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Mechanical Relations between Caldera Form and Regional Stress Field

Shigekazu KusumoTo* and Keiji TAKEMURA®*

In order to find mechanical relations between caldera form and regional stress field, we approximated collapse
of a magma chamber by contraction of a small sphere in the elastic medium and estimated distribution of the
plastic and/or rupturing area due to the contraction of the small sphere by the Coulomb yield criterion under an

assumption of the elastic-perfectly-plastic material.

As a result, we found that the plastic area (caldera) showed a circle distribution on the surface when the
regional stress field was not given or the isotropic regional stress field was given. On the other hand, when the
anisotropic regional stress field was given, we found that the caldera enlarged toward the direction of the

maximum compression axis (or the minimum extension axis), so that it showed an elliptic outline on the surface.
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figures).
-10 -10
(@ o (b)
@ O Hmin
e Py
8o —=> <5 tol > @ B <o
8 o 8 o
"Q-' 0'Hmax 5 GHmax e
0 i
O timax w_ O e _
0 ,==25MPa 0;.‘;“;“ =1 0 o=25MPa Uﬂ
10 ( - : 10 , . x
-10 0 10 -10 0 10
Distance (km) Distance (km)
-10 -10
Hmin O Hmin
U U
Sol => <o 8o => <=
Z | o 2 | Ofim
a Hmax a ax
i) i)
O oo
0= 25MPa o =5 0,0 25MPa oea =10
10 ’ ‘ - 10 - : .
-10 0 10 -10 0 10
Distance (km) Distance (km)

Fig. 3. Effect of the ratio Ogmax /Ommin~ on the distribution of F value. The regional stress field is assumed that

Onmax” —25 MPa (East-west compression). Compression is positive in this study. (a) Ommax  : Ommin —1: 1.
(b) Oimax” : Otmin~ =2 : L. (C) Ommax ¢ Oimin- =35 : 1. (d) OHmax  : Ofmin~ —10: 1.
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Fig. 4. Effect of the value Opmax~ on the distribution of F value. (a) Ouma” =50 MPa, and Ogmax~ = 10 MPa. (b)
Omax. —50 MPa, and Opmin~ =5 MPa. (¢) Ommax — 100 MPa, and Ogmin” =20 MPa. (d) Ommax — 100 MPa,

and Ogmin~ = 10 MPa.

00, Jaegerand Cook, 1969) 00O OO, OOOOOO F
ooooooo.

S 3 450 g)
Fﬁc |:O'1 ogtan<45 + )

0
00000000000, g000O0000DO0.
ooodo, oobooooooooooooooo
go.oooo, F100000000000000 -
ooooooo. oooooooo, ocooooooo
oooooooOoooooooo. ooooooooo
oo0000000000, 00000 e000000
oooo. 000 rFz1oooooooooooo. o
oooo, coooooooboooooooooooo
goooooo.

3. DoDoooooo
ooboooobooooooobooooboooo.
gpoooooooooooboOoog, 0ogdo 160 MPa
(Doo, oo, 2000, 00000 0.25(A=w), OO0
[0 40 GPa (Gudmundsson, 1988) J OO O. ODOO0O
0ooo3°00000oooooo (@o, 2000 00

00 ¢=30°00000.

O@Mmod, Dya, 4¢00000000000000
goboooooooobo—-0obooooboooo. ooo
Oo0ododd, e=1km, D=2km (D/a=2)000000
gpoooooo., boooooob, oboodb0 a
<pO0000000. 0000 Db/e=2000000
goood, 0ogoooooooooogoooogo
goooooooooao.

Fig. 20, OO0OOOOODOOODOOODOODODOO
da/a=0015000000000000 F>10000
Ogd. F>10000000OCOOODOODOODO, ODOO
goboooooooobooobooo. coobooo
gobooooooo, oooooooooa.

Fig. 30, 000000000 DO0O opma”™ =25 MPa
0000000000 de/a=001500000000
goooogdg rF>1000000. Oog, ooogo
oooooo.

goo -000000 .000ooOog, bo—-0ogo
000oo00oooooOoOo—-5soMPad OO0 (OO
[0, Jarrard, 1986; Kusznir, 1991; Golke and Coblentz,



488 oooo-0000

Distance (km)
(=1

O o= -10MPa U’!‘:‘“ =5

10
-10

0
Distance (km)

Distribution of F value on the surface when
the east-west extension is assumed that
Ofmax - = — 10 MPa and ogmi,™ = —2 MPa.

Fig. 5.

199¢) 0000, 00, 25MPa0 0000000000
0000000, 0000000000000 (0gmn™)
000, 0000000 (Fig 3(a)~(d). 000000
0, 00000000000000, 00000000
000, Omma™/0mmn” 0000000000000
o~ 00000000000000, 0000000
0@O000000000)0 Oma™/Ommn™ 00000
0oo0o0ooooooooo.

Fig. 40, 0000000 50 MPa, 100 MPa 00 0 O
000000, 000 4a/e=0015000000000
000000000000, Ogms™ =100 MPall F>1
0000000000 (Fig 4¢), (d) O, Opmux™=50
MP20ODO0O0O0O, 000000 (Fig. 4(a), (b)).
D00000 Fig. 30000000000, Otma™/
O 000000, ome> 000000000000
0000000000000000000000000
o.

