
Abstract:
                Pakistan geographically lies between 
60°E to78°E & 24°N to 37°N. It has high density 
of active faults and  is seismically one of the most 
active area of the Asia. Tectonically it is located in 
the region of intersection of three plates, Indian, 
Eurasian and Arabian sea plate. In the north there 
is  convergent  plate  boundary  between  Eurasian 
and Indian plate,resulting into great Himalaya. In 
the west the intersection between these two plates 
became transform in nature and in the south there 
is a subduction zone known as Makran subduction 
Zone(MSZ) due to the subduction of Arabian sea 
plate under Eurasian plate. 

Due to high rate of seismic activity in the 
country,seismic  hazard  have  become an  eminent 
problem  for  rapid  growth  of  infrastructure, 
industries,population  and  urbanization.  To 
overlook  these  dangers  is  not  possible  because 
Pakistan  has  already  experienced  sever 
earthquakes  in  the  past(Kashmir  ,2005  & 
Quetta,1935)and also a big tsunami generated by 
MSZ.  The  recurrence  of  disastrous  earthquakes 
with  phenomena like tsunami,faulting and ground 
rapture,land slides,Liquefaction,change in ground 
level,broke out  of  fire,formation of  lakes  due to 
blockage of rivers in effected areas or flooding etc 
will of course involve large number of casualties 
and billion of Dollars  lose of infrastructure.

To address these problems ,especially after 
the great Sumatra tsunami of 24th December, 2004, 
and  the  devastating  earthquake  of  8th October, 
2005  (Kashmir  Earthquake)  in  the  history  of 

Pakistan,  Pakistan  Meteorological  Department 
(PMD)  prepared  a  comprehensive  plane  of  up-
gradation  and strengthening  of  National  Seismic 
Network  including  establishment  of  Tsunami 
Early Warning System for possible future tsunami 
in Arabian Sea. The primary object is earthquake 
&  tsunami  mitigation  which  is  used  here  as 
synonym to earthquake and Tsunami protection.

Introduction:
The Indian plate moves northward at a rate 

of about 40 mm/year(1.6 inches/yr)and is colliding 
with Eurasian plate.  This collision causing uplift 
that  produces  the  highest  mountain  peaks  in  the 
word including the Himalayan,the Karakoram, the 
Pamir  and  the  Hindu  Kush  ranges.  Due  to  the 
collision of Indian and Eurasian plate much of the 
compressional motion has been and continues to 
be accommodated by slip on a suit of major thrust 
faults that are at the Earth's surface in the foothills 
of the mountains and dip northward beneath the 
ranges. Most of the earthquakes in Pakistan occur 
in  north,north  west  and  western  parts  along  the 
boundary of the Indian plate with the Iranian and 
Afghan micro plates(Fig.6)

Coastal areas of the Pakistan having a total 
length  about  1050  Km  with  800  Km  of  it 
belonging to the Baluchistan and 250 Km to the 
Sindh including Karachi,the largest industrial city 
of  Pakistan.  The  coastal  areas  of  the  country, 
particularly  the  western  part  contains  active 
tectonic  features.  The  entire  Makran  coast  is  an 
active  subduction  zone  with  a  relatively  high 
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seismicity rate (White,1979). It has been the site 
of  largest  earthquake  ever  recorded  in  Pakistan,
(November,1945,  Mw  8.1).  The  eastern  part 
consists  of  the  alluvial  plain,and is  void  of  any 
tectonic  feature.  The  plate  boundary  in  the 
region  ,which  passes  along  Kirthar  mountain 
ranges,plunges into the sea. In this study some of 
the  tectonic  activities  in  Pakistan,  with 
introduction of  Pakistan  Seismic  monitoring Net 
work is presented.
Geology of Pakistan:

Pakistan lies on a recognized high seismic 
belt bordering various active plates, characterized 
by its seismic instability. It has been the source of 
a number of destructive earthquakes. Based  on a 
geological and Geo morphological evidence many 
seismological  sources  have  been  recognized  in 
Pakistan（Kazmi, Rana,1982)Fig.1 

The collision of Indian plate with Eurasian 
plate which started 30-40 million years ago(Fig.2) 
has  produce  a  remarkable  verity  of  active  folds 
and thrust wedges with in Pakistan. These zones 
extend from the Kashmir  fold and thrust  belt  in 
NE  Pakistan,southwest  through  the  Salt  range-
Potwar plateau fold belt,the Suleiman fold belt and 
the Makran accretionary wedge.

In  northern  Part,  the  Himalaya  are  an 
integral part of mother earth's mountain ecosystem
which constitutes a gigantic arch, separating the

Indian plains from North Tibet and Central Asia. 
The Himalayan range are divided into four major 
subdivisions(Yeats   &Lawrence,1984).North  of 
the  Main  Karakorum thrust  lies  the  Karakorum 
range and Hindu Kush,Turan block (Sengor,1979). 
South of the main Karakorum thrust and north of 
the main Mantle thrust lies  the Kohistan block,a 
Terran believed to have been formed as a island 
arc(Tahir Kheli,1982),which locked with Eurasian 
in late cretaceous to early Eocene( Kennett,1982 
Windley,1983,).In  the  latest  phase  in  Pakistan, 
thrusting transferred to the Salt range thrust (Yeats 
et al,1984). In Pakistan,several segment of  the
Himalayan   plate  boundary  have  active  faults 
superimposed on plate boundary faults. Examples 
of  Neotectonic  are  primary  well  developed  at 
Makran coast,Quetta Syntax ,Kala bagh Reentrant, 
Peshawar plain,Naga Parbet and Kashmir.

