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Brief Profile of Key Note Speaker
Prof. Dr. John Nabelek
Prof. Dr. John Nabelek is working as a Professor in the College of Earth, Ocean and Atmospheric
Sciences, Oregon State University, Corvallis, OR, USA. His research areas include applied and
theoretical seismology, faulting processes of large earthquakes; tectonics of mid-ocean ridges, island
arcs, and regions of continental extension. Prof. Nabelek has done a lot of work related to rupture
processes of large earthquakes (global studies); effects of preexisting fault-zone geometry on
earthquake rupture initiation and termination; tectonics of North China, back-arc regions of Indonesia,
and regions of continental extension; effects of mid-ocean-ridge topography on seismic wave forms;
seismicity of eastern United States; techniques for analysis of earthquake source mechanisms.
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Tectonic and climatic controls on sediment flux to the Indus submarine
fan
Peter Clift
College of Science, Louisiana State University, USA
New bulk sediment Sr and Nd isotopes, coupled with U-Pb dating of detrital zircon grains from
sediment cored by International Ocean Discovery Program in the Arabian Sea, allow
reconstruction of erosion in the Indus catchment since ca. 17 Ma. Increasing eNd values from
17 to 9.5 Ma imply relatively more erosion from the Karakoram/Kohistan, likely linked to slip
on the Karakoram Fault and compression in the Southern and Eastern Karakoram. Long-term
decreasing eNd values after 5.7 Ma correlate with increasing relative abundance of >300 Ma
zircon grains that are most common in Himalayan bedrocks, precluding large-scale drainage
capture as the cause of decreasing eNd values in the submarine fan. Although the initial
increase in Lesser Himalayan derived 1500–2300 Ma zircons after 7.0 Ma is consistent with
earlier records from the foreland basin the much greater rise after 1.9 Ma, shortly after a fall in
eNd values after 3.4 Ma, has not previously been recognized and suggests that widespread
unroofing of the Crystalline Lesser Himalaya and to a lesser extent Nanga Parbat did not occur
until after 3.4 Ma. No simple links can be made between erosion and the development of the
South Asian Monsoon, implying a largely tectonic control to Lesser Himalayan unroofing.
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Earthquake cycle and transient deformations: insights from Italian
earthquakes
Abdelkrim Aoudia
International Centre of Theoretical Physics ICTP, Trieste, Italy
The earthquake patterns in Central Italy reveal a segmentation at depth along an almost flat
base of seismogenic layer with alternating low and high seismicity rate segments. The
deformation recorded at the surface exhibits clear geodetic transients and seems to follow the
seismicity variations at the base of the seismogenic layer along the Apenninic chain. We
suggest that transient deformation has a fundamental role in the tectonic loading and that
seismicity, even if heterogeneously distributed, could represent a tracer of it. This conclusion
is supported by integrating GPS, seismology and active tectonics studies.
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Major To Great Earthquake: What might be the maximum Credible
Earthquake in Iran, Afghanistan and Pakistan Region ?
Mehdi Zare
International Institute of Earthquake Engineering and Seismology,Tehran,Iran)
The Southwest Asia region is exposed to high seismic activities and are greatly influenced by
the continental convergence and active crustal shortening between the African, Arabian, and
the Indian plates to the NE (Northeast) and northward with respect to the Eurasian plate.
According to the regional tectonic regime of the Iranian plateau, the focal mechanism solutions
of most earthquakes are compressional, strike-slip, or a combination of these two mechanisms
. The GPS-derived velocity field for the zone of interaction of the Arabian, African (Nubian,
Somalian), and Eurasian plates indicates counterclockwise rotation of a broad area of the
Earth's surface including the Arabian plate, adjacent parts of the Zagros and central Iran,
Turkey, and Eurasia . Central Turkey (Anatolia) moves in a coherent fashion with internal
deformation <2 mm/yr. The motion of Anatolia is bounded on the north by the right-lateral
North Anatolian fault and on the southeast by the left-lateral East Anatolian fault. Relative to
Eurasia, the southwestern Aegean-Peloponnisos moves toward the SSW (South-southwest).
