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Sestislozkovy seismicky senzor Rotaphone / Six-component seismic sensor
Rotaphone

US Patent (2020), Translational rotational movement Long Valley Caldera, Ca USA

Publikace/Publication:
Brokesova J., Malek J. (2020): Comparative Measurements of Local Seismic Rotations by Three
Independent Methods. Sensors 2020, 20(19), 5679, DOI: 10.3390/S20195679

Brokesova J., Malek J. (2018): Small-aperture seismic array data processing using a representation
of seismograms at zero-crossing points. Physics of the Earth and Planetary Interiors, 280, 53-68,
DOI: 10.1016/j.pepi.2018.04.010

Analyza povrchovych vin / Surface waves analysis

Viceslozkova analyza povrchovych vin odhaluje, Ze tenka mélka tuhd vrstva excituje vy$si mody
love-wave velmi zvlastnim zptsobem a Ze nejvyssi rychlost takovych vyssich modu je fizena
rychlosti smykové viny hlubSich vrstev.

Multi-component analysis of surface waves reveals that a thin shallow stiff layer excites Love-wave
higher modes in a very peculiar way and that the top velocity of such higher modes is controlled by
the shear-wave velocity of the deeper layers.
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Publication: Dal Moro G. (2020). The magnifying effect of a thin shallow stiff layer on Love
waves as revealed by multi-component analysis of surface waves. Scientific Reports 10, 9071
(2020), DOI: 10.1038/s41598-020-66070-1

Stabilita houpacich kamenii / Stability of Rocking Stones

Ptipadova studie ,,Husovy kazatelny* ve stfedoCeském plutonu: Kriticka amplituda vstupni rychlosti
horninového podlozi mtize byt fadove 1-2 cm/s az 2 cm/s pii frekvencich do 10 Hz. PGV tohoto fadu miize
byt generovano zemétiesenim M=7 ve vzdalenosti asi 150 km. To je typicka vzdalenost studovaného kamene
od nejblizsich seismicky aktivnich zon.

The Case Study of “The Hus Pulpit” in the Central Bohemian Pluton: Critical amplitude of input
bedrock velocity might be of the order of 1-2 cm/s to 2 cm/s at the frequencies up to 10 Hz. PGV of
this order can be generated by an M=7 earthquake at a distance of about 150 km. That is a typical
distance of the studied stone from the nearest seismically active zones.
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Fig.: Geometry of "the Hus Pulpit" in the Central Bohemian Pluton,
Non-linear force model: the vertical component of the total traction at the base of the stone generated by the 6 Hz
harmonic horizontal displacement

Obr.: Geometrie "Husovy kazatelny” ve stiedoceském plutonu. Nelinedrni silovy model: vertikdlni slozka celkové
trakce na zakladné kamene generovand harmonickym horizontdlnim posunem 6 Hz

Publikace/Publication: Zabranova, E., Matyska, C., Stemberk, Jakub Jr. and Malek, J.
Eigenoscillations and Stability of Rocking Stones: The Case Study of "The Hus Pulpit™ in The
Central Bohemian Pluton. Pure Appl. Geophys. (2019), DOI: 10.1007/s00024-019-02296-z



https://doi.org/10.1038/s41598-020-66070-1
https://doi.org/10.1007/s00024-019-02296-z
https://www.irsm.cas.cz/materialy/oddeleni/6/Fig4_RockStones.jpg

Mapa seismického nebezpeci Bosny a Hercegoviny /
Seismic Hazard map of Bosna and Herzegovina

Mapa byla pFijata jako souéast narodni pfilohy Eurokédu 8 / The map have been accepted as a part of
National Annex Eurocode 8
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Fig./Obr.: 1)Seismotectonics model/ Seismotektonicky model
2) PGA Seismic hazard map for 10% prob. exceedence in 50 years a) 16% percentile; b) 50% percentile; ¢) mean value;
d) 84% percentile
PGA mapa seismického nebezpeci pro 10% pravdépodobnost. piekroceni za 50 let a) 16% percentil; b) 50% percentil;
¢) stiedni hodnota; d) 84% percentil
3) Probabilistic seismic hazard curves, a) Banja Luka b) Sarajevo
Pravdépodobnostni kiivky seismického nebezpeci, a) Banja Luka b) Sarajevo

