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Mechanical Coupling Between Volcanic Unrests and Large Earthquakes:
A Review of Examples and Mechanisms

Masato KOYAMA U

Abstract

O O Previous studies have reported many examples of possible mechanical coupling between
volcanic unrests and large earthquakes, which occurred around the volcano. This paper
reviews these studies and reorganizes the types of mechanical coupling into the following five
casesl] cases A-1, A-2, B-1, B-2, and CO and 10 mechanisms:

0 0O In case A-1, in which a large earthquake triggers activation of a volcano, the following four
mechanisms can explain their coupling:0 A-1-100 an increase in compressional stress, which
was produced by earthquake source faulting, squeezes magma up to the surface;d A-1-20 an
increase in differential stressJ or magma pressurel] which was produced by earthquake
source faulting, promotes dike intrusion ;0 A-1-300 increase in tensional stress, which was
produced by earthquake source faulting, triggers gas bubbling in magma; and,0 A-1-40
dynamic stress change, which was associated with seismic wave, triggers gas bubbling in
magma.

00O In case A-2, in which a large earthquake triggers deactivation of a volcano, the following
three mechanisms can explain their coupling 0 A-2-10increase in compressional stress, which
was produced by earthquake source faulting, chokes a vent or prevents gass bubbling in
magma ;00 A-2-200 decrease in differential stressl] or magma pressurel] which was produced by
earthquake source faulting, prevents dike intrusion; and,d A-2-30increase in tensional
stress, which was produced by earthquake source faulting, drains magma back toward a
chamber.

OIn case B-1, in which a volcanic unrest triggers a large earthquake, coupling can be
explained by mechanism B-1-1: change in stress, which was produced by dike intrusiond or
pressure change in a magma chamber] promotes earthquake source faulting. In case B-2, in
which a volcanic unrest prevents a large earthquake, coupling can be explained by mechanism
B-2-1: change in stress, which was produced by dike intrusiond or pressure change in a
magma chamberl] prevents earthquake source faulting.

O In case C, in which a change in plate motion causes a stress change and then triggers[ or
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prevents[]a large earthquakeld or a volcanic unrest] coupling can be explained by mechanism
C: stress change promotesO or prevents[] earthquake source faulting or ascending / intrusion

of magma.
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Table 10 Previous studies, which treat mechanical coupling between volcanic unrests and large earthquakes in
adjacent areas.
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1704 rumbling and the 1707 Hoei
eruption.
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and large earthquakes in adjacent areas.

I —



19750 Yamashina and Nakamura( 19780 0O
0000019940 000A-1-200000000
00oooooooooooooooooooog
19750 Nostro et al.0 1998111 A-1-300 0 0 O
goooDooooooooooooooood
0 00 MmM9750 Oura et al., 1992 0 O [ A-1-4[TJ
jdoooooooooooooooooood
000000219750 Hill et al.019930 Linde and
Sacks(01998 0 0010 400000000000
0ooooooooooooo A-1- 1000000
gooooooooooooooooooood
000ooooooooooooooooood
Jooooooooooooooooooooon
0000000000000 00Rikitake and
Sato[] 1989[T]
200000000000000000000 2
0 A-200
00Do0ooooooooooooooooog
JoooooooooomA-2-10000000
00o00ooooooooooooomA-2-20
00o0o0oooooooooooooooood
J00mA-23000000000000000
Joooooooooomo3000ooooon
0o000mA-2200 000000000000
199400 A-2-30 0 0000000000000
0000019710 0 0 01973 0 0 0 Ando019741
Yamashina and Nakamura 19780 0 0 0 00O
ooooo
OBOOODDO0O0OOOOODODOOOO
Joooodoooooooooooooooog
Joooooooooooono 20 BOOOOO
Joooooooooooooooooooom
00oooooooooooooooooooog
Jooooooooooomooooooooog
Jooodooooooopooooooooood
J0o0oooooooooooooooloood
Joooooooooood0o0oo0oo0ood
gooo0ooo0ooooooooooobo 200
oooooooooono
l00o000oooooooooooooooog
oo0oooooo 20 B-10

oooooooooooooooooooooo
00oooooooooooooooooomB-
1100 0000000000000 000
0 Dvorak[ 19940 00 0 00 19940 Nostro et al.O]
199800 Nishimuraetal.020010 00000 O
oooooooooo

2000 000000000000000000

O0000o0oooooooon 20 B-20
000o00ooooooooooooooooo
0ooooooooooooooooooooon
000mMB-2-100000000000000O0O
000D00D0Do0ooo0oooooooooooo
0ooooooooooooooooooooo
00o0ooooooooooooooo
clooooooooooooopoooooog
ooo

