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1138 Aleppo
Earthquake
(Syria)

Aleppois situatednorthernportion
of the DeadSeaand it separates
the African plate from the Arabian
Plate Theseriesof the earthquakes
took placefrom Octoberl 138to the
month of the June 1139 The area
that was the hit the most was
Harim The earthquake caused
deathsof around230,000 people




Shaanxi Earthquaken
the year 1556 (China)

It Is a deadliestearthquakeon record
with a death count of almost830,000
people It occurredon the 23 January
In the year 1556 in ShaanxiChina
There were more than 97 countries
affectedbecauseof the earthquake




19762 Tangshan
Earthquake (China)

The Tangshan earthquake is
amongst the largest earthquakes
ever taken place in the world It
took place in the Tangshanin the
Hebeiin Chinawith the population
of aroundone millioninhabitants It
Killedaround242000 people

0.’s
e

»

L N


http://www.wonderslist.com/wp-content/uploads/2013/11/Tangshan-earthquake.jpg
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Latur Earthquake
1993

Thiswas one of the deadliestearthquakeswhich
hit Latur in Maharashtra The year was 1993
Almost 20,000 people died and around 30,000
were injured The e ar t h gintensite @S
measured6.4 on the Richterscale There was
huge loss to property Thousandsof buildings
wereturnedinto rubbleand morethan50 villages 4
weredestroyed
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Gujarat was affected by a massive
earthquaken the morningof 26 January,
2001, the day on which India was
celebratingits 51st Republic Day The
e ar t h gnteaskyed® s the rangeof
7.6 to 7.9 on the RichterScaleandlasted
for 2 minutes The impactwas so great
that almost20,000 peoplelost their lives
It Is estimatedthat around167,000 were
Injured and nearly 400000 were left
homelesan this naturaldisaster
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Year : 2
Ar eas a
Parts of southern

India and Andama
Nicobar Islands, Sr
* Lanka, Indonesia

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 2 Sri
Lankaand Indonesia The earthquakehad its
epicenterin the oceanbed which led to this
destructive tsunami The magnitude was
measuredbetween9.1 and 9.3 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 Hiroshimatype atomic
bombs Morethan?2 lakhpeoplewerekilled






An earthquake is caused by a sudden slip on a faultethenic platesare always slowly moving, but they get
stuck at their edges due to friction. When str'esson 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.
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https://pubs.usgs.gov/imap/2800/
http://earthquake.usgs.gov/learn/glossary/?term=stress
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Some of the important
Questions on Earthquake

=g



A Earthquakesinduced by human activity have
beendocumentedat manylocationsin the United
States and in many other countries around the

world.

A Earthquakescan 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 undergroundiormations




A Foreshocksare earthquakesthat precedelarger earthquakesin the
same location An earthquakecannot be identified as a foreshock
until after a larger earthquaken the sameareaoccurs

A Aftershocksare smaller earthquakesthat occurin the samegeneral
area during the days to years following a larger event
or "mainshock"

A Theyoccur within 1-2 fault lengths away and during the period of
time beforethe backgroundseismicitylevel hasresumed



A Aftershocksare a sequenceof earthquakeshat happenafter a larger mainshockon a fault.
Aftershocksoccurnearthe fault zonewherethe mainshockrupture occurredand are part of
the "readjustmentp r o c after$hé mainslip onthe fault.

A Aftershocksbecomeless frequentwith time, althoughthey can continue for days, weeks,
months,or evenyearsfor a verylarge mainshock

A Aswarm,on the otherhand, is a sequenceof mostly small earthquakeswith no identifiable
mainshock

A Swarmsare usually shortlived, but they can continuefor days, weeks, or sometimeseven
months They often recur at the same locations Most swarms are associated with
geothermalactivity:.



A temporaryincrease or decreasein seismicity is part of the normal fluctuation of earthquake
rates. Neitheran increasenor decreaseworldwideis a positive indicationthat a large earthquake
IS Imminent

Somecatalog containsan increasingnumberof earthqguakesin recent years-not becausethere
are more earthquakes,but becausethere are more seismic instruments and they are able to
recordmoreearthquakes

The Center 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
earthquakeamorequicklythaneverbefore


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

There Is no scientific explanation for the symptoms some
peopleclaimto haveprecedingan earthquake,and more often
thannotthereis no earthquakefollowingthe symptoms



Faults do not open up during an earthquake.