Publikace / Publication: Ademovic, N., Demir, V., Cvijic-Amulic, S., Malek, J., Prachar,
I.,Vackar, J.: Compilation of the seismic hazard maps in Bosnia and Herzegovina. Soil Dynamics
And Earthquake Engineering, 141, 106500, (2020), DOI: 10.1016/j.s0ildyn.2020.106500

Geomechanical model of microseismicity during hydraulic fracturing of shale

We developed new methods for passive seismic data analyses and proposed geomechanical model
of relationship between microseismicity and hydraulic fracturing of shale.
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Fig.:Waveform Similarity analyses, Mapping activated faults, source mechanism analyses — CO2 sequestration project
— Induced Seismicity; Complex data processing, Source mechanism analyses, Geomechanical interpretation —
Hydraulic fracturing of shale project — microseismic monitoring

Obr. Analyzy podobnosti kiivek, mapovani aktivovanych poruch, analyzy zdrojovych mechanismii — projekt
sekvestrace CO2 — indukovana seismicita; Komplexni zpracovani dat, Analyza zdrojovych mechanismu,
Geomechanicka interpretace — Hydraulické §tépeni bfidlic — mikroseismicky monitoring

Publikace/Publication: Stanék, F., Eisner, L. Seismicity Induced by Hydraulic Fracturing in
Shales: A Bedding Plane Slip Model. Journal of Geophysical Research: Solid Earth. 2017, 122(10),
7912-7926. ISSN 2169-9313, DOI: 10.1002/2017JB014213

Rychlostni model REYKJANET (Island) / Velocity model of REYKJANET (Iceland)

Devét Sirokopasmovych stanic ze seismické sit€ REYKJANET bylo pouZito k odvozeni seismické
struktury zaméfené na stanoveni rozptylu rychlosti Rayleighovy viny. Seismogramy z let 2013 az
2015 zahrnovaly ¢trnact vybranych zemétieseni; disperzni kiivky byly invertovany do horizontalné
vrstveného modelu rychlosti S-viny zemské kiiry a svrchniho plasté. Vyznamna zona nizkych
rychlosti byla nalezena v hloubkach nad 20 km.

Nine broadband stations from the REYKJANET seismic network were used to derive the seismic
structure aimed at determining the Rayleigh wave phase velocity dispersion. Seismograms from
2013 to 2015 included fourteen selected earthquakes; the dispersion curves were inverted into a
horizontally-layered model of the S-wave velocities of the Earth’s crust and upper mantle. A
significant zone of low velocities was found at depths above 20 km.
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Fig.: REYKJANET - seismic network in south-east Iceland - consists from 15 stations. It is operated by GFU
AV CR (J. Hordlek) and USMH AV CR (J. Malek) since 2013
Obr.: REYKJANET - seismicka sit’ na jihovychodé Islandu - sestava z 15 stanic. Provozuje ji GFU AV CR (J. Horalek)
a USMH AV CR (J. Malek) od roku 2013

Publication: Malek J., Brokesova J., and Novotny O., (2019). Seismic structure beneath the
Reykjanes Peninsula, southwest Iceland, inferred from array-derived Rayleigh wave dispersion.
Tectonophysics 753, 1 — 14, DOI: 10.1016/j.tecto.2018.12.020

Zemni trhliny v etiopské hlavni trhliné: tektonické, litologické a potrubni
kontroly / Ground Fissures within the Ethiopian Main Rift: Tectonic,
Lithological and Piping Controls

