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1138  Aleppo 
Earthquake 
(Syria)

Aleppois situatednorthernportion
of the DeadSea and it separates
the African plate from the Arabian
Plate. Theseriesof the earthquakes
tookplacefrom October1138to the
month of the June 1139. The area
that was the hit the most was
Harim. The earthquake caused
deathsof around230,000people.

± Year: 1138

± Death toll: 2.3 

Lakhs



Shaanxi Earthquakein 
the year 1556 (China)

It is a deadliestearthquakeon record
with a deathcount of almost830,000
people. It occurredon the 23 January
in the year 1556 in ShaanxiChina.
There were more than 97 countries
affectedbecauseof theearthquake.

± Year: 1556

± Death toll: about 

8.3 Lakhs



1976 ²Tangshan 
Earthquake (China)

The Tangshan earthquake is
amongst the largest earthquakes
ever taken place in the world. It
took place in the Tangshanin the
Hebei in Chinawith the population
of aroundone million inhabitants. It
killedaround242,000people.

± Year: 1976

± Death toll: 2.42 

Lakhs

http://www.wonderslist.com/wp-content/uploads/2013/11/Tangshan-earthquake.jpg


Latur Earthquake 
1993

Thiswasoneof the deadliestearthquakes,which
hit Latur in Maharashtra. The year was 1993.
Almost 20,000 people died and around 30,000
were injured. The earthquake®sintensity was
measured6.4 on the Richter scale. There was
huge loss to property. Thousandsof buildings
wereturnedinto rubbleandmorethan50 villages
weredestroyed.

± Year: 1993

± Areas affected: 

Districts of Latur 

and Osmanabad

± Death toll: 20,000 

plus



Gujarat Earthquake 
2001

Gujarat was affected by a massive
earthquakeon the morningof 26 January,
2001, the day on which India was
celebrating its 51st Republic Day. The
earthquake®sintensitywas in the rangeof
7.6 to 7.9 on the RichterScaleandlasted
for 2 minutes. The impact was so great
that almost20,000 peoplelost their lives.
It is estimatedthat around167,000 were
injured and nearly 400,000 were left
homelessin this naturaldisaster.

± Year 2001

± Areas affected: 

Bhuj, Ahmedabad, 

Gandhinagar, Kutch, 

Surat, 

Surendranagar

district, Rajkot 

district, Jamnagar 

and Jodia

± Death toll: 20,000 

plus



The Indian Ocean 
Tsunami 2004

Followinga major earthquakein 2004, there
was a huge tsunami in the Indian Ocean,
causingimmenseloss of life and property in
India and the neighbouring countries ²Sri
Lanka and Indonesia. The earthquakehad its
epicenterin the ocean bed which led to this
destructive tsunami. The magnitude was
measuredbetween9.1 and9.3 andit lastedfor
almost10 minutes. Accordingto reports,it was
the third largest earthquakein the world ever
recorded. The impact was equivalentto the
energy of 23,000 Hiroshima-type atomic
bombs. Morethan2 lakhpeoplewerekilled.

± Year: 2004

± Areas affected: 

Parts of southern 

India and Andaman 

Nicobar Islands, Sri 

Lanka, Indonesia 

etc.

± Death toll: 2 lakh 

plus



Earthquake



Type of 
Earthquakes?

Inter Plate Earthquakes Intra Plate Earthquakes

What is an earthquake and what causes them to 

happen?
An earthquake is caused by a sudden slip on a fault. Thetectonic platesare always slowly moving, but they get 

stuck at their edges due to friction. When thestresson the edge overcomes the friction, there is an earthquake 

that releases energy in waves that travel through the earth's crust and cause the shaking that we feel.

https://pubs.usgs.gov/imap/2800/
http://earthquake.usgs.gov/learn/glossary/?term=stress


Earthquake Impacts

Ground Shaking Liquefaction Faults

Land Subsidence Induced Landslides Tsunami



?



