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ABSTRACT

Eruption patterns of  parasitic volcanoes are discussed in order to study
their correlation to the activities of  their parental polygenetic volcanoes.
The distribution density of  parasitic vents on polygenetic volcanoes is di-
versified, probably corresponding to the age and structure of  parental vol-
canoes. Describing existing parasitic cones contextually in relation to
parental volcanoes is as indispensable as collecting observational data of
their actual formations. In the present paper, spatial distributions of  par-
asitic cones are classified tentatively into the following three categories: in-
dividually radial, directionally radial and annular determined according
to feature’s placement around the central axes of  the parental volcanoes.
The formations of  parasitic vents are discussed from the standpoint of
material mechanics. Derived from this approach, the maximum shear
stress model suggests the possibility of  twin parasites, and their existence
on particular volcanoes verifies the possible validity of  this interpretation
though it may be not necessarily universally applicable to every volcano
due to various effects of  volcanism and lack of  complexity in the model.
Some characteristics of  parasitic eruptions are discussed, such as mono-
genetic activity of  parasitic vents and simultaneous eruptions of  summit
craters and parasitic vents. Parasitic volcanism proves to be not merely
an auxiliary feature of  its parental volcano but closely correlated with
magma plumbing systems.

1. Introduction
“Parasitic volcanoes” are volcanic features forming

vents, craters, cones, domes and mounds of  varying di-
ameter and height situated either beside the main cones
or at the flanks and bases of  volcanoes; explosions, ef-
fusions and dome structures will accompany these for-
mations. The present discussion is unconcerned with
parasitic cone growth and instead concentrates on the
process of  creation. Formation mechanisms of  parasitic
vents may be closely related to activities of  the main
craters.

Often parasitic volcanoes are so small in volume
that their remnants may disappear after many centuries
and hence they have been deemed as secondary in vol-
canic activities. Thus parasitic cone formation events,

both presently and in the historical record, necessarily
have not been recorded in detail. Therefore, the pres-
ent author’s discussion is inevitably limited to exempli-
fication of  specific active volcanoes. There are examples
of  exceptionally large magnitude parasitic eruptions
emanating from small parasitic vents. In the 1914 erup-
tion of  Sakurajima volcano, Japan, the two parasitic
vents were extraordinarily vigorous and ejected lava
over a volume of  about 2 km3 for about 25 days.

Empirically we know that parasitic vents are usu-
ally monogenetic i.e. they would no more erupt after
their cycles of  activity though the observation ages are
not sufficiently long to be conclusively certain. It is prob-
ably because a parasitic vent is usually small in diame-
ter and connected to a thin sub-conduit that branched
from the main conduit at a certain depth. Furthermore,
around the branch point of  the sub-conduit, magma in-
trusions may mechanically strengthen the surrounding
ground due to their “piling effects”, and a new parasitic
sub-conduit cannot take the same route for the surface,
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Figure 1. Location map in the eastern Asia.



and searches a parasite-free point, that is “parasite gap”.
This may be a plausible reason for parasitic vents erupt-
ing only in a cycle of  activity. We require more circum-
stantial evidence for definite confirmation. Eruption
patterns of  parasitic volcanoes have been examined
from diverse viewpoints, two examples being as a spa-
tiotemporal series of  parasitic eruptions [Takada 1997]
and alternatively as a morphometry of  parasitic cones
[Fornaciai et al. 2012]. In the present paper, structural
origins of  parasitic vents are elucidated mainly on the
basis of  their spatial distribution whereas simultaneous
occurrences of  main crater and parasitic vents are ex-
amined based upon their spatiotemporal relationship.

2. Spatial distribution of parasitic vents
Distributions of  parasitic vents on polygenetic vol-

canoes are various: rather simple on some volcanoes
and apparently irregular on other volcanoes. It is natu-
ral that distributions of  parasites depend on the ages
and the eruption patterns of  parental volcanoes. On
some young volcanoes, parasitic vents are increasing in
number and exhibiting a tendency in geological time
scales. Therefore, in order to discuss characteristics of
their spatial distributions, we cannot apply dexterous
and simplistic methods such as cluster analyses and
two-dimensional Fourier analyses. The author follows
the assumptive principle that volcano edifices are orig-
inally constructed symmetrically with respect to the
central axes of  volcanoes and so the distribution of  par-
asites should be controlled by radius not by azimuth if
there are no particular anisotropies in local or regional
tectonic structures.

Classification of  spatial distribution of  parasitic vents:
in the following sections we will classify their spatial
distributions into three categories (individually radial,
directionally radial and annular) and exemplify each ac-
cording to apparent features of  the distributions with
reference to central axes of  the parental volcanoes.

2.1. Individually radial distribution centering at the
axes of  volcanoes

Individually radial parasitic vents appear on erup-
tive fissures distributed in a radial direction from the
center of  a volcano, but they don’t show any system-
atic trends as a whole. There is a tendency for these for-
mations to ultimately reach unidirectional or uniform
distribution in future depending on the volcanic activ-
ity of  the parental volcanoes. Two large volcanoes, Fuji
and Etna, will be exemplified.

Fuji (3776 m a.s.l.), central Japan: this volcano
measures about 40 km in basal diameter and is a typical
steep-sided composite volcano that is underlain by two
older volcanoes. Its rocks are rather uniform and basaltic.

The present Fuji (the Younger Fuji) is on the order of
104 yr. B.P. [Machida and Arai 1992] and its large, sin-
gle peak has produced several parasites in prehistoric
periods, however few have been recently formed. Tsuya
[1943, 1955] recorded 82 parasites on this volcano as
shown in Figure 2. Around 10,000 yr. B.P., a large amount
of  fluidal lava flows issued from the summit and reached
30 km from the S base. More recently, there are 10 his-
torical records of  eruptions dating back to 781 A.D. The
physical debris and hollows produced by some of  these
eruptions remain topographically. For instance, the
864~866 eruption extruded 1.2 km3 lava which covered
an area of  32 km2, and formed the parasitic cone Mt.
Nagao (1424 m a.s.l. being about 120 m in relative
height, in Figure 2) at the NW foot. The 1707 erup-
tion ejected 0.7 km3 of  pumice, bombs, lapilli and di-
verse ash in total, and produced the “Ho-ei” crater (
in Figure 2) composed of  three small craters located at
the SE part of  the summit between the altitudes of
2500 and 3000 meters a.s.l. The magnitude of  the last
eruption was of  the primary class and resulted in ash
fall events in Edo (where Tokyo exists today) located
100 km E of  Fuji. 

The parasitic cones of  Fuji are distributed in indi-
vidual and radial direction or, from another viewpoint,
in a NW-SE trend and in its orthogonal one. It is rather
difficult to find any decisively predominant direction as
shown in Figure 2.

To examine spatial distribution of  parasitic cones,
the author adopts the principle that volcanic activity
generally derives from the magma working along the
central conduit of  the parental volcano. Then their ra-
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Figure 2. Distribution of  parasitic vents on Fuji volcano after Tsuya
[1943]. : the 864 parasite Mt. Nagao; : the 1707 parasite Mt.
Hoei. Ashitaka volcano is Pleistocene.
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dial density shall be counted as the number of  parasitic
cones per km2 in an annular zone of  equidistant circles.
The distribution on Fuji is plotted against the radial dis-
tance from the center of  the volcano as shown in Figure
3 where relatively dense ranges are 1~7 km from the
center, and a monotonously decreasing tendency is
present further than 7 km.      crater belongs to an ac-
tive range and cone belongs to the inactive range
near the base.

