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The Mode of Lava Outflow from Cinder Cones in the Ojika-Jima Monogenetic Volcano Group

Hiroaki YAMAMOTO*

The lava effusion process from a cinder cone and its mechanism are discussed based on the field observation
of Ojika-Jima Monogenetic Volcano Group (OMVG). The cinder cones of OMVG are classified into two types,
C-type and D-type cones, based on the mode of lava effusion from the cone. In the C-type cone, lava overflowed
from the central crater, whereas in the D-type cone, lava flowed out from the flank. These types are related to the
morphology and internal structure of the cone. The ratio of cone height (H,) to width (W,,) of the C-type is
smaller than that of the D-type, and the part of the dense welding is widespread around the cone. On the other
hand, the welding area of the D-type is within the limits to the central part of the cone. The D-type is further
divided into two types; Dc-type is accompanied by a mountain body collapse with lava effusion and Dp-type does
not have this collapse. The majority of Dc-type cones are larger than Dp-type cones, although the ratios of H.,/
W., are similar.

In the OMVG, a thin dike (less than 1 m thick) is generally observed inside the cone. However, if a dike
intrusion does not have enough stress to collapse a mature cone, a branched dike system could cause a much larger
load to the slope of cone and push a sector of the cone outward. Therefore, a branched dike system seems to
control in cone breaching. The dike system is always observed inside Dc-type cones, while it is rare inside Dp-type
cones. Considering the concept of crack propagation in an elastic body, the dike branches off under the condition
that the breaking strength of the deposit around the tip of a feeder dike is low. Accordingly, the collapse of a
cinder cone caused by a branched dike system is incident in the larger-scaled cinder cone, especially when the
welded area is restricted to the central part of the cone and altitude difference between the lava lake in the crater
and the top of the dike is large. It has been assumed in previous works that the density difference between the lava
and cinder cone is the main controlling factor for the mode of lava effusion from the cinder cone. In this paper,
the author concluded that the degree of welding around the feeder dike and total volume of the cinder cone are
the major controlling factors in the dike propagation process.

oood

goboooooooooobooooboooooon,

goboooboooobooooobooobobooobooo
gooooo, oo, oo, boooobooooobooo
gooooo, ooboooboooobooooobo. o
0, ooobooooboooboooobooooobooo
goboooooooobo, obooooboooobooo
goboooooooooooboo.

goobooooo, ooboooob, oboooooo

* T980-8576 0O OO ODOOO
goooooooboooog =
Center for Northeast Asian Studies, Tohoku Univer-
sity, Kawauchi, Aoba-ku, Sendai 980-8576, Japan.
e-mail: hiroaki@mail.cc.tohoku.ac.jp

0000000, 00000000000000000
00, 0000000000000000000000
0.000,0000000000000000000,
0000000000000000000000000
000000000, 0000000000000, O
0000000000000000000000, OO
0o0000o00o00ooo.

000000000 (ODoMvVGOOO) 0000
0000000000, 1080000035000 (Sudo
etal,1998) 0000000000000 OOOOODO
00000000 (Fig D).

0000000000000 (199), 00 « 00
(1998), 00 (200) 000000, 00O, 00000



12

Z

Madara-jima

Aka-shima
Koro-shima

d Yaburogl-jlma

Kos1

Kas

e K052

ﬁ Otoko-jima

o o0 0 O

Ojika-jima

Ots

No-shima

Mus @

Mu-shima

0Osl Kuro-shima
O-shima Uus2 = Uusl
Hos te) -shi »
Q 0Os2b | Quaternary 33 20 N QUkushimaf
Hoge-shima [] Atluvium OMVG :
Muts‘l: e 0s2 Cind Kura-shima
- s2a inder cone irvosii
. ) - N Bu-ryo Jm.la / Nozaki-jima N Kidi
o Kus m Tuff ring, Maar 33 Hira-shima - ozaki-jima
Kuro-se g Lava flow ﬁ‘ Nakadouri-jima
ok L4 Inferred cone centre 32° 40’ N "4) I
0 1 m Tertiary o . Fukue'j Jlma 2 0_ 20km
[z] Nozaki-Jima dacite A Quaternary volcano group
Fig. 1. Geological map of Ojika-Jima Monogenetic Volcano Group (OMVG).
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Table 1. Summary of mode of lava outflow at the
OMVG.
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C: outflow from the crater rim, Dp: outflow from the
flank without cone breaching, Dc: outflow from the
flank accompanied by cone breaching, ?: the mode of
lava outflow is difficult to recognize, —: lava flow is not
exposed, *: poorly developed cinder cone (cone height/
cone width<0.05), : rootless flows are recognized, T1:
lava outflow during stage III, L: lava outflow directly
from the basement, %¢: lava connects with a feeder
dike, (n): the order of effusion.
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Fig. 3. Type of lava outflow from cinder cones in
the OMVG.
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Fig. 5. Photograph of feeder dike (D), lower part of ‘Hs2’ cinder cone (location in Fig. 4).
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cinder cone. c). Sketch of the outer wall of ‘Gs2’ cinder cone. The main dike branches into tributary dikes just
before reaching the outer slopes.
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_gj crater rim___

o j(MN/mz)