000o00o0o0oDooooooooooooo
000Do000oo0oo0oooooooooooo
oooooooo20cooooooooao
0 KanamoriO 19720 Gudmundsson and Sae-
mundsson 19800 O O 0 199100 Marzocchi et
al.193 O Mmdun AdOBOOOOODOODO
0000000 0oDoooDooooooDooooo
00o0o0ooooooooooooooooo
oooodoooooooooooooooooo
00ooooooooooopoooooon A-
1-103000000000000o0o0 B-1-1
doooooooooooooooooooooo
000D000oo0oo0oooooooooooo
00ooooooooooooooon
0oooddodoooooooooogooooo
00o0Do00ooooooooooooooooo
000o000o0ooooooooooooooon
0ooooooooomo 20 cooomoo
00o0oo0ooooooooooooooooo
000o0ooooooooooooooooooo
oooooooooooooooooooooo
00o0oo0ooooooooooooooooo
000D000o0oDooooooooDooooo
oooooooooooooooooooooo
0000000 0019710197500 0019730

I —



goglo73dooooooievdbmgoono
gobobo200000bobogoooobooooog
gbmoooooobooboboboooooo
gooobooboooboboobogooboobooo
gobooboboooboobobobobooboooboo
goboooooobooboobooboobooboo
goboobooboobobooboobooooo
gbobbobooobooooooboobooobooao
000o0o0ooboobobobobooooon

vOo o m

gbooobobooboboobooboobooboboo
gooobooogoobooboboooboboooo
goboobobooobobooobobobooboo
gooobooboooogoooobobobooooooo
gogo
gboooobobooboboobobooboo
goooboboooboomA-1-1gboogoo
gobooboboooboomA-1-2000000
gobooboboobooboboobobooo
UA-1-30000000000000D000000
goooboobomA-140000000D00ODOO
goooobooboboobobdob 400000
god
goooooboboooboboobobooo
goooooooooomA-2-10000000
gooobooboobbooboboobmA-2-20
goboooobobooobobobooobooboo
ooomA-230 000000000000 0O0
gboobobobooomosbooobooon
gooobooboobooobobooooobooboo
goboobobobooooboboobooboo
gobooboboooboboobooboobooboo
gooobome-1-1b0bobooobooooo
gobooooobooooe-2-100000000
gbobobooooomoooooobo
goooooboboooboboobobooo
gooooobboebbOonooooomcecog
gobooboooboobooboboooboobooboo
goboobooobobobooboobobooo
goobooboboooooboboobooboo

gooo
gbobooooobobooobobooboobo
gbooooooboboobobooboboobo
goooooboboboobobooobooonbo
gboooobobbooboboboboobo
gbooboobooobobooooboobonboo
gooooobobobooboboobobobo
gbooboobobbooboboobobobo
gboooobobbooboboooboobo
gooobgoooobobooobgoobobobo
gbooboooooboaon
gbooooboboboboobobobboonboo
gobooooboobooboobgoboooboonbo
gboooobobooobbooboboobo
gbobobooboobgobzoo0b0 e ong
gobooooboboooboobgooboobonboo
gbooobodobooobobooobobobobo
gboooobobobobbooboboobo
gobooooboboobobobobooobo
gbooooobobbooboboboboobo
gbooooboobooboooboboobooobo
gooo

ooo
goooooooOoooooboooooooooooo
gbodooooooooooboooooOoooooo
gobooooooooooobooooboooooooo
gboooooooooo

oooo

Ando, M.O 19741 Seismo-tectonics of the 1923
Kanto Earthquake. J. Phys. Earth, 22, 263-277.
Jooogle7400000ooooooooooog

340 No. 30 34-370

Blot, C.01965 Relations entre les seismes
profonds et les eruptions volcaniques au Japon.
Bull. Volcanol., 28, 25-63.

Cambray, H. and Cadet, J.P.0 1994 Testing global
synchronism in peri-Pacific arc volcanism. J.
Volcanol. Geotherm. Res., 63, 145-164.

goooo1ees0ooooooooooooooo
0000000000000 LoUoUoooooog
0000ooooooooi1990000o0oo0og
3900

goooozoo0 00o0ooo0oooooooog
o000 —00oo0oOoooUoUOggd—

I —



0000oo00ooo0o0UooO0o0oooooooooo
000 055-590

000001998 00000 0oooboooooo
ooo0oooOooooOoooooooooooooo
gooogooi1998bo0ooooooodion

Dvorak, J.0 19941 An earthquake cycle along the
south flank of Kilauea Volcano, Hawaii. J.
Geophys. Res., 99, 9533-9541.

Gudmundsson, G. and Saemundsson, K.[ 19800C1
Statistical analysis of damaging earthquakes and
volcanic eruptions in Iceland from 1550-1978.
J. Geophys., 47, 99-1009.

