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Source Mechanisms of Deep Low-Frequency Earthquakes beneath Iwate volcano

Haruhisa Nakamichi
Earthquake Research Institute, University of Tokyo

Abstract
During the 1998-1999 volcanic unrest at Iwate volcano, 350 deep low-frequency (DLF)

earthquakes were observed by a dense seismic network deployed in and around lwate
volcano, Japan. The DLF earthquakes are located within three concentrated regions at
depths of 32 km about 10 km south of the summit and those of 33 and 37 km about 10 and 7
km northeast of the summit, respectively. A new moment tensor inversion method using P,
SV and SH spectrd ratios elucidated that the source mechanisms of DLF earthquakes have
significant double couple (DC) and compensate linear dipole (CLVD) components and some
of them also have volumetric components. However, no characteristic orientation of them
is appeared. A model of atensile crack coupled with a shear crack or an oblate spheroid
(magma chamber) is proposed to generate DLF earthquakes with dominant DC and CLVD
mechanisms. The tensile faulting is caused by the injection of magma into a tensile crack.
We believe that complex magma movements at the concentrated regions cause the DLF
earthquakes.
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Fig. 1. Location map of the seismic stations. (a) Stations near Iwate volcano and location of Iwate volcano
(insert map). (b) Stations around the volcano. Each symbol in the figure denotes a type of station: Crosses:
permanent stations maintained by Tohoku University; diamonds: temporary stations maintained by Tohoku
University; Squares: temporary stations maintained by the joint seismic observation by Japanese Universities
(JOINT); solid circles: stations maintained by the Japan Meteorological Agency (JMA). Triangles denote ac-
tive volcanoes. Dotted lines in (a) show elevation contours in 300 m intervals.
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Fig. 3. (a) An example of three-component waveforms for the south DLFs which occurred at 23:32 JST on July 24,
1998. This event is characterized by high-frequency onsets and monotonic coda waves. (b) Same as (a) for the event
at 01:37 on August 6, 1998. This DLF event has the best signal-to-noise ratio we have observed since 1981. The S to
P wave amplitude ratios differ from station to station.
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Fig. 4. Source mechanisms estimated for seven DLF events. Lower focal hemispheres are shown in equal area
projection, with compressional fields shaded. (a) Event 9805300957. (b) Event 9806060704. (c) Event 9807242332.
(d) Event 9808041920. (e) Event 9808060137. (f) Event 9901030405. (g) Event 9903202251. Most of P polarities
are consistent with the estimated source mechanisms.



AKM ANS GNB HSB JKZ JOM JRG

2 L R L
o 1’¥/'\",F\r" _ H =N = F
S o — [ ] 77\_/j/77 [ ] [ ] 1 —<
S5, 2 i
= ] ] ] ] I o
o 2 T T T T T T T T T T T T T T T T T T T T
[0} 2 L L L L L L L L L L L L L L L L L L L L L
:S o 1’\/&’*/?/*’ ’*\//‘/\*’\_71”\%”“’
E_ E 0] b 77\,-7'%/77 F F F b
<E( 4] ] ] ] ] ] I o
A A O O
0'7- 2 L L L L L L L L L
ISR [ ] [ [ ] [ [ ] [ u
) R N i S ="
0] — {1 —— 1 [ ] ,,\Q\,,\/_\’d,, L
0 -1 H H H H H — H F
2 T T T T T T T T T T T T T T T T T T T
05 10 15 2005 10 15 2005 10 15 2005 10 15 2005 10 15 2005 10 15 2005 10 15 20
KHM KNS NAM NNW NSK NTM OBE
2 L L L L L L L L L L L L L L L L L L L
S o H H H S & H —— }
25, i
= ] [ ] ] [ [ L
o 2 T T T T T T T T T T T T T T T T T T T T
o P R [ L L [ L [
e —_— —_
%0 & & & S L — |
<E( 2 ] [ ] ] [ [ L
0 T 5 0 D
C‘; 2
S = 1] L] [] L] [ [ L] L
) | — %
I
U) -1 - - - - ,,/—\/7, -
2 5 T T T T T T T T T T T T T T T T T T T T
05 10 15 2005 10 15 2005 10 15 2005 10 15 2005 10 15 2005 10 15 2005 10 15 20
OID OSK SAW SWU TAZ YKB YMY
2 L I L L L - L
a '] ”\A/”\—i/” S ] - r
L1 ——1] b W\—'—\wﬁ\ﬁdw\p?
2 %
= 1 - - - - - - o
o 2 T T T T T T T T T T T T T T T T T T T T
[0} 2 L L L L L L L L L L L L L L L L L L L L L
B o 11 r~~—— It M+ — M _——7—=_F — FH—"
= = I I T~ T e _
=L, F 1 b
E® ] [ ] [ ] [ ] L
T 0 O 0
U‘)_ 2 L L L
IS [ - L] - L] [ ] s
2 1 [—
T o F+—>T1 ] "1 rt——"H —
@ 1 ] - ] - 1 ] L
2 - T T T

05 1.0 15 20 05 1‘.0 1.‘5 2.0 0.‘5 110 1‘,5 2.0 0‘.5 1.‘0 115 2.0 0.‘5 1‘,0 1.‘5 2.0 0‘.5 1.‘0 1‘.5 2.0 015 1‘.0 1.‘5 2.0
Frequency (Hz)
Fig. 5. Comparisons of the observed amplitude spectral ratios (thin lines) to the theoretical amplitude
spectral ratios (thick lines) for the best-fit moment tensor solution for a deep low-frequency event
(07/24/98, 23:32). The frequency ranges used for inversion is denoted by a range of theoretical ratios.
On the whole, the theoretical amplitude ratios closely fit the observed ones.

(@

N
Volumetric Double-couple CLvD
31% 23% 46%

- Qo

Volumetric Double-couple CLVD
1% 34% 65%

Fig. 6. Decomposition into volumetric, DC and CLVD parts for DLF events (a) 07/24/98, 23:32, (b)
08/06/98 1:37. Lower focal hemispheres are shown in equal area projection, with compressional
fields shaded. The area of each plot is proportional to the largest principal moment.