The  chaman  fault  system  is  a  major 
fracture zone which begins near Kalat in Northern 
Makran range,passes near Quetta and extend along 
Pakistan  border  with  Afghanistan  in  a  north-
northeastern direction to  the Kabul,where it  join 
the herat fault and ultimately the Hindu Kush and 
Pamir ranges (Apel et al,2006).Its a continuation 
on land of an extensive transform fault system in 
Arabian  sea known as  the Owen fault  zone and 
Ornach-Nal fault. Fig.1 & Fig.3.
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    Fig.1    (Major Tectonics in Pakistan 
Geological Survey,of Pakistan ) 

 Fig.2  Interpretive map of Plate Tectonics



 

In  Western  Pakistan  Quetta  and  the  other  town 
which  were  devastated  in  1935,  earthquake 
(Mw8.1) are in close proximity to the most active 
Chaman and Chilton fault . A zone of E-W folds 
and thrust near Quetta in Zhob and Loralai ranges 
form a bulge into the Indus plain,joining with the 
N-S  Suleiman  ranges  in  the  east  along  Pak- 
Afghan border.

In  SAR  scenes  of  Chaman  fault  suggest 
that  a  region  of  about  120  Km  long  is  indeed 
creeping  at  the  surface  with  the  rate  of 
approximately 20 mm/y. An earthquake of Mw 5.7 
in the same ranges showed a clear left lateral strike 
slip motion as inferred from In SAR data analysis 
by JAXA/SIGMA-SAR (M.Shimada,1999)Fig.4.
The Suleiman and Kirther ranges of Pakistan are 
aligned in a North south direction. Seismic activity 
in Kirther range is relatively low. 

Coastal Areas of Pakistan:
Viewed  on  a  regional  scale,  the  coastal 

areas of Pakistan can be divided into three distinct 
region(Fig.5).  The  Makran  coastal  region  with 
parallel sets of E-W trending mountain ranges in 
the West,Plains of southern Sindh in the East,and 
N-S  trending  axial  fold  belts  in  between  as  a 
divider. These fold belts were formed during the 
collision  process  when  Indian  plate  underwent 
basement segmentation(Bannert et  al,1992). The 

geology of the area shows that the rocks exposed 
in the region are generally  of sedimentary origin 
with  the  exception  of   Lasbela  ophiolite  belt  in 
Eastern  Baluchistan  and  Precambrian  granite 
outcropping in Eastern Sindh in Nagar Parker area 
(Bakr,Jackson, 1964, Wadia,1976)

As  the  Makran  region  of  southern  Pakistan  and 
southern eastern Iran is a active subduction region. 
A  number of E-W trending thrust faults including 
Makran coast thrust fault (length, 225 Km) which 
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 Fig.3 Makran Accretionary prism & zone 
of subduction in Arabian Sea.

  Fig.5  Tectonics of Coastal Area of 
Pakistan.  

 Fig.4(InSar image showing Left Lateral 
movement near Quetta.



lies little south of  of Ormara and Pasni, have been 
mapped  in  the  Makran  region(Hunting  Survey 
corporation,  1961,Bakr-
Jackson,1964,Kazmi,1979).The Makran continent 
margin displays the best exposed arch-trench gap 
forming the sea ward part of folded and faulting 
accretionary  sediment  prism  and  fore-arc  basin 
resulted  from  active  north  ward  subduction  of 
oceanic portion of Arabian plate beneath Lut and 
Afghan  blocks  of  southern  margins  of  Eurasia 
(Hunting  Survey  corporation,1961,Raza  & 
Bannert,1995).
Seismotectonic of Pakistan:

Seismic  activity  in  Pakistan  is  shown  in 
Fig.6  .Mostly  earthquakes  felt  in  northern  parts 

and adjoining  areas of Punjab are generated by 
Hindu Kush region which is regularly generating 
very large earthquakes, mostly lies up to the depth 
of 300 Km. The compressive stress direction of 
this region is NNW-SSE. The direction of crustal 
stress in Kashmir  is NE-SW,Perpendicular to the 
line of plate collision and MBT. The Hindu Kush 
and  the  Pamir  makes  one  of  the  most  active 
seismic  zone  of  the  world.  The  Hazara-Kashmir 
Syntax (HKS),  formed due to  the change in  the 
Himalayan thrust interface  direction from NE  to

  NW along the Indus (Fig.1).The Punjal thrust and 
Main  Boundary Thrust(MBT) are  folded  around 
this  syntax and are  subject  to  90° rotation  from 
one side to the other. The Punjal thrust ,MBT and 
Muzaffarabad  thrust  are  truncated  by  the  active 
Jhelum fault(Baig  &Lawrence,1987).The  Jhelum 
fault acts as an active left lateral oblique reverse 
fault.  In  the  western  Himalayas,the  seismic 
activity largely coincides with the surface trace of 
the  Main  Central  Thrust(MCT)  rather  than   the 
MBT. Many of the earthquakes that occur on the 
MBT are associated with a shallow north dipping 
subsurface extension of the MBT underlying the 
MCT.  A  section  of  low  activity  lies  near  the 
eastern  flank  of  the  Kashmir  Syntaxial 
bend(Fig.1).  The western end of  this  zone stops 
against a zone of high activity in Kashmir,which is 
the area of 8th October, 2005,earthquake.

