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ABSTRACT

At 14.46 of March 11, 2011, a giant earthquake with magnitude of 9 occurred in a wide area along the Pacific coast of Tohoku in
northeast of Japan. The earthquake generated a huge tsunami and caused 15729 fatalities and 4539 missing in the Hokkaido,
Tohoku and Kanto regions. Continuous GPS data revealed coastal subsidence as great as one meter along the coast of the Tohoku
area. CMT solution of the earthquake shows a shallow dipping thrust mechanism with a strike parallel to the Japan trench,
indicating an interaplate earthquake associated with the subduction of the Pacific plate. Source process analysis using strong
motion data of the earthquake indicated that the main fault has 450 km length and 150 km width and also showed that the rupture
initiated from earthquake hypocenter and propagated towards both south and north directions.

Keywords: 2011 Tohoku Earthquake, Pacific, Phillipine and North America Plates, Japanese Islands.

1. INTRODUCTION different plate boundaries (Fig. 1). Most of the plate

boundaries are of the convergent types that are
The Japanese islands are situated in the northwestern charact.erized by active crustal movement making
margin of the Pacific Ocean and surrounded by the geological complex structures.

Fig 1. Japanese islands situated in the northwestern margin of the Pacific ocean (Nishiwaki, 2013).
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In Japan, earthquakes very often occur in borders
between plates. The distribution of epicenters in and
around Japan is mostly related to subducting of the
Pacific and Phillippine sea plates (Taira, 2001;
Isozaki et al., 2010). Deep-focus earthquakes caused
by the subduction of the Pacific plate occur most
frequently off the Pacific coast of northeastern Japan
in which the depths of focuses constantly increase
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with distance from the trenches (Fig. 2) (Taira, 2001;
Isozaki et al., 2010). In earthquakes related to the
subduction of the Philippine Sea plate, seismic
activity is vigorous in southwestern Japan in which
the depths of focuses are shallower than those of
earthquakes related to the Pacific plate (Fig. 2).
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Fig 2. Tectonic map in and around Japan. EUR: Eurasia Plate. P AC: Pacific Plate. PHS: Philippine Sea Plate. NA: North America Plate. KT:

Kuril Trench. KA: Kuril Arc. JT: Japan Trench. NEJA: NE Japan Arc. ST: Sagami Trough. NT: Nankai Trough. SWJA: SW Japan Arc. IBT:

Izu-Bonin Trench. IA: Izu Arc. BR: Bonin Ridge. BA: Bonin Arc. KPR: Kyushu-Palau Ridge. RT: Ryukyu Trench. RA: Ryukyu Arc. OT:

Okinawa Trough.JB: Japan Basin. YB: Yamato Basin. YR: Yamato Ridge. OKT: Oki Trough. OKR: Oki Ridge. TB: T sushima Basin. SB:

Shikoku Basin. BT : Bonin Trough. NST : Nishinoshima Trough. Quartenary volcanic front is indicated by a red dash line. Brown dash lines show

major tectoniclines. IST L: Itoigawa-Shizuoka Tectonicline. TTL: Tanagura Tectonic line. KTL: Kanto Tectonic Line. MT L: Median Tectonic
Line (Iwasaki et al., 2013).

Shallow-focus earthquakes occur mainly on the
landward side of trenches and around active
volcanoes and faults. Shallow-focus earthquakes and
relatively deep-focus earthquakes also occur off the
western coast of northeastern Japan that is the
boundary between the North American and the
Eurasian plates (Taira, 2001; Isozaki et al., 2010).

On March 11, 2011, an earthquake of magnitude 9,
the largest earthquake in the history of seismic
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observation in Japan and one of the largest recorded
earthquake in earth planet, occurred off the Pacific
coast of Tohoku in northeastern Japan and generated
a huge tsunami and caused 15272 fatalities and 4539
missing (Okada, 2011).

