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Zakladni pojmy



Zemetreseni vznika v mistech
“zaklesnuti* desek.
Kontakt se deformuje mnoho leta ...




Kontakt se deformuje mnoho leta ...

kdyz praskne, nahromadéna energie se uvolni

béhem sekund.
Japonsko 2011: Ec~10%° J, jako Temelin za 200 let !

o trhlina 20 m




Styk desek je zlomova plocha
a na ni vznikaji posunuti (trhliny).

Zlom dosahuje k povrchu zemé jen vyjimecné.

One second after the origin time:
the dislocation is growing outward from the focus.

Typical
depth of focus
5-280 km

Jak studovat zlom v hloubce desitek km?



Seismicke viny nesou informaci o
fyzikalnich parametrech zemskeho nitra
a také o zemétresném procesu

Vznik a Sifeni vin 1ze matematicky
Time=4.0 sec. | mOde I Ovat




Seismické viny odhali dvé plochy.
Jedna z nich je rovinou zlomu.

Figure 3
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Rozdil doby béhu P a S vin se

zvetSuje se vzdalenosti
pozorovatele od zdroje vinéni.

=>» princip urcovani polohy zemétreseni

S1-S3 - stanice




Amplitudy vin ubyvaji se
vzdalenosti.

Ch. Richter 1930

=drincip urcovani
velikosti zemétieseni
A (magnitudo )




Modelovani umoznuje také pochopit
nicive uCinky zemeétreseni ...




a projektovat seismicky
odolné stavby




Jak viny zaznamenat, merit?




horizontalni
kyvadlo

E. Wiechert 1909

kyvadlo o hmotnosti 1000 kg
vlastni perioda 10 sekund

Na nasi fakulté instalovan r. 1924



A dnes ...
zpetnovazebni (Kompenzacni) systemy
s Sirokym oborem period kJ

kyvadlo o hmotnosti pouhych 100 gramii
vlastni perioda celeho systému az 5 minut

|
1
E |



Seismicke site
a satelitni prenos dat

riklad:
stanice MFF v Recku



Globalni seismicka sit
N¢ékolik minut po velkém zemétieseni kdekoli na

svete zname jeho polohu a velikost a muzeme
vypocitat
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Kefalonie 2014



Kefalonie nebo Ithaka?
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™

Homeér: Odysea

Z zenichu predni ¢ihaji na tebe v UZing,
jez deli Ithaku od sraznych brehu Samy.
Cht¢ji t€ zabit, nez stihnes Ithaky rodné!
Neboj se vsak! SpiS pohibi zemée néktercho z nich,
kteti t1 mrhaji dédictvi otcu!



Kefalonie nebo Ithaka?

Strabo’s
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According to this hypothesis, the thin strip of sea separating the two islands is the channel that
geographer Strabo (64/63 BC — ¢. AD 2) described when he visited the area (Fig. 2.1.3), that

has been filled since with sediments, catastrophic rockfalls, co-seismic uplift events and

relative sea-level change (Underhill, J. 2009).



Table £.1.1. Information on source parameters of strong (M=6.0) earthquakes in the area of Cephaloma
from 1469 to 1983 (Papazachos and Papazachoun, 2003,
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name seismogenni zlomy
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Zemetiesne ,,dvojce” r. 2014



26. 1. (prvni) a 3.2. (druhy jev)
13:95 ., 03:08
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Regionalni tektonika
a “‘priprava zemetieseni”



Kefalonsky transformni zlom (CTF)

L et | o s e (A4 o

20°0'0°E 22°0'0°E 24°0'0"E 26°0'0"E
L 1 A

2*0'0"N

5 B 5
= . £
a| Eurasian Plate e ; Y| - f
- T i T
- i ” o - _____‘...}_i i Y
= :I' .}" M—} T ? 4
0 F B A / uu-:nun.
1 j =h® = .
1.2 3 ——— s North Anatolian Fault™ 2
T 2 Greece| 7 . M i {
it P = LS
= " PRl = & K 5 ."“k <3,
l‘-\"~‘-". -:“_:_'J't o f s o k. "-':I S T
- o\ -RoL- WG R
7 R A Z e B AR WY
e e g AN AN
. -~ B e | P L5 SR 4 3
IM""' . ."'\. = 1 :a;, ‘-\‘l!r 4..\1‘-:.} _-.-_t“'ﬂ-r"" 0 ITHAKA o ! g < \". ; -,
'-.r-i"-‘!'" i‘:’ b ‘p "k i 1:‘ ¢
A L L’l, : n d{j’;‘:‘;' . a I
ey ._1 {"j_-'*) - g A xten [
lf My o sk
' E-.l — . o = CENTHAI L
- 4 Aegean Microplate § 2 . IEINIAN ™
" ' 2 . B ' SEh
[cw
) E
= ¥ -:.'-;r'?
i_: e i .-I_T...- ,
J Hellenic Arc LS J i PELOPORINESE By gy es
- i
African Plate " Y

