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Abstract

The characteristics of spatiotemporal variations of hypocenters of deep low-frequency earthquakes in
northeastern Japan are investigated using the earthquake catalog of the Japan Meteorological Agency.
The parameters of DLF10 and DLF90 are defined as depths above which 10 % and 90 % of low-frequency
earthquakes occur. The findings are as follows. The thickness of the seismogenic layer of low-frequency
earthquakes, the difference between DLF90 and DLF10, varies in space at distances of 100-250 km. Areas
with an almost constant seismicity rate have a spacing of 100-150 km. These values are several times
larger than the spacing of hot fingers that correlate well with areas of low-velocity anomalies and deep low-
frequency earthquakes in the Tohoku district. No clear temporal change in the seismicity of low-
frequency earthquakes is found after the 2011 Tohoku-oki earthquake, except in the Zaozan area of central
Tohoku. Inactivation of seismicity suggests that the source mechanisms of low-frequency earthquakes are
insensitive to a small change in stress at source depths.

The diversity of waveforms of low-frequency earthquakes is then examined by grouping events using
a waveform cross-correlation. Using a time window immediately after the arrival of the S-wave, it is found
that closely located earthquakes tend to form a single group, which suggests a similarity of focal
mechanisms among grouped events. However, the value of cross-correlation is much lower than that of
ordinary high-frequency events, and many events are not grouped even if the location is near grouped
events. This suggests that focal mechanisms and/or source processes of low-frequency earthquakes differ
from event to event. When using time windows in later phases, the correlation takes a lower value, and
grouped events are not co-located. Thus, later phases have less information on the source mechanism than
the S-wave.

Keywords : low-frequency earthquakes, spatiotemporal variation, 2011 Tohoku-oki earthquake, waveform
correlation, focal mechanism
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(a) Low-frequency earthquake

2006 3/11 2:57:19.33 39.950N 140.355E 31.8km M1.3 (raw data)
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(b) Ordinary (high-frequency) earthquake

2007 6/423:29:13.32 39.965N 140.411E 6.5km M1.6 (raw data)
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Comparison of seismograms between low-frequency earthquake and ordinary high-frequency earthquake

occurring in Akita prefecture. (a) and (b) show three-component seismograms of low-frequency and high-frequency
earthquakes observed at N.GJOH station shown in (c). The amplitudes of seismograms are normalized to the maximum
in each trace. (c) shows hypocenter distribution and location of station. Stars indicate hypocenters of earthquakes
shown in (a) and (b), and circles and crosses denote background seismicity of low-frequency and high-frequency events,
respectively. Sizes of these symbols are proportional to earthquake magnitude.
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Fig. 2. Epicenter distribution of low-frequency tremors and earthquakes during the period from
1998 to 2014. Hypocentral parameters are taken from the catalog of the Japan Meteorological
Agency. Triangles show locations of active volcanoes.
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Fig. 3. Epicenter distribution of low-frequency earthquakes in northeastern Japan. Numbered
squares indicate epicentral areas in which seismic activity of low-frequency earthquakes are
investigated. Triangles show locations of active volcanoes.
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Fig. 4. Distribution of four parameters characterizing depth distribution of low-frequency earthquakes. (a) to (c) show
distribution of DLF10, DLF50, and DLF90 defined as depths above which 10%, 50%, and 90 % of low-frequency
earthquakes occur. (d) indicates thickness of seismogenic layer defined as the difference between DLF90 and DLF10.
Sizes and colors of circles show annual number of earthquakes and depth parameters, respectively. Numerals beside