The similar measurements in the Iranian continent and northern Oman indicate that most of the
shortening is accommodated by the Makran subduction zone and less by Kopet-Dag. The
Central Iranian Block moves consistently with internal deformation smaller than 2 mm/yr.
In the western part of Iran, distributed deformation occurs among several fold and thrust belts.
The maximum velocity (38 mm/yr) in the northern Ganges plains approximates the rate of
convergence between the Indian and Eurasian plates. All these GPS analysis indicate high rates
of deformation in the West Asian region and the Iranian Plateau, so that the region is exposed
to all-round pressures caused by the collision of lateral tectonic plates.
Therefore, the geodetic, seismic and tectonic studies in the region confirm the existence of a
complex active tectonic framework with high deformation rates, a part of which expressed in
terms of earthquakes. This region experiences different earthquake magnitudes each year, some
of them may reach Mw8 (e.g. 27 November 1945Mw8.1 Makran earthquake). Many
destructive earthquakes with magnitude?7.0 have occurred during the last century such as the
1909 Silakhor, Boroujerd (Mw.7.3), 1930 Salmas (Mw.7.1), 1962 Bou'in-Zahra (Mw.7.1),
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1968 Dasht-e-Bayaz (Mw.7.4), 1978 Tabas (Mw.7.4), 1990 Manjil (Mw.7.4), 1997 Ghaen
(Mw.7.3), 2003 Bam (Mw.6.6), 2013 Savaran (Mw.7.8) in Iran; 1939 Erzincan (Mw.7.8),
1970 Gediz (Mw.7.2), 1976 Çaldiran–Muradiye (Mw.7.0), 1999 Izmit (Mw.7.6), 1999 Duzce
(Mw.7.2), 2011 Van (Mw.7.1) earthquakes in Turkey; the Nuweiba earthquake south of the
Dead Sea fault and in the Gulf of Aquaba in Egypt; the 1935 Quetta (Mw.7.7), 1945
Balochistan (Mw.8.1), 2005 Balakot (Mw.7.6), 2011 Dalbandin (Mw.7.2) and 2013 Awaran
(Mw.7.7) earthquakes in Pakistan; and the 2002 Hindu-Kush (Mw.7.4) and 2015 Hindu-Kush
(Mw.7.5) earthquakes in Afghanistan
After earthquakes (i.e. 1990 Mw7.3 Manjil earthquake and 2003 Mw6.5 Bam earthquake)
some questions were raised on the reliability of the seismic hazard zoning maps and on the
comparison between the recorded and previously assessed ground motions. These triggered the
importance of input dataset and the level of knowledge of the seismic source parameters in the
region (fault geometry and mechanics, return periods of large and destructive earthquakes, etc.)
The application of most popular seismic hazard analysis methods such as the deterministic
seismic hazard analysis (DSHA) as well as the probabilistic seismic hazard analysis (PSHA)
in this region is explained.
It should be noted that reliable seismic hazard studies depend on having a robust earthquake
catalogue, good knowledge on the tectonic framework and rate of active deformation, and
relevant attenuation model. The better input for hazard analysis results in more reliable the
parameters and the seismic hazard assessments, so that precise input data such as
comprehensive catalogues, seismicity parameters as well as characteristic of seismotectonic
zones lead to decrease uncertainties of the analysis.
There have been several efforts to prepare uniform earthquake catalogues of the Middle East
and Iran in the recent years such as a new earthquake catalogue of the Middle East region which
has been developed consisting historical, early and modern instrumental events recorded
between 1250 B.C. and 2006 (Zare et al., 2014).
This effort was undertaken under the framework of Global Earthquake Model (GEM) and
Earthquake Model of Middle East (EMME) projects and the final goal was to establish a unified
catalogue of seismicity by incorporating regional and international data to be used for
homogeneous estimation of seismic hazard in the region. We noticed that there is not enough
strong-motion metadata in most parts of the study region. Uncertainties associated with the
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seismic hazard analysis and level of success of the Poissonian method in the region is also
presented.