Future eruptions of  Fuji may occur at the summit
crater and otherwise statistically a parasitic vent may
open anywhere within this “parasite gap” and probably
within the range of  5 km radius from the center. We
cannot deny the possibility of  a simultaneous eruptions
occurring at the summit crater and a parasitic vent,
though the historical record has not recorded such an
event. 

Etna (3343 m a.s.l.), Sicily: this is about 40 km of
the basal diameter, similar to Fuji, and the rocks are
mainly andesine basalt. Its age is reported to be in the
order of  106 yr. B.P. by Imbò [1965] and is therefore
much older than Fuji. Research papers on Etna are too
many to enumerate even when limited to the discus-
sions of  parasitic volcanisms. There are more parasitic
vents than Fuji. Imbò [1928, 1965] mentioned 266 par-
asites on Etna, and tabulated the activities of  129 events
recorded during 693 B.C. to 1955, with the most reli-
able data being recorded after 1250 A.D. The distribu-
tion of  the parasitic vents on Etna as of  1999 is shown
in Figure 4, redrawn from Azzaro [2004] with some
simplifications. 

In Figure 4, it is rather difficult to find decisively
predominant directions, and many combinations of  2
or 3 parasitic vents are in rows connected by “eruptive
fissures” which are radial from the central crater (C.C.).
Branca and Del Carlo [2004] compiled eruptions of
Etna during the past 3200 years, and especially referred
to parasitic eruptions. Corazzato and Tibaldi [2006] dis-
cussed distribution of  parasitic cones in general and
also concerning Etna. One of  their conclusions was that
morphological types of  parasitic cones are related to
the underlying fractures.

The density distribution of  parasitic cones on Etna
compared with the radial distance is shown in Figure 3,
where contrasts between populations of  parasites in
Etna and Fuji, prompt a question. The results are prob-
ably affected by both the difference in their ages and by
the difference in their activity levels. With Etnean par-
asites, the density is remarkably predominant in the
range of  5~6 km from the center. As shown in Figure
4, they are distributed roughly between the 1000 m and
2000 m contours, and NE, W and S in direction. The
density distribution peak of  the parasites at r = 13.5 km

is rather small but corresponds to a dense distribution
in the range between 500~1000 m contours and cen-
tering at the SE flank. This group of  about 40 parasites
is separated from the central group. On the other hand,
Behncke and Neri [2003] studied the 2001 eruption of
Etna and assumed a shallow central magma reservoir
for the summit eruptions and eccentric shallow one for
eccentric eruptions on the SE flank. Yokoyama [1962]
analyzed geomagnetic anomalies on Etna observed by
Petrucci [1935] and concluded the presence of  shallow
magma intrusions in the structure of  the volcanic sys-
tem at the summit area and the SE flank where para-
sitic cones are densely distributed. Beneath the SE area,
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Figure 3. Spatial density distribution (n/km2) of  parasitic vents on
Fuji and Etna against radial distance from the central axes of  the
volcanoes. (H) and (N) are the historical eruptions of  Fuji. (NE, W, S)
and (SE) show the radial directions of  the predominant zones on Etna.

Figure 4. Distribution of  parasitic vents on Etna after Azzaro [2004]
partly modified: 1) parasitic vents; 2) eruptive fissures; 3) Etna vol-
canics; 4) Tertiary-Quaternary sedimentary basement and alluvial
deposits; 5) Valle del Bove depression, and C. C. near the summit de-
notes the central crater.



there should be some magnetized remnants of  the
plumbing system for the parasites. Chiarabba et al.
[2004] studied the plumbing system of  Etna with seis-
mic tomography and presented distributions of  seismic
P wave-velocity; a high velocity zone was detected at
shallower zone at the S flank. The zone may be related
to the conduits of  the parasitic vents, therefore it may
be reasonable to assume some solidified magma be-
neath the SE flank of  Etna.

2.2. Directionally radial distribution from the centers of
main volcanoes

On some polygenetic volcanoes, parasitic cones
range in radial directions in chain and all chains are dis-
tributed in radial distribution, systematic overall. Such
distributions of  parasitic vents agree with the hypo-
thetical assumption that the parasitic vents are distrib-
uted as a function of  radial distance, as mentioned
above. And furthermore, linear distribution along the
slope of  a volcano and circumferential distribution
around the volcano axis, if  any, are deemed as singular
in the present assumption.

Two of  very active and well-studied volcanoes in
Japan, the adjacent Miyake and Ooshima volcanoes,
the both belonging to the Izu-Mariana arc, shall be ex-
emplified.

Miyake (775 m a.s.l.), the Seven Izu Islands:
Miyake Island is located in the Pacific at about 180 km
S of  Tokyo and the rocks are basaltic. According to Is-
shiki [1960], its parasitic vents are distributed as shown
in Figure 5.

On Miyake, we have historical records of  12 erup-
tions since 1469 A.D. and 11 of  these eruptions were si-
multaneous at the summit and parasites; exceptional
one was in 1983. Isshiki [1964] described the eruption
modes of  these eruptions. Almost all of  the parasitic
eruptions in the SE half  of  the island formed radial
chains of  vents along the flanks as shown in Figure 5.
Many eruptions started at the tops of  chains and mi-
grated downward. Magma effusion rates were large at
early stages of  eruptions. On each chain, the vents are
usually independent each other and are not linked by
fissures. From these observations, we may assume that
chains of  parasitic vents derived from a single sub-con-
duit branched at shallow depths and resulted from
shearing stresses acting in the radial direction and hy-
draulic pressure of  fluidal magmas. Thus, on Miyake, a
chain of  parasitic vents is counted as one vent located
at the starting point and is marked with a circle in Fig-
ure 5. The total number of  the parasites amounts to 36.

Density distribution of  the parasites in relation to
radial distance from the center of  the volcano is shown
in Figure 6 where the peak at r = 3 km is prominent.

This group is mainly distributed around the contour of
300 m a.s.l. Prior to the 2000 summit eruption, a small
submarine spout of  juvenile ejecta emerged 1.8 km W
from the shore of  the island. A probable conduit to this
eruption site shall be discussed in Section 3.3.

Ooshima (758 m a.s.l.), the Seven Izu Islands:
Ooshima Island is located at a distance of  about 110 km
S of  Tokyo and its rocks are basaltic. The present active
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Figure 5. Distribution of  parasitic vents on Miyake Island mainly
according to Isshiki [1960], including the vents of  the 1962 and 1983
eruptions. Chains of  vents are assigned by the present author and
double circles denote the first eruption vents of  the chains. “Shim-
myo” and “Tairo” in the south are prehistoric crater lakes. The sum-
mit topography is as of  1991.