An earthquake occurs when two
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.
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Heavy precipitation or of drought might indirectly affect earthquakeprone
faults. For example, patterns of precipitation can affect the weight of near
surfacematerialsandof reservoirs

Also the refilling of subsurfaceaquifers may causethe E a r trisgie expand
(by a few millimeters) in some locations and contract in others, with the

oppositeoccurringduring dry periods

These can cause small changesin the stresses on faults that--in principle--
couldslightly influencerates of seismicity



An earthquake prediction must define 3
elements:

1)the date and time,

2)the location, and

3)the magnitude.




A Theearliestreferencewe haveto unusualanimalbehaviorprior to
a significant earthquakeis from Greecein 373 BC Rats, snhakes,

and centipedesreportedlyleft their homesand headedfor safety
severaldaysbeforea destructiveearthquake

A Anecdotalevidenceaboundsof animals, fish, birds, reptiles, and

Insects exhibiting strange behavior anywhere from weeks to
secondsbeforean earthquake

A However,consistentand reliable behaviorprior to seismicevents,
and a mechanismexplaining how it could work, still eludes us.

Most, but not all, scientists pursuingthis mysteryare in Chinaor
Japan



Earthquake Early Warning
g » Precursors




A There have been several recent efforts in earthquakeparameterprediction
based on recording and analyzing precursor signals before major
earthquakes

A Theprimaryreasonfor earthquakeactivity is two or moreofthee a r tras@ls
platesthat are steadilymovingin different directionsare lockedtogetherfor a
period of time, thus accumulatingstrain and elastic potentialenergy

A Thestoredenergyis releasedin the form of a major seismiceventwhensome
threshold is exceeded In a majority of cases, this release of energyis a
gradualprocessandis precededby earthquakeprecursors



precursor stages

The theory of dilatancy (that is, an increase in
volume) of rock prior to rupture once occupieda
ohromrs| | dastc | Gowdopment | and ursabl | insioss central position in discussions of premonitory
L. T T | uitzone | aftershooks phenomenaof earthquakes,but it now receives
“vlosty : less support
ground

uplit It iIs based on the observationthat many solids
g exhibit dilatancyduring deformation

radon
emission

For earthquake prediction the significance of
dilatancy, if real, is in its effects on various

electrical

resistivity 4 measurablequantities of the Eartl® srust, suchas
seismic velocities, electric resistivity, and ground
number of andwaterlevels.

seismic
events

Source: Predicting Earthquakes, National Academy of Sciences, 1976



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

SeismicQuiescenceas oftenreferredto asthe ¢ ablefore

the s t o inmérthquakescience It has been observedin
several historical earthquakecatalogs that the n o r ma
seismicactivityin a regionis suspendedor a considerable
time anomalousarthquakectivitybeforethe occurrenceof
amajorearthquake

. E s - = The map of seismic quiescence Years prior
et e o S - to the 1997Kronotskyearthquake oKamatchka
2 aeae e | earthquake of east Russia with, = 7.8 and

- = Tl @l  main aftershock witM,, = 6.6.
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RTL. The RegiefimeLength function (RTL) (Sobolev andipkin 1997, Sobolev antiyupkin 1996)measures the
level of seismic activity at a given locationy) as a function of time t. Hnalyzeghe number of earthquakes, their
size, and their distance from,{) within a moving time window.



Interpretations for events in Minto Flats fault zone

Nucleation (VLFE)
stage 1 (~20 seconds): stage 2 (~1 second):

(a) slow slip and (b) VLFE transitions into an
high-frequency foreshocks earthquake rupture (M3.7)
OR OR
(c) dozens of earthquakes (d) VLFE triggers an
as a cascading process earthquake (M3.7)

A 4

Earthquake

fault surface

x 1

d  fault surface brittle

ductile

Seismologists have observed a process
called nucleation, where the rate of slip

along a fault rampsup gradually before an
CEIUIEUG
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A foreshock isan earthquake that occurs before a larger seis
event (the mainshock) and is related to it in both time and sy
The designation of an earthquake as foreshock, mainshock
aftershock is only possible after the full sequence of events
happened.

