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Relationships Between Eruptions of Volcanoes, Inland Earthquakes (M O 6.2) and
Great Tectonic Earthquakes In and Around North-Eastern Japan Island Arc

Masaaki CHUREI !

Abstract

00O Great earthquakes, inland shallow earthquakes and volcanic eruptions occurred
historically in and around the northern Honshu region, the northeastern part of the Japan
island arc system. We studied statistically the time-space correlation among great offshore
earthquakes with magnitudesd MO larger than 7.8 near the Japan trench, inland shallow
earthquakes with M O 6.2 and the volcanic eruptions, for the period from 1851 to 1996. We
focus on the northern Honshu region in this study. During the period, there were four offshore
great earthquakes near the Japan trench. Their magnitudes are M7.90 1856(] M8.2[1 1896[]
M8.10 1933[] and M7.900 19681 To estimate the temporal correlation among these events, we
applied a statistical analysis that is one of the currently used methods in earthquake
prediction research works. Our analysis suggests that alarm-like information could be issued
for the inland volcanoes and the large inland earthquakes in the northern Honshu, at the
occurrence time of the four great earthquakes near the Japan trench. We then found some
simultaneous occurrence pattern between the large inland earthquakes and the volcanic
eruptions, just prior to the four great earthquakes or just afterwards. As a result, the
temporal correlation among the volcanic eruptions, the large inland shallow earthquakes and
the four great earthquakes is not statistically negligible. This result suggests that the space-
time relationship among the volcanic eruptions, the large inland shallow earthquakes and the
great earthquakes near the trench is not only useful for researches on long-term earthquake
prediction and volcanic eruption, but also important for understanding seismotectonics in the
northern Honshu region.

Key words island arc, great earthquake, volcanic eruption, large inland earthquake,
relationship
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Fig.010 Distribution of seismic and volcanic events that
occurred in the northern Honshu regiond enclosed by a
thick closed line for a period from 1841 to 1996.
Four ellipsesd show the source region of tsunamis
generated by great earthquakes near the Japan trench
O see Table 10 Filled circles represent thirteen large
inland shallow earthquakesO depth O 500km, M O 6.2 ;
see Table 20 and triangle symbols indicate location of
volcanoes. Large eruptions occurred at seven volcanoes
O shown as filled triangles ; see Table 3[1
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Table10 List of great tectonic earthquakes (M [0 7.8) occurred near the northern Japan
trench during the period from 1841 to 1996.

Date Latitude Longitude Depth Magnitude Name of Event
km
1856/08/23 N40.5 E143.5 1.0 7.8 Ansei Hachinohe-Oki
1896/06/15 N39.5 E144.0 50.0 8.2 Meiji Sanriku Earthquake Tsunami
1933/03/03 N39.2 E144.5 10.0 8.1 Sanriku Earthquake Tsunami
1968/05/16 N40.7 E143.6 0.0 7.9 1968 Tokachi-Oki Earthquake

00201841000 1996 0000000000000 10000000000000O00O0O
ooMO 62000000

Table[020 List of large inland shallow earthquakes M O 6.200 occurred in the rectangular
region surrounding northern Honshu, shown in Fig. 1, during the period of 1841

1996.
Date Epicenter Magnitude  Name of Event
km
1854/08/28 N40.6 E141.6 0 6.5
1861/10/21 N38.6 E141.2 0 6.4
1894/10/22 N38.9 E139.9 10 7.0 Shonai Earthquake
1896/08/31 N39.6 E140.7 10 6.4
1896/08/31 N39.5 140.7 10 7.2 Rikuu Earthquake
1900/05/12 N38.7 141.1 10 7.0
1902/01/30 N40.5 141.3 50 7.0
1914/03/15 N39.5 140.4 10 7.1 Akita Senboku Earthquake
1931/11/04 N39.5 141.9 0 6.5
1939/05/01 N39.9 139.8 0 6.7 Oga Earthquake
1939/05/02 N39.9 139.8 0 6.6
1962/04/30 N38.7 141.1 0 6.5
1970/10/16 N39.2 140.8 0 6.2 Akita-ken Nantobu Earthquake
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Table30 List of volcanic eruptions with the VEI of 2 or greater in northern Honshu, Japan, during the period,

1841-1996.

