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Tectonics and Hazard in the Middle East
Historical earthquake catalogue?

Is it complete?  Above what magnitude?
How to interpret silence?

Is it accurate: 
dates? locations? magnitudes?

How to interpret the historical accounts:
are they plausible?  exaggerated?

Necessary skills:
Languages
History
Engineering/seismology
Geology

EURASIA EURASIA

1. can’t predict microplate motions from main plate motions

2. can’t predict what happens in wide deforming belts (Zagros, Caucasus)

south
Aegean

Turkey
(Anatolia) south

Caspian

central
Iran

Jackson & McKenzie, GJI,  1988Seismic vs aseismic strain?
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~100% seismic

10-50% seismic

<10% seismic
Jackson & McKenzie 1988

Are there enough earthquakes in the 
last 100 years to account for the 
overall motions?

(This was pre-GPS)

thrusts

strike-slip

total

thrust

strike-slip

‘Partitioning’

~100% seismic

10-50% seismic

<10% seismic

mostly aseismic

mostly seismic

Jackson & McKenzie 1988

100 years’ seismicity is 
not representative of 
longer periods

what is missing?

Crete
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Calculations: Hellenic Trench

Length = 600 km; down-dip width = 40/sin 15o = 160 km; velocity = 40 mm/yr

Expected moment rate = 115 x 1018 Nm/yr
Earthquakes over last 100 years account for 9 x1018 Nm/yr or 3 mm/yr

Earthquakes in 20th century account for <6 mm/yr or <15% of the convergence

Either:  most of the convergence is aseismic
Or:  there are occasional very large earthquakes

The deficit:  one Mw 7.3 every year   or
one Mw 8.0 every 15 years

In the last 100 years there were 5 earthquakes of Mw > 7.0 (biggest Mw 7.1)
Only two known candidates for earthquakes of Mw ~ 8.0 (AD 365 and 1303)

The bulk of the convergence must be aseismic

~100% seismic

10-50% seismic

<10% seismic

mostly aseismic

Jackson & McKenzie 1988

Needs one Mw 7.0 
every 10 years

1977
1972

Needs one Mw 7.0 
every 10 years

Arabian
shield

Turkmenistanan
(Turan) shield

We can do better with GPS
Earthquakes 1900-2000

(red before 1960; blue after 1960)

Masson et al 2005
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Earthquake strains (red) agree with
Geodetic strains (black) in orientation

GPS velocity field relative to Eurasia

Masson et al 2005

… but not in magnitude

Masson et al 2005But largely aseismic does not mean SAFE

10 km

Problems: 1. Faults you can’t see

Talebian & Jackson 2004 GJI
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Qeshm island

Mw 6.0

27‐Nov‐2005

Mw 6.1

10‐Sep‐2008

Talebian & Jackson 2004 GJI
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• top depth ~5 km

• bottom depth ~8 km

• top depth ~3 km

• bottom depth ~8 km

Problems: 2. How does the seismogenic layer work?

Bam

1981 Mw 7.1, length 70 km, Hmax 30 cm

Berberian et al. (2001) GJI

Bam

1998 Mw 6.6, length 20 km, Hmax 300 cm

1981 Mw 7.1, length 70 km, Hmax 30 cm

Berberian et al. (2001) GJI
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2003 Bam earthquake (Mw 6.6) BAM BAM

observed synthetic

fault slip

Funning et al. (2005) JGR

2m
1m

Jackson et al. (2006) GJI

Tatar et al. (2005) GJI

2008 & 2009 Qaidam earthquakes (Mw 6.2 & 6.2)

John Elliott (Oxford)



25/06/2013

8

John Elliott (Oxford)

NS

Bam

Baravat

10 km
Problems:  3. The wrong faults move
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follows older faults

blind

Rudbar-Tarom 1990

Berberian & Walker 2010
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1994

1971

Velocity (km/s)

1994
1971

Sefidabeh, Iran, 1994 (Mw 6.2)

Why does this matter?

Dasht-e-Margo
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Dasht-e-Lut

ridge

‘blind’ fault

5 km

road

ridge

gap

ridge

‘blind’ fault

lake
Sefidabeh
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old course of river

white lake beds
Sefidabeh

white lake bedsspring

Sefidabeh = ‘white water’

spring 11,000 dead

13,000 population

Tabas-e-Golshan, 1978
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Tabas

10 km

J. Hollingsworth & M.J. Bolourchi

blind fault

fold

Tabas

10 km

fold

fold

fold

J. Hollingsworth & M.J. Bolourchi

qanats

blind fault

fold

Bam

Baravat

10 km

Baravat
Bam

Old rocks

Young marls

blind thrust fault

West East
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Baravat
Bam

Old rocks

Young marls
Fan deposits

West East

Baravat
Bam

Old rocks

Young marls

water

West East

Baravat
Bam

Qanat (irrigation tunnel)

qanat

West East

view

Baravat

water

30 m
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Earthquakes killing
> 10,000
> 30,000

people since 1000AD

Sefidabeh

Tabas

Rudbar

1978; 11,000 dead

2003; 40,000 dead

1990; 40,000 dead

1641;   13,000 dead
1721; >40,000 dead
1780: >50,000 dead

TEHRAN

Destroyed in:

population: 10-12 million

855 AD

958

1177

1830

J. Hollingsworth & M.J. Bolourchi

Tehran

fold

856 Qumis-Damghan
~200,000 dead

Populations concentrate in dangerous places
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1887, 1889, 1911
destroyed in 
855, 958, 1137, 1830

Bishkek

faults

Also: Ashkhabad (1948), Tashkent (1966)....

1885

am
pl

itu
de

Athens

Gray    >10,000 dead
Red     >50,000 dead

(total: 113 earthquakes)

dead
2001 India           19,000
2003 Iran             30,000
2004 Sumatra   300,000
2005 Pakistan     80,000
2008 China          70,000
2010 Haiti            85,000
2011 Japan          27,000 

Earthquakes that killed more than 10,000 people

1 every 20 years

1 every 5 years

AD


