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Soucasnd seismicita - rozhrani litosférickych desek, vnitrodeskové oblasti
Katastrofickd zemétreseni - v oblastech na tektonickych zlomech bez zndmé
soucasné/historické seismicity - v ramci seismického cyklu delsi interval opakovani
(recurrence interval) (Cina, Novy Zéland)



Cina a Stredni Vychod - zdznam ftisic a vice let, presto
nedostatecny nha zaznamendni vSech seismogennich zlomi; zlom
aktivni miliony let - i 3tis let zahrnujici zaznam pokryva pouze
zlomek historie zlomu

Hodnoceni seismického ohroZeni- zaloZeného pouze na kratkém
historickém zaznamu - 2 problémy

% precenéni pravdépodobnosti budouciho zemétreseni na zlomu, na
kterém doslo k velkému zemétreseni v historické dobé, ale ma dlouhy
recurrence interval (uvolnénad energie)

% podcenéni v oblastech, kde jsou zlomy seismogenni, ale neni
historicky zdznam (akumulace napéti)
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Paleoseismology

N paleoseismologie rozsiruje zaznam zemétreseni smérem do
minulosti, katalogy historickych zemétreseni ¢asto prilis

krdtké ve srovndni s primérnym recurrence time
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Mensi zemétreseni - geologicky projev zridka vytvori ¢i zachova
Typ zlomt - poklesy M > 6,3; horizontdlni posuny v j. Kalifornii - M = 6,25-6,5,
Hloubka seismogenni kiry - hlub$i potfebuje vétsi M,
Loma Prieta 1989 M=6,9, 2m slip v hloubce 18-3km, zadna povrchova ruptura
Gujarat 2001 M=7.7, blind fault, 1-4m v hloubce 15-9km,
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Earthquake moment magnitude (M)
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Empirické vztahy odvozeny z historickych zemétreseni, mensi Mw
- prehistorickd zemétreseni - Ize studovat jen s vétsim Mw

Empirické vztahy: délka zlomu, velikost posunu, velikost magnituda, napr. zlom o délce

80km vygeneruje zemétreseni Mw=7,5 a posun okolo 3m
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Empirické vztahy - historickd zemétreseni, (421), ohnisko <40km, Mw > 4,5

Wells, and Coppersmith 1992




Moment Magnitude (M)
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Deformation

Rocks rebound to
original undeformed shape

Rupture and release of energy

Idealizovany cyklus -

charakteristické zemétreseni

Cumulative deformation

A Idealized cycle (Reid, 1910)
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Paleoseismologické studium zlomu

< Slip rate - rychlost zlomu (= posun : ¢as)
< Slip per event - charakteristicky posun pri jednotlivych EQ

* Recurrence period - interval opakovani (pri opakovanych

EQ), frekvence EQ
<+ Elapsed time - ¢as uplynuty od posledniho EQ

< Maximdlni magnitudo
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Alhama de Murcia fault



Trincheras en el terreno de
Rosario Ayala

y junto al camino del
cementerio
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Analyza leteckych snimku, terénni mapovdni zlomd, tvart porusenych pohybech




Rekonstrukce chronologie pohybu

= datovani dislokovanych tvart / mech indikatorl pohybu -
charakteristika pr‘obehlych pohybu —

» datovani vicendsobnych pohybl na daném zlomu - recurrence
interval, dlouhodobéjsi slip-rate, variabilita pohybl pri zemétresenich

= progndza lokalizace a magnituda budouciho
zemeétreseni



Metody rekonstrukce chronologie

zemeétreseni

povrchu, v odkryvech, v umélych ryhach

a) na povrchu



+ v sedimentech jemnozrnnych, vrstevnatych - dobre rozeznatelné
posuny vrstev, ne prilis mocnych (hloubka)

- aluvidlni kuzely, jezerni sedimenty X privalovy proud

= datovatelny materidl - uréeni chronologie pohyb



Krupnik fault , Bulgary, 1904 M=7,8




Trhliny vyplnéné nadloznim
materidlem

Sand dyke (klasticka Zila) -
material injikovany pri
otresech

Vrstvy s likvefakci
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Nejstarsi vrstva - (Qal5) zaznamenal
vSechny 4, kumulované 8cm

Nejmladsi (Qall) ma jen jeden event >
2 cm na bazi, ale 1 cm na povrchu !