Figura 1. Tectonic Sottng




202 20M18' 20°24' 20030° 20°36" 20°42'

Vertical Displacement Scale

L ———— =

15 <10 -5 0 5 10 15

—
10 mmlyr

2024

20°36"

Pfiprava

S ) zemetieseni?

2042 2048’

Vertical Displacement Scale

1 km

20748’

2003-2010

Contents lists available at SciVerse ScienceDirect
Tectonophysics

journal homepage: www.elsavier.com/locate/tecto

20°30°

Combined Seismicity Pattern Analysis, DGPS and PSInSAR studies in the broader area
of Cephalonia (Greece)
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Vyzdvih a ‘zrychlena seismicita’

West Cephalonia (Paliki Peninsula)
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Nase vyzkumy



Dvé
alternativni
lokalizace
prvniho jevu




38.4° 1

38.2°

38" 1

A

30

Druhy jev posunut
~10 km NNE
a do mensi hloubky



Dva Mw 6 otiesy a dotiesy M, >3

Epicentra:
Zluta — nase
Zelena= Karasthatis

Centroid
a momentovy tenzor:
Cervena — nase
Modra —-Harvard GCMT




Centroid moment tensor (CMT) — 1. jev

stanice do ~200 km
nizké frekvence
0.05-0.08 Hz

Event Date-Time: 14/01/26-13:55:43.8
Inversion Band {Hz): 0.05 0.06 0.07 0.0
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Zlomova plocha
a jeji trhani
trhlina=skluz,
Sifeni trhliny



Skluzova inverze (F. Gallovic) —
orvni jev

lokalni stanice a
vyssi frekvence
0.05-0.20 Hz




Prostoroveé rozlozeni skluzu

10 15

Along strike




Prostorové-casoveé rozlozeni skluzu
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Zdanlive ¢asove funkce

20

metodou EGF i

obdoba Dopplerova jevu



Druhy jev Mw 6

8 dni pozdé&ji



Centroid moment tensor - druhy jev
ma nestabilni feSeni
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Mozny vyklad nestability nizkofrekvencniho
CMT fteseni: mala hloubka

hloubka 2.5 km
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Jin¢ vysvétleni problemu
jednoducheho modelu?

Dv¢ zlomove plochy aktivovane pii
jednom zemeétreseni!



SAL Early Edition

Seismological Research Letters Volume 86, Number 1 January/February 2015

The February 2014 Cephalonia Earthquake
(Greece): 3D Deformation Field and Source
Modeling from Multiple SAR Techniques

by John Peter Merryman Boncori, loannis Papoutsis, Giu (c) _
Cristiano Tolomei, Simone Atzori, Athanassios Ganas, Va___  20.4
Karastathis, Stetano Salvi, Charalampos Kontoes, and A.
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Skluzova inverze — druhy jev

lokalni stanice a
vyssi frekvence
0.05-0.20 H

van ab. 3, 2014
Both segments
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Hypocentrum se nachazi

\E 8 4

na kfiZzeni segmentu
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Prostorové-casoveé rozlozeni skluzu
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Prostorové-Casove rozlozeni skluzu :
oba segmenty praskaly soucasnée
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Srovnani vypoctenych a namérenych
nevratnych posunuti — horizontalni slozka

¢erné — pozorovani
cervené - simulace
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Diskuse



Pohyby pred zemétresenim a pi1 ném
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Fig. 4. Vertical and horizontal velocity map for the period 2001-2003 (a), 2003-2010 (b), and 2001-2010 (c).
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Dotresy a napétove pole




MATIONAL & KAPODISTRTAN UNIVERSITY OF ATHENS
SCHOOL OF 5CIENCE — FACTLTY OF CEOLOCY & CEOENVIRONMENT

y ‘ DEPARTMENT OF DYNAMIC, TECTONIC & APPLIED GEOLOGY
LABORATORY OF NATURAL HAZARDS PREVENTION & MANAGENMENT

% 1513 — 18, 19 September
sanudo, M. [1B86), Mavoioagag, M.l [1967)