This list also includes the case of volcanic eruptions with the VEI of 1 which accompanied magma

intrusion.

Volcano Name Duration Eruption VEI

Character of Eruption

Akita-Yake-Yama
Akita-Komaga-Take

1949/08/30-1949/09/01 2
1890/120 0-1891/01 2
1932/07/21-1932/07/30 2
1970/080 -1971/01/26 2

Chokai-San 1974/03/01-1974/05/08 1

1894/070 0-1894/07 2
1895/02/15-1895/09/28 2

Zao-San

Azuma-Yama 1893/09/19-1893/11/10 2
1894/03/16-1894/04/12
1895/03/08-1895/09/13
1899/08/24-1899/11/12
1900/07/17-1900/07/17

Adatara-Yama

N N NN

Bandai-San 1888/07/15-1888/07/15 4

Explosive and Phreatic eruption, Mud Flow

Explosive Eruption, Rumbling, Cinder

Explosive Eruption, Fissure, Cinder Cone, Ash, Mud Flow
Explosive Eruptiond Strombolian Typel] Central & Flank
Vent, Lava Flow, Volume of Eruptive Product=1.7 x 108m?3
Explosive Eruption, Central, E Side of Shinzan, W of
Kojinyama, Ash, Mud Flow, Volume of Eruptive Product=
1x 10°m?

Explosive Eruption, Central, crater, Ash

Explosive Eruption, Central, Crater Crater Lakel] Felt
Earthquake, Ash, Mud Flow

Explosive Eruption, Ash, Rumbling, Cinder, Volume of
Eruptive Product=5 x 10°m?3

Explosive Eruption, Ash, Rumbling

Explosive Eruption, Ash, Rumbling

Explosive Eruption, Central Crater, Ash, Flame

Explosive Eruption, Central Crater, Ash, Rock, Volume of
Eruptive Product=1.1 x 106m3

Explosive Eruption, Strong Felt Earthquake, Ash, Debris
Flow, Volume of Deposite=1.5 x 10°m3
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Filled rectangles and open circles show Fig.030 Cumulative frequency of both the large

the four great tectonic earthquakes
and the thirteen large inland shallow
earth-quakes, respectively. Closed tri-
angles show volcanic eruptions. It
seems that the inland large shallow
earthquakes and volcanic eruptions
occurred just prior to great earth-
quakes near the trench or just
afterwards.

inland shallow earthquakes and vol-
canic eruptions, on the artificial time
axis of thirty years where the four
great seismic events occurred at the
time of zero.

The large inland shallow earthquakes
and volcanic eruptions are commonly
concentrated at several years across

the time of zero.
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Fig.040 Variations of dAIC as a function of

the width of time window for large
inland shallow earthquakes.
The width of the time windows is
measured in the bilateral directions
with the center at the occurrence
time of the great tectonic earth-
quakes. The maximum value of
dAIC is more than 11 for the case
of a total time window of thirteen
years.
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Fig.050 Variations of dAIC as a function of

the width of time window for the
volcanic eruptions.
The width of the time windows is
measured in the bilateral direc-
tions with the center at the occur-
rence time of the great tectonic
earthquakes. The maximum value
of dAIC is more than 13 for the
case of a total time window of
sixteen years.
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Fig.060 Schematic model on the cumulative sequence of both the volcanic

eruptions and large inland

shallow earthquakes, preceding and

succeeding the four great tectonic earthquakes.