The trend of such seismic hazard studies in South Asia have been initiated using deterministic
approaches, continued with probabilistic approaches and finally linked to the spectral zoning
maps. The trend in hazard mapping appears to cover the intensity assessment, realistic
acceleration and the neo-deterministic approaches; the development of site specific seismic
hazard analysis for the region should be based on the detailed integrated site characteristics
database.
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Landslides - Study, Analysis and Mitigation
By Engr. Sohail Kibria
Head Research & Development, NESPAK
Former Vice President, Geotechnical & Geo-environmental
Engineering Division NESPAK
Landslides are one of the major hazards worldwide, which require proper study, analysis and
mitigation to prevent loss of life and property. They are triggered by a variety of factors
including increase in water content, earthquakes, excavations / undercutting at the toe of slope,
increase in the head weight, steepness of slope, deforestation etc. In order to design the remedial
measures to counter landslides, one has to find out the causative factor(s). Effective measures
against the causative factors help control the landslides. As such, there is no single generic
solution to tackle all types of landslides. Globally, landslides constitute the biggest of the
hazards caused by seismic activity.
Northern part of Pakistan is plagued with rampant landslide issues. Murree, Kohala and Azad
Kashmir areas have soft rocks and heavy rainfall in these areas combined with the weak
geology becomes the triggering factors. On the other hand, highly folded and faulted hard rocks
along Karakoram Highway (KKH) have different mechanisms of landslides. There are natural
as well as anthropogenic reasons for the occurrence of landslides.
This lecture focuses on delineating the landslide phenomenon, its prevalence worldwide, means
of studying landslides at site and in the laboratory, various engineering analyses and optimum
means of mitigating the landslides.
A few case histories of controlling landslides have also been discussed. Besides others, these
include mitigation landslides at Jhika Gali using reinforced earth technology and along KKH
using more conventional methods. The role of water drainage and periodic inspection and
maintenance in controlling the landslides has also been underlined.
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Geophysical Inversion using Variational Approach
1Atif

Nawaz and. 2Andrew Curtis
Senior Geosciences Advisor, Schlumberger
2
Chair of Mathematical Geosciences, University of Edinburg,UK
1

An efficient probabilistic inversion method is introduced for joint estimation of discrete and
continuous model parameters of interest. The presented method honors spatial correlations in
the inverted parameters that are supplied as prior information. Additionally, mutual
probabilistic dependence among observed data and model parameters are also honored through
the specified spatial priors. The joint distribution over observed data and unknown parameters
of interest is modelled using a Gaussian mixture (GM) distribution using an unsupervised
machine learning approach. Physics based models may be used to augment the training data if
the existing data are limited, however this is not required if enough observed data are available.
The joint posterior distribution given the observed data is updated in an iterative fashion. The
variational Bayesian inversion (Nawaz & Curtis, 2018) method is used to circumvent the need
for stochastic sampling, while still providing full probabilistic results. The application of this
method is demonstrated on a real data example from the North Sea, where geological facies
(discrete litho-fluid classes) and petrophysical rock properties such as porosity, clay volume
and water saturation, are derived from seismic data attributes (derived quantities) such as Pwave and S-wave impedances and Vp/Vs ratios.
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Seismicity, Seismotectonic and Seismic Hazard Assessment (using MonteCarlo Simulation) of Islamabad and its surrounding Area
MonaLisa
Department of Earth Sciences, Quaid-i-Azam University (QAU), Islamabad
Islamabad, capital of Pakistan, which lies on the footwall of Main Boundary Thrust (MBT).
MBT is a principal Himalayan boundary fault and has been associated with historical as well
as Recent seismicity. Amongst these are 1905 Kangra Earthquake (7.8Ms), 1977 Rawalpindi
Earthquake (5.2 M) and 2005 Muzaffarabad Earthquake (7.6Mw). Present study deals with the
seismicity, seismotectonic modelling and Seismic Hazard Assessment (SHA) using MonteCarlo Simulation technique. Data used in the current work is comprising of already published
catalogue (1905 to 2007) by MonaLisa et al., 2009; an updated catalogue compiled from
various local and International sources (2008-2019) along with real time data from the newly
established Strong motion laboratory in Quaid-i-Azam University (QAU), Islamabad.