O000ooi1992i 0000000 DODOO0OOOOOOD
00000000 oo00ooo0oooooooo
19920 0000000000 1840

oooOoozoo0 DOODODOOODOODOOOOODO
000—000000000000ACFF—00O0O
00000000000 100 No. 309-130

Hill, D.P., Reasenberg, P.A., Michael, A., Arabaz,
W.J., Beroza, G., Brumbaugh, D., Brune, J.N.,
Castro, R., Davis, S., dePolo, D., Ellsworth, W.L.,
Gomberg, J., Harmsen, S., House, L., Jackson,
S.M., Johnston, M.J.S., Jones, L., Keller, R,
Malone, S., Munguia, L., Nava, S., Pechmann,
J.C., Sanford, A., Simpson, R.W., Smith, R.B.,
Stark, M., Stickney, M., Vidal, A., Walter, S.,
Wong, V. and Zollweg, J.[0199300 Seismicity
remotely triggered by the magnitude 7.3 Landers,
California, Earthquake. Science, 260, 1617-1623.

Hill, D.P.,, Johnston, M.J.S. and Langbein, J.O.
0199501 Response of Long Valley caldera to the
Mw( 7.3 Landers, California, Earthquake. J.
Geophys. Res., 100, 12985-13005.

ooO0oooi1e8i 0000 oOooooooooooon
5900 737-7450

000O0oi1988r 0O0ODOOODOO" DULOOOODO
00000580537-5470 771-7800

oooogre9itt 129300000 0ODODODOOOODO
0000000o0oooOoOoOo 199100000000
0002510

gopooo4tooooooo—0oooooooo
0—00oooo

oooooil1973t 0000oOoO0ooOoOoooooon
500000000000000000O185-1970

Kanamori, H.O01972[0 Relation between tectonic
stress, great earthquakes and earthquake swar-
ms. Tectonophysics, 14, 1-12.

Katsui, Y. and Katz, H.R.00 196701 Lateral fissure
eruptions in the southern Andes of Chile. J. Fac.
Sci., Hokkaido Univ., Ser. 4, 11, 433-448.

000o0oi1973t 0000000 O0OoOoooooDoOO
0oo0ooO0o0ooos20171-1880

Kimura, M.O0 19761 Major magmatic activity as a
key to predicting large earthquakes along the
Sagami Trough, Japan. Nature, 260, 131-133.

Kimura, M.0 19780 Significant eruptive activities
related to large interplate earthquakes in the

northwestern Pacific margin. J. Phys. Earth, 26,
S557-S570.

oo0oOooi1978 00000000 OOOOOOO

00o00oo1983t 00ooopooooooooooo
00000000280 160-1620

ooOoOooi198sn 0o0ioo—0ooooooo—o
000330 S319-S32900

ooopoo198 00 0ooooooo—o00oog
000—000034061-660

goooOo0oo-00000o0o0oooooo
0001306686720

000001940 0000000000000 OO0OOd
00001030 488-4970

00000oo0o0oD19750 000000000000
0000000 20065-780

oooOoopi19on0iooooooomooooo
0000620 16-340

0000019920 0 0000000000000 OO0
O0ooooOoOoooOoOoooOoOooooOooooooo
50 137-1440

000001998t 0000000 oooouoooOg
0 0430 323-3470

goOopoozoo0 00000000 0OOOOODOOO
00000000000 220558-5630

0000oooooooopoi19eei 000OoOOOoooOO
O000o0oOooOobOoOooDoio50133-1620

0000000000000 000000001990 0
o000 19100000000000D000000
0000000000 ei0O0OUOOOOUOOOO

00000 BOOOOUDOOOUOOOOOOOOODOOOO
58-770

J0o0o00oo00ooo0oo0DO0UOoO0ooOooOoODO

O00o0oooopoz20020 00000000000
017070 0000000000 0O00O0O0OO0O 2002
000U0oooomoooo

Latter, J.H.019711 The interdependence of
seismic and volcanic phenomena: Some space-
time relationships in seismicity and volcanism.
Bull. Volcanol., 35, 127-142.

Linde, A.T. and Sacks, 1.S.0 19980 Triggering of
volcanic eruptions. Nature, 395, 888-890.

Mauk, F.J. and Johnston, M.J.S.019731 On the
triggering of volcanic eruptions by earth tides. J.
Geophys. Res., 78, 3356-3362.

Linde, A.T., Sacks, 1.S., Johnston, M.J.S., Hill, D.P.
and Bilham, R.G.019940 Increased pressure
from rising bubbles as a mechanism for remotely
triggered seismicity. Nature, 371, 408-410.

Marzocchi, W., Scandone, R. and Mulargia, F.

[01993[1 The tectonic setting of Mount Vesuvius
and the correlation between its euptions and the
earthquakes of the Southern Apennines. J.
Volcanol. Geotherm. Res., 58, 27-41.