Based on our statistical study on the seismic and volcanic activities on
land being associated with the great seismic events near the trench, we
can classify the time sequence into the following five stages:

0 O : interseismic calm stage] O 20 years or more[]

0 O : pre-seismic active stagel] O 5 years before a great seismic event[]
0 O : post-seismic calm stagél 2 O 3 years after the great seismic event[],
0 O : post-seismic active stagel] the next 3 0 4 years[] and

0 O : the next interseismic long-period calm stage.

gobooboboboobooboboboobooboooo
goobiigroboboooooooooobooo
gooobooooobooboboooboboooo
gooobooboobobooboboobobooboo
goboooooobooboobooboobooboo
gogd

\V/ERRRNEREN

01841000 19960000 1560000000
goobooooooobobobobobvelrg

2000000000000 U0b00bOOoDbOOD
gboboome200b00b0booooobooDnDO
ob400000000D0ODODOOODLOODO
gboooobobobobobooboboobo
boooobobbooboboobooboobo
gbooboboobooboobooreo4noonog
gboooobodoboooboboobooobobobo
gboooobooboobooobobooboboobo
gobooooboobobobooboboooboobo
goobooobooooooon obooooooo

I —



gooobooooobooboboooboboooo
goooogroooo bouobooooooo
goooobooboooboobobo-0000o0oo
goo—-00b0oobr bobgobobooo
gooobobooboobooboboboboboooo
goooboobooobooboboobobooboo
goobooooobooobobooboobooo
gbobooooooboboboobo

ooo
gboboooooboobooooocoobooboooboboooooboo
gbobooooOooooooobooobooooooo
goboooobooooooobooboooboboooooog
goboooooooooooooo

gooo

goooo7oi0c0ooUopooUooooooooo
000000 20320 493-4940

oooopoilego boooooooooooooDoO
0o0oo0oog 200 2033097-990
0000001973000 30018560 80 23000
000000000000 oo0O00noD2ed204-2050
go000o0g1994t0oopopoopooopoopoobo
20 470 137-1420

Kanamori, H.O 19710 Seismological evidence for a
lithospheric normal faulting — The Sanriku
earthquake of 1933. Phys. Earth Planet. Inter., 6,
346-359.

gooolessn 0oooooooooooi1926 000
19560 M 0000000 10

oo0o01eee DOOODO0O0DODOOOO0ODO1957000
62000000000 20

000019720 000000000000 1963000
1967000000000 30
oo0oo19e8-199%6t 0000 MmMmOoOO

oooo1eed 0oooooon

Linde, T.A. and Sacks, S.1.019980 Triggering of
volcanic eruptions. Nature, 395, 888-890.

oo0o0ool19710 000000000DOO0OO0OOOOO
160 63-710

Okada, Y.0J1992[t Internal deformation due to
shear and tensile faults in a half-space. Bull.
Seism. Soc. Amer., 82, 1018-1040.

Seno, T.0 19791 Intraplate seismicity in Tohoku
and Hokkaido and large interplate earthquakes:
A possibility of a large interplate earthquake off
the southern Sanriku coast, northern Japan.
J.Phys. Earth., 27, 21-51.

Shimazaki, K.O 19781 Correlation between intra-
plate seismicity and interplate earthquakes in
Tohoku, northeastern Japan. Bull. Seism. Soc.
Amer., 68, 181-192.

Simkin, T. and Siebert, L.00 19941 Volcanoes of the
World. Smithonian Institution.

00o00ooO0oo1e18 000000 Dmumonn
oooooooosenoos7ron

go0o0oooi198o 000D 1988000000

000000000019750 000 19740000000
000200 51-640

Dooooo1eetd 00ooooooooooog
oooo

0000oo19750 0000000000000 0O0O0
0000000000000 20280 303-3110

oooOooi1982ooooMeoooooooonO
O0o0oooo1sss00 19800 0000000000
000570 401-4630

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

oooOoo7ic 0000ooOo00oooooooOoO
0000000000000 250129-1390

020010120 7000020020 20 250000

I —