Seismicity of the city and its surrounding is moderate to low in magnitude (~80% earthquakes
are of moment magnitude Mw ranges< 4.5). However frequency of lower magnitude
earthquakes is quite high. Focal Mechanism Solutions indicates the NNW-SSW Left-Lateral
Strike Slip faults with steep dip whereas NW-SE and NNE-SSW trend with steep to shallow
dipping Thrust/Reverse Faults, confirming the dominance of transpressional tectonics in and
around the city. Seismotectonic zonation indicates the city is surrounded by highly active
surface and blind/shallow subsurface fault zones. Shallow depth i.e. <30 km earthquakes are
in majority in the recently observed data of last 5 years. Basement is also involved in triggering
shallow depth earthquakes especially. Instead of conventional Probabilistic Seismic Hazard
Assessment (PSHA), Monte-Carlo (MC) Simulation is used for the very first time for any area
of Pakistan with spatial correlation of ground shaking. The aim is to implement the MC
simulation for computing the annual exceedance rates of dynamic ground‐motion intensity
measures (GMIMs) (e.g. peak ground acceleration and spectral acceleration). Incorporation of
spatial correlation and near‐fault directivity while generating MC simulations to assess the
probabilistic seismic hazard of dynamic GMIMs, which produces conditional hazard curves as
well. Maximum expected ground motion values with an average annual probability of
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exceedance of 0.2 percent or for the return period duration of 475 years taken as a norm, has a
PGA with 0.35g and 5% damped spectral acceleration (SA) at T = 0.2 s and T = 1.0 s.

Figure 1: Seismicity and Seismotectonic map of Islamabad and its surrounding area prepared
in the present study.
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Earthquake prediction algorithm M8 for application in Iranian Plateau
with special reference to the 16 April 2013, M7.7 Saravan and the 24
September 2013, M7.7 Awaran earthquakes in Pakistan
Masoud Mojarab
Senior Researcher, University of Tehran, School of Mining,College of Engineering, Iran
Prediction of great earthquakes based on pattern recognition is a current issue in applied
seismology. The present study intended to setup a routine prediction of great earthquakes in
Iranian plateau using a modification of the intermediate-term middle-range algorithm M8,
which original version has demonstrated high performance in a real-time global test over the
last two decades. An investigation of earthquake catalogue covering the entire Iranian plateau
through 2012 has shown that a slightest modification of the M8 algorithm, adjusted for a rather
low level of earthquake occurrence reported in the region, is capable for targetting magnitude
7.5+ events. The occurrence of the 16 April 2013, M7.7 Saravan and the 24 September 2013,
M7.7 Awaran earthquakes confirmed the results of investigation and demonstrated the need
for further studies in this region.
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Tracking petrogenetic and metallogenic potential of magmatic rocks using
apatite and magnetite geochemistry
Tehseen Zafar
Institute of Geochemistry, Chinese Academy of Sciences, Guiyang, China
Apatite and magnetite are significant accessory minerals that are ubiquitous in granitic bodies
and provide vital geological information concerning petrogenetic as well as metallogenic
attributes. The petrogenetic and metallogenic aspects of these granites remain subjects of great
debate. Particularly, igneous apatite and magnetite can be important proxies to delineate the
petrogenetic and metallogenic potential of granites. Our study reveals that the apatite and
magnetite reflect the parental magma characteristics of granite. The negative correlation and
variation of δCe and δEu together with the moderate negative Eu anomaly of apatite suggest
that the parental magma of granite has moderate oxidizing nature. The low average values of
Fe2+/Fe3+ (<0.5) in magnetite indicate that the granites evolved in an oxidizing environment.
The apatite reveals pluton with adakitic affinity containing higher Sr/Y and Eu/Eu* ratios. This
implies that the fluorapatite can be a robust tool for distinguishing the adakite plutons and may
preserve original Sr/Y and Eu/Eu* ratios as a result of no influence of hydrothermal alteration.