The  seismic  activity  in  Kirther  range  is 
diffused compared to that in Suleiman range. The 
most remarkable clustering of seismicity occurs in 
Quetta Transverse range due to the chaman fault. 
In  coastal  areas,most  of  the  seismic  activity  is 
concentrated  around  Makran  coast  and  the 
northern  portion  of  Ornach-Nal  and  Pub 
fault(Fig.5 & Fig.6). The seismicity of Ornach-Nal 
and Pub fault is rather diffused and is difficult to 
associate  with  either  of  the  fault.  A number  of 
shallow earthquakes occurred along the southern 
portion of Ornach -Nal fault. Although a low level 
of  activity  characterized  the  seismicity,the 
continuity and well  developed appearance of the 
Ornach-Nal  fault  suggests  that  it  had  been  an 
important zone of movement in the past,  but no 
large  historic  earthquake  is  documented  in  this 
zone. In southern Baluchistan,north of the Makran 
coast  seismic  activity  is  characterized  by a  low 
level  of  occurrence  in  the  east  with  no  large 
earthquake  and  a  moderate  level  in  the  west  in 
Iran. None of the earthquake in this region can be 
specifically associated with any particular mapped 
fault.  In  Arabian  sea  ,south of  the  Pakistan 
coast,modern  seismic  activity  occurs  along  the 
north  portion  of  the  Murray 
ridge(Fig.5&Fig.6).The  elevated  plateau  N-W of 
the ridge and parallel to it is the site of most of the 
earthquakes.  The  Runn  of  Kutch(Fig.5)  is 
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   Fig.6 Seismic Activity from 1964 to 2009 in 
Pakistan.



characterized  by  low level  seismic  activity.  The 
seismic  activity  in  this  region  was  sparse  and 
scattered  till  the  Bhuj  earthquake,2001,  in  the 
Indian  side  (January,26,2001,Ms,7.9).The  main 
shock followed by a stream of aftershocks and the 
town  was  completely  destroyed.  Focal 
mechanism(Fig.14 ) shows dominantly thrust with 
E-W orientation(Khan et,al,2001).
Historical Seismicity:

The historical  data has been compiled by 
PMD,and each event has been assigned intensity 
on MMI scale based on the historical reports. The 
upper frequency value for each event is assigned a 
magnitude value by using Gutenberg and Richter 
empirical relation

M= 1 + 2/3 Io -------------- (1)
Mb = 0.63 Ms + 2.5 ------ (2)

The  historical  data  is  shown  in  Fig.7,  which 
confirms that,in  Pakistan seismic activity mostly 
associated  with  major  faults,specially  in 
Baluchistan with  chaman fault   and in  Northern 

area with MBT & MMT. The main features that 
can be extracted from historical record are,
1- A concentration of earthquakes in northern belt 
from Islamabad/Rawalpindi to Peshawar. 
2- A concentration of earthquakes around Quetta 

region.
3-  Regions  of  low  or  no  historical  activity  are, 
South-Western Pakistan,Punjab and Eastern part of 
Sindh.
Instrumental Seismicity:
            Distribution of seismic activity during both 
historical  and   present  instrumental  period  is  of 
great  important  to  understand  the  dynamic 
behavior of the earth and to determine earthquake 
hazard in Pakistan. In Pakistan,quality of seismic 
data improved in early sixties after the installation 
of  World  Wide  Standard  Seismograph 
Network(WWSSN).The  instrumental  data  of  the 
region before this is quite limited which is clear 
from the Fig.8. 
The  distribution  of  earthquakes  with  respect  to 

focal  depth  is  shown  in  Fig.9.  It  shows  that 
shallow earthquakes with focal depth  ≤ 100 Km 
generally  dominates  in  the  country.  In  contrast 
deep  focus  earthquakes  with  focal  depth  >  100 
mostly occur to the N-W of  Pakistan in the Hindu 
Kush range. It is clear that ,Quetta and Kashmir 
region along with Hindu Kush ranges are mostly 
active. In Pakistan,the sever earthquake from 1973 
to  2009  are  shallow  focus  lies  up  to  50  Km 
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Fig.7 Historical earthquakes of Pakistan lies 
at Major Faults along with Plate Boundary.

 Fig.8 Historical & Instrumental Seismicity.



depth(Fig.10) so they are most destructive due to 
cluster deformation,but in Hindu Kush range some 
are of intermediate depth,that is why they also felt 
in Pakistan.

Decade Frequency of Pakistan:
The  number  of  earthquakes  per  year  and 

the decade frequency response are shown in Fig.11 
& Fig.12. The earthquake frequency for Pakistan 
is being increasing every ten years, because within 
ten years mostly there is  a sever felt  earthquake 
with large number of after shocks,e.g during year

1993-2003,in  Quetta  region  there  is  a  sever  felt 
earthquake  in  1997,  and  during  2003-2009, 
Pakistan  sever  Kashmir  earthquake,  (Oct,2005) 
and large  number of its after shocks( Fig.11) 

B-Value Estimation for Pakistan:
The frequency of earthquakes as a function 

of  their  magnitude,during  the  period   ,1973  to 
2009  with  a  minimum  magnitude  4.5  and 
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Fig.11Number of earthquakes per Year in 
Pakistan.

Fig.9 Seismicity of Pakistan with Depth 
profile.