Can we cause earthquakes? Is there any way to 

prevent earthquakes?

ÅEarthquakes induced by human activity have

beendocumentedat manylocationsin the United

States and in many other countries around the

world.

ÅEarthquakescan be induced by a wide range of

causes including impoundment of reservoirs,

surface and undergroundmining, withdrawal of

fluids and gas from the subsurface,and injection

of fluids into undergroundformations.



Foreshocks, aftershocks - what's the difference?

Å Foreshocksare earthquakesthat precedelarger earthquakesin the

same location. An earthquakecannot be identified as a foreshock

until after a largerearthquakein the sameareaoccurs.

Å Aftershocksare smaller earthquakesthat occur in the samegeneral

area during the days to years following a larger event

or "mainshock."

Å They occur within 1-2 fault lengths away and during the period of

time beforethe backgroundseismicitylevel hasresumed.



What is the difference between aftershocks and 

swarms?

Å Aftershocksare a sequenceof earthquakesthat happenafter a larger mainshockon a fault.

Aftershocksoccurnearthe fault zonewherethe mainshockruptureoccurredandare part of

the "readjustmentprocess°after the mainslip on the fault.

Å Aftershocksbecomeless frequentwith time, althoughthey can continuefor days, weeks,

months,or evenyearsfor a verylargemainshock.

Å A swarm,on the otherhand, is a sequenceof mostlysmall earthquakeswith no identifiable

mainshock.

Å Swarmsare usuallyshort-lived, but they can continuefor days, weeks,or sometimeseven

months. They often recur at the same locations. Most swarms are associated with

geothermalactivity.



Whyarewe havingso manyearthquakes?Hasnaturallyoccurringearthquake

activity been increasing?Doesthis meana big one is going to hit? ORWe

haven'thadanyearthquakesin a long time; doesthis meanthat the pressure

is building up for a big one?

A temporaryincreaseor decreasein seismicity is part of the normal fluctuation of earthquake

rates. Neitheran increasenor decreaseworldwideis a positive indicationthat a large earthquake

is imminent.

Somecatalogcontainsan increasingnumberof earthquakesin recent years--not becausethere

are more earthquakes,but becausethere are more seismic instruments and they are able to

recordmoreearthquakes.

The NationalEarthquakeInformationCenter now locates about 20,000 earthquakesaround the

globe each yeaar, or approximately 55 per day. As a result of the improvements in

communicationsand the increased interest in natural disasters, the public now learns about

earthquakesmorequicklythaneverbefore.

https://earthquake.usgs.gov/data/comcat/
https://www.usgs.gov/programs/earthquake-hazards/national-earthquake-information-center-neic


Can some people sense that an earthquake is about to 

happen (earthquake sensitives)?

There is no scientific explanation for the symptoms some

peopleclaim to haveprecedingan earthquake,andmoreoften

thannot thereis no earthquakefollowingthe symptoms.



Can the ground open up during an earthquake?

Faults do not open up during an earthquake. 

An earthquake occurs when two blocks of the earth®s crust slide past 

one another after having been stuck together in one place for a long 

time, because of friction on the fault, while the rest of the crust away 

from the edges has been slowly moving. 

If a fault could open up, no earthquake would occur in the first place 

because there would be no friction locking the two blocks together.



Can large amounts of rain cause an increase in 

earthquakes?

Heavy precipitation or of drought might indirectly affect earthquake-prone

faults. For example, patterns of precipitation can affect the weight of near-

surfacematerialsandof reservoirs.

Also the refilling of subsurfaceaquifersmaycausetheEarth®scrust to expand

(by a few millimeters) in some locations and contract in others, with the

oppositeoccurringduringdry periods.

Thesecan cause small changesin the stresses on faults that--in principle--

couldslightly influenceratesof seismicity.



Can we predict earthquakes?

An earthquake prediction must define 3 

elements: 

1)the date and time, 

2)the location, and 
3)the magnitude.