Figure 6. Spatial density distribution (n/km2) of  parasitic vents on
Miyake and Ooshima against radial distance from the central axes
of  respective volcanoes.
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cone within the summit caldera stands on the basement
of  younger Pliocene age. According to Nakamura
[1961], distribution of  the parasites on Ooshima Island
is shown in Figure 7 where a chain of  4 conjoined
points at the E slope is located on a volcano-tectonic
fault. The vents within or near the summit caldera may
be auxiliary to the main crater and are not counted as
parasites. The eruption records of  this volcano date
back to 684 A.D. and of  the 18 known eruptions, the
684 and 1421 eruptions are reported to have been par-
asitic eruptions. However, the details of  both supposed
parasitic eruptions remain doubtful. Therefore, in short,
we have no solid proof  of  when parasitic eruptions may
have occurred on Ooshima. The parasite chains shown
in Figure 7 are identified only by geographical arrays
of  the vents because we have no data from their erup-
tive sequences. Nakamura [1961] proposed that the par-
asites on this volcano were mainly distributed along the
long axis of  the island. However, his proposal is doubt-
ful due to the insufficient number of  events, especially
on the E and W sides of  the island. We are not sure
whether another parasites will be produced around there
for many centuries in the future.

The present author concludes that the parasite dis-
tribution on Ooshima is uncertain because suitable ex-
amples of  parasitic vents are scanty. As with Miyake, only
the highest vent (circled) of  a chain of  vents is counted

as a parasitic vent. Thus, parasitic vents on Ooshima Is-
land amount to 32 in number. The density distribution
of  parasitic vents against radial distance is shown in Fig-
ure 6 where the peak at r = 3.5 km is prominent. 

Similarity in the formation of  parasites between Ooshima
and Miyake: Nakamura [1977] proposed that the frac-
ture zones along the long axis of  Ooshima Island were
produced mainly by regional stress rather than inde-
pendently produced within the island by up-thrusting
stresses of  a magma reservoir. Against this idea, the
present author assumes that parasitic vents on both
Miyake and Ooshima, including chains of vents along
the flanks, are statistically similarly distributed as a
function of  radial distances from the central axes as
shown in Figure 6. One problem is determining whether
a volcano body is a derivative of  the crustal structure
or a simple accretion on the Earth crust. If  we adopt
the former hypothesis, we need to explain why Miyake
is not affected by regional stresses. The adjoining vol-
canoes, Miyake and Ooshima, are both composed of
basaltic rocks and roughly of  the same dimension. It is
noticeable that their density distributions of  parasitic
vents (Figure 6) have peaks at similar radial distances,
around 3 km. This suggests that the parasitic cones on
both the volcanoes mainly derive from a similar depth
of  about 4 km (cf. Section 3.1) beneath each volcano.
The parasites of  such shallow origin should be related
to local stresses derived from magma reservoirs.

2.3. Annular distribution centering at the axes of  main
volcanoes

At present, the author can find one example of  this
type of  distribution though the parasites on this vol-
cano have formed roughly semi-annular distribution in
the historical ages. 

Usu (733 m a.s.l.), Hokkaido: it has a relatively
large summit crater of  about 2 km in diameter. Prehis-
toric basal lavas were basaltic and products of  historical
eruptions are all dacitic. Its topographic sketch map is
shown in Figure 8. Historical documents of  Usu date
back to the 17th century. Parasitic mound is pre-
historic. The 1769 and the 1853 summit eruptions
formed lava domes Ko-Usu and Oo-Usu, respectively
in the summit crater. These are probably directly con-
nected to the main conduit, and are not parasitic domes:
in future, we shall have to check their monogenetic ac-
tivities.

On Usu, it is significant that all the parasitic vents
are distributed roughly annularly along a contour line
of  200 m a.s.l., in other words, on a circle of  about 3
km in radius from the volcano axis. Also prehistoric
mounds , S 1, S 2 and S 3 are approximately located
on the same contour. As discussed above, we know em-
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Figure 7. Distribution of  the parasites on Ooshima Island after
Nakamura [1961]. Double circles denote the probable first eruption
vents of  the chains of  vents. The central cone within the summit
caldera is called Mihara-yama.
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muography and proved that the top part of  the dome is
of  bulbous shape and the upper part of  the conduit is
about 50 m in diameter. After the magma elevated to its
highest level, it grew laterally forming a bulbous shape.
It is noticeable that this branch of  dacitic magma had
reached the dome site during its fluidal condition. 

The lava domes formed at the base of  Usu in the
1910 and 1944 eruptions are monogenetic because the
vents and sub-conduits of  these lava domes already so-
lidified and not directly connected with the main con-
duit. The 1944 lava dome to be mentioned in Section
4.1 exemplifies this case.

The 1977 summit eruption: the eruption took place
within the summit crater (Figure 8). An explosion first
burst near the Ko-Usu (small Usu) lava dome
formed in 1769 and its relative height reached 109 m as
of  1977. There was little damage from the explosions but,
accordingly as the eruption developed, the lava dome
had subsided about 52 m as a whole during 2 years prob-
ably a consequence of  new magma scraping the root
of  the dome. Oo-Usu (big Usu) lava dome was
formed in 1853 and its relative height was 227 m as of
1977. It was partly damaged by the 1977 explosions but
apparently elevated about 6 m due to a tilt of  the sum-
mit portion caused by magmatic force applied to the
northern half  of  the summit part at approximately 11
degrees in arc after the explosive activities [Yokoyama
and Seino 2000]. Both and are within the main
crater, and the latter scarcely escaped from destruction
amid the 1977 eruption. If  they were destroyed, new
domes would have replaced them over time: they are
not monogenetic within the summit crater.

The 2000 eruption was phreatic and phreatomag-
matic with outbursts at more than 60 vents, tiny and
small in diameter, around the NW base roughly along
a contour of  200 m a.s.l. (black spots in Figure 8). The
vent areas of  both eruptions in 1910 and 2000 did not
overlap in the surroundings of  the hill. This means
that conduits of  parasitic vents usually would not be re-
occupied; i.e. parasitic volcanisms are monogenetic.

3. Formation of parasitic vents and their character-
istics

In volcanic processes of  polygenetic volcanoes,
summit craters mainly act to discharge magmatic ma-
terial and energy, forming volcano edifices. The sum-
mit craters or main conduits are originally created by
the upward magmatic forces or eruptions derived from
magma reservoirs. When magma is activated, it has
possibility of  following one of  three patterns to reach
the surface: an eruption at the main crater only, simul-
taneous eruption at the main crater and new parasitic
vents, and parasitic eruption only. The possibility de-

pends on the balance between the strength of  the local
ground and magmatic forces at each origin. Usually it
is difficult to distinguish the patterns of  prehistoric
eruptions.

Corazzato and Tibaldi [2006] discussed magma-
feeding fractures to explain characteristics of  parasitic
cones and led the models of  pre-existing volcano-tec-
tonic structure and propagating magma-filled cracks ex-
emplifying the parasitic cones on Etna. The present
author will discuss the origin of  the fractures from the
standpoint of  material mechanics in this section. 

As for configurations of  magma conduits, Poland
et al. [2008] modeled a radial dike emplacement based
on observations from Summer Coon volcano, Col-
orado. They showed two schematic cross-sections of
possible radial dike development specific to that vol-
cano: one is planar and the other is tubular. They fa-
vored the latter because the large area caught between
the dike and country rocks would cause the intrusion
magma to solidify before it reaches the surface. In the
following part, we assume a deep magma reservoir or
its shallow derivative to be the origin of  magmatic ac-
tivities, and main craters of  polygenetic volcanoes are
fed through a tubular main conduit. Necessarily our dis-
cussion on formations of  parasites shall follow the sup-
position that tubular dikes create parasitic vents.