Our results also indicate that the apatite Cl/F ratio is a potential indicator to track the content
of magmatic volatiles and pointer for mineralization. Halogen data with low Cl, fairly high F
and low Cl/F ratios imply that the parental magma of granite is produced in consequence of
partial melting of lower crust material. While the Ni/Co ratio of magnetite from the granite can
be worthwhile to trace a crustal or deeper source of the pluton. Geochemical signatures of
apatites such as F/Cl ratios, La/Sm ratios, δEu, δCe can suggest that the magmas of granites
have association with slab dehydration or partial melting of juvenile crustal material. Besides,
apatite Eu/Eu* vs. Cl content is significant as a proxy record to discriminate mineralized rock
from unmineralized. Further, variation and positive correlation between F/Cl ratios and F
contents, (La/Yb)N and δEu in apatites are significant to trace differentiation history of granites.
The apatite elements such as Sr, δEu, F of apatite are prime prolific indicators and proxies for
distinguishing fertile granite from barren one. However, binary plots such as Ti vs. Sc, V vs.
Sn and Ga vs. Sn can distinguish the different origins of magnetites. Based on magnetite
chemistry, the determined favorable physico-chemical conditions, higher oxygen fugacity,
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lower temperature, and the involvement of deep-sourced material suggest a better metallogenic
environment for generating the gold mineralization in granites. In view of these findings, we
confirm that apatite and magnetite are not only consistent to trace geological facts about
parental magma characteristics but also a reliable pointer of ore varieties.
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Seismic Risk Management
Zahid Rafi
Director, Seismic Monitoring Centre, PMD, Islamabad
Seismic risk has been defined, for most management purposes, as the potential economic,
social and environmental consequences of hazardous events that may occur in a specified
period of time. Seismic Risk Assessment (SRA) is to predict the probability of the building
and infrastructure damage and economic losses according to potential seismic hazard or
scenario earthquakes. Generally, it consists of two procedures: analyzing seismic hazard and
assessing structural vulnerability. A building located in a region of high seismic hazard is at
lower risk if it is built to sound seismic engineering principles. The deployment of seismic
risk management is loaded with issues of complexity, ambiguity and uncertainty posing extra
challenges in assessing the risk and its management. The complexity of earthquake impacts
and the uncertain nature of information necessitate to establishing a systematic approach to
address the risk and its management in order to reduce the economic losses.
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Centre of Earthquake Studies (CES), and Seismic Hazard Analyses Offsites
of National importance
Muhammad Ali
Centre for Earthquake Studies (CES), National Centre of Physics (NCP)
Quaid-i-Azam University (QAU) Campus, Islamabad
After Kashmir earthquake of 8th October 2005, Centre for Earthquake Studies (CES) was
established to initiate measures for the development of local capability in the emerging field of
earthquake forecasting to mitigate future earthquake disasters. CES is the sole institute in
Pakistan working on study of earthquake precursors along with other fields of seismology. It
has the mandate for promotion of earthquake studies in universities/institutes and research
involving earthquake precursory analysis for earthquake forecast/prediction to attain
earthquake disaster mitigation. The same is also achieved by Seismic Hazard Analysis (SHA).
CES has numerous national and international collaborations. It has contributed with ~60
publications with accumulative Impact factor ~110, mainly in the last five years. CES
manpower is involved in SHA of sites of Interest, especially sites of national importance.
Seismic Hazard Assessment is a multi-disciplinary activity which involves Geologists,
Geophysicists, Seismologists, Geotechnical and Structural Engineers etc. Therefore, different
centers are working collaboratively for Seismic Hazard Assessment of NPPs and Research
Reactor sites in Pakistan. During these studies, guidelines of IAEA and PNRA have been
followed and the work has been reviewed a number of times. These studies clearly depict
evolution and comprehension of SHA procedures in Pakistan.