Can animals predict earthquakes?

ÅTheearliest referencewe haveto unusualanimalbehaviorprior to

a significant earthquakeis from Greecein 373 BC. Rats, snakes,

and centipedesreportedly left their homesand headedfor safety

severaldaysbeforea destructiveearthquake.

ÅAnecdotalevidenceaboundsof animals, fish, birds, reptiles, and

insects exhibiting strange behavior anywhere from weeks to

secondsbeforeanearthquake.

ÅHowever,consistentand reliable behaviorprior to seismicevents,

and a mechanismexplaining how it could work, still eludes us.

Most, but not all, scientists pursuing this mysteryare in Chinaor

Japan.





ÅThere have been several recent efforts in earthquakeparameterprediction

based on recording and analyzing precursor signals before major

earthquakes.

ÅTheprimaryreasonfor earthquakeactivity is two or moreof theearth®scrustal

plates that are steadilymovingin different directionsare lockedtogetherfor a

periodof time, thusaccumulatingstrainandelasticpotentialenergy.

ÅThestoredenergyis releasedin the formof a majorseismiceventwhensome

threshold is exceeded. In a majority of cases, this release of energy is a

gradualprocessandis precededby earthquakeprecursors.

Studies Based on Earthquake Precursors



Physical clues for earthquake prediction

The theory of dilatancy (that is, an increase in

volume) of rock prior to rupture once occupied a

central position in discussions of premonitory

phenomenaof earthquakes,but it now receives

lesssupport.

It is based on the observation that many solids

exhibit dilatancyduringdeformation.

For earthquake prediction the significance of

dilatancy, if real, is in its effects on various

measurablequantitiesof the Earth®scrust, suchas

seismic velocities, electric resistivity, and ground

andwaterlevels.

https://www.britannica.com/place/Earth


Seismic Quiescence

The map of seismic quiescence 1.7years prior 

to the 1997 Kronotskyearthquake or Kamatchka

earthquake of east Russia withMw = 7.8 and 

main aftershock withMw = 6.6.

RTL. The Region-Time-Length function (RTL) (Sobolev and Tyupkin, 1997, Sobolev and Tyupkin, 1996)measures the 
level of seismic activity at a given location (x,y) as a function of time t. It analyzesthe number of earthquakes, their 
size, and their distance from (x,y) within a moving time window.

SeismicQuiescenceis often referredto as the¯calmbefore

the storm°in earthquakescience. It has been observedin

several historical earthquakecatalogs that the ¯normal°

seismicactivityin a region is suspendedfor a considerable

time anomalousearthquakeactivitybeforethe occurrenceof

a majorearthquake.



Seismic Foreshocks
A foreshock isan earthquake that occurs before a larger seismic 

event (the mainshock) and is related to it in both time and space. 

The designation of an earthquake as foreshock, mainshock or 

aftershock is only possible after the full sequence of events has 

happened.

Seismologists have observed a process

called nucleation, where the rate of slip

along a fault rampsup graduallybefore an

earthquake.

Alaska Earthquake Center seismologists, in collaboration with an

international researchteam, recently identified a 2016 magnitude3.7

Minto Flats earthquakethat was precededby an intensifying 12-hour

sequence of foreshocks followed by a 22-second nucleation signal

before rupturing as an earthquake. This discovery suggests that the

rupturingprocesscanbeginhoursor evendaysbeforeanearthquake.



Fault Creep and Continuous Strain
Á Large ground displacements in

geological faults are not always abrupt

occurrencesduringmajorearthquakes.

Á Instead,manyfaults including segments

of the much researched San Andreas

Fault system exhibit continuous slow

movementcreepfor a considerabletime

in the range of 10 days to a few years

prior to majorgroundshaking.

Á Scientists agree that fault creep is a result of continuousstress release in regions with high background

seismicityrates.