3.1. Shear fracture model for the formation of  parasitic
vents

Generally formations of  parasites are related to
upward magma movements originated from magma
reservoirs, directly or indirectly. Here, to interpret the
formation of  parasites, we adopt a simple mechanical
model that should be related to structure and strength
of  main volcano edifices and origin of  magmatic forces.
Actual volcano structure is not always uniform and
there may be some week points. Even if  volcano edi-
fices are under such condition, the results of  a model-
ing may furnish hints to discussion of  parasite formation.
On the other hand, another model may be possible; for
example, propagation of  laterally extensive dikes was
assumed to interpret formations of  parasitic vents in
the 1912 eruption of  Novarupta (cf. Section 3.3) and the
1996 eruption of  Karymsky [Fedotov 1998]. As another
example, in the 1970 eruption of  Hekla (Thorarinsson
[1970] and Section 3.2), a vertical conduit directly con-
nected to a magma reservoir was adopted to explain
magma supplies to parasitic vents.

Shear fracture model: This was already discussed by
De la Cruz-Reyna and Yokoyama [2011], Yokoyama
[2013, 2014], and so here, shall be briefly summarized.
Magmatic forces act either at a magma reservoir or at
the top of  an ascending magma column, and are mod-
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eled upon dilatationai pressure. We adopt polar coor-
dinates (R, @, (r) with the origin ar a pressure source.

According as a volcano is activated, rnaElmaric
pressure is exerted towards the pre-existing mailt crater
through the main conduit, and if the pressure over-
comes the yielding strength of cap-rocks at irs crarer,
an explosion should be triggered; this is usual r,r.ith poly-
genetic volcanoes and interpretable by the maximum
stress theory. In the follolvir-rg section, we discuss fbr-
mations of parasitic vents by applying the criteria of
fracture mechanics, specificallv the maximum shear
stress theory. Ar a certain point on the flat surface of a

volcano, both pressure and shear exert stresses on the
structure. If either of rhem reaches the yielding
strength, the corresponding part of the volcano should
fracture. Usually shearing srrength of rocks is much
smaller than compressive onc. Here we adopt plane
polar coordinates (r.0) at the surface arrd consider the
effects of shear stress: the maximum shear srress is
equal to a half of the horizontal dillbrenrial stress and
is represented as:

1i 2 (o.,_ oee), (1)

rvhere o., and oru denote the principal stresses. The
maximum shear stress occurs across a plane rvhose nor-
mal bisects the angle berween thc greate st and least
principal stresses.

Atter sorle calculatiorrs lDe 1a Cruz-Reyna and
Yokoyanr a 20 1 1, Yokoy ana 20 1 3, Yokoyama 20 1 4 1, u.e
get the value ol the rerm (l ), posirive or negari\.e nrax-
in'runt at

In other urords, rhe medium receives the maxi-
mum horizontal differential stress at a radial distance
r = * 0.82 D, or r,vhere the dip angle of rhe pressure
source lrorn the fracture point at the surface is 51o.
Consequently shear fracrure takes place there in the ra-
dial direcrion on rhe surface or along rhe s1ope. lheo-
retically we expect the maximum horizontal differential
stress to be present at two points, r = I 0.82 D, or on
symmetric sides of volcanoes. The possibilitv of a fiac-
turing point pair such as this may deperrd on particular
cor-rditions on e ach volcano those are not r,vholly c1ear.
When a parasitic vent is formed, the other syntrne rr.ic
fracturing point is probably nor present due ro srress
concentration at the licrmer. Furthermore, the major-
ity of r.olcar-roes including Fuji and Etna are not uni-
fbrn-r in strucftlre and hence, the above results are not
al-uvays actualized. In fact, formatior-r of t\\,in parasites
has been rarely observed in historical records. Some of
the rare examples sha1l be discussed in Section 3.2.

Equatiorr (2) is schematically expressed in Figure 9a;
the magnra rises fiom the depths to origin P,, through
the main corrduit arrd acts as a pressllre source. Pres-
sure P,, exerts compression torvards the summit induc-
ir-tg stress irccumulation there and sirrrultaneousiy P,,

exerts shear stresses at S, and Sr. Whether rragn-iir dis-
chargcs through the main crater as a result of the maxi-
mum strain or at the parasitic fi'actures bv the maxinrum
shear srain depends on the conditiort of the e-dsring
main crater and strength of the medium conccrned, or
shouid bc determined by the balance benveen rhese
factors. Thus. rock stren€lth plays an important role in
the above determination. Compressive rock-strength is
roughlv on ordcr of t o0 l,{Pa and shearing rock-srrelrgth
roughly on order of to A,lPa [faeger 1964], bur these

r=*0.82D, or D=7.22r (2)
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two kinds of  strengths are very variable according to
the conditions. There must be a delicate balance be-
tween upward compressive force against the strong
compressive strength and shearing force against the
weak shearing strength. When shear fracture over-
comes compressive one, the magma proceeds towards
the surface at an elevation angle of  51°.

3.2. Examples of  twin parasitic vents
Interpretation of  twin parasites verifies the validity

of  the above shear fractural model. However, this
model depends on the assumptive uniform structure of
volcano edifices. In addition, on many volcanoes, if  ei-
ther of  twin fractures is formed, shearing stress may
concentrate at the first fracture point and the second
one does not follow. The origin of  the stress concen-
tration is unknown, possibly may derive from host rock
properties, regional stress field, and so on. On some
volcanoes, parasitic eruptions occur simultaneously at
two opposite sides roughly symmetrically with respect
to the central axis of  a volcano. Examples of  this phe-
nomenon are not well known since prehistoric twin
cones can’t always be recognized geologically. A rare
instance is on Sakurajima volcano where the last three
largest eruptions have produced twin parasitic vents. In
the following section, these three Sakurajima eruptions
shall first be described and then three other examples of
twin vents at Fogo, Hekla and Tyatya shall be briefly
commented upon:

Sakurajima (1117 m a.s.l.), Kyusyu: this volcano is

a small island composed of  andesitic rocks measuring
about 10 km in diameter, and the age of  this volcano is
about 104 yr. B.P. Some of  the old parasitic vents have
been totally covered with the ejecta of  the later erup-
tions. After Yamaguchi [1975] and Kobayashi [1988]
who studied geology of  this volcano, distribution of  the
parasites on Sakurajima is shown in Figure 10.

The 1471-1476 eruption: in November 1471, para-
sitic eruptions started from Point ★ and reached B on
the NE flank of  the North Peak, and issued lava flows.
In October 1476, similarly the twin vents ranged from
Point ★ to B on the SW flank of  the South Peak, and is-
sued another lava flows. Each vent was a chain of  sev-
eral small vents along the slopes. It is noticeable that
the twin vents were completed in 5 years after the first
outburst: the duration of  5 years may be a single cycle
of  this volcanic activity. 