% 1767 — 11, 22 July
Zuong, AK. (1E93), Korpapne, N. (1880], Kovopog, Nt (1970), TorrosAne, H. (1960], Kouskouna, V. et al (1993), Makropoulos, K. & Kouskouna, V. (1903)

% 1791 — 22, 23 October, 2 November
Zwng, AKX [1853), Katpopnc, M. (1880), KohuPa, M. [1997), Xuwtng, M. [1886), Barbiani (1863}, Saint Sawverur [1800)

i 1820 - 17, 29 December
Zwng, A [1893), Zwpoc, . (1973), Kovopog, Nt {1970], Nomowxodoou-Kpiwotevoey, A. (1993), Toweekne, H. (1960), Xuwonc, M. (1E86), Barbiani [1B63),

% 1840 — 18, 30 October
Zwng, AX. [1E93), KodwBa, M. (1997], Kovopog, M. (1970, Papog, A, (1973), Xwwmg, N, [1886), Barbiani [1863], Montessus de Ballore, F. {1900)

% 1872 — 10, 25 October
Juurns, M. [1E86)
1 1886 — 15, 27 August
Zwong, AX. (1E93), Xuwmg, M. [LEBE), Montessus de Ballore, F. (1500)

% 1893 — 19, 31 January
Zing, AX. [1893), 1ssel, A & Agamennone, G. (1894), Issel, A. (1893). Montessus de Ballore, F. {1990)

*

% 1953 — 9, 11, 12 August 600 victims

0 August, M 6.4 11 August, M 6.8 12 August, M 7.2
- Lekkas et al. (1997)




Figure 2.1.6. Ar
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Nepal, M7.8, 25.4. 2015

EMSC manual location
M6.7 2015/04/26 - 07:09:10 UTC
Lat 27.86 Lon 86.08 Depth 13.9 km
Seismicity ISC+EMSC: From 1960 to 26/04/2015 07:00 UTC

1905 M7.5 Kangr
1934 M8.0 Bihar
2005 M7.6 Kashmir

Depth (km)

15th August 1950 M8.6
Assam
eastern India



http://earthquake.usgs.gov/earthquakes/eventpage/us20002926#general_summary
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(293, 7, 108)

(95, 83, BE)

Max Mr = 1.95e+26 dyne-cm

Relative Moment Rate
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Finite Fault Madal



z
GUMO

z
TATO

4
ERM

91 roc AL s
= e u U L
] 500 1000 1500 2000 2500 3000 3500
BE[ . rll A 0111
2 Ny
li] 500 1000 1500 2000 2500 3000 3500
B_,,[ e [ n i 0178
. vyVv
0 500 1000 1500 2000 2500 3000 3500
STV
4 VYV
0 500 1000 1500 2000 2500 3000 3500
5'3{ __..n;;nn.k--__ s
R LA
0 500 1000 1500 2000 2500 3000 3500
0193
0 500 1000 1500 2000 2500 3000 3500
34 _..__‘..____“nrll.L_._ s
0 500 1000 1500 2000 2500 3000 3500
8 ra M Do
] 500 1000 1500 2000 2500 3000 3500
o7 0.2r2
[ o
0 500 1000 1500 2000 2500 3000 3500
d S | VO
" ARl
0 500 1000 1500 2000 2500 3000 3500

z
SUR

F
ABPD

Z
RER

DGAR

F4
PAF

0 500 1000 1500 2000 2500 3000 3500

% , ﬂ p 0.223|

0 500 1000 1500 2000 2500 3000 3500
ed o AN o
- VV

0 500 1000 1500 2000 2500 3000 3500

0.388
3

0 500 1000 1500 2000 2500 3000 3500

134 i . A-.ﬂ.lnln._. o258

Gl NV
0

500 1000 1500 2000 2500 3000 3500

i 0187

1] 500 1000 1500 2000 2500 3000 3500
14 j— oY An..ﬂ ]l.ll ﬂ o 0163

W W W

- '}l

0 500 1000 1500 2000 2500 3000 3500
1 2112
B

1] 500 1000 1500 2000 2500 3000 3500
- 0,141
47

0 500 1000 1500 2000 2500 3000 3500
113 o 0.0%8
- e

0 500 1000 1500 2000 2500 3000 3500



Distance Along Dip (km)

Strike =295 Distance Along Strike (km)

60

80 L

4|

-160 -140 -120 -100 -80 -60 -40 -20 O 20 40

Rupture Front Eoninurs Plotted Every 5 s

0.0

05 1.0 15 20 25 3.0 35 4.0
Slip (m)