Á Modeling such an open physical system that continuously builds up and releases stress through slow

deformation is the biggest challenge in earthquake prediction at such fault systems using fault creep

measurements.



Fault Creep and Continuous Strain

Thestrain rate principal axeson a regular grid

based on the interseismicvelocities based on

the data before the 6th April, 2009, M 6.3

event.

The fault nucleated in an area of low

interseismicstrain rate (Doglioniet al., 2011).

The higher strain rate to the north is

interpreted as related to the postseismic

relaxation of the 1997²1998 Umbria-Marche

seismic sequence, where the faults did not

return yet to a locked condition. The red line

representsthe mainactivatedfault.

https://www.sciencedirect.com/science/article/pii/S1674987114000024#bib27


Seismicity Pattern

Increasesin seismicactivityin a particulararea,suchas a rise in

the numberor intensityof earthquakes,canserveas precursors

to a majorearthquake



Changes in Ground Water Level

Unusualfluctuationsin groundwater

levels, such as rapid changes or

long-term variations, have been

observed prior to some

earthquakes. However, this

precursoris still underinvestigation

andnot fully understood.
Groundwaterlevels in wells can oscillate up and down when

seismic waves pass. The water level might remain higher or

lower for a period of time after the seismic waves end, but

sometimesa long-term offset of groundwaterlevels follows an

earthquake. The largest recordedearthquake-inducedoffset in

a well is a onemeterrise.

Nadav Wetzler, 2019

https://agupubs.onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Wetzler/Nadav


Anomalous Geochemical Observations

The most common is the apparent spike in soil radon

concentrationobservedprior to largeearthquakes.

Subsurfacesoil gas along active faults in central Californiahas

been continuouslymonitored to test whether its radon-isotope

content shows any premonitorychangesuseful for earthquake

prediction.



Changes in Radon Gas Emission

Radon gas is a naturally occurring

radioactivegas that can be released

fromthe Earth'scrust.

Some studies have suggested that

abnormal changes in radon gas

emissions, either increasing or

decreasing, may occur before

earthquakes

Morgen Peck 2010



Electromagnetic Anamoloies
Anomalouschanges in the

Earth's electromagnetic

field, such as variations in

the ionosphere or

electromagnetic waves,

have been associatedwith

seismicactivity.

However, the link between

electromagnetic anomalies

and earthquakesis still not

well understood.

A new study publishedin Earth,Planetsand Spaceshedsnew light on the

electromagnetic anomalies occurring before large earthquakes. The

researchsupportsthe hypothesisthat fault ruptureprogressesjust beforean

earthquake,and the invading gas is charged and forms a large current,

causingvariouselectromagneticanomalies.



Changes in Seismic Wave Velocity

Variations in the speed at which

seismic wavestravel through the

Earth'scrust have been detected

beforecertainearthquakes.

Thesechangescan be measured

using seismometers and other

geophysicalinstruments.

Ikeda, T., Tsuji,2018



Changes in Ground Vibration

Sensitive instruments can

detect slight variations in

ground vibration or

oscillations before an

earthquake.

These changes can occur

over a wide range of

frequenciesandamplitudes.

Suheiet al 2022



Geochemical Anomolies

GeochemicalAnomalies: Changes

in the chemical composition of

soil, groundwater, or gases

emitted from the Earth's crust

have been associated with

seismicactivity.

This includes variations in the

concentrationsof certaingasesor

elements
Ionospheric earthquake precursor mask for the Greek region: along the abscissa, the day before and 
the day after the earthquake are marked, zero marks the day of the earthquake; along the ordinate, 
ǘƘŜ ǘƛƳŜ ŦǊƻƳ лллл ¦¢/ ǘƻ нору ¦¢/ ƛǎ ǎƘƻǿƴΤ ǘƻƴŜ ǎŎŀƭŜ ǎƘƻǿǎ ǘƘŜ ǾŀƭǳŜǎ ƻŦ ɲ¢9/Σ ҈ ό{ŜǊƎŜȅ ŀƴŘ 
Dmritry , 2018



Seismic Gap

A seismic gap refers to an area

along a fault line that has not

experienced significant seismic

activity for a long time.