Continuous GPS data indicated that the entire body
of eastern Japan moved to the east and also revealed
coastal subsidence as great as one meter along the
coast of the Tohoku area. Associated with this
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earthquake, nuclear reactors No. 1 through 4 at the
Fukushima 1st Nuclear power plant got into the
serious situation by considerable disability of cooling
and confining functions (Okada, 2011). In this paper,
the main characters of the 2011 off the Pacific coast
of Tohoku earthquake will be presented and possible
source of the earthquake will be discussed.

2. THE STUDY AREA

2. 1. TECTONIC PLATES AND THEIR
BOUNDARIES IN AND AROUND JAPAN

The Japanese islands have been independent of the
Asian continent since the Sea of Japan started
expanding 20 million years ago. Before the
separation of the islands, the basement of Japan was
formed in the margin of the Asian continent. The
Japanese tectonic history can be divided into three
different stages: a period of passive (Atlantic type)
continental margin (700 to 500 million years ago), a
period of active (Pacific type) continental margin
(500 million years ago to 50 million years later) and
a period of collision and assimilation to a continent
(after 50 million years later) (Taira, 2001, Isozaki et
al., 2010). Pre-Neogene accretionary complexes and
metamorphic rocks constitute the basement of the
Japanese island arcs and covered with Neogene and
Quaternary  deposits and volcanic products.
Accretionary complexes, regional metamorphic rocks
and granites that were formed in a subduction zone
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500 million years ago and later, compose more than
90% of the Japan basement rocks ( Taira, 2001,
Nishiwaki, 2013). In the Japanese islands, the
characteristics of accretionary complex are well
preserved in  southwest Japan. Accretionary
complexes and their metamorphosed equivalences
that are zonally distributed parallel to the Nankai
trough, becoming younger towards the Pacific ocean
(Ito et al., 2009).It is thought that the tectonic frame
work of southwest Japan extends to the Nansei
islands to the south of Kyushu (Ito et al., 2009). The
distribution pattern of basement rock units in
northeast differs from southwest Japan that probably
resulted from the change of the original tectonic
structure during the formation of the sea of Japan in
the Miocene time (Taira, 2001, Isozaki et al., 2010).
Therefore, the basement rock units in northeast and
southwest of Japan are identical. In Hokkaido, the
basement rocks have north-south distribution and it is
thought that tectonic settings of this area are different
from southwest and northeast Japan. The above
facts show that the basement of Japan has been
developed toward the outside trench in the
subduction zone in the margin of the Asian continent
for about 500 million years. The Japanese islands are
in marginal areas of the Pacific, the Philippine sea,
the north American and the Eurasian plates (Fig. 2).
The Pacific plate descends underneath the north
American plate along the Kuril and Japan trenches
and undemeath the Philippine sea plate along the Izu-
Bonin trench (Figs. 2 and 3).
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Fig 3. Depth contours of the surfaces of subducting plates around Japanes islands (Nishiwaki, 2013).

The Philippine sea plate descends beneath the
Eurasian plate along the Suruga-Nankai troughs and
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the Ryukyu trench (Figs. 2 and 3) (Taira, 2001;
Isozaki et al., 2010).



Figure 3 shows depth contours ofthe surfaces of the
subducting Pacific and Philippine sea plates (Taira,
2001; Isozaki et al., 2010).

The lines of the Pacific plate drawn parallel to the
trenches at even intervals, indicate that the leading
edge dives into the mantle at a constant angle. On
the other hand, the lines of the Philippine sea plate
are more complicated.

The contours in and around the Kii peninsula (central
Honshu) take the form of S-shape, suggesting the
flexure of the leading edge. The Philippine sea plate
subducted along the Sagami trough is in contact with
the leading edge of the Pacific plate (Taira, 2001;
Isozaki et al., 2010).

There exist several major tectonic lines within the
NE Japan and SW Japan Arcs (Fig. 2) (Iwasaki et al,
2013). The Itoigaea-Shizuoka Tectonic Line (ISTL),
running with NS direction in Central Japan, is a
major tectonic boundary and one of the most active
fault systems.

According to Nakamura (1983), the plate boundary
in the Sea of Japan is connected with the ISTL,
separating the North American Plate from Eurasia
(Amur) plate.