Zemni pukliny, zvlasté pokud se oteviou v disledku nahlého zficeni povrchu, predstavuji pro obydlené oblasti
vazné riziko. Jejich bézny vyskyt v nezpevnénych sedimentech hlavniho etiopského riftu byl zjistén prevazné
jako dusledek potrubi. Pukliny za¢inaji potrubim v linedrnich subhorizontalnich podzemnich dutinach, které
se Casto §ifi nahoru, coz ma za nasledek kolaps stropu a tvorbu hlubokych a dlouhych zemnich puklin s
vertikalnimi sténami. V jizni a stfedni etiopské trhlin€ predstavuji trhliny vazné riziko pro infrastrukturu a
osady. Zemni pukliny jsou Casto linearni (az né€kolik kilometrti dlouhé a ¢asto desitky metrti hluboké) a
provazené prohlubnémi (po celé délce). Podrobné terénni mapovani geologickych (slozeni hornin, orientace a
charakter litologickych hranic, primarni tkaniny a kitehké struktury) a geomorfologickych jevil (zejména délky,
Sitky a hloubky puklin, zavrti a rokli) s naslednym méfenim seismické anizotropie in situ a bylo provedeno
laboratorni stanoveni geomechanickych vlastnosti vulkanoklastickych lozisek ke zkoumani piivodu zemnich
puklin. Podminky a faktory vedouci ke vzniku zemnich puklin jsou spojeny s: (a) pfitomnosti regionalnich
normalnich zlomid a souvisejicich extenznich spoji a (b) stfidanim litologickych jednotek s kontrastni
hydraulickou permeabilitou. Posledné jmenované odpovida sledu méné propustnych tvrdych hornin (napft.
ryolitickych  ignimbritlt) ptekrytych heterogennimi, mékkymi a propustnymi, nezpevnénymi
vulkanoklastickymi usazeninami s nizkym mnozstvim jilu (mén¢ nez 10 %). Vyskyt zemnich puklin prokézal
prislusnost k oblastem, které maji vyrazn¢ vysokou seismickou anizotropii (vice nez 20 % na studovanych
mistech), kterou lze pouzit jako proxy pro mapovani vysoce rizikovych oblasti nachylnych k tvorbé potrubi a
zemnich puklin.
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Ground fissures, especially if they open due to a sudden collapse of the surface, is a serious risk for populated
areas. Their common occurrence in unconsolidated sediments of the Main Ethiopian Rift was found to be
mostly a result of piping.

The fissures start by piping in linear sub-horizontal underground voids, which often propagate upwards
resulting in ceiling collapse and formation of deep and long ground fissures with vertical walls. In the southern
and central Main Ethiopian Rift the fissures pose a serious risk to infrastructure and settlements. The ground
fissures are often linear (up to several kilometres long and often tens of metres deep) and accompanied by
sinkholes (along the length). A detailed field mapping of the geological (rock composition, orientation and
character of lithological boundaries, primary fabrics and brittle structures) and geomorphological features
(especially a length, width and depth of fissures, sinkholes and gullies) followed by in situ seismic anisotropy
measurements and a laboratory determination of the geomechanical properties of volcanoclastic deposits was
carried out to investigate the ground fissures' origin. The conditions and factors leading to the formation of the
ground fissures have been linked to: (a) the presence of regional normal faults and the associated extensional
joints and (b) the alternation of lithological units with contrasting hydraulic permeability. The latter
corresponds to a sequence of less permeable hard rocks (e.g., rhyolitic ignimbrites) overlain by heterogeneous,
soft and permeable, unconsolidated volcaniclastic deposits with a low amount of clay (less than 10%). The
ground fissures' occurrence has shown affiliation to areas which have a significantly high seismic anisotropy
(more than 20% at the study sites), which can be used as a proxy to map out high risk areas prone to piping
and ground fissure formation.
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Fig.: Ground fissures in the MER, and especially their sudden opening, is one of the most significant geoohazard in the
area. The fissures open in unconsolidated sediments and are long (even several kilometres), narrow (0.5 to several
metres), deep (usually several meters but maximum depth measured was 60 m) and fast opening (even several hundred
meters in half a year). The fissures are oriented perpendicular to the main direction of extension (parallel to the Rift).

Obr.: Zemni pukliny v MER, a zejména jejich nahlé otevieni, jsou jednim z nejvyznamnéjsich geohazardii v oblasti.
Pukliny se oteviraji v nezpevnénych sedimentech a jsou dlouhé (i nékolik kilometrii), uzké (0,5 az nekolik metrit), hluboké
(obvykle néekolik metrii, ale maximalni namérena hloubka byla 60 m) a rychle se oteviraji (i nekolik set metrii za piil roku).
Pukliny jsou orientovany kolmo k hlavnimu sméru extenze (rovnobézné s Riftem).

Publikace / Publication: Valenta, J. ; Verner, K. ; Martinek, K.; Hroch, T. ; Burianek, D. ;
Megerssa, L.A.; Bohac, J. ; Kassa, M. ; Legesse, F. ; Yakob, M. ; Kebede, B. ; Malek, J.: Ground
fissures within the Main Ethiopian Rift: Tectonic, lithological and piping controls. Earth Surface
Processes and Landforms. 46, 15 (2021) DOI: doi.org/10.1002/esp.5227
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