The accumulation of stress in

such regions can indicate an

increased likelihood of an

earthquake occurring in the

future.
Vladimir Kostoglodovet al. 2002

https://www.researchgate.net/profile/Vladimir-Kostoglodov?_sg%5B0%5D=9mEM0lGrlOAyD8VOvsjyBqOi-WFC6FHFXMUUcTtX41xnN_u7-uIdhsc8JlZAd1tcoIMuKgw.rJXFwwsNYw1RkrG7CJhDGavUE-wYBmdhSbi27bVcqnZQk6vCOoB63-gD4rGOdUhIREFNPij9EjDntIRHFehblg&_sg%5B1%5D=hJ4IMa5qXazSMbRBdX3EbnWjDar0VraDB_ZsJF2HeDFQpxfHUp4mS3XHNgaHOV_s88eA_yg.sG9JoyuzG5bzObOqCytGRmO02rXN8bGvWidz-S3MmiVSPCLhLR0lwVmi3TdOA4qbpRcZxqIdNkEfCvrhQ3wH1A


Seismic Gap Migration

In addition to seismicgaps along

fault lines, the migration of

seismic activity within a region

canbe an importantprecursor.

If seismicity migrates along a

fault segment, it may indicate an

increased likelihood of a larger

earthquakeoccurringin that area.

Rajendran and KusalaRajendran 2005



Unusual Lights and Sounds

Rare observationsof glowing or

flashing lights, known as

earthquakelightsor seismiclights,

have been reported in the sky

beforeearthquakes.

Similarly, unexplained sounds,

suchas rumblingor low-frequency

noises,havebeenassociatedwith

seismicactivity. Earthquake lights capturedover Mount Kimyo, Japan, in 1968

Courtesy : Bulletin of the Seismological Society of America



Changes in Ground Resistivity

Variations in the electrical

resistivity of the Earth's

subsurface can occur before

earthquakes.

Thesechangescan be measured

using resistivity meters and are

thought to be related to

alterations in the pore fluids or

mineralproperties.

Changes in the electric resistivity of the soil prior to the 

M=7.9 Wenchuan earthquake (after (Zhao and Qian, 2009)).



Changes in Ground Water Chemistry

Shifts in the chemical

compositionof groundwater,such

as changes in pH, temperature,

or the presence of certain

elements or gases, have been

observed prior to some

earthquakes.

Thesechangescan be monitored

through regular water sampling

andanalysis.

Skelton et.al 2019



Changes in Seismic Noise

Seismic noise refers to the

background vibrations recorded

by seismometers.

Unusual variations in seismic

noise characteristics, such as

changes in frequencycontent or

amplitude, have been associated

with impendingearthquakes.
SOURCE: ROYAL OBSERVATORY OF BELGIUM



Changes in Ground Strain

Strainrefersto the deformationor

stretchingof the Earth'scrust due

to tectonicforces.

Monitoring changes in ground

strain using strain meters or

strain gauges can provide

insights into stress accumulation

andrelease,potentiallyindicating

an impendingearthquake.

Source : https://geophile.net/



Changes in MicroseismicActivity

Microseismic events are very

small earthquakesthat are often

imperceptibleto humansbut can

be recorded by sensitive

instruments.

An increase in microseismic

activity in a particular region can

be an indication of heightened

seismicstress.



Changes in Geological and 

Geophysical Parameters

Variations in geological and

geophysicalparameters,such as

changes in crustal density,

magnetism, or rock properties,

have been proposedas potential

earthquakeprecursors.

These parameters can be

monitored through geophysical

surveysandobservations.
Bastia and Radhakrishna (2012)



Satellite-based Observations

Remotesensingtechniquesusing

satellites can provide valuable

information on pre-earthquake

phenomena.