The Kanto Tectonic Line (KTL) is considered to
separate the SW Japan Arc fromthe NE Japan Arc. A
syntaxis by the ISTL and KTL has been formed by
the collision of the Izu-Bonin-Mariana (IBM) Arc
against the SW Japan Arc since the middle Miocene.
The Median Tectonic Line (MTL) is the most
prominent active fault with EW strike in SW Japan,
dividing the SW Japan Arc into the Inner (northern
side) and the Outer (southern side) Zones (Ito et al.,
2009).

The Outer Zone is composed of Jurassic-Miocene
accretionary complexes, whose northernmost part
was affected by high P/T metamorphism (the
Sambagawa Belt). The Inner Zone consists of
geological units with older ages (180-2,000 Ma)
(Isozaki and Maruyama, 1991), a part of which
experienced heavy granitic intrusion at the time of
Cretaceous.

From the central to eastern parts of Hokkaido,
another arc-arc collision zone is ongoing. Since
Miocene, the Kuril Forearc, now occupying the
southernmost part of eastern Hokkaido, has been
collided against the western Hokkaido (the NE Japan
Arc).

Off the southern part of central Honshu, the Japan
Trench, Sagami Trough and Izu-Bonin Trough meet
together forming a triple junction to produce complex
structures. The Izu-Bonin-Mariana (IBM) Arc, 2,800
km in length, has been formed in an intraoceanic
convergent margin in contrast with the NE Japan and
SW Japan Arcs built on the continental crust.

The initial subduction along the Izu-Bonin and
Mariana Trenches started at 50-40 Ma, forming a
proto-type IBM Arc.

By the first rifting occurring in 30-15 Ma, the
Kyushu-Palau Ridge was separated to the west to
open the Parece-Vela and Shikoku Basins. The
northernmost part of the Izu Arc began to collide
against Honshu by the initiation of subduction along
the Nankai Trough at 15Ma.

The second rifting started after 10 Ma in the southern
part of the IBM Arc, which is responsible to formthe
Mariana-back arc basin. The northern Izu Arc, on the
other hand, has evolved as an unrifted arc (Iwasaki et
al.,2013).

The Ryukyu Arc, extending from Kyushu to Taiwan,
consists of a nonvolcanic outer arc and a volcanic
arc.

Behind the Ryukyu Arc, there exists a backarc basin
of the Okinawa Trough. The initiation of rifting of
this basin is dated late Miocene (Letouzey and
Kimura, 1985) or early Pleiocene (Park et al., 1998).
It is considered that the middle and southern
Okinawa Trough is in a more advanced stage of
backarc spreading than further north.

Namely, the backarc spreading phase started very
recently in the southern Okinawa Trough, while the
northern Okinawa Trough is in a stage of the crustal
thinning (Iwasaki et al., 2013).

3. RESULTS AND DISCUSSION
3.1. EARTQUAKE DATA

Main shock of the earthquake occurred at 14:46 of
March 11, 2011 (JST) (Japan time). Seismic intensity
of 7 in JMA (Japan Meteorological Agency) scale
was recorded at Kurihara city, Miyagi prefecture, and
intensity of 6+ or 6- were observed in wide area
along Pacific region ranging from Iwate prefecture to
Ibaraki prefecture (Fig. 4)(Okada, 2011).

Peak ground acceleration of 2,933gal (composite of
three components) was observed at Kurihara city. It
was the third time that intensity of 7 was recorded in
Japan following the 1995 Kobe earthquake (M 7.3)
and 2004 mid-Niigata earthquake (M 6.8).

JMA named this earthquake “2011 off the Pacific
coast of Tohoku Earthquake”. Hypocenter of the
earthquake locates off Sanriku at 130 km ESE of
Oshika peninsula with the focal depth of 24 km (Fig.
4).