The 1779 eruption: the twin vents were completed
in 2 hours and the lava-flow activities continued for 2
weeks. At the last stage of  this eruption, submarine
eruptions occurred at the NE off  Sakurajima Island
(“Ai” in Figure 10), but these are located at a further
distance from the center of  the volcano than the twins
on the island and their branch may be deeper. The
counterpart of  “Ai” topographically corresponds to an
island (OK) at SW off  Sakurajima Island that is located
on the rim of  Aira caldera, and geologically different
from Sakurajima Island.

The 1914 eruption: this eruption was more pre-
cisely observed than the previous two, and provides us
with important information on twin parasites.

[16:30, Jan. 9]: the first precursory earthquake oc-
curred. [08:00, Jan. 12]: a column of  white smoke
abruptly shot up from the top of  South Peak, the main
summit crater (probably it was before completion of
the parasitic conduit). [10:00]: explosion began on the
W flank (the western sub-conduit was completed).
[10:10]: explosion occurred on the E flank (both the
sub-conduit systems were completed quasi simultane-
ously). The parasitic eruptions started at the opposite
sides of  the volcano, both from Point ★ and to T.
[18:28]: an earthquake of  M 7.1 occurred. Probably it
was not directly related to twin parasites but to magma
movements in a large scale because both the vents were
already opened. [20:00 approx. Jan. 13]: lavas began to
flow out from both the vents. Judging from the above
sequences, we may say that formation of  twin magma
paths needed about 3 days and didn’t consume much
energy in comparison with the succeeding eruptions. 

As for future twin eruptions on Sakurajima, we may
get a rough idea of  probable eruption spots, “parasite
gaps” in Figure 10. The three eruptions of  twin parasites
since the 15th century suggest that Sakurajima volcano

ERUPTION PATTERNS OF PARASITIC VOLCANOES

Figure 10. Distribution of  parasitic vents on Sakurajima volcano in
the historical record after Kobayashi [1988]. Twin parasitic vents
were formed in the 1476, 1779 and 1914 eruptions marked by B, A
and T, respectively. Islets Ai were formed in the 1779 eruption. The
parts marked with Ts are the submarine lava flows from the 1914
vents. SC denotes the 1946 crater.



actually has rather uniform structure and the upward
magmatic forces had been kept constant for these peri-
ods. This may be an exceptional case in its history. 

Fogo (2829 m a.s.l.), the Cape Verde Islands (the
1951 eruption): this volcano is on the island of  Fogo
measuring about 24 km in diameter and its central cone
is 2829 m a.s.l.: about 6 km high above sea bottom.
After Machado [1962], the topography with lava flows

is shown in Figure 11. Twin parasitic vents were formed
at the caldera bottom during June to August 1951, and
issued basaltic lava flows. Both vents are 3~4 km dis-
tant from the central cone. This may be the first for-
mation of  twin vents on this volcano judging from the
distribution of  lava flows. Later, in 1995, two fissures
erupted on the SW flank of  the central cone, not in
twin and issued lava of  about 3 × 106 m3.

Hekla (1491 m a.s.l.), Iceland (the 1970 eruption):
according to Thorarinsson and Sigvaldason [1972],
Hekla erupted in 1970 at opposite sides of  the summit
(Figure 12); the eruptions occurred at the both sites si-
multaneously within 70 minutes and ejected tephras,
and basalt lavas. In the figure, only the 1970 lava flows
are shown. The vents of  the eruptions were located at
the ridge, about 3 km SW and 4 km NE each from the
summit crater. The eruption process suggests that these
two are possibly twin vents. If  we employ the shear
fracture model, the depths of  branches from the main
conduit of  Hekla are estimated to be about 4.3 km on
an average from the relation (D = 1.2 r). On the other
hand, Thorarinsson [1970] interpreted twin shoulder
(ridge) eruptions as to have been deep-fed separately
from deeper magma zones unlike the magma reservoir
of  Hekla: petrologically, the former is basic and the lat-
ter is acidic. His interpretation needs two deep-fed con-
duits. We may modify Thorarinsson’s model to apply
the shear fracture model: a magma conduit fed from
the deep magma zone reaches at a depth of  about 4.3 km

YOKOYAMA
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Figure 11. Twin parasitic vents formed in the 1951 eruption of  Fogo
volcano after Machado [1962].

Figure 12. The 1970 eruption of  Hekla volcano (after Thorarinsson
and Sigvaldason [1972]); HLI and H: the 1947 vents; OLD: Ölduígagr
lava; Sud: Sudurgígar lava; TOP and AXL: Summit craters.

Figure 13. A geological sketch map of  Tyatya volcano (Nakagawa
et al. [2002], simplified). N-1 and N-2 parasites erupted on 14 July,
and S-1 and S-2 parasites did on 28 July, both of  1973.
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and branches out into twin sub-conduits for parasites
under particular condition discussed above. Anyway,
the shear fracture model is another interpretation of
parasites compared to Thorarinsson’s interpretation.

Tyatya (1772 m a.s.l.), Kunashir Island, Kuril (the
1973 eruption): it is located at the E end of  Kunashir Is-
land, facing the sea at the N and S sides and measuring
about 18 km in basal diameter and 1822 m a.s.l. A geo-
logical sketch map of  Tyatya volcano after Nakagawa
et al. [2002, fig. 2, simplified] is shown in Figure 13. Ac-
cording to them, there are 14 parasitic p. 22cones at the
flank of  the volcano that had intermittent magmatic
eruptions more than 1000 years ago. Before the 20th
century, the eruptions occurred mainly at the summit
central cone. Historically recorded eruptions of  Tyatya
volcano took place during 1812. These activities oc-
curred mainly at the central cone. The parasitic erup-
tions in 1973 occurred about 150 years after the last
major eruption of  the central cone, effusing lava flows
and accompanied with scoria fallout.

On June 17, 1973, a tectonic earthquake of  M 7.4
occurred off  Nemuro Peninsula, Hokkaido. The epi-
central distance from Tyatya volcano was about 140
km, and one of  the aftershocks of  M 7.1 followed on
June 24. The eruption of  Tyatya occurred first on July
14 on the N flank and the second eruption (possibly on
July 16) was concentrated on the S flank. The 1973
eruption of  Tyatya was the largest eruption during the
20th century in the SW Kuril arc. Nakagawa et al.
[2002] concluded, from petrographical study of  the
ejecta, that the magma feeding system of  the 1973
eruption must be different from that of  the central
cone, and that magma ascended rapidly without any
stagnation at a shallow level during the 1973 activity.

In other words, the maximum shear stress theory
suggests that twin parasites on polygenetic volcanoes
are possible. However, it also raises the question of
what factors are required to classify either formation of
twin or single parasites. 

3.3. Depths of  parasitic branches or pressure sources
adopted in the maximum shear stress theory and their rela-
tion to volcano structures

Spatial distributions of  parasites on Fuji, Etna,
Usu, Miyake, Ooshima and Sakurajima volcanoes with
some mention of  some twin parasites are focused upon
in the previous chapters. The shear fracture model de-
duced from a dilatational source proved effective to in-
terpret formation of  twin parasites. However, when
this model is partially disturbed by some factors such
as complicated geological structure or stress concen-
tration due to magma pressure at weak points in vol-
cano body, the model may fail to produce twin parasites

and instead produce only a single vent. Originally, sin-
gle parasitic conduits may have possibly been formed
by another factor such as a pre-existing crevice or prop-
agating magma-filled cracks. In this section, the depths
of  parasitic branches present in some volcanoes shall
be discussed tentatively assuming the maximum shear
stress models.

