on the eastern flank. Units with

simple numbers are T+ lavas, while those with white numbers on a black background belong to T, and T,�
lavas. Areas S+, S, and S- are submarine lavas of which thickness estimated by Ishihara et al. (+32+).

Broken thick curve shows an assumed area of pyroclastic cone E+. Arrows show assumed direction of lava

flows. a : Locality of “Akashi-gongen” at the time of the eruption, b : flat-topped depression which is

considered to be buried by post-eruptive reworked sediments. c, d and e : slope covered by the +3+.
pyroclastic fall deposits, f : area covered by the +3.0 lava. Seto, Waki and Arimura are villages buried by the

+3+. lava. T : Tatsuzaki, S : Shiwofuki-zaki. (b) Three sections through the +3+.�+3+/ eruptive products on

the eastern flank. Vertical exaggeration is two times. The +3+.�+3+/ eruptive products are shown in gray,

which is limited to subaerial part for Z-Z� section along a pre-eruption o#shoreline. Broken lines in the

sections X-X� and Y-Y� are estimated sea floor based on the pre-eruption topographic map. S+ : shoreline

before eruption, S, : present shoreline, N: Nabeyama, G: Gongenyama, M: Minamidake
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Fig. +*. Photographs of the +3+.�+3+/ eruptive products on the eastern flank. (a) Panoramic view of the eastern

flank from the top of Sakkabira on October +3+0. N : Nabeyama, A: Akashi-gongen. (b) Photo of the area

shown by square in (a). It was taken on ,, April +3+/. Black, blocky lava (L) can be seen in the

foreground and T+ lava and E+ pyroclastic cone in the background. Photos (a) and (b) were taken by the

Imperial earthquake investigation committee at that time. (c) Occurrence of the surface blocks of E2. A

field note in the center is +/ cm long. (d) A block in E2 showing variable degrees of welding. Non-welded

part can be seen around the hammer with .. cm long. (e) Blocky surface of E,*. A hammer in the upper

center is .. cm long.
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Fig. +/. Photomicrographs of the +3+. eruptive products on the western flank. (a) Eutaxitic texture in the

surface lava block of W+*. Lines denote broken surfaces of crystals. Many broken phenocrysts and crystal

debris are observed. Open nicols. (b) Broken plagioclase contained in the bore hole core sample of W3 (,+
meter in depth). Inner zonal structure is clearly cut o#. Crossed nicols. (c) Vesicular, pyroclastic grains

from non-welded part of W+*. Sample was taken at G, (Fig. ,). Grain-size of particles is + � , mm in

diameter. Note that some glass shards are remarkably elongated. Open nicols. (d) Grains from an ash fall

deposit which overlies the +3+. pumice fall deposit. Subangular, massive, lava fragments are dominant.

Sample was taken at the locality of C in Fig. ,. Grain-size of particles is +�, mm in diameter. Open nicols.
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Fig. +0. Broken plagioclase content of the +3+.�+3+/ eruptive products of Sakurajima Volcano. (a) and (b)

show spatial distributions of BPL content of lavas on the western and eastern flanks. Asterisks are samples

with well developed eutaxitic texture. Numbers with ‘Q’ are samples taken from squeezed out lava. Open

square in (a) shows the locality of bore hole.
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Fig. +1. Frequency of BPL contents in the lavas

from the western and eastern flanks. Open

circles : samples with a distinct eutaxitic texture,

T+ : lava flows generated mostly in January +3+.
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