Magnitude of the earthquake was finally determined
as 9.0 in March 13 with a WNW-ESE direction as
shown in the inset of Fig. 4 (Okada, 2011). Fig. 5
shows the seismic activity of the main shock and
aftershocks of magnitude 5 or larger which occurred
in a week since March 11.
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A red circle at off Miyagi prefecture denotes the
hypocenter of the main shock, while orange and
yellow circles show M 7-class and M 6-class
aftershocks, respectively (Okada, 2011).

5 m

i
Fig 4. (a) Division of the region off the Pacific coast of the
northeastern Japan. (b) Intensity distributionand CMT solution of
2011 of the Pacific coast of Tohoku (Okada, 2011).

Aftershocks are concentrated within a region of 500
km in NS and 200 km in EW ranging from offshore
of Iwate prefecture to offshore of Ibaraki prefecture.

The main shock of M 9.0 started rupturing from the
point of red circle and propagated northward to reach
offshore of the Iwate prefecture, and southward to
reach offshore of the Ibaraki prefecture to form a
great cut surface.

Temporal-spatial distribution of the aftershocks
shows the change in hourly number of the
earthquakes which recorded intensity 4 or larger. A
series of M 7-class events, M 74, M 7.7, and M 7.5
were successively generated within 20 to 40 minutes
after the main shock, but no M 7-class event occurred
thereafter. The number of M 6-class earthquakes was
52 and the number of the events with intensity 4 or
larger was 64 in the period of 11 days after the main
shock.

Two days before the main shock, an earthquake of M
7.3 took place off the Sanriku coast at 11:45, March
9. It accompanied active aftershocks including a M
6.8 event of the next day. These events were located
just north of the 2011 off Pacific coast of Tohoku
earthquake implying the foreshock of this huge event
as a result.

However, since the ecarthquake of M 7.3 is
sufficiently large one by itself, no one could imagine
that this event links to the coming huge earthquake
(Okada, 2011).

2011/3/11
o :

-
o@=

oa@

i -
oo

Fig 5. Distribution of themain shock and aftershocks of M 5 or
larger which occurred in theperiod March 11to March 18, 2011
(Okada, 2011).

Huge earthquake of M 9.0 brought enormous crustal
deformation on eastern Japan. Fig. 6 shows
displacement field caused by this earthquake detected
by GPS network of the Geospatial Information
Authority of Japan (GIAJ, 2011). Taking the fixed
point at Misumi city in Shimane prefecture, Pacific
side of eastern Japan moved several meters to
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Fig 6. Crustal deformation associated to the 2011 off the Pacific coast of Tohoku earthquake (GIAJ, 2011).

E-SE direction. Displacement of 4.4 m was observed
at Shizugawa, Minami-Sanriku town in Miyagi
prefecture, and the largest displacement of 5.3 m was
detected at Oshika city, while displacement at Japan
sea side was around Im causing a large extensional
field in the eastern Japan.

On the other hand, as to the vertical displacement,
subsidence of several tens centimeters was detected
in wide area along Pacific coast region. Subsidence
of 75 cm was observed at Shizugawa, and the largest
subsidence of 120 cm was detected at Oshika.

Such a subsidence makes sea water brought by
tsunami difficult to drain back (Okada, 2011).
According to Figure 6, even Tokyo looks to move
eastward by around 10 cm and subsides around Scm.

It is usual that an inter-plate earthquake occurred at
trench region accompanies tsunami. In Japan, large
tsunami attacked the Pacific coast ranging from
Hokkaido to Okinawa and the tsunami was also
observed at the coast of the Japan sea, the Okhotsk
sea, and the east China sea.

The tsunami also propagated to the coast of Hawaii,
northern and southern America continents, and the
Pacific countries.

At Kamaishi, Ishinomaki, and Ofunato, the first
arrival of tsunami was at 14:46, that means the
tsunami reached to these coastal cities at the same
time of'the earthquake occurrence (Fujii et al., 2011).

4. CONCLUSION

CMT solution of the 2011 off the Pacific coast of
Tohoku earthquake show a thrust type model with a
pressure axis in WNW-ESE direction (Fig. 7). This
means that the earthquake was generated as a typical
inter-plate earthquake which is caused by the
rebound of a continental plate (North American
plate) against a subducting oceanic plate (Pacific
plate) at Japan trench (Fig. 7) (Okada, 2011).