Povrchova eroze

DEPTH IN METERS

GROUND SURFACE
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rench Juanacatlan - East wa

Legend

[ ignimbrite - mudflow with paleosil |

alluvial deposits - mudflow with soil

mudflow - topsoil

mudflow with pal

Trinchera Juanacatlan - Pared Este (1)




fault plane-

D

T Event MC-3 faulting
Event MC-2 faulting






Presmyky

Suusamyr, 1992, M=7 4
Kyrgyzstan




Presmykové zlomy - coluvial wedge

TITT T~ soil (length of vertical

lines indicates development)

Debris element colluvium
c%&g - lower association (rubble)
& ay - blocks of soll

A¢a - upper association

Wash element colluvium
~.__. -undifferentiated
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Alhama de Murcia fault
ama de Murcia fau Typy pohybti - podle sméru tlaku
























Legend (part 2)

Slip-marker
Event horizon

Stratigraphic
contact

Fracture

Fault

&Culluvial wedges
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Era trench wall SW (Fault branch 5)

135 - 149 pIRIR ka

Anesrasat

3.25-3.89TLka

55-61 pIRIR ka 12- 16 pIRIR ka

102 - 112 pIRIR ka

125 - 137 pIRIR ka

Sardinas trench wall SW (Fault branch 4)

99 - 159 TL ka Nw

38.7-49.7 TL ka

59 - 63 pIRIR ka

point X

Fault a

5m < trench

3.2-im1 -

— point X
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Fault b

Tio Rey Trench SW Wall (Fault branch 4) NW

277 - 303 pIRIR ka
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Horizontdlni posuny

Carboneras fault, Spain

Borego fault, El Mayor 2010







Imperial fault, 1940 M=7, 6m offset, 60km







Zlomova zdna Carboneras

IMPULS:

- kolizni zéna Africké a
Evropské desky

- jizni okraj alpinského
orogénu

- soucdst Bétické

Kordilery

= vnéjsi zéna (prikrovovd stavba - mezozoické-terciérni horniny) paleookraj
Iberské desky

- vnitrni zéna - metamorfované komplex+ neogenni a kvartérni sed. -
mezihorské pdnve omezené zlomy SV - JZ



| Neogene and Plio-quaternary
basins

<= External Zones (Prebetic,
' .| Subbetic and Prerif zones)

Carboneras - vznik v posledni
etapé kolize vnitrni a vnéjsi
zony Bétické Kordilery ve
spodnim miocénu

( | Flysch nappes
Neogene Volcanic rocks
Internal Zones: Afpujarride,

- Nevado-filabride, Malaguide,

Sébtides and Ghomarides

< miocén az kvartér - rotace hlavniho tlaku v regionu
- poklesy - stF. miocén - soucdst procest riftingu - vulkanismus
- presmyky - spod. pleistocén (vznik mensich pohori napr. La Serrata)
- horizontalni pohyby - levostranné (az do souc¢asnosti)
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+ seismicita - jv. okraj Iberského pol. - stald mélka
zemétreseni M < 5,5 (pricné zlomy v souasnosti -
Carboneras - bez seismicity)

+ posl. 2 tis. let - nejméné 50 silnych zemétreseni



Drivéjsi vyzkumy v 90. letech

J. W. Bell et al.

pohyby v pozdnim kvartéru - relativné pomalé, prevdzné vertikadlni,
horizontdlni pohyby 80-100m offset tokl La Serraty - starsi nez
100 fis. let



IMPULS:

Metody studia zlomu Carboneras na mori

sonograph TOBI)

» reflexni seismika s vysokym
rozlisenim

N AR
=

Zon I / st Alboran éasin )
+ datovani cirmas |G B - -

= analyza vzorkl morskych
sedimentd

¥

)
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Almeria Shelf
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Zona Carboneras - 5-10 km Sirokd, 100 km dlouha, subvertikdlni zlomy,
odvodriovaci sit’ okraje pevniny je deflektovana, morfologie = tvary
vzniklé horizontdlnimi pohyby na pevniné - pressure ridges, water gaps,
porusené pozdné holocenni sedimenty, sesuvy-epicentra.