Fig.10 Shallow Focus Sever Earthquakes.

Fig.12 No. of earthquakes per Ten Year. 
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maximum magnitude 8.0 is calculated,and shown 
in Fig.13.

As  the  seismic  activity  of  seismogenic 
zone  is  quantified  in  terms  of  the  frequency-
magnitude relationship. This relationship is a key 
element  in  estimating  the  probability  that  a 
earthquake  of  certain  magnitude  will  occur  in  a 
seismogenic zone with a predefined time interval. 
The distribution may be fitted with      
 Log N= a-bM 
where  N  is  the  number  of  earthquakes  whose 
magnitude is greater than M. While the a-value is 
a measure of earthquake productivity, the b-value 
is  indicative  of  ratio  between  small  and  large 
earthquakes.  Both  a  and  b  are  important 
parameters in seismic hazard analysis. Usually B-
value lies between 0.8 to 1.2 and for  Pakistan it is 

exact 1.The b-value shows that an earthquake of 
magnitude 7.8 or big can occur again in Pakistan.

Focal Mechanism of Pakistan:
Focal  mechanism  for  Pakistan  is  plotted 

(Fig.14),  by  getting  data  from  Global  Centroid 

Moment Tensor Catalog, which indicates that from 
North  to  South,the  depth  and  mechanism  of 
earthquakes  is  different  in  different  areas.  In 
Hindu Kush region earthquake mechanism is 
generally  thrust  faulting  occasionally  normal 
faulting.  In  Kashmir  the  earthquakes  mainly 
shows thrust fault mechanism. The Karakoram 
and Hindu Kush ranges mostly  shows thrust 
fault mechanism due to the collision between 
Indian and Eurasian plate. In Quetta region there 
are  strike  slip  faults  including  Chaman 
fault,indicating  that  there   boundary  between 
Indian  and  Eurasian  plate  is  of  transform  type 
(Fig.2).  In  southern  part  of  Pakistan  including 
Makran  subduction  zone  faults  are  thrust  and 
normal type due to the subduction of Arabian sea 
plate  under  Eurasian  plate  and  due  to  Murray 
ridge( Fig.3& Fig.5).
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Fig.14 Focal Mechanism showing nature of 
Faults in Pakistan.

                Fig.13 B-value for Pakistan. 



TSUNAMI  DISASTER  &  MODELLING ：
Tsunami  in  Indian  ocean  have  been 

generated by two subduction  zone,  (Fig.15 )The 
Sunda  subduction  zone,and  The  Makran 
subduction  zone,(Berninghausen1966;Murty  and 
Rafiq,1991,Heidarzadeh  et  al,2007,2008b).In 
Indian ocean prior to 2004,Indonesian Tsunami,the 
MSZ   has  generated  one  of  the  deadly 

tsunami(1945  Tsunami  of  Makran  coast  of 
Pakistan) including  4,000 people died and lot of 
loss  of  infrastructure .  The  two  tsunamigenic 
zones (Makran and Sunda )in the Indian ocean,are 
shown in the fig.15 with MSZ enlarged by box. 
Heidarzadeh et al.(2008a) revealed that this region 
has  experienced  at  least  seven  tsunamis  in  the 
past(Table.1). To investigate the tsunami hazard in 
MSZ “Deterministic  tsunami hazard assessment” 
(DTHA)  method   used.   DTHA  includes  the 
following steps.
1)Characteristic earthquake.
2)Modeling sea floor displacement.
3)Numerical modeling of the tsunami.
 As DTHA is based  on  characteristic scenarios 
considering  the largest event known which hit the 
area, in past , this can either be based on historic 
events or hypothetical.(Giest and Parson 2006). In 
case  when  historic  event  is  not  available,  then 

maximum  credible  Earthquake  which  can 
generate tsunami in that region can be used.(Giest 
and  Parsons  2006).DTHA method  is  used   for 
Makran  Subduction  Zone  because  the  historical 
data of tsunami for this  region is poor and only 
one  instrumentally  recorded  event(1945)   is 
available. According to Okal et al (2006) due  to 
the  geographic  curvature  of  Sunda  Arc,(Fig.15) 
and  the  effect  of  directivity  ,tsunami  originated 
from Sunda Arc can not produce large waves in 
Makran region.
Tectonic Setting of Makran Subduction Zone：

The MSZ extends  near from Karachi in 
Pakistan to Strait of Hormoz in Iran  between 55° 
to 70° E and 20° to 28° N with total area about 
900Km. The MSZ form due to the subduction of 
Arabian sea plate beneath the Eurasian 
Plate(Stoneley,1947). The raised beaches along the 
Makran coast confirms the tectonic model of 
subduction zone along this region (Page et 
al,1979).The boundaries of the MSZ are  complex 
tectonic areas mostly transpressional strike-slip 
system(Fig.16).The Ornach-Nal fault system 
forms the eastern boundary and  the Minab-
Zendan fault system forms the western boundary 
as a  transition zone between Zagros continental 
collision and Makran Oceanic subduction (Byrne 
et al. 1992). The Murray Ridge which  form the 
boundary between Arabian and Indian plate in the 
south MSZ is slow moving subduction zone with a 
subduction rate 19.5 mm /year ,as compared to the 
world's other subduction zones(Vernant et 
al,2004). Makran has extremely shallow 
subduction angle with dip angle ranging between 
2° to 8°(Koppa et al 2000,Schluter et al 
2002).Makran has one of the largest accretionary 
wedges on the earth and is characterized by large 
sediment thickness of about 7 Km(Koppa et al 
2000)Like the world other subduction zones , the 
active mud volcanoes are present at MSZ.
(Schluter et al 2002,Wiedicke et al 2001).
Characteristic Earthquake:

The Makran 1945 earthquake (Mw 8.1-8.3) 
used for tsunami simulation because it is the most 
destructive event of the MSZ as well as it is  the
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Fig.15 Two Tsunamigenic zones in Indian 
Ocean (Sunda Arc & Makran Subduction zone.