McNutt, S.R. and Beavan, R.J.[0 19841 Patterns of
earthquakes and the effect of solid earth and
ocean load tides at Mount St. Helens prior to the
May 18, 1980, eruption. J. Geophys. Res., 89,

I —



3075-3086.

McNutt, S.R. and Beavan, R.J.[0 19871 Eruptions
of Pavlof Volcano and their possible modulation
by ocean load and tectonic stresses. J. Geophys.
Res., 92, 11509-11523.

oooopilegoboooOooooooooooDon
00000000 000110184-1890

00o0ooo0oo0ooo0o0ooooooOooooooo
0000000000000 o0o00o0o0n0noo2o00t
00o00oo0o0oo0o0oooUooDOoooooo
000000000000 O09e3d28-330

ooooo7ic0OoooO0O00Ooooooo—00
ooo0ooooo—0o000Ui1ed63-710

000o0ooi19750 0000000000000 OO0ODO
000200 s229-S2400

00000000 0o00197401 197400000000
000000000000 ooi190159-1600

Nishimura, T., Fujiwara, S., Murakami, M., Tobita,
M., Nakagawa, H., Sagiya, T. and Tada, TJ 20011
The M6.1 Earthquake triggerred by volcanic
inflation of Ilwate volcano, northern Japan,
observed by satellite radar interferometry. Geo-
phys. Res. Lett., 28, 635-638.

Nostro, C., Stein, R.S., Cocco, M., Belardinelli, M.E.
and Marzocchi, W.J1998[1 Two-way coupling
between Vesuvius eruptions and southern Apen-
nine earthquakes, ltaly, by elastic stress transfer.
J. Geophys. Res., 103, 24487-24504.

0000019911 1990000 00000ODOOOODO
ooooooooooOo0ooooooooooooo
0000000130 650-6560

0000000000199411991 000000000
g100000000000000000DODO0OO
00001030 464-4700

0000000000192 0000000 bOOOOD
1991 0000000000000 0MOO00OOO
019920000000000000000DO0O00OO
0001320

Oura, A., Yoshida, S. and Kudo, K.[J 1992t Rupture
process of the Ito-oki, Japan, earthquake of 1989
July 9 and interpretation as a trigger of volcanic
eruption. Geophys. J. Int., 109, 241-248.

Rikitake, T. and Sato, R.[0 19891 Up-squeezing of
magma under tectonic stress. J. Phys. Earth, 37,
303-311.

Sameshima, T.019530 On the regularity of the
activities of Fuji volcanic zone. J. Geol. Soc.

Japan, 59, 75-78.

Shimozuru, D.0 197601 Lava lake oscillations and
the magma reservoir beneath a volcano. Bull.
Volcanol., 39, 570-580.

Swanson, D.A., Duffield, W.A. and Fiske, R.S.

01976t Displacement of the south flank of
Kilauea Volcano: The result of forceful intrusion
of magma into the rift zones. U.S. Geol. Surv.
Prof. Pap., 963, 39p.

0o0o0oo1994t 000000oooo—0oo0oo0oog
00o0oooooooo0ooU0—00o0ooo1o3d
447-4630

000001948 00ooooo—oo0ooog
00000—00000005401-50

oo0o0oopil97s 00000000000 OODOOO
0000000000 Odi120101-1090

Thatcher, W. and Savage, J.C.00 19821 Triggering of
large earthquakes by magma chamber-inflation,
Izu peninsula, Japan. Geology, 10, 637-640.

Tilling, R.1. and Dvorak, J.J.0 19931 Anatomy of a
basaltic volcano. Nature, 363, 125-133.

gooooooDi1992 000000 —00D0ODOO
ooo—o0ooooo

ooO0o0oo19920 000000000 O00oOoOOO
00000050102-1060

000001993 000fooooooooooooo
000000320 271-2820

000001998t 0000l ooUoooooooooo
000000139-3990

00000oooO0oo1e87 000ooooooooo
00000 20400 122-1240

00000194 0000000000000 000
ooo—000ooooo0o00—0b000390 141-
1530

Yamashina, K. and Nakamura, K.OO 19781 Correla-
tions between tectonic earthquakes and volcanic
activity of lzu-Oshima Volcano, Japan. J.
Volcanol. Geotherm. Res., 4, 233-250.

oooO0oo1998 0000 OOoOoOno 3000000
0000o0o0ooo0oUoUoonOUooUoOoOoOU
000oooOo0oooOo0oooOoOooooOoooooo
ooooo—-0OO0O0OO0ODODODODODODOD—OTOOOO
0:0000M67-840

oo0o0oo197i0 000000000000 oOoOoO
0000000000000 250129-1390

020020 10 8000020020 30 180000

I —