Seismicky a tsunami hazard - M<7,2 (1522 zemétr. Almeria)
X instrumentdlni seismicita na Carboneras nizka



Metody studia zlomu Carboneras na pevniné

» sedimentologie (rozliseni generaci aluvialnich kuzeld)
» mikrotopografie (totalni stanice)

» geofyzika (georadar, elektrotomografie — zachyceni
zlomu a hladiny podz. vody)

» paleoseismologické ryhy
» datovani materialu poruseného zlomem



Quaternary Deposits Sierra
Tertiary Sedimentary Deposits Cabrera .

Neogene Volcanic Rocks

Permo-Triassic Rocks

Sierra Alhamilla




La Serrata




Mapa 2: Mapa litolégico, geomorfolégico y estructural de la zona de

estudio 2 (Campohermoso). Escala 1:15.000.

Rocas sedimentarias
miocenas

Calcisiltitas blancas
(Messiniense)

Volcanismo nedgeno

Glacis e B
oA Dacitas biotitico amfibdlicas

Conglomerados y brechas
piroclasticas

A3 (Pleistoceno sup |:| Brechas piroclasticas

/|

Abanicos aluviales

\ - Holoceno)
_‘/v’ Falla inversa !,/V Sinclinal Terrazas fluviales Dacitas y Andesitas
= N X A2 (Pleistoceno sup.) amfibdlicas
/ Falla senestra \ _—— .
: =% = Cauce abandonado AIOIOCONO; Basamento preorogénico
_'/v’ Falla inversa con i X

evidencia en el fluvial l:] T1 - Holoceno. A1 (Pleistoceno med. -
Cuaternario //—\—;; Cresoieds ( ) Rocas carbonatadas

3 generace aluvidlnich kuzeld - stf. a svrch. pleistocén/holocén
- 3 rlizné faze pohybu na zlomu (degradace-akumulace)



Paleoseismologické ryhy

+ patrné
mAbanicoaluvial Pleistoceno sup. 'rer'énni STupné
| - (0.7m)

= Falla potencialmente activa
/ P

/ Escarpe en superficie
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Geofyzika
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rozpozndni sedim. vrstev (al. kuzely), identifikace dislokaci
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situace in situ X geofyzika
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Datovani - Material poruSeny seismickou udalosti

+ opticky stimulovana luminiscence OSL - elektrony polapené
krystalovou mrizkou v zrnech pisku - uvolfiovany svételnou aktivaci ¢i vybuzenim
(stimulovdni svétlem). Reset - signdl na nule pri poslednim osviceni. Po ukonceni
uloZeni sedimenti - signdl se diky radioaktivnimu rozpadu za¢ne zvysovat.
Luminiscence uvolfiovand aktivaci svétlem v laboratori - imérnd stdri sedimentu
- do kdy se tam zaaly hromadit ty elektrony - kdy to bylo vynulované (dosah
250-300 tis. let)

+ termoluminiscence TL, 2> jemnozrnné sedimenty (100 ftis. let)

+ U/Th > karbonaticky material (dosah 300 tis. let) -
laminarni caliche



=+ laboratorni vysledky datovani
—

celkovd rekonstrukce chronologie tektonické
aktivity na zlomu Carboneras



[TL: 27,1-30,8 Ka BP|

Evento E4 Eyento E3

[U/Th: 34,8-44,2 Ka BP| ZF 2
SE-NW

12 1

ZF 1 10
|U/Th: 32,2-40,9 Ka BP|

[U/Th: 42,6-54,9 ka BP|

Evento E1

Analyza ryh a datovani v zoné La Serrata

Unidad 55 50 45 40 35 30 256 20 15 10 5 OBK;

§Azw = B,, B, - coluvial wedge (degradace povrchu po
i ndhlém pohybu) - zemétreseni

A3.2 el

§§3 “" = Min. 4 seismické uddlosti - posl. 50 tis. let
M| — = Interval opakovdni - minimdlné 14 tis. let
5 14c s
a —————"" 4