Fig. 11. a) Illustration showing the controlling
factors for the dynamics of lava outflow. A: the
height from the top of the dike to the lava lake
level. I: the length of the dike. b) Concept of the
crack propagation introduced by Yoffe (1951).
o; represents the stress along the deviation
angle. 6 represents the deviation angle from the
axis of crack. Crack propagation rate of case 2
(solid line) is much greater than that of case 1
(dashed line).
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cinder cones in the OMVG based on the degree
of welding, after Yamamoto and Taniguchi
(1998).
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Table 2. Internal structure and dimension of cinder cones in the OMVG.

Cone Radius (m) Cx.'ater Height of

Degree Radius (m)| cone (m)
Area ‘IG(:;Z“O We;);‘ing max. min. é‘fg;;f:) Rer Hco Hco/Wco VI1/Vs
Aka-daki Asl I 220 150 185 50.2 0.14 0.14
Aka-daki As2 i 75 75 20 0.13
Atago-yama Ats m~ 335 250 293 89.7 0.15 0.85
Ban-dake Bs I 600 450 525 360 105 0.10 1.73
Goryo-daki Gs2 12 300 200 250 185 59.4 0.12 0.31
Hamatsu-dake Hms ? 410 250 330 89.1 0.14 2.31
Hoge-shima Hos lorll 237 200 219 84 0.19
Honjo-dake Hs1 v 175 80 128 30 0.12
Honjo-dake Hs2a v 525 525 111.3 0.11 0.14
Honjo-dake Hs2b | d 400 400 90.8 0.11 41.67
Ishigami-yama Isl ? 360 260 310 76.6 0.12 1.03
Ishigami-yama Is2 ? 280 260 270 56.3 0.10 1.16
Kai-ze Kas m 250 175 213 250
Kakinohama Gsl il 270 210 240 150
Koguro-jima  Kogs v 250 225 238 23.9 0.05 1.60
Koro-shima Kos1 Iorll 330 240 285 54.4 0.10 0.03
Koro-shima Kos2 Torll 175 113 144 21.8 0.08
Kuro-se Kus v 375 275 325 12 0.02
Kuro-shima Ks1 v 245 245 195 37.1 0.08
Kuro-shima Ks2 v 185 185 42.4 0.11 0.29
Madara-jima Msl ? 575 575
Madara-jima Ms2 v 325 235 280 24.2 0.04
Madara-jima Ms3 ? 320 320 26.4 0.04
Madara-jima Ms4 ? 500 400 450 240 126.3 0.14 0.25
Madara-jima Ms5 I 260 170 215 160 33.4 0.08
Madara-jima Ms6 I 210 130 170 34 0.10 0.04
Mase-dake Mas i 400 250 325 88.1 0.14 0.16
Mu-shima Mus ? 313 250 282 160 73.4 0.13 0.36
No-shima Ns ? 250 200 225 66.2 0.15 5.17
Nozaki-jima  Nos Iorl | 3375 338 40 0.06 111
O-shima Osl lorll 400 280 340 70 0.10
O-shima Os2a ? 425 425 96.4 0.11 0.20
O-shima Os2b v 100 100 20 0.10
Otoko-jima Ots v 375 250 313 21 0.03 3.09
Oura Ous ? 550 550 0.65
Sozu-dake Ss1 ?
Sozu-dake Ss2 ? 300 260 280 68.4 0.12 5.92
Uu-shima Uusl i 200 200 42.7 0.11
Uu-shima Uus2 TorQl 230 150 190 52.6 0.14
Yaburogi-jima_Yas lorll 425 280 353 175 62.7 0.09 0.06

Weco: cone basal diameter, Rcr: crater radius, Hco: cone height, VI: volume of lava flow, Vc: volume of cinder cone,
?: degree of welding is not classified.
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Fig. 13. a) The ratio of Cone height/Cone width
vs. Maximum cone radius (m) for different
modes of lava outflow. C: lava outflow from the
crater rim; Dc: lava outflow from the flank of
the cone causing cone breaching; Dp: lava
outflow without cone breaching. Volcano names
are the same as in Fig. 1. b) The ratio of VI
(Volume of lava flow)/Ve (Volume of cinder
cone) vs. Maximum cone radius (m) for dif-
ferent modes of lava outflow. ¥: rootless flows
are recognized. c¢) The ratio of Cone height/
Cone width vs. Maximum cone radius (m) for
different degrees of internal welding (See Fig.
12).
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