Fig. 50, Ofima™ = — 10 MPa, Opmin™ = —2 MPa 0 0
000000000, 000 4a/e=0015000000
000000 F>1000000. 000000000,
00000000000000, 0000000000
Fig. 200000000, 00, 0000000000
0000 -10MPa0 0000 (OO0, OO, 2000).
0000000000000000000000000
00000. 00000, 000000000 Opma™=
—10MPaO0OO.

0000000, 00000000 Onmae™/Ommin™ O
00000, 0000000000000000000
00o00O0. 00000, 0000000000000
00000000000 000000000. 000,
Rocheeral. (20000 0000000000000, OO

goooogd, dooooooooooogoooogo
gooo. booooboooboooobooooobo, o
joooooo-g0oooooooooooooooo
00o0ooooooooooo (0Ood, Lipman, 1976
Walker, 1984; Houghtonetal.,1995). 00000, OO
Joooooooooooooooooooooogo
oogd, 0dooooooooooooogoooogo
gooooooooooooboooon.

OO0, DoooooooooDoooDoooDOO F<
1000000, cooooooooooooooo.
0ooooOo, oooooo (MO0, Acocella et al.,
2000; Roche et @l.,2000) OO O OO0O0O0O0O. OOOO
gooooooogooooogoooogg, ooggo
gooooooogooog, oooooogooogogo
oooa.

4. 0O 0O O
oooooooooo-0o0o000o0, oooooo
goooooo, oooooooooooooooo,
goooooooobooooboooobooooooon
O. 00, ooooooooooooooooooon
oooooo, oooooooooooooooooo
gooooooooooooooooooOooooon
ooo. ooo, oooooooo, ocooooooo
gooooooooooo, cooooooooooo
gooooo. ooooo, cooooooo-000
gooooooOooboooooooobooooooon
gooooooooooo, cooooooooooo
gooooooooooooooooon.

O O

oooooood, ooooooooooooooo
goooooooo, 0oobooooooooooon
gooooooooOo, 00boo000boooooooo
gooooooo. coooooodoo. ooooo
000,00 14000000000000DODO 00
oo:0oooo0ooooooooooooooooon
0oooooo), 000000000oo0ooo0ooo
goooooooooo. oooooooooo.

oooao

Acocella, V., Cifelli F. and Funiciello, R. (2000) Analogue
models of collapse calderas and resurgent domes. J.
Volcanol. Geotherm. Res., 104, 81-96.

Gudmundsson, A. (1988) Effect of tensile stress concentra-
tion around magma chambers on intrusion and extrusion
frequencies. J. Volcanol. Geotherm. Res., 35, 179-194.



oooooooooooooooooo 489

Gudmundsson, A. (1998) Formation and development of
normal fault calderas and the initiation of large explosive
eruptions. Bull. Volcanol., 60, 160—170.

Gudmundsson, A., Marti, J. and Turon, E. (1997) Stress
field generating ring faults in volcanoes. Geophys, Res.
Lett., 24, 1559-1562.

Golke, M. and Coblentz, D. (1996) Origins of the Europe-
an regional stress field. Tectonophysics, 266, 11-24.

ooo0o a973) oooog. oogg, 242pp.

Houghton, B. F., Wilson, C. J. N., McWilliams, M. O.,
Lanphere, M. A., Weaver, S. D., Briggs, R. M. and
Pringle, M. S. (1995) Chronology and dynamics of a
large silicic magmatic system: Central Taupo Volcanic
Zone, New Zealand. Geology, 23, 13-16.

Jaeger, J. C. and Cook, N. G. (1969) Fundamentals of rock
mechanics. Methuen, London, 513 p.

Jarrard, R. D. (1986) Relations among subduction param-
eters. Rev. Geophys., 24, 217-284.

Komuro, H. (1987) Experiments on cauldron formation: a
polygonal cauldron and ring fractures. J. Volcanol. Geo-
therm. Res., 31, 139-149.

oooo (1999) 000ooooooo—oo0o0ogo
goooo. oooog, 21, 798-802.

Kusznir, N. J. (1991) The distribution of stress with depth
in the lithosphere: thermo-rheological and geodynamic
constants. Phil. Trans. R. Soc. Lond., A-337, 95-110.

Lipman, P. W. (1976) Caldera collapse breccias in the

western San Juan Mountains, Colorado. Geol. Soc. Am.
Bull., 87, 1397-1410.

Marti, J., Ablay, G. J., Redshaw, L. T. and Sparks, R. S. J.
(1994) Experimental studies of collapse calderas. J. Geol.
Soc. London, 151, 919-929.

Miura, D. (1999) Arcuate pyroclastic conduits, ring faults,
and coherent floor at Kumano caldera, southwest
Honshu, Japan. J. Volcanol. Geotherm. Res., 92, 271—
294.

gooOd ooy ooooobooobooobooog
oo. od, 4s,197-207.

Miura, D. and Tamai, M. (1998) Intracaldera structure
and megabreccias at Dorobu caldera, northeastern
Honshu, Japan. J. Volcanol. Geotherm. Res., 80, 195—
215.

Mogi, K. (1958) Relations between the eruptions of vari-
ous volcanoes and the deformations of the ground sur-
face around them. Bull. Earthq. Res. Inst., 36, 99-134.

Roche, O., Druitt, T. H. and Merle, O. (2000) Experimen-
tal study of caldera formation. J. Geophys. Res., 105,
395-416.

Walker, G. P. L. (1984) Downsag caldera, ring faults,
caldera size, and incremental caldera growth. J. Geophys.
Res., 89, 8407-8416.

oo O@ooogybooooooooo. oo, 287
p.

(Dooo oooo)