Fig 7. (a) Plate configuration around Japan. (b). Mechanism of
interpelate earthquake (Okada, 2011).

In Figure 4, the hypocenter was shown as a cross-
mark. But gigantic energy of M 9.0 earthquake was
never radiated only from this point. The rupture
initiated from a hypocenter spreads with a speed of 3-
4 km/s to make a planar cut surface. The area of this
surface called as “fault surface” and the amount of
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offset determines the magnitude of the earthquake
(Okada, 2011).

Also, Meteorological Research Institute (MRI) of
Japan Meteorological Agency (JMA) analyzed
source process of the event using strong motion
records of 18 stations (Fig. 8) in Tohoku and Kanto
areas (Yoshida et al., 201). This study show that the
main rupture was located in the north-east of the

rupture starting point (shallower side of the
hypocenter), and maximum slip amounted to about
25 m and the size of the main fault was 450 km in
length and 150 km in width. They also show that the
rupture gradually extended near the hypocenter and
propagated towards both south and north directions.
Therefore it can be concluded that the fault plane is
parallel to the surface of the subducting
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Fig 8. Slip distribution on the fault estimated from source process analysis (Yoshida ef al., 2011).

plate, and the starting point of the rupture is at the
hypocenter determined by JMA (latitude: 38.1deg,
longitude: 142.9deg). Rupture of the main shock
started from the hypocenter, propagated to off the
coast of Iwate prefecture in north and to off the coast
of Ibaraki prefecture in south.

REFERENCES

Fujii, Y., Stake, K., Sakai, S., Shinohara, M. and
Kanazawa, T., (2011) Tsunami source of the 2011 off the
pacific coast of Tohoku earthquake. Earth Planets Space,
63, 815-820.

XXVIII

Geospatial Information Authority of Japan (GIAJ), The
2011 off the Pacific Coast of Tohoku earthquake. (2013)
Coseismic  Slip  Distribution Model, 2013, [online],
Availabe:http://www.gsijp (2013, March 11).

Isozaki, y., Aoki K., Nakama, T. and Yanai, S., (2010) New
Insight Into A Subduction-Related Orogen. 4 Reappraisal
Of The Geotectonic Framework And Evolution of the
Japanese Islands, Gondwana Research, 18, 82-105.

Isozaki, Y. and Maruyama, S., (1991) Studies on orogeny
based on plate tectonics in japan and new geotectonic
subdivision of Japanese islands. Journal of Geology, 100,
697-761.



Ito, T., Kojima, Y., Kodaira, S., Sato, H., Kaneda, Y.,
Iwasaki, T., Kurashimo, E., Tsumura, N., Fujiwara, A.,
Miyauchi, T., Hirata, N., Hrder, S., Miller, K., Murata, A.,
Yamakita, S., Onishi, M., Abe, S., Sato, T. and Ikawa, T.,
(2009) Crustal Structure of Southwest Japan, Revealed by

the Integrated Seismic Experiment of Southwest Japan.
Tectonophysics, 472, 124-134.

Iwasaki, T., Levin, V., Nikulin, A. and lidaka, T., (2013)
Constructions on the Moho in Japan and Kamchatka.
Tectonophysics, 609, 184-201.

Letouzey, J. and Kimura, M., (1985) Okinawa Trough
Genesis: Structure and Evolution of the Back-Arc Basin
Developed in a Continent. Marine and Petroleum Geology,
2, 111-130.

Nakamura, K., (1983) Possible nascent trench along the
eastern japan sea as the convergent boundary between
eurasian and north american plates. Bulletin of the
Earthquake Research Institute, 58, 711-722, (in Japanese
with English abstract).

Nishiwaki, H. (2013) Introduction to the landforms and
geology of Japan. [online], Available:
http://www.glgarcs.net [2013, March 11].