A 4

C fault surface brittle d

ductile ductile

Alaska Earthquake Center seismologists, in collaboration with an
international researchteam, recently identified a 2016 magnitude 3.7
Minto Flats earthquakethat was precededby an intensifying 12-hour
sequence of foreshocksfollowed by a 22-second nucleation signal
before rupturing as an earthquake This discovery suggests that the
rupturing processcanbeginhoursor evendaysbeforean earthquake



FAULT OFF - interseismic creep (10°"s)
thrust , -GPS strike-slip o

A Large ground displacements in
geological faults are not always abrupt
occurrencesduring majorearthquakes

A Instead, manyfaults including segments
of the much researched San Andreas
Fault system exhibit continuous slow
movementreepfor a considerabletime
in the range of 10 daysto a few years
prior to majorgroundshaking

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

A Modeling such an open physical system that continuously builds up and releases stress through slow
deformationis the biggest challenge in earthquake prediction at such fault systems using fault creep
measurements
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The strain rate principal axeson a regular grid
based on the interseismic velocities basedon
the data before the 6th April, 2009 M 6.3
event

The fault nucleated in an area of low
Interseismicstrain rate ( et al., 2011J).
The higher strain rate to the north is
Interpreted as related to the postseismic
relaxation of the 19971998 UmbriaMarche
seismic sequence, where the faults did not
return yet to a locked condition Thered line
representsthe mainactivatedfault.



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

Wetzler2019
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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 recordedearthquakeinduced offset in
awellis a onemeterrise.


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

The most common iIs the apparent spike In soil radon
concentrationobservedprior to large earthquakes

Subsurfacesoll gas along active faults in central Californiahas
been continuouslymonitoredto test whether its radonisotope

content shows any premonitorychangesuseful for earthquake
prediction.



Radon gas Is a naturally occurring
radioactive gas 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



Anomalouschangesin the
Earth's  electromagnetic
field, such as variationsin
the lonosphere 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 rupture progressegust beforean
earthquake, and the invading gas is charged and forms a large current,
causingvariouselectromagnetianomalies



Variationsin the speed at which
seismic wavestravel through the
Earth's crust have been detected
beforecertainearthquakes
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Thesechangescan be measured
using seismometers and other
geophysicalnstruments

o
w

&
()
(o)
c
@
<
Qo
>
N —
O
O
0]
>
(&
£
R
o
0p)

lkeda, T., Tsuji,2018



n of Lravel tme and amplitude

Sensitive Instruments can
detect slight variations in
ground vibration or
oscillations  before an
earthquake

— i BT S St A I NI it

Suheiet al 2022
These changes can occur

over a wide range of
frequenciesand amplitudes



GeochemicaAnomalies Changes
In the chemical composition of
soil, groundwater, or gases
emitted from the Earth's crust
have been associated with
seismicactivity:.

This includes variations Iin the
concentrationsof certaingasesor
elements

Time (days in relation to the earthquake day)

lonospheric earthquake precursor mask for the Greek region: along the abscissa, the day before ar
the day after the earthquake are marked, zero marks the day of the earthquake; along the ordinate,
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A seismic gap refers to an area
along a fault line that has not
experienced significant seismic
activity for alongtime.

The accumulation of stress in
such regions can indicate an
Increased likelihood of an
earthquake occurring in the
future

North American Plate
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Kostoglodowet 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

In addition to seismic gaps along
fault lines, the migration of
seismic activity within a region
canbe animportantprecursor

If seismicity migrates along a
fault segment, it may indicate an
Increased likelihood of a larger
earthquakeoccurringin that area
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Rare observationsof glowing or
flashing lights, known as
earthquakeights or seismiclights,
have been reported in the sky

beforeearthquakes

o LT
Similarly, unexplained sounds, - L m ‘
suchas rumblingor low-frequency ol 8
noises,havebeenassociatedwvith - Q’ ; .
Seismicactivity Earthquake lights capturedver Mountkimyq Japan, in 1968

Courtesy : Bulletin of the Seismological Society of America



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

One-hour variations

r&,«ﬁ Wenchuan
Mo 5. ﬁ“ e
a‘ ‘y‘u“"'*ii:‘g“““

Changes in the electric resistivity of the soil prior to the
M=7.9 Wenchuan earthquake (after (Zhao and Qian, 2009)).