  

 

largest  earthquake ever occurred in Pakistan and 
its seismic parameters are available. In the MSZ 
seven  large  earthquakes  (Mw  >7)  have  been 
occurred in 500years but non of event was as large 
as  1945  earthquake(Byrne  et  al  1992).The 
recurrence  period  of  such  event  along  MSZ  is 
about 125 to 175 years(Byrne et al 1992,Page et al 
1979). The  tsunami simulation has been carried 
out by Nakamura software combined with GMT by 
Mr. Doung. for a reverse fault using parameters  
from  wells  &  Coppersmith,  1994) as  moment 
magnitude  Mw8.1,rupture  length  200Km,rupture 
width  80Km,  slip  89°,strike  angle  246,dip  angle 
7°,depth 27Km and seismic moment 1.8x 1021 Nm.

Tsunami modeling process can be divided 
into  three  parts,generation,  propagation  and  run 
up.  The  first  stage  i.e  generation  modeling  of 
tsunami  includes the initial disturbance of ocean 
floor due to earthquake triggered. By using input 
seismic parameters,  alogorithm of Mansinha and 
Smylie (1971)  used for the calculation of sea floor 
deformation. The ocean floor up lifted 2 meter due 
to this earthquake (Ambraseys and Melville,1982). 
Several  assumptions  were  made  and  by  using 
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Fig. 16Tectonic map of the MSZ along with the 
location of the Makran historical tsunamis. 
Abbreviations: SH, Strait of Hormoz; MSZ, 
Makran subduction zone; ZT, Zagros thrust; M-
ZF, Minab-Zendan fault; SF, Sonne fault; MR, 
Murray ridge; OFZ, Owen fracture zone; O-NF, 
Ornach-Nal fault

Table.1,a Heidarzadeh et al .(2008a  ） assigned a confidence factor (CF）to each event whose value 
indicates probability of actual tsunami occurrence. They defined it as (1）probable tsunami;(2）definite 
tsunami but the generation mechanism and location are not certain; and (3  ） instrumentally recorded 
tsunami ,b,both by earthquake and tsunami,

No.  Year         Location                      EQ.Mag.  Tsunami   Loss        Run up        CF
                    Long.（E°）Lat（N°                     ） Source    0f Life        (m）
___________________________________________________________________ 
 1   326BC   67.30            24.00                ?         Earthquake   ?                 ?           1  
 2   1008      60.00            25.00                ?         Earthquake   1000b        ?          2
 3   1524      Gulf of Cambay                    ?         Earthquake    ?                ?           1
 4   1819      Rann of Kutch                  7.5-8.2    Landslide/    >2000b       ?           2
                                                                              Volcano
 5   1845      Rann of Kutch                     >6        Landslide/      ?               ?           2
                                                                              Volcano
 6   1897      62.30            25.00                -           Volcano         ?              ?           1
 7   1945      63.00            24.50              8.1-8.3  Earthquake   4000b       2-12      3 



scaling law and empirical equation as a function of 
magnitude (Utsu et al.,2001),the seismic moment 
(Mo) and moment magnitude (Mw)  for a  near 
field tsunami are expressed as follows  (Kanamori 
and Anderson 1975) 
            Mo =μLWD
            Log L = 0.5 Mw – 1.8
            W =  L/2
            Log D = 0.5 Mw – 3.3
            Mw = log Mo – 9.1
                            1.5
Where  L is the rigidity of the earth (about 3 x 
1010  Nm-2  for  the  Makran  region;  Bayer  et  al. 
2006),L and W  are  the  length  and width  of  the 
rupture, respectively, and D, is the amount of slip.
Tsunami Modeling:

The  result  of  numerical  modeling  of 
tsunami of MSZ are shown in Fig.19 & Fig.20.The 
time  duration  for  wave  propagation  was  3 
hour.,Fig.17&Fig.18, Shows examples of snapshot 
of water surface displacement at time 20,and 120 
minutes respectively.

Tsunami  wave  height  data  of  Makran  1945 
tsunami on coastlines are rather poor and no tide 
gauge  data  is  available,  According   to  Page  et 
al(1979),the 1945 tsunami reached a height of 7-
10 meter  in Pasni and 1.5 to2 meter in Karachi 
(Ambraseys and Melville,1982).

According to National Geophysical  Data Centre,
(NGDC),NOAA,  and  Institute  of  Computational 
Mathematics  &  Mathematical  Geophysics 
(SDRAS)  maximum  tsunami  height  at  Makran 
was 15.2 meter. Fig.19& Fig. 20 shows  that     the 
numerical model successfully reproduce the wave 
height between 10 -15 meter at Pasni,as well as 
2-4  meter  at  Karachi,also  the  simulated  wave 
heights are less than 1 meter at southern coast of 
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Fig.18 Wave Propagation after 02 hour

 Fig.19 Tsunami wave Height at different 
coasts. 