Okada, Y. (2011) Preliminary report of the 2011 off the
pacific coast of tohoku earthquake, [online], Available:
http:// www.bosai.go.jp (2013, March 11).

Park, J.O., Tokuyama, H., Shinohara, M., Suy¢hiro, K. and
Taira, A., (1998) Seismic Record of Tectonic Evolution
and Backarc Rifting in the Southern Ryukyu Island Arc
System. Tectonophysics, 294, 21-42.

Taira, A., (2001) Tectonic Evolution of the Japanese Island
Arc System. Annual Review of Earth and Planetary
Sciences, 29, 109-134.

Yoshida, Y., Ueno, H., Muto, D. and Aoki, S., (2011)
Source process of the 2011 off the pacific coast of tohoku

earthquake with the combination of teleseismic and strong
motion data. Earth Planets Space, 63, 565-5698.






Available online at: www.geo-dynamica.com
cRlg

GRIB

Vol (2), No. 01, SN: 04, (Special Issue on Saravan Earthquake) April 2014 ?;?e%i{:ﬁ/gﬁggf
4" Article-P. 110 8

ISSN 2345 - 4997

The Study on Great Earthquake Predictability by Using to Fibo-
Fractal Analysis (Seismic Events in NW of Saravan)

Reza Mehrnia
Department of Geology, Payam Noor University (PNU), Qazvin, Iran.

r_mehrniya@pnu.ac.ir

Article History: Received: Mar 29, 2014 Reviewed: Apr 08,2014
Revisedl: Apr11,2014 Accepted: Apr 13, 2014 Published: Apr 14,2014
ABSTRACT

Using fractal equations within an integrative algorithm of Fibonacci sequences is a new approach toward spatial prediction of
great earthquakes with emphasized investigations on earthquake catalogue in north east of Saravan (1929-2013) and potentials by
this research. Analytical results indicate growing up of self-similarities due to a magnitude geostatistical interpolation. Therefore,
the fractal dimension of magnitude-area power law function is in coincidence with Golden Ratio influences (1.618). It means that
the focal mechanism of Saravan great earthquake (M: 7.7, 16 April 2013) had close relation with pre-seismic parameters
including co-appearances of self-similarities, variation of fractal dimensions and relative stability of Fibonacci ratios that are
introduced to facilities of current research technique for great earthquakes prediction.

Keywords: Earthquake Prediction, Fibonacci, Fractal, Saravan.
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ABSTRACT

In this study the Coda waves application have been investigated to obtain the source and path effects for the Tehran region.
Methods are used here to obtain the attenuation of path is normalized method and for an estimate of the magnitude, the length of
time coda waves is used. A Reliable estimate of the magnitude and the full examination of magnitude (Mc) from the earthquake
catalogs is necessary for any analysis of seismicity, (Habermann, 1987). We used the records of seismic waves from Geophysics
Institute of University of Tehran for Mc was calculated as follows. Frankel (1990) used for the first time coda normalized
methods to estimate the number of stations. That for inactive areas and are rare and low data this method can be useful. We used
recorded accelerograms Kojor of around the epicenters of earthquakes that led to we are calculate the absorption coefficient with
using normalized coda waves (Aki, 1980) for all recorded stations that had good signal to noise ratio of quality factor.

Keywords: Coda Waves, Tehran Region, Coda Normalized M ethod, Coda M agnitude (M c).
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ABSTRACT

Natural hazards are adverse events that occur in the majority of cases and are associated with human and financial losses .The
earthquakes dangerous have high importance for Iran because of this country position on the one of most dangerous belt of
seismic (Ailpine— Himalayan) in the world. Application of remote sensing technology and satellite image processing can
compensate the lack of ground stations and earthquake observation and forecasting system improvement. In this research, we
used this technology for analyzing thermal anomalies of a few days before the recent earthquake in Saravan with M ODIS sensor
of Terra satellite data by using split window algorithm and identifying and providing the resulting thermal anomalies to predict
the nearly occurring earthquake in other areas.

Keywords: Saravan, Thermal Anomaly, Remote Sensing, M odis Images, Split Window Algorithm.
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