The shear fracture model gives the relation (D =
1.2 r) by which we can assume probable depths of  the
parasitic branches of  main conduits or the pressure
sources. Here any relations between branch depths and
volcano structure shall be conjectured for the above-
mentioned volcanoes:

Sakurajima (1117 m a.s.l.): though we have no
exact knowledge of  deeper structure of  this volcano, it
is known that “North Peak” (Figure 10) is underlain by
an old edifice. The recent three largest eruptions since
the 15th century all involved explosions forming the twin
parasitic vents which are located at radial distance r =
2 km on the average from the center of  the volcano in
Figure 10, and hereby their branch points D = 2.4 km.
According to Iguchi et al. [2013], the hypocenters of  the
volcanic A-type earthquakes which originated from
shearing fractures of  rocks are located at roughly 2~4 km
below the Sakurajima summit crater. The above branch
depth may correlate with the origin of  these earthquakes.
The magma reservoir under Sakurajima has not been
directly related to branching of  lateral conduits. And
the three times formations of  twin parasites may sug-
gest that the abovementioned structure beneath
“North Peak” is too shallow to effect the formations.

Usu (733 m a.s.l.): originally Usu has many para-
sites in an annular distribution; overall parasitic vents,
including those formed in 1910, 1944, 2000 and prehis-
toric ages, are located at about 2.5 km distance from the
center of  the volcano (Figure 8) and are distributed
roughly on the same altitude (about 200 m a.s.l.). Ac-
cording to Equation (2), the depth of  the branch point
from the main conduit is approximately 3.0 km beneath
the volcano. Namely, magmas repeatedly branched
from the central conduit at roughly the same point, but
could not take the same path to the surface. Yokoyama
and Seino [2000] studied the focal depths of  the pre-
cursory earthquakes of  the 1944 and 1977 eruptions, and
concluded that starting depths of  the Usu magma for
the eruptions were around 5 km beneath the volcano.
Thus we may conjecture that the Usu magma would
branch laterally at a certain depth halfway to the sum-
mit by employing assumptive pressure source models.

Fuji (3776 m a.s.l.): radial distances r = 1~7 km are
widely predominant in density of  parasites and hence,
the depths of  parasitic branches range roughly D =
1.2~8.5 km. crater near the summit branches fromH

ERUPTION PATTERNS OF PARASITIC VOLCANOES



the main conduit at a shallow depth, 2~3 km, within
the mountain body where the material may be het-
erogeneous. The parasitic conduit of  crater branches
at a depth of  about 13 km. As for such depths, Ukawa
[2007] observed deep-low-frequency (DLF) earth-
quakes at the region 8~20 km deep beneath the vol-
cano during the period April 1995 ~ December 2003:
the depth 13 km coincides with the focal region. He in-
terprets the DLF earthquakes as being related to
magma movements.

Etna (3343 m a.s.l.): judging from the radial distri-
bution of  parasitic vents (Figure 3), there are two area
of  concentration, being r = 5.5 and 13.5 km; the former
is grouped into three directions (NE, W and S around
the summit) and the corresponding branch depths are
about 6~7 km. The latter is another group on the SE
flank and their parasitic branches are about 16 km deep
along the main conduit and several magma sub-branches
cluster under the area forming magma intrusions as de-
tected by geomagnetic anomalies (cf. Section 2.1).

Miyake (775 m a.s.l.): the parasitic vents distrib-
uted with the highest density around the radial distance
of  r = 2.5~3.5 km (Figure 6), with branch depths esti-
mated at 3~4.3 km. On the other hand, in the 2000 erup-
tion of  this volcano, the summit crater transformed to
a caldera during gravitational collapses: Furuya et al.
[2003] explained the collapse by indicating a deflation
beneath the volcano discovered whilst observing si-
multaneous gravity changes on the volcano; they suc-
cessfully deduced that the depth of  the deflation was
5.3 ± 0.45 km. This depth was not appreciably different
from the above estimates of  the branch depths.

Ooshima (758 m a.s.l.): Mikada [1994] applied to-
mographic methods using seismic waves to Ooshima
volcano, and detected scattering bodies at depths of
about 5 and 8~10 km beneath the caldera. The deepest
ones may be a magma reservoir. In the spatial density
distribution of  the parasites (Figure 6), it is prominent
at r = 3.5 km (D = 4.3 km) roughly corresponding to
a small seismic scatter at 5 km depth. The parasitic
branches may possibly be located at a volcano-tectonic
zone such as this.

In brief, if  we adopt the maximum shear stress
model, branches of  parasitic conduits or pressure ori-
gins may all be located in tectonically active volcanic
zones beneath volcanoes causatively or accidentally.
Strictly speaking, their substance is not totally settled.

Application of  the shear fracture model to the 1912 No-
varupta dome and the 2000 submarine eruption off  Miyake
Island:

Novarupta (841 m a.s.l.), Alaska: according to Hil-
dreth [1983], in 1912, Novarupta erupted magma of
about 15 km3 in volume, eventually backfilling a flaring

funnel-shaped vent with ejecta and forming a lava
dome. Almost simultaneously, a caldera collapsed at the
summit of  Katmai, 10 km E of  Novarupta. Hildreth
and Fierstein [2000], referring to petrological discus-
sions, proposed that magma was transported laterally
from the Katmai reservoir to the Novarupta vent. Also
Eichelberger and Izbekov [2000] made the assumption
that magma was supplied to the shallow reservoir
through planar dikes from the depths. With the suppo-
sition that SiO2 of  Novarupta lava dome ranges
65~77% after Hildreth [1983], viscosity of  the magma
would exponentially increase according as the temper-
ature declines. Hence, it must be difficult for the vis-
cous magma to move laterally over a distance of  10 km,
being pushed by hydraulic magmatic pressure. The as-
sumption of  this planar dyke provides more challeng-
ing conditions than that of  tubular one. An alternative
and rather speculative interpretation may be possible
by using the shear fracture model. In that case we infer
that the sub-conduit of  Novarupta branched from the
magma reservoir of  Katmai at a depth of  about 12 km
(D = 1.2 r). That may coincide in all likelihood with a
part of  the magma reservoirs of  which depths were de-
termined by seismic observations as 10~30 km beneath
Katmai [Kubota and Berg 1967]. Thus, the conduits of
Novarupta may have branched from the magma reser-
voir of  Katmai. However, Hildreth and Fierstein [2000]
assumed the Katmai magma reservoir directly related
to the 1912 eruption at a depth of  around 4 km from
their synthetic studies, being much shallower than a
branch point assumed by the present model. To con-
clude, we have two extreme hypotheses about magma
movement in the 1912 eruption of  Katmai.

Miyake: prior to its 2000 eruption, a small subma-
rine spout of  juvenile ejecta occurred at 1.8 km W off
the island shore [Kaneko et al. 2005]. The spout point
was 6.0 km W from the central crater. This parasitic ac-
tivity was so small that seismometers on the island
could not detect any seismic signals directly related to
the spout. If  we assume that this spout was transferred
through a sub-conduit branched from the main conduit,
the depth of  the branch would be 7.3 km according to
Equation (D = 1.2 r). Such an oblique tubular vent is
more probable than a planar dike considering that mag-
mas reach the surface more easily by the former.