This includesmonitoringchanges

in land surface temperature,

vegetationhealth, or deformation

patternsusingsatellite imagery.

Eliot et.al 2017



Causative Fault mapping using sub-pixel 
registration of ASTER images



The image is an interferometricmap of the Hector Mine

earthquakeareashowingthegrounddisplacementalongthe

radarline of sight. Onefull color cyclerepresents10 cm of

range displacement. Gray areas are zones of low phase

coherence that have been masked before unwrapping.

Dottedlines depictCaliforniafaults, after Jennings(1975),

and thick, solid lines the Landers, 1992 surfacerupture,

afterSiehet al. (1993).

The radar data were acquired by the EuropeanSpace

AgencyERS-2 satelliteon September15 and October20,

1999. Thedatausedhere cover frames2907 and 2925 of

descending track 127. The post-earthquakedata were

purchasedfrom Eurimageand transferedfrom the Centre

Canadien de Teledetection to JPL via FTP.

Causative Fault mapping using interferometric map



Europe'sEarth RemoteSensingspacecraftuse radar

signals that may offer clues in how best to spot

earthquakesbeforetheyoccur.

Eachcycleof colors(for example,goingfrom yellowto

purple to turquoise and back to yellow again)

representsa changein the ground-height, dependent

on positionof spacecraftaboveEarth.

Causative Fault mapping using Radar Signals



Surfacelatent heatflux anomalyin the vicinity of the

Sumatran earthquake several weeks before the

earthquakeoccurred.

The CEOSRscientists believe surface latent heat

flux may be the key to successfulforecasting. The

signs are promising. OnJan. 1, Cervoneforecasted

an earthquakeoff the coast of Japan. Eight days

later, the earthquake,registering5.3 on the Richter

scale, occurredwherehe had predicted. His system

has shown that the weaker the earthquake, the

shorter the time span betweenwhen an anomalyis

spotted and when the quake occurs. A massive

quake has a much longer time span between the

appearanceof an anomaly and the actual quake,

providing more time for preparationor evacuation.

Causative Fault mapping using Surface Latent Heat Flux



An infrared image of the

region surrounding Gujarat,

India, on January 21, 2001.

Yellow-orange areas trace

thermal anomalies that

appeared days before the

Jan. 26th quake. The boxed

star denotes the quake's

epicenter. Credit: MODIS

onboard NASA's Terra

satellite.

Causative Fault mapping using Thermal Anomalies



Thermal Anamolies

Unusual changes in temperatureat or near

the Earth'ssurfacehavebeen observedprior

to someearthquakes.

These thermal anomalies can manifest as

unexpectedheating or cooling of the ground

or bodiesof water.

An infrared imageof the region surroundingGujarat, India, on January21, 2001. Yellow-

orangeareastrace thermalanomaliesthat appeareddaysbeforethe Jan. 26th quake. The

boxedstar denotesthe quake'sepicenter. Credit: MODISonboardNASA'sTerrasatellite.



Satellite Information on Heat Anomalies and Heat Island Phenomena 

Preceding Earthquakes

Infrared anomaly seen from a satellite (infrared anomaly distribution adapted from [48]) 

over central Italy before the Abruzzo earthquake. The left image was taken on

30 March, the right one on 31 March (the quake happened on 6 April, 3.32 A.M.). The

arrows in the figures indicate the site of animal (toad) observation and the epicentre

respectively (the infrared absorbing clouds are also indicated).





Abnormal Animal Behaviours

AnExciteddogandof a

fleeing rat, which were

taken prior to the 7.2

Magnitude Sungfan-

Pingwu earthquake

from 1976.
Source : Helmut Tributsch, 2013



Abnormal Animal Behaviours

Chinese flyer,

distributed to country

people with the

intention of explaining

the

behaviour of animals

prior to earthquakes,

which should be

observed.

Source : Helmut Tributsch, 2013