Shifts In the chemical
compositionof groundwater,such
as changesin 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

Dilational
strain




Seismic noise refers to the
background vibrations recorded
by seismometers

Unusual variations in seismic
noise characteristics, such as
changesin frequency content or
amplitude, have been associated
with impendingearthquakes
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Strainrefersto the deformationor Crust at rest Crust deformed, Ruptured crust Fractured crust,
strain accumulates causing earthquake Fault zone

stretchingof the Earth'scrust due ——y g
to tectonicforces | |

Incipient
fractures

/ / / &
Monitoring changes in ground RSy C/ fay e
strain using strain meters or i y i y f

strain gauges can provide e = b 4

. . ] . No strain Strain build-up  Rupture with elasticrebound Strain released
Insights into stress accumulation

andrelease, potentiallyindicating
animpendingearthquake

ﬁ /

Source : https://geophile.net/



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




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

lgneous Crust

Bastia and Radhakrishna (2012)
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Remotesensingtechniquesusing
satellites can provide valuable
Information on pre-earthquake
phenomena

This includes monitoringchanges
In land surface temperature,
vegetationhealth, or deformation
patternsusing satellite imagery

a
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Causative Fault mapping using interferometric map

I [ [ [
2.(Oct.16, 1999, Mw7.1)

The imageis an interferometricmap of the Hector Mine
) earthquakeareashowingthe grounddisplacemenalongthe
x N radarline of sight Onefull color cyclerepresentslO cm of
e . range displacement Gray areas are zones of low phase
P e coherence that have been masked before unwrapping
Dottedlines depict Californiafaults, after Jennings(1979),
and thick, solid lines the Landers, 1992 surfacerupture,
afterSiehet al (1993.

- The radar data were acquired by the EuropeanSpace
AgencyERS2 satelliteon Septemberl5 and October20,
1999 Thedataused here coverframes2907 and 2925 of
descendingtrack 127. The postearthquake data were

e purchasedfrom Eurimageand transferedfrom the Centre

10 om Canadien de Teledetection to JPL via FTP
"

y ERS data: European Space Agency
~ Processing: GP, JPL, Oct. 1999

-116.75 -n -116.25 1575
| | | | | | |



Causative Fault mapping using Radar Signals

Europe'sEarth Remote Sensingspacecraftuse radar
signals that may offer clues in how best to spot
earthquake$eforetheyoccur

Eachcycleof colors(for examplegoingfrom yellowto
purple to turquoise and back to yellow again)
representsa changein the groundheight, dependent
on positionof spacecrafaboveEarth



Surface Latent Heat Flux Anomaly - 07 Dec 2004
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,registering 5.3 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
guake has a much longer time span between the
appearanceof an anomaly and the actual quake,
68°'E 72'E 76'E 80'E 84'E 88'E 92'E 96'E 100°E 104'E 108°E 112°E 116°E 120°E prOV|d|ng more t|me fOr pl'eparathnOI’ evacuatlon

Anomaly
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Causative Fault mapping using Thermal Anomalies

An infrared Iimage of the
region surrounding Gujarat,
India, on January 21, 2001
Yelloworange 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.




Unusual changesin temperatureat or near
the Earth'ssurface have been observedprior
to someearthquakes

These thermal anomalies can manifest as
unexpectedheating or cooling of the ground
or bodiesof water.

An infrared image of the region surroundingGujarat, India, on January21, 2001 Yellow
orangeareastrace thermalanomaliesthat appeareddaysbeforethe Jan 26th quake The
boxedstar denotesthe quake'sepicenter Credit MODISonboardNASA'sTerrasatellite.



San
Ruffino
Lake

Clouds

Epicenter

30 March 2009 31 March 2009

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
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An Exciteddog andof a
fleeing rat, which were
taken prior to the 7.2
Magnitude Sungfan

Pingwu earthquake
from 1976

Source : Helmuftributsch 2013



Chinese flyer,
distributed to country
people  with the
Intention of explaining
the

behaviour of animals
prior to earthquakes,
which  should be
observed

Source : Helmuftributsch 2013