  Fig.17 Wave Propagation after 20 Minutes 



Iran  and  northern  coast  of  Oman.  However  the 
tsunami  wave height  also  attributed  to  the  local 
bathymetry  and  topography.  The   maximum 
horizontal penetration of 1945 tsunami in dry land 

was about 1 Km.
The energy of a tsunami is the function of 

its wave height, the Fig.21 shows the direction of 
propagation of tsunami's energy. According to the 
theory of directivity  the energy of tsunami travels 
perpendicular  to  the  strike  of  the  fault(Ben-
Menahem and  Roseman,  1972).  So  most  of  the 

energy  propagates  in  the  North-South  direction 
and  in  Pakistan  north  and  north  east 
direction(Fig.21).The tsunami travel time chart is 
shown in Fig.22.

It shows that due to shallow water,the travel time 
curves are very close to each other near the Strait 
of  Hormoz  and  Western  coast  of  India 
Fig.22&Fig.23.The first tsunami wave reached in 
15  to  90  minutes  at  the  northern  and  southern 

coast  of  Makran.  In  Karachi  90  to  120 minutes 
after  the  tsunami  triggered.  However  the  largest 
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Fig.23 Bathymetry of the MSZ

  Fig.20 Tsunami wave Height at different 
coastal cities of Pakistan.

 Fig.21 Direction of Propagation of Tsunami 
Wave Energy.

Fig.22 Tsunami wave travel time chart



tsunami waves at Pasni reached with in 20minutes.
In eastern Makran a 1945 type earthquake 

can occur every 125 -175 years(Page et al 1979, 
Byrne et al 1992), while the western Makran has 
no clear record of historic great  earthquakes and 
has never experienced a large earthquake during 

past  500 years (Byrne et  al,1992).So either   the 
whole  seismic  subduction  occurs  in  the  western 
Makran or plate boundary is currently locked and 
experiences great earthquakes with longer repeat 
time.  The  Makran  is  naturally enclosed  in  three 
directions so a tsunami from MSZ can affect the 
entire region.
The maximum Tsunami wave Height along arrival 
time  at  different  coastal  cities  of  Pakistan  is 
shown in Fig.24 &Fig.25 and Table.2 respectively. 

Volcanic Activity in Pakistan:
In Pakistan, currently active trench-Arc 

system lies in Baluchistan. This active Trench-Arc 
system developed due to the subduction  of 
Ormarian plate (Previously called North-
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        Fig.24    Tsunami Wave Height with time.

        Fig.25 Tsunami Wave Height with time.



Eastern portion of Arabian Oceanic Plate) under 
Eurasian plate. The structure developed following 
subduction of oceanic plate is the trench and chain 
of  volcanoes  evolves  of  the  material  produced 
following melting of the plate  in the depth.  The 
west trending trench is located in the Arabian sea 
and Gulf of Oman 
and  south  west  trending  Volcanic  arc  has 
developed in Chagai hills(Baluchistan) and south 
eastern  Iran.  The  Arc  which  is  built  of  a  chain 
satellite  volcanic  cone,connects  the  Dormant 
Pakistan volcano Koh-i-Sultan at its eastern end to 

the active Koh-i-Taftan and Bazman in the Iran in 
the west. Koh-i-Sultan is an extinct strato volcano 
of  Pleistocene  age  with  two  peaks,Koh-i-Sultan 
east  (2030  meter)  and   Koh-i-Sultan  west(2340 
meter) .The volcano is characterized by a caldera 
which  has  been  now  subjected  to  mineral 
exploration.  Sulphur  deposits  are  found  on  the 
south  side  of  the  volcano  as  well  as  hot  water 
spring around Miri crater.

Mud  volcanoes  are  often  associated  with 
petroleum deposits, tectonic subduction zones and 
orogenic  belts,hydrocarbon  gases  are  often 
erupted.  They  are  also  associated  with  lava 
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Fig.27  The 450 feet high mud volcano, 
                        Baluchistan                                    Fig.26



volcanoes and in the case of such proximity ,mud
volcano  emits  incombustible  gases.  In  Pakistan 
there  are  two groups of  mud volcano known as 
Chanda  group  and  Jabl-ul-Ghurab  .These  mud 
volcanoes are spaced over a large area, eleven (11) 
out of eighteen(18) are located between Kutch and 
Gwadar. The mud volcano of Baluchistan are not 
only located on land but from time to time they 
appears as small temporary islands in the Arabian 
sea. The activity of mud volcanoes in Pakistan is 
limited to an almost persistent discharge of small 
volumes  of  gas-rich  fluids.  The  discharge  rates 
appear to be influenced by periodicity of several 
hours. Major eruptions are infrequent and occur 
decades  apart.  Self-igniting  gas  plumes  in 
association with mud volcano activity are rare. 
Present Status of Seismic Network in 
Pakistan: 

