The 39 SCEC-ERI Joint Workshop on
“Earthquake Hazards in Urban Area” and
“Toward Constructing Forecast Systems of Earthquakes

Evaluation of seismic events and
earthguake faults with weak
surface features

Kunihiko Shimazaki
Association for Earthquake Disaster Prevention

Earthquake Research Institute

14:50-15:15, March 16, 2010
1



How much information can we obtain on an
underground source fault by geomorphological,
geological, and geophysical surveys on active faults ?

Weak earthquake feature on active faults
Weak feature of active fault

Evolutionary development of active faults
The longer an active fault is, the higher is its activity.



Major active
faults in Japan

Length: 20km or
longer (M7.0 or
above * )

* Matsuda (1975)
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underground source fault by geomorphological,
geological, and geophysical surveys on active faults ?

Weak earthquake feature on active
faults

Weak feature of active fault

Evolutionary development of active faults
The longer an active fault is, the higher is its activity.



10cm vertical offset due to the M6.8 Chuetsu EQ of 2004 vs.
2m offset found at the trench site
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Ten earthquakes with magnitude 7.0 or above,
which occurred on the major active faults
during the past 200 years

Recognizable by trench excavation survey? NO for three
cases

M7.4 Zenkoji earthquake of 1847 M7.4

M71/4 lga-Ueno earthquake of 1854 No earthquake fault was observed
M7.0-7.1 Hietsu earthquake of 1858

M8 Nobi earthquake of 1891

NO M7 Shonai earthquake of 1894

M7.2 Rikuu earthquake of 1896

M7.3 Kita-Tango earthquake of 1927

M7.3 Kita-1zu earthquake of 19304

NO M?7.1 Fukui earthquake of 1948

NO M7.3 Kobe earthquake of 1995 (Kobe segment)



The M7 Shonai EQ of 1894

Yadarezawa fault proposed by Koto (1895) was not found to exist
(Suzuki et al., 1989). The azimuth of reported rupture is not
consistent with that of the Shonai-Heiya-Toen fault. The reported
surface disturbance features are not on a line.
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The M7.1 Fukui EQ of 1948

36" 207

No clear earthquake fault was
recognized on the surface.

The source fault (Sagiya, 1999) is
estimated to be 4-5km west of the
major fault zone.
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The M7.3 Kobe earthquake of 1995

No clear earthquake fault is recognized on the Kobe segment,
which is consistent with the distribution of co-seismic slip.
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1995 surface rupture on the Nojima fault
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Ten earthquakes with magnitude 7.0 or above,
which occurred on the major active faults
during the past 200 years

Recognizable by trench excavation survey? NO for three
cases

M7.4 Zenkoji earthquake of 1847 M7.4
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Expected number of earthquakes with
magnitude 7 or above in 30 years on the

major fault zones
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1.5 Past 200 year history

0.9 Long-term forecast

0.4 Earthguake with weak surface
feature
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Existence of an earthquake which does not leave
recognizable features on the surface

Active fault &
underground
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It IS necessary to evaluate an event without clear

surface feature
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No surface feature on a deep asperity
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Another example of shallow and deep asperities
The M7.3 Tottori earthquake of 1943

15km long surface rupture vs. 28km long source fault
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How much information can we obtain on an
underground source fault by geomorphological,
geological, and geophysical surveys on active faults ?

Weak earthquake feature on active faults

Weak feature of active fault

Evolutionary development of active faults
The longer an active fault is, the higher is its activity.
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Empirical relationship

M: magnitude

L: fault length log L (km)=0.6M-2.9

D: co-seismic slip log D(m)=0. 6M-4.0
(Matsuda, 1975)

Seismic moment Mo (Nm) =3. 8x1076]2
Average repeat time T(y) ~80L/s

s (mm/y) . average slip rate
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Recent earthguakes with magnitude
7.0 or larger, which took place on a
short active fault

M7.2 lwate-Miyagil EQ of 2008
M7.0 Fukuoka-Seihouoki EQ of 2005
M7.3 Western Tottor1 EQ of 2000
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The M7.2 Iwate-Miyagi earthquake
of 2008

385N H

Source fault 40km

Active fault 3-4km
Suzuki et al. (2008)
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The M7.0 Fukuoka-Seiho-Oki EQ of 2005
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How much information can we obtain on an
underground source fault by geomorphological,
geological, and geophysical surveys on active faults ?

Weak earthquake feature on active faults

Weak feature of active fault

Evolutionary development of active

faults
The longer an active fault Is, the higher is

Its activity.
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Fault Length (km)
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Short active fault

Seismogenic Source fault What is the magnitude?

layer

Brittle rupture starts from the bottom of

seismogenic layer. _
Exception near a volcano

Seismogenic Wﬁ
layer /w
Source faul

Unidentifiable source
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Fault Length (km)

10 ¢

- A part of source fault | |
| reaches to the surface Shimazaki (1986)
" when magnitude is
M®6.9 or larger M6.9Saitama .
2 ,, |
o M6.91zu-OKi 0% -
I:I,/&I
[5"3
B 5"
101 & e *"g:l |
: 0.~ ..-
B M6.8Mikawa
0
10 : ! I
10_ 10_2 100 102

Seismic Moment (1026 dvne*cm)

27



Unidentifiable
source?

2.3

Short active fault : max M7.4
Assumed power law for soureg faults

Cumulative frequency
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Surface active fault and underground source fault

‘ Larger than
o5 o Source _f_&Ult MG6.8 and

smaller than
Short fault M7.5

( Active fault length = Source length 1

(_/\ PerhapS
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Unidentifiable source 7.1-7.2
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Unidentifiable
source?

2.3

Short active fault : max M7.4
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Major active faults in Japan
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Fault length, km
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The longer an
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the shorter Is
the recurrence
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Conclusions

There exist

an earthguake leaving no clear feature on
the surface, and

an active fault whose source fault 1s much
longer than surface features.

The longer an active fault is, the higher is its
activity.
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