4. Some characteristics of parasitic eruptions
We tried to interpret characteristics of  parasitic

volcanisms applying the shear fracture model in the
above discussions but we know there remain a few
characteristics of  parasitic volcanisms not explained by
this model such as individuality of  parasitic vents and
variable relationship between eruptions of  main craters

N

YOKOYAMA

12



2 NN: 9r :. 2 8 93 r . q 0 970.892

3LJ TF ) U NFDP f e FNNFFU I V F , o U ONNPL FT Rf e P V F DFVL LVFU IV F ,)) D D OH VV B ND0 0L FU q TFLPR0TDV TF I

D N PNDT NF NN V F ND D PF E[ V F TLJ V DP T LNPDVF 4 NN g 3 0LT0LFU 4FLJ V I D EFPF ODT NP V HND D Pe F E[ V F NFIVb DP T LPDVF

DP RDTDULVLF FPVU E V V FUF D LNNJ EFFP RDTVN[ Eb

UFT F TLPJ T U TV UV9T[

p :TNOULNl D nu` U Dm UcDN] %q % VV

YF N %g FORLTLFDNN[ V DV RDTDULVLF NFDP9FU DTF

O P JFPFVLF 4 g F FT V DRRN[ V LU V F9TFNNN LP RTDFb

VNFH g H DgF V9 UV [ V FUF UVT FVVNTHUN1 0T D TP F %PJT

RFTL I VLNPF 9P V F V FT DP g F Pe D[ LPVFTRTFV

V F V F9TFO DU I N %YU :DTDULVL0 0 P LVU DTF TV DNN[

VF1TOF E[ FTDF U DP DTF V LNNPFT V DP Pe DLP F9P LVU

.IVHT V F ETDPF F9P LV LUF PVLP HU IFF LPJ D RDTDULVF

LVg N IDFL VDVF U97 VVFDVL9P 9I TPDJOD 3 TV FTO9TF

DT P V F ETDPF R9NNNV I V F RDTDULVLF F P LV ODJOD

LPVT UL PU NPD[ NPFF DPLFDNN[ UVTFPJV FP V F U TT9 P b

J JT P F V V Ft CC:NLPJ HeFFVU	 N LUg 9 N EN F

V H PFg RDTDULVLF F P LVU IT O VD LPJ V F UDOF T VF

V9 V F U TIDFF DP U9 LPUVFD V FUF F9P LVUg 9 N VLb

N F D RDTDULVF ITFF R LPV V 0 TCRDTDULVF JDR	 	 N NNe D[

EH D RND ULENF TFDU9P I9T RDTDULVLF NFDP9FU FT RVLPJ

PN[ TLNNJ D F[Fa NF I DFVL LV[ NP V F IENN YLPJ LPUVDPFF

DPe FN IET RDTDULVF I TPNDVL P U DNN EF DUU OF NN V F

EDULU 9I TFNDVL9PU LRUg LV V F FFPVTDN F9P LVU I %

FDP FU F NN % FNLU P9V PLS F EFFD UF FDF NFDNN

U N D F LVU g P UVTVNFV TF DP JF% %JLFDN F OR UL

VL PU DP LPDJOD LPD[ EF TL FP Rg DT E[ LVU E [b

DPF[ DP VFFV PLF I TFFU V9 IETPe RDTDULVFU

'rP V FT F PFFRVL P IF1T I TODVL P I RDTDULVFU

Pe D[ EH R UULENF U F DU V DV RDTDULVLF F P LVU LTFFVN[

FTL F IT9Pe TNNDJOD TFUFT 9LTU T Pe DJPeD PFU LP Fb

RHP FPVN[ P NNeDLP F P LVU
q

v LUg DU PFF RT R UF

E[q
h

9TDTLNNUU PA , %Bg 0P F LPVFTRTFVF V F , %

4F ND FT RVL P FL 00VL P ( ' LUr 9 N 9N VT F

V O P JFPFVLF NFDPLUPe LP JFPFTDN DFF9T LPJ V 1F

ND 0TVN b F[PD DP [DODA'% B

iIVFT V F RDTDULVLF FPV	 UF d NF I DFVL LV[ FP U U b

DNN[ V H HPV 9HUNN VTHF HT 4HTF U PeF EF D L9TU I

V F RDTDULDF ND D 9OFk s 3LJ TF I TLP0 E[ V F

,)) U FT RVL9P U DNN EF F FPe RNLPF g LV TFNDVL% N V9

V F DFVL LV[ I V F PNDLP NFDP9
C [DPe

D DP FLP9

[2000] n'ronitored t].re secular changes in altitude of a

bencl-rr-r-rark alrd temperature of a fumarole, both being
on the dome, as sho.ur.n ir-r Figure 1,+. The gradual sub-
sidence of the benchn-iark is due to ground compaction
by the self-lr,eight and no supply of any material. Also
the ternperature of the fumarole smoothly declined
w'ith time to about 100oC as of 201,1, wirhout any sup-
ply of heat energy. ht 1977, the volcano erupted vio-
iently forming several craters u,ithin the summit crater.
The distance between the main cone and the lava dome
was about 3 km in Figure 8 but the activities of the lava
dome were not influenced by this eruption. This means
that the conduit of the lava dome had become closed
lronr the rnain conduitby 1977.In short. parasitic r,'ents
lvould become totally monogenetic after the cycles of
their activities fi nish.

Pttrasitic vents located near the nrain craters'. usually
main craters r.vould continue their activities as far as the
lxagmas are active. During the active periods, parasitic
vents occasionally are formed around the sunrmit
craters or calderas, fbr instance, in the 1946 eruption of
Sakurajima (SC in Figure 10) and the 2001 eruption of
En-ra [Calvari and Pinkerton 2004]. A problem is horv
we can distinguish parasitic vents near the summits. We
may distinguish these parasitic vents by examining
rvhether they are monogenetic or not: if they arc lrot
mono[Jenetic, they are not parasitic but originally aux-
iliary to the n-rain craters.

4.2. Parasttic en4ttions occurring sitnultoneously with
dL-ri1,rrid.i o-f *mnit crltets

Parasitic cones are usually lbrmed on large poly-
genetic volcanoes and are led through parerrtal corrduits
ol the volcanoes. Parasitic activities are monogcnetic
as tar as 'uve have obserr.ed in the historical record and
display various spatial and sequential patterns on
parcntal'n'olcanoes as discussed above. On some l'olca-
noes. parasitic eruptions are often simultaneous r'vith
sumnrit eruptions, and on other volcanoes, such con-



currences are rare. The former require energetic erup-
tions to feed both the summit craters and parasitic
vents, and therefore are more likely to occur on rela-
tively large and active volcanoes while the latter is a re-
sult of  the balance between the mechanical strength of
the sites and the magmatic forces at both the summit
crater and the parasitic vent. All polygenetic volcanoes
harbor the possibility of  simultaneous main crater/par-
asite vent eruptions in the future. Frequencies of  such
simultaneous eruptions on a volcano are classified by
qualitative measurement of  volcanic activities and thus
difficult to determine during prehistoric conditions.
Therefore, here we will consider particular patterns of
simultaneous eruptions of  main craters and parasites
on relatively large polygenetic volcanoes.