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Seismotectonic & Seismic Hazard Studies in the Chillas Complex
Syed Kazim Mehdi
Consultant Seismologist/Geophysicist
sspkazim@gmail.com
Chillas Complex is located in the southern section of Kohistan Island Arc, representing a vast
stratiform cumulate body of more than 300 km long and up to 8 km thick. It mainly consists of
calc-alkaline gabbro-norites which locally show magmatic layering with various syncrystallization slumping, faulting and brecciation features. The igneous rocks of this complex
display several phases of tectonic deformation during which a penetrative tectonic fabric was
generated. During these tectonic processes the basic rocks were deformed into a series of
recumbent south-verging isoclinal anticlines separated by tight narrow synclines. Its subhorizontal fold axis and the northerly dipping regional tectonic layering mostly trend roughly
east west.
The Diamer Basha Dam Project (DBDP) and Tangier Hydro Power Project (THPP) are
presently under construction in the Chillas Complex. The DBDP, with its height of 272 meters,
will be the world’s tallest Roller-Compacted Concrete (RCC) gravity dam, located on the Indus
River, about 315 km upstream from the Tarbela Dam site and about 40 km downstream of
Chilas Town. The reservoir created behind the dam will extend for about 105 km up to the
Raikot Bridge on the Karakoram Highway. It is designed to form a large reservoir on the Indus
River with an active storage of 10 billion cubic meters and will generate Hydropower of 4500
MW. The main purpose of THPP is to produce 15 MW, electricity instantly required for the
construction of Diamer-Basha Dam Project. During September 2009 Pakistan WAPDA
installed a ten station microseismic network in this area for the seismic safety monitoring and
seismic hazard studies of its Projects.
Seismic Hazard Assessment (SHA) for the site of DBDP and THPP has been carried out by
using the local seismic network data alongwith other seismic networks global data present in
Northern Pakistan. SHA has been carried out using the usual convention of Probabilistic
Seismic Hazard Assessment (PSHA) and Deterministic Seismic Hazard Assessment (DSHA).
The seismotectonic model comprising of various seismic source zones with the estimation of
maximum possible magnitudes has been established. The deterministic seismic hazard
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assessment (DSHA), using six attenuation equations, has been carried out for Peak Ground
Acceleration (PGA) for DBDP and THPP. The Main Mantle Thrust (MMT) yielded the highest
median PGA value. The Probabilistic Seismic Hazard Assessment (PSHA) was also
performed, which was necessary in order to obtain the Operating Basis Earthquake (OBE) and
the Maximum Design Earthquake (MDE) as defined in ICOLD (1989) guidelines.
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Geology of the Moon
W. Iqbal
Institut für Planetologie, Westfälische Wilhelms-Universität, Wilhelm-Klemm-Str. 10, 48149
Münster, Germany
The Moon, although being Earth’s only satellite, is unique in its geology. The surface of the
Moon as it appears to the naked eye consists of dark and light areas. Dark areas, generally
known as Maria (Mare singular), mainly consist of volcanic basalts, whereas light areas known
as Highlands consist of various impact crater breccias. Impact cratering is the most common
geological process that occurs on the Moon. Due to a lack of erosional processes, the resulting
crater features stay relatively well preserved. Therefore, the geological time scale of the Moon
is mainly based on the super-positioning of the prominent basins and craters ejecta deposits.
The Moon, tectonically being a single-plate body, shows very different tectonics compared to
the Earth. Most of the faults produced are results of local stresses e.g., wrinkle ridges are the
thrust faults formed due to cooling and contraction of mare, whereas normal faults can be
produced due to extension in the same region due to opposite local stress regime. However,
some scientists interpreted the sharp thrust faults on the Highlands of the Moon (called lunar
scarps), as results of global contraction. From impact cratering, being the most prominent and
common geological process on the Moon, a criterion can be derived, which allows us to get
absolute model ages of the unsampled geological units on various planetary bodies: this
criterion is derived on the basis of the principle that older areas (e.g. Highlands) have more and
bigger craters, whereas younger areas (e.g., mare) have less and smaller craters. The principle
of crater densities has been corelated with the isotopic ages of the samples collected during
Apollo and Luna landing missions, which resulted in the function known as lunar cratering
chronology function.
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