= Posledni uddlost - minim. pred 1310 lety

= Empirické vztahy magnitudo X hodnota posunu -
2 uddlosti - minim. M= 6,59 a 6,97






CHART OF THE INQUA ENVIRONMENTAL SEISMIC INTENSITY SCALE 2007 - ESI 07

O : P b TS SECONDARY EFFECTS WITH GEOLOGICAL AND GEOMORPHOLOGICAL RECORD| OTHER SECONDARY EFFECTS AFFECTED AREA AND
v . j "“_\ ‘1’4& WITH MINOR GEOLOGICAL RECORD| TYPE OF RECORD
=1 1}!\; N *mr.
‘,"'{" " W‘“’
PLIFT L | 1l )
' o | Length Width Length } ENVIRONMENTAL EFFECTS ARE VERY RARE AND CANNOT BE USED AS DIAGNOSTIC
—S A I
n \Y Rare and local g | ,\,,I e em Temporary level
' ) [ < | ’ changes |
é > 4 Rare and local g Temporary sea-level ‘ ‘ R nd local | @
4 | are and loca
ABSENT ABSENT //? g peii fad Tatnghtal:'r;;gﬂy i L | é
‘ &; o & et im ‘ z g
- 4 _ g e W e | @Local within &
g mm{; / \%‘ % @ emg:;rgye; | epicentral zone J[‘
5 Permanent £ ‘ = E i H.0 it Q
zZ O ground dislocations = i 10° m’ | === Waves<im 2 S8
o) m Rare and local e (<10 cm) o /l/;_ mm§ glg\ g |~ a O 10 km® § ‘g.
> X ’. = | T 1 Temp. 3
= TN ey dm /~ 10%-10° m’* N~ J12m ™ Liompe :;::6. O 100kt g o
3 X " l KK jniie drying il & 23
< \ | chan: ; o
a( B —_ 3 im @ 7 H,0 " wcowrtl | B 4}3 g
o e km S f mFla 8
m a «—T— = g &
4} IS =\\=f= <10m — g |8 3
25 X% J..L soodyr' | 5 |2 &
g =< % 10-100 km _ | ‘ _§ A
ﬁ 5 | - 5
o >10m é R
g ' | \/\ § s
(C | 3 | &
3 :
= | EH B
z >100km | Far-field (200-300 km 3
® e significant landsliding 2 JV
; ol e Trea branches and 5 =
osolsmic. . = {L Bulk volume of Dimension of liquified tree-trunk falling, s 2
ST dislocation | mobilised material levels and sand boils springs, rivers. nullu rupture, ofc...
Y REFERENCES: WMichetti, AM., et al., 2007. Envir tal S ity scale - ESI 2007. Memorie Descrittive deila Carta Geologica d'ltalia, 74. Servizio Geologico d'ltalia, APAT, Rome, Italy
Silva, P.G., et al., 2008. C. of the geological and I eff of earthq in Spain in the ESI-2007 Macr ic scale. Gec 10, 1063 - 1066, SGE, Spain

Reicherter, K., Michetti, A.M., §ilva. P.G., 2009. Palacoseismology: Historical and Prehistorical Records of Earthquake Ground Effects for S:

ic Hazard A

nt. Geol. Soc. London, Spec. Pub., 316 1-10. London, U.K.









\ Lo N
Czech\ _,Z"-. ;
Republic ‘\\_

7
+ + + + 4+ + P+
s

+++++\'?-+

+ +
\

NE

+

+ 4+ + + o+ o+

with max. horizonta
stress orientation in NW-

NNW direction
‘s Spi¢dk (1988),

Wondred "\

¥

Schunk et al. (2005)

'\.\',.».\ 1 2




b
a

N
Ve x\

V “\

,/

NK

NKC

1

fault
a. fault; b. normal fault

Epicentres

Escarpment

Novy Kostel

seismological station Novy Kostel

orientation of the maximum
horizontal principal stress

MLF-D segment

MLF-C segment

Areal distribution
epicentres of the
Kostel swarm q
cluster during the
1985 - 200