Relative Moment Rate

1-10

10

Depth Relative to Hypocenter (15.0 km)

Max Mr = 1.95e+26 dyne-cm

Time (s)




USGS ShakeMap : NEPAL
Apr 25,2015 06:11:26 UTC M 7.8 N28.15 E84.71 Depth: 15.0km
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M 7.8, NEPAL ANSSI  bAGER

Origin Time: Sat 2015-04-25 06:11:26 UTC (11:56:26 local)
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FOR TSUNAMI INFORMATION, SEE: tsunami.gov Created: 15 hours, 36 minutes after earthquake
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http://www.emsc-csem.org/Earthquake/earthquake.php?id=438791#map

Dr. Brian Tucker
Geohazards International



http://en.wikipedia.org/wiki/Brian_Tucker

D¢kujr Vam za pozvani a za
POzornost!


http://geo.mff.cuni.czwww.youtube.com/watch?v=NPgS8HHpeZA

Dodatky



Ve stadiu prvnich pokusu je

vyuziti GPS méreni take pro
z)1sténi mist ,,pripravy*

budoucich silnych zemétreseni.

Zaklesnuti deskoveho kontaktu (uzamceni
casti zlomu) se totiZ muze projevit
meétitelnou deformaci zemského povrchu.
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Interplate seismogenic zones along the
Kuril-Japan trench inferred from GPS

data inversion

Chihiro Hashimoto'* ', Akemi Noda', Takeshi Sagiya® and Mitsuhiro Matsu'ura’

In the subduction zones around Japan, where four plates
interact with one another, large earthquakes have occurred
repeatedly’. These interplate earthquakes are part of the
process of tectonic stress accumulation and release that
is driven by relative plate motion®?. Stress accumulation
between earthquakes results from slip deficit (slip that is
insufficient to fully accommodate plate movement). For the
prediction of large earthquakes, it is therefore important to
monitor the distribution of slip deficit on plate interfaces.
Here we apply an inversion method based on Bayesian
modelling (using direct and indirect prior information on the
magnitude and distribution of fault slip®) to horizontal and
vertical velocities from global positioning system data. For the
seismically calm period between 1996 and 2000, we obtain
a precise distribution of slip-deficit rates on the interface
between the North American and Pacific plates around Japan,
which reveals a trench-parallel belt of slip deficit with six
peaks in the depth range of 10-40 km. These peaks agree
with the source regions of past large interplate earthquakes
along the Kuril-Japan trench. We conclude that the slip-deficit
zones identified with our methed are potential source regions
of large earthquakes.

to estimate the precise interseismic slip-deficit rate distribution
on the North American/Pacific plate interface around Japan®'1,
What makes this effort such a difficult problem is that the targeted
slip-deficit regions are outside the GPS array on land.
ian statistical inference based on the entropy
maximization principle'*'?, incorporation of prior information
into observed data permits well-conditioned flexible formulati
of ill-conditioned inverse problems. For geodetic i0
ian formulae have been widely used: the
ura formula" incorporating direct prior informa-
the magnitude of fault slip and the Yabulki
indirect prior constraint on the
ibution. The rational unification of




Relativni pohyby

(vici bodu,
vyznac¢enému ¢tvereckem
v levé dolni ¢asti obrazku).

Jinymi slovy, jedna se o uvolnéni
nahromadéné vnitifni deformace
uvniti Japomska.
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Figure 3 | Inverted slip-deficit rate distribution. The blue and red
contours show, respectively, the inverted slip-deficit and slip-exmess rates
at intervals of 3cmyr~ . The grey daots indicate the central paints of

v bi-cubic B-splines distributed on the North American/Pacific plate
Caste¢né uzamcené rozrani, interface. The arrows indicate the relative plate motion caloulsted from

které pak prasklo a vyvolalo M9. NUVELIA (ref. 1)

Dlouhodoba predpovéd® mista zemétreseni.
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Monitorovani
silnych pohybu

Je mozno proveést
.,V realném cCase*’.

C seocentre Consulting, ZENRIN -

vcéasneho varovani

I .,',’Istaﬁ' rﬂ“ je@karel: ~ &4 pozvanka - karel - Wi... r?s CESMD Internet Data. . = Map of Strong Motion... |

Japonsko 11.3. 2011
seismické stanice
cca 20 km od sebe



Vertical deformation calculated from slip distribution model

(preliminary result)
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