In the historical record of  Etna [Imbò 1965], si-
multaneous eruptions have occurred about 10 times
out of  the 129 volcanic events during 693 B.C. to 1955.
On Fuji, such occurrences have not been recorded since
historical records began in 781 A.D. In Kamchatka in-
stead we find another large volcano:

Klyuchevskoi (4850 m a.s.l.) is a stratovolcano of
basaltic rocks measuring about 3000 m in relative
height and connecting to an extinct volcano called
Kamen at the SW flank. According to Vlodavetz and
Piip [1969] and Fedotov et al. [1990], its age is about

(7~8) × 103 yr. B.P. and as of  1990 there were 72 explo-
sion cones and vents formed by parasitic eruptions
mainly on the E flank. Distribution of  the parasitic
vents attributed to Fedotov et al. [1990, fig. 3] is repro-
duced in Figure 15 which includes prehistoric vents
mentioned by Tokarev [1986, fig. 2]. 

If  we assume distribution of  the parasites as shown
in Figure 15 to be circumferential, it is predicted that a
prominent number will have a radius of  about 10 km.
In the history of  the volcano since 1697, 11 parasitic
eruption events have been recorded, 5 of  which were
simultaneous with the summit eruptions. 

Fedotov et al. [1990] discussed the activity of
Klyuchevskoi during the period of  1932~1986 and the
prospects for the future. According to their study, the
summit crater of  the volcano was filled with active lava
at the time of  the parasitic eruptions of  1938, 1945,
1966 and 1974. This may mean that the main conduit of
the volcano also might be filled with magma. If  this
were the case, this would verify that parasitic eruptions
of  Klyuchevskoi would occasionally be related to the
activity of  the summit crater. On the SW flank of  the
volcano, there are scarcely any existing parasitic vents
probably because structures related to Kamen volcano
may be not be affected as much by the shear fracture
model. The activities of  the volcano suggest that its par-
asitic eruptions are not repeated at the same vents
though the observation period is less than one century.
This is a characteristic of  parasitic vents and may be
common to all volcanoes. Fedotov et al. [2010, fig. 19]
imaged the plumbing system of  the Klyuchevskaya
group of  volcanoes: formation of  the parasites may be
approximately agreeable to the shear fracture model
due to the fact that the branches of  the sub-conduits
for parasites are located at the magma stop (shallow) or
magma reservoir (deep) regions. Fedotov et al. [1990]
found that the parasitic vents had migrated upwards
from 450~500 m to 3000~3600 m in altitude during the
period 1932~1986, linearly or exponentially with time.
In fact, as they predicted, a large summit eruption oc-
curred in 1994. We can interpret the upward migration
of  parasitic vents by the similar migration of  branch-
point along the main conduit in the present model. The
upward migration is reasonable because magma in-
vades the main conduit from below before elevation.
As for cyclic patterns of  eruptions at parasitic vents and
central vents, Takada [1997] proposed his time-series di-
agram of  eruption sites on each parental volcano and
intrusion distances of  dikes to evaluate volcano growth,
exemplifying Klyuchevskoi and many other volcanoes.
He predicted that Klyuchevskoi should recur its pattern
of  upward parasitic vent migration in the near future.
Recently, the volcano erupted from the summit in 2004.
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Figure 15. Distribution of  parasitic vents on Klyuchevskoi volcano
after Fedotov et al. [1990]. Chain lines are height contours in meter
above the sea level. Klyuchevskoi continues to extinct volcano
Kamen at the SW side.
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In the shear fracture model, the upward migration of
parasitic vents can be mechanically interpreted as up-
ward migration of  pressure source or branch point
along the main conduit. This is in agreement with the
structural model of  the volcano drawn by Fedotov et
al. [2010, fig. 19].

Comparison of  parasitic volcanism among Etna, Fuji
and Klyuchevskoi: all of  these volcanoes have large vol-
umes, i.e. 3 km in relative heights and 35~50 km in basal
diameters, and their rocks are all roughly andesite~basalt;
the corresponding ages of  the volcanoes are diverse rang-
ing from 104 to 106 years and they have manifested dif-
ferent activities during recorded history. 

Etna: this is the oldest volcano of  the group (106

yr. B.P.) with 129 events since 693 B.C., 9 of  which
erupted simultaneously at summit and parasite vents. 

Fuji: this is the second oldest volcano (104 yr. B.P.)
with 82 eruptions since 781 A.D. and no records of  si-
multaneous eruptions. 

Klyuchevskoi: this is the youngest volcano
[(7~8)× 103 yr. B.P.] with 66 eruptions since 1697, 9 of
which were parasitic eruptions and 8 of  which were si-
multaneous with summit eruptions.

On each particular volcano, the simultaneous erup-
tions of  the main crater and parasitic vents are vigor-
ously energetic actions in its plumbing system. Magma
eruption rates of  the three volcanoes are not compara-
ble with each other because their active periods vary.

5. Conclusions
As a factor useful for characterization of  parasitic

vents, their spatial distributions around the central
cones are classified into three categories: individually
radial, directionally radial and annular. Classification
depending on the radius type was justified after exam-
ining typical examples of  each group, although the
sample numbers may prove to be insufficient and ulti-
mately may require amendment to this method. The
idea of  a “parasite gap” is tentatively proposed and in-
terpreted by an empirical fact that parasitic vents are
monogenetic.

Original formation of  parasitic vents may be in-
terpreted by some assumptions such as pre-existing
volcano-tectonic crevices or magma-filled cracks: these
conditions may be accidental in the specific volcanoes.
In the present paper, the shear fracture analytical
model is proposed from the standpoint of  material me-
chanics as a method for providing a dilatational pres-
sure origin beneath volcanoes. This model verifies the
possibility of  twin parasitic vents. Next, we can refer
to several examples of  observable twin parasitic vents.
The last three eruptions of  twin-type parasites on
Sakurajima were reasonably well documented consid-

ering the time period, and are discussed in detail in the
present paper. Twin type parasites formed in prehis-
toric times are more difficult to confirm. Hence some
of  the present conclusions may have a possibility of
modification in the future when new evidence is ob-
served. In the shear fracture model, the branch depths
are estimated by the relation (D = 1.2 r: r is radial dis-
tance). Branch points of  sub-conduits of  parasitic vents
proved to be located at some depths of  volcanic struc-
tures such as possible magma reservoirs and hypocen-
ter regions of  volcanic earthquakes, but their substance
is unsettled. The shear fracture model may be not unique
and may have some ambiguity when applied to inter-
pretation of  the formation of  parasitic cones. The model
should be reinforced as we obtain new knowledge on
parasitic volcanisms.

Parasitic eruptions occurring simultaneously with
activities of  summit craters have been observed on
some volcanoes. In the present paper, the discussion is
first focused on the activities of  Klyuchevskoi, and then
the three volcanoes, Etna, Fuji and Klyuchevskoi, are
comparatively discussed to find volcanological stan-
dards for such activities. However, the problem remains
unsolved.

In a word, parasitic volcanisms are not auxiliary to
main volcanoes but closely related to magma plumb-
ing systems of  the volcanoes.
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