After  the  great  Sumatra  tsunami  of  24th 
December 2004 and the devastating earthquake of 
Pakistan's  history  (8th  October,  2005  Kashmir 
earthquake) ,Pakistan Meteorological Department 
(PMD)  has  decided  to  up-grad  the  National 
Seismic  Monitoring   Network.  Tsunami  Early 
Warning  System  for  possible  future  tsunami  in 
Arabian Sea has  also been established in Karachi. 
The  Seismic   monitoring  network  consists  of 
eleven(11)broadband seismic stations, which are
installed at different cities   (Fig.28).These stations 
are  connected   through  satellite(  Pak-Sat)  with 
National seismic Centre Karachi and with back up 
center Islamabad (Fig.28).  Real time earthquake 
data of about 60 seismic stations of the world is 
being  also   received  at  National  seismic  Centre 
Karachi regularly. Karachi and Islamabad centres 
are   capable  to  compute  earthquake  parameters 
with  in  3-5  minutes  after   the  occurrence  of  an 
earthquake.
Tsunami Early Warning System:

Two types of early warning systems are in 
operational  in  different  countries,Tsunami  early 
warning system and Earthquake warning system. 
Tsunami warning system is working successfully 
in many countries. Pakistan has recently

 

established  a  tsunami  warning  system  at 
Karachi(2008).This network  has sea based watch 
buoy system,sono meters, tide gauges and satellite 
communication  system(Fig.29)  As  a  delicate 
communication  link(Satellite  base  )is  necessary 
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 Fig.29 Tsunami/ Seismic Warning Center of 
Pakistan.

         Fig.28  PMD Network of   Broad band 
Stations.



for prompt action in case of large earthquake and 
for  prompt  evacuation  in  case  of  tsunami.  The 
methodology for earthquake advisory and issuance 
of  Tsunami  warning  is  presented  in  Table.3, 
However  for  any  warning  system  to  be 
efficient,the  trust  between  public  and  warning 
issuing Authority is  the key of  success,this  trust 
can  be  achieved  by  regular  drill  and  through 
communication sources.    
 
Discussion:

In  Pakistan  most  of  the  earthquakes  are 
associated  with  tectonic  features,but  their 
epicenter  appears  to  be  randomly  distributed 
(Fig.6).which leads to the idea that besides active 
surface faults,active blind or hidden faults are also 
exist.  The  universally  accepted  idea  that  large 
earthquakes  repeatedly occur  at  the  same  active 
fault  (Characteristic  Earthquake)  and  fault  zone 
that ruptured during a large earthquake should heal 
before  the  forthcoming earthquake,highlights  the 
importance  of  evaluation  of  existing  faults  for 
estimating  future  earthquake  hazard  and  risk. 
After  the  devastating  Kashmir  earthquake, 
2005,Dr.  Roger  Biham,(Colorado  University) 
warned  that  the  big  one  is  still  to  come  at 
MBT(the  fault  between  Indian  and  Eurasian 
plate,that  lies  from  Kashmir  to  the  N-E,right 
below the Hindu Kush range) but when,no answer. 
To estimate damaged areas for prompt rescue and 
relief  operation  analysis  of  Satellite  data  can  be 
used because satellite data shows the earthquake 
faults  in  details.  for  this,relief  planners  can 
simulate the seismic damage to the effected areas 
because  if  the  displacement  field  known 
immediately after the earthquake ,relief operators 
can estimate ,how much damage can occurs in the 
town  near  to  the  earthquake  generating  fault.  

We have no choice except earthquake and 
tsunami  hazard  mitigation.  This  requires  for  the 
better  understanding of tectonic  structure,seismic 
activity,  establishment  of  geotechnical  testing 
facilities,increasing the knowledge of earthquake 
engineering,  substantial  increase  in  public 
awareness  and  finally  establish  a  disaster 
management  system  in  the  country,keeping  in 

consideration  the  socio-economic  and  cultural 
situation. A flow chart, which shows the mitigation 
techniques is given in(Table.4)

Conclusion:
The  present  study shows  there  is  a  high 

potential  for  recurrence  of  events  such  as 
earthquake and Tsunami .The present environment 
of  Pakistan   has  increased  this   threat  due  to  a 
rapid  growth  in  population  and  infrastructure, 
therefore, to control earthquake and tsunami risks, 
the  knowledge  of  active  faulting  processes  and 
earthquake  recurrence  throughout    Pakistan 
should be improved.

Data  collected  through  only  seismic 
network  can  not  serve  the  purpose.  Modern 
techniques  like  GPS,  In  SAR,Tilt  meter,strain 
meter  ,precise  leveling  etc  and  Paleoseismic 
studies are essential, if we want to
fully understand the tectonic behavior of the active 
faults.  The  information's  collected  through these 
modern techniques can also be used to study pre-
seismic,  co-seismic  and  post  seismic  crustal 
deformation and long term earthquake prediction. 
This  goal  of  earthquake  and  tsunami  risk 
mitigation, can be achieved by having an efficient 
earthquake  and  tsunami  observation  and  early 
warning systems, research, public awareness and 
strict implementation of building codes,as a little 
knowledge and a few precautionary measures can 
enormously increase your chances of surviving an 
earthquake and tsunami or any other hazard.  The 
Keys are education and preparing in advance.

Action Plan & Purpose of the Training:
This training course emphasize on seismic 

hazard  like  earthquakes,  tsunami  and  volcanic 
eruption. As these phenomenon seldom occur but 
acts  catastrophically.  These  phenomenon  some 
time occurred in hundreds of years,therefore, they 
go off from the public memory after some years,so 
next  generations  can  not  prepare  themselves  to 
cope  with  such  disasters.  The  main  purposes  of 
this training are to
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• Understand  the  mechanism  of 
earthquakes  ,tsunamis  ,volcanic  eruption 
and vulnerability of such natural disasters.