MLF-B segment

MLF-A
segment

Depth of
hypocentres [km]
9.5-12km
9.0-9.5km
8.5-9.0 km
8.0-8.5km
7.5-8.0 km
7.0-7.5km

6.0-7.0 km




ature L||Target:| j|x®||”‘&‘&::5i@.«‘ﬂphﬂﬁxﬂréiE|
| +* ||1:2? 344 ”E| Ol Y | N2 J Geareferencing -| Layer: |E3311_11-14-03.dan Annatation v | (=) » A

':

||.f3.rial RN : 4 g|iv v F~ ;"

| [-874580,606 -1008902,337 Meters

I 7 wll s il = Bl = [~









p; [ohmm]

100

100

550

500

Obr. 2



Kopanina. Profile #1

Hodel resistivity with topography
Eleu. Iteration 6 Abs. error = 19.5

miiLal § § § o femfleoclesl  foolmsleslmsl  §F § § | Unit Electrode Spacing = 5.00 m.
1.00 1.8 41.8 61.8  81.8 101 121 141

Resistivity in ohm.m

Horizontal scale is 9.15 pixels per unit spacing
Vertical exaggeration in model section display = B.79
First electrode is located at 8.8 n.

Last electrode is located at 515.8 n.



8.8 80.8 168.0 248.8 J28.8 4oo.o 480.0 m.

"'—ﬁ"-"' HIE - ‘_‘/r'

Measured Apparent Resistivity Pseudosection

Ps.2 8.8 80.8 168.0 248.8 J28.8 4oo.o 480.0 m.
2.68

15 .8 ;
29.5 3
42 .7 1
56.2 ]
69 .4 ]
82.9]

Calculated Apparent Resistivity Pseudosection

Depth Iteration 6 RMS error = 35.1 %
a.8 88.8 160.0 2400 320.0 LOo.@ LEB.B m.

1_25_|||||||||||||||I|||||||||||||||I|||||||||||||||I|||||||||||||||I|||||||||||||||I|||||||||||||||I||||||

17.3 ]
31.3 ]

49.9
65 .6 |

84.7

187 .7 |
Inverse Model Resistivity Section
L § 1§ § jEmpeaieey ey § o § |

2.85 h.69 108.7 2h.6 56.3 129 295 676
Resistivity in ohm.m Unit electrode spacing 5.80 m.

ﬂfﬁtart| B B0 6&@ @ 5 ||UPRES2DIN ver.3.58.4.. Y kopanina_rab St - Mal... | | @ ||« 2D @AM 2339 |




== i

TR e e e S
e S e P e
-




e

=

..
t
¥
i
i










it P

g

S Caetl &






















———

e s




folded sandy layers




Novy
Kostel
\



GPR - ground penetration radar - georadar

Position_in metres




Altitude (m a.s.l.)

-486-

WSW

506+

5011

S
©
hid

494

-481-

s.l.)

; 496

Altitude (m a

506+

5014

A
©
T

-486

4814

KOPANINA 1

Profile C2

1 N T () (..

-476-

Resistivity (ohm.m) Total length 99m, number of electrodes 100, electrode spacing 1m.

99m

99m

GEOLOGICAL SECTION

[ topsoilirecent colluvium
[ loamy gravelly colluvium
gravelly sandy colluvium
[] loamy sandy gravelly colluvium
I sandy gravel

I gravelly sand

I sand with gravel lenses
7] sand

[ clayey sand

[ weathered crystalline rock
[N(] faults




WSW KOPANINA 1

506+
1Profile C1
% 501
©
E
3 0
2 496-
< \
-491-
GEOLOGICAL SECTION
[T topsoilirecent colluvium
| loamy gravelly colluvium
—o
0 5 o™ gravelly sandy colluvium
| loamy sandy gravelly colluvium
ERT SECTION B ) B B sandy gravel
Total length 99m, number of electrodes 100, electrode spacing 1m. e drr 1S 46 288 69 A1t 2200 gravelly sand

Resistivity (ohm.m)

[ sand with gravel lenses

N [ sand

/ ' clayey sand

c1 [77] weathered crystalline rock

N\ (] faults

- T

@ =~

TIME [ms]

<
Aje [1eew] INIL

a
[su/w] L0




before