circles show areal numbers in Fig. 3 and Table 1.
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Fig. 5. Spatiotemporal variations of seismicity in the Iwatesan area of northern Tohoku (areal number 25 in Fig. 3 and
Table 1). (a) and (c) show hypocentral distribution. Broken lines show depths of DLF10, DLF50, and DLF90,
respectively. (b) and (d) display temporal variations of latitude and focal depth, respectively. Colors of circles indicate
focal depths of ordinary earthquakes. Red circles represent low-frequency earthquakes. Sizes of circles are proportional
to earthquake magnitude. Bar graph in (d) shows annual number of low-frequency earthquakes together with average
number (broken blue line) during the period from 2000 to 2014. Vertical red line displays time of occurrence of the 2011
Tohoku-oki earthquake. Broken red lines show annual number of earthquakes averaged during the period before and

after the 2011 Tohoku-oki earthquake, respectively.
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Fig. 6. Distribution of activity type (a) and activity change (b). (a) is defined as ratio between maximum and average
annual number of low-frequency earthquakes. (b) is defined as ratio of average annual number after the 2011 Tohoku-
oki earthquake to number before the earthquake. Sizes and colors of circles show annual number of earthquakes and
activity parameters, respectively. Numerals beside circles show areal numbers in Fig. 3 and Table 1.
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Fig. 7. Same as Fig. 5, but in the Meakandake area of eastern Hokkaido (areal number 4 in Fig. 3 and Table 1).
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Area_32: Zaozan
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NSV, FNTHHNEOHFFHNEL L2, HERE
73 1 MPa OIEHEALICIET 5 &) 2 Lid, WiEo
TAMIERESZORETHL I LEZRBLTBY,
NI R EDTARDAFAES 5 Z L 12 X B LRSI N T
W% (Yoshida et al, 2012; Terakawa et al., 2012).
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Same as Fig. 5, but in the Zaozan area of central Tohoku (areal number 32 in Fig. 3 and Table 1).
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Fig. 9. Hypocenter distribution of earthquakes for which
waveform correlation is examined. Circles and crosses
show hypocenters of low-frequency and high-frequency
earthquakes, respectively. Sizes of these symbols are pro-
portional to earthquake magnitude. Triangles denote loca-
tions of stations used for calculating waveform correlation.
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Fig. 10. Histograms of cross-correlation of seismograms for high-frequency earthquakes (a) and for low-frequency
earthquakes (b)-(d). (b) to (d) show results in three time windows displayed at the top of each figure. Colors indicate

center frequencies of band-pass filter.
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High-frequency earthquakes
Time window: -0.1-0.9 [s]

(b) Group: 1 ( 6 events), Station: N.ANIH
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Fig. 11. Hypocenter distribution and seismograms grouped by waveform correlation for high-frequency earthquakes.

Colors of circles in (a) show number of earthquake group. White circles indicate events that are not grouped with other
earthquakes. Crosses and triangles display locations of background seismicity and stations, respectively. Sizes of
crosses are proportional to earthquake magnitude. (b) and (c) show three-component seismograms observed at N.ANIH
station for earthquakes in groups 1 and 6. Amplitudes of seismograms are normalized to the maximum in each trace.
Numerals at right of seismograms indicate event number. Time windows used for cross-correlation analysis are

marked with horizontal red bars on time axes.
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Low-frequency earthquakes (1)
Time window: -0.1-1.9 [s] z —comp.
2 Hz, Corr >= 0.60

(b) Group: 1 ( 5 events), Station: N.ANIH
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Fig. 12. Similar to Fig. 11, but for low-frequency earthquakes. Time windows for cross-correlation analysis are from
arrival of S-wave with a duration of 2, and are marked with horizontal red bars on time axes.
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Low-frequency earthquakes (2)
Time window: 1.9-3.9 [s]
2 Hz, Corr >=0.60
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Fig. 13. Same as Fig. 12, but for time window of later phase (2s window from 1.9s after arrival of S-wave).
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Low-frequency earthquakes (3)
Time window: 3.9-5.9 [s]

(b) Group: 1 ( 9 events), Station: N.ANIH
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Fig. 14. Same as Fig. 12, but for time window of later phase (2s window from 3.9s after arrival of S-wave).
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