• Planning  and  management  for  disaster 
reduction of  vulnerable areas,

           through the social,cultural and human 
circumstantial aspect. 
The object to minimize the seismic hazard  can be 
achieved by the involvement of whole society, I.e, 
Authorities,experts  and  of  course  people 
themselves.   Unfortunately,in  the  developing 
countries like Pakistan ,the whole responsibilities 
are only delegated to Authorities and experts and 
public feel exempted from any responsibility. As a 
result  ,the  societies  in  developing  countries  are 
more  fragile  than  the  advanced  countries  like 
Japan.

On  the  basis  of  above  discussion  and 
knowledge gained through lectures and field trips 
my action plan is based on the following points.

• Expand  monitoring and   warning  system 
(Broad  band  seismometer,  GPS,  INSAR, 
Accelero- meter,  Intensity meter,Tilt meter 
and  strain  meter  etc.)for 
earthquake,tsunami  and  crustal 
deformation monitoring.

• Improved  professional  education  and 
training.

• Real  time  communication  system  to 
disseminate  the  information  to  concerned 
Authorities and public.

• Increased public awareness.

• Expand International cooperation.

Action Plan (Out Line):

• Presentation of  Action  plan  report  to 
Director  General,Pakistan  Meteorological 
Department.
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• Active participation in operational work of 
seismic  Network  and  tsunami  early 
warning system.

• Monitoring  and  evaluation  of  active 
faults/clustral  deformation  by  using  GPS 
and INSAR.

•  Paleo  seismological  and  Paleotsunami 
study of active faults.

• Establishment of reliable data base.

• Development of seismic hazard maps and 
research  work  by  using  GMT,SEIS-
PC,NAKAMURA  &  DOUNG  Tsunami 
simulation and INSAR software. 

• Establishment  of  efficient  communication 
system  between  different 
agencies(Working  for  Monitoring  & 
Mitigation of seismic hazard) and Media.

• Public  awareness  and  Community 
participation through memorial  days,drills 
and  imparting  lectures  in  educational 
institutions.

     ►  Launching of action plan requires the prior 
approval of Government of Pakistan through The 
Director  General,Pakistan  Meteorological 
Department.
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Activity Action Communic
ation

1 00 Earthquake 
Alert

Duty  Staff  Alert  each 
person at disk. Each of 
the  duty  person  is 
clearly defined of their 
work

2 05 Earthquake 
&/or 
Tsunami 
Bulletin 
No.1(Preli
minary 
Analysis)

Use  criteria  for 
evaluation  of  Tsunami 
threat  which  includes 
Magnitude/Location  & 
Depth  etc.1-If  below 
threshold  earthquake 
bulletin 
2-In  case  of  crossing 
Threshold,Tsunami 
advisory,  Magnitude  ≥ 
7.5 Depth < 50 Km,
Location  between 
22°N & Above 55°E to 
80°E

One  staff 
member 
deputed  to 
communicat
e  the 
Bulletin  to 
the 
Agencies,N
DMA,NAV
Y,KPT,MS
A,MEDIA 
etc.

3 06 Tide gauge 
data would 
be 
received 
from  Tide 
gauge 
Network.

This data will  be used 
for confirmation  of 
Tsunami  generation  or 
otherwise.

4 08 1-Re 
Evaluation 
of 
Parameters 
starts 
before 
issuance of 
2nd Bulletin

Duty  persons  are 
deputed to compute the 
revised  earthquake 
parameters  based  on 
revised  parameters,2nd 

bulletin  will  be  for 
confirmation  or 
Cancellation.  One 
person  is  assigned 
special task to calculate 
the  time  to  reach 
shoreline,using  table 
accounting  for 
location,depth  & 
Magnitude criteria.

5 09 Tsunami Automatic  evaluation Communica

Bulletin 
No.2 
(Alert) 
Annex-4 
(A)  & 
Annex-5 
or 
(Cancellati
on)

is revised & bulletin is 
issued,if  parameters 
are  above  Threshold 
level,  Warning  will  be 
issued. As impact time 
is  calculated  above, 
this  bulletin  defines 
impact  time  for  all 
coastal  cities.  If 
parameters  are  not 
satisfying  the 
Threshold 
value,Cancellation  of 
Tsunami  Bulletin  will 
be issued. 

tion  to  all 
Agencies 
with  Clear 
message 
about 
Warning  & 
Time  of 
impact.

6 10 Numerical 
models 
Sea  \level 
Data

Numerical  models  are 
developed  with  pre-
planned  scenarios  in 
order  to  compute 
arrival  time. 
Continuous monitoring 
of  sea  level  data 
obtained  from  tide 
gauge Network.

7 11 Decision 
making for 
issuance of 
Tsunami 
bulletin 
No.3

Revised 
Magnitude,Depth,Loca
tion,Focal  parameters 
are combined with sea 
level  data  to  make 
decision  about 
upgrading  or 
downgrading  the 
Warning.

Careful 
study  of  all 
available 
parameters 
will  enable 
the  duty 
Seismologis
t  to  make 
the 
Decision  of 
up 
gradation or 
down 
gradation or 
Cancellatio
n  of 
Tsunami 
bulletin 
No.2

8 12 Tsunami 
bulletinNo.
3(WARNI
NG).

Contains  the  data  of 
Wave  arrival  time 
based  on  tide  guage 
data  &  numerical 
models.

To all 
Agencies.